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Abstract 

Interest in situation awareness (SA) originated in the 1980s primarily in aviation 

psychology and has since expanded to other areas where people interact with 

and control dynamic environments from nuclear power stations to driving cars.  

SA is important for those in control of dynamic systems, particularly those rich in 

information and is a precursor to decision making.  SA is a psychological 

construct that is not directly observable, with no agreement regarding an 

operational definition.  This research extends the field of interest to that of ships’ 

officers who act as cargo control room operators and are responsible for the 

loading and discharging of bulk flammable, noxious and polluting liquids such 

as oil, chemicals and liquefied gases on tankers.  It investigates the relationship 

between operators’ SA and their task focus and operators’ SA and their 

experience.   

 

The SAGAT methodology was adapted and a detailed task analysis resulted in 

a battery of probe questions which were administered in a high fidelity liquid 

cargo simulator to determine operator SA.  

 

It was hypothesised that SA for tasks which are the main focus of attention 

would be greatest and that operators with greater experience would achieve 

greater SA than those with less.  Unexpectedly the results suggest that 

operators achieved tasks with limited SA.  No relationship was established 

between SA and experience which may impact on methods of risk assessment 

used within the tanker chartering industry.   

 

Original contributions from the research outcomes show that marine control 

room operators experiencing high cognitive workloads achieved task goals 

while attending to a small number of key parameters.  There was a divergence 

between the SA achieved by operators and the ideal SA defined by subject 

matter experts.  Subjects did prepare themselves to answer probe questions in 

a simulated environment contrary to claims from other researchers. 
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Chapter 1 – Introduction 

 

 

1.1 Situation Awareness 

Situation awareness (SA) is a psychological construct that is not directly 

observable, and there is disagreement regarding an operational definition 

(Uhlarik & Comerford, 2002).  It can be broadly and simply described as 

knowing what is going on around you, however this is an over simplification.   

 

Situation awareness is important for those in control of dynamic systems 

particularly those which are rich in information.  Modern control systems are 

capable of producing large amounts of data which may not be helpful for the 

operator who can become overloaded with data.  The operator has the problem 

of locating the appropriate data at the right time.  Endsley, (2000b), refers to this 

as the information gap.  

 

Situation Awareness may also be thought of as the active content of one’s 

mental model or schema at any given time while conducting a task.  It may 

appear that the richer the mental model or schema, i.e. the greater the situation 

awareness, the more likely appropriate actions or decisions will be, but it is 

possible to have high situation awareness and demonstrate poor performance 

(Endsley, 2000b).   

 

While good situation awareness is a precursor to decision making it is not the 

sole factor, simply an element in the cognitive process that results in a decision 

(Endsley, 2000b).  Knowledge of relevant plant status alone cannot lead to a 

decision.  Current, relevant and timely information are required in order to make 

a decision which will work towards achieving a goal, but the operator will need 

to integrate other information with this, for example, domain knowledge, 

underpinning knowledge and procedural knowledge.  Other factors may also 

impact the decision such as the physiological status of the operator, fatigue or 

workload.  So although good situation awareness alone cannot be guaranteed 
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to lead to correct decisions, good situation awareness will certainly increase the 

likelihood of good decisions and therefore achievement of task goals.   

 

In complex dynamic systems the main task goal is often comprised of a number 

of sub goals.  SA can be considered at different levels within this environment.  

Endsley, (2000b), describes ‘global situation awareness’ of the whole system 

and ‘local situation awareness’ of subtasks.  The global view is required in the 

first instance in order for an operator to determine where to focus attention at 

any given moment.  This reveals a complex and dynamic relationship between 

the operator’s awareness of the overall plant status at any one time and the 

more detailed awareness of the subtask which is the current focus of attention, 

which will vary over time.   

 

In dealing with this interplay between global and local situational awareness the 

capacity of working memory may become a limiting factor.  For a novice 

operator a lot of data has to be perceived and interpreted which increases the 

load on working memory.  The combination of current situation awareness and 

strategies from long term memory combined within working memory help to 

reduce the load on working memory and is typified in more experienced 

operators (Sarter & Woods, 1995).   

 

The variation in SA with experience is an important part of this research.  It 

might be expected that a more experienced operator has greater SA, however it 

could be that the expert is relying upon previous strategies and repetitive 

actions to achieve task goals without necessarily possessing high SA.  This 

might be compared to a driver who follows the same route home from work 

each day, completing the journey with little actual awareness of his 

surroundings or actions, driving largely ‘on automatic’.  SA may also vary with a 

subject’s prioritisation of task goals.  Using the driving analogy again, it might be 

expected that a driver is more aware of vehicles close to him than those which 

are further away.  Determination of the change of SA with task priority will be an 

integral part of this research.  Endsley, (2000b), defined SA at three levels and 

this research will examine the relationship between overall SA and SA at 

different levels with experience and task prioritisation. 
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1.2 Marine Cargo Control Room Operators 

 

Marine cargo control room operators are ships officers who sail on oil, liquefied 

gas and chemical tankers and control the loading and discharging of the 

vessels.  As the officer of the watch (OOW), this is only one of a number of 

roles for which they are trained.  When the ship is at sea they navigate the 

vessel, take care of the cargo and carry out maintenance.  When in port they 

are responsible for the mooring of the vessel, its security while alongside, 

compliance with a number of national and international regulations and the 

loading or discharge of hazardous bulk liquid cargos.  While this is an important 

function for them it is only one of many which is different to other industries 

where a control room operator is typically a dedicated job role, for example a 

nuclear control room operator.   

 

Cargo control rooms on ships are often complex and dynamic work 

environments in which the loading and discharge of bulk liquid cargoes are 

controlled but from where the control room operator also conducts other duties 

as the OOW.  However in common with most complex plants these cargo 

loading and discharging operations are made up of a series of sub operations 

which are usually conducted concurrently.   

 

There are usually only 3 officers who will operate the cargo system around the 

clock.  Due to this small number of ships officers present on these vessels, it is 

common that all of these concurrent operations are undertaken and controlled 

by one individual at a time.  There is no standardisation of control room design 

and newer vessels are being built with computer based control systems which 

are very different to the traditional analogue type of displays many existing 

ships’ officers are used to.  There are no regulations or standards for the 

computer based control systems and their graphical user interfaces (GUI).  This 

means that as ships’ officers move from one vessel to another, even within the 



14 

same shipping company, they are faced with different GUIs and systems with 

different capabilities and characteristics.   

 

While computer based systems are capable of providing more data for those in 

control there has been no consideration of potential information overload and 

the need to filter this mass of data to distinguish what is important to the 

operator.  There has not been any analysis of the situation awareness of these 

officers with respect to the cargo operations they conduct. 

 

Currently ships’ officers receive very little formal training in conducting and 

controlling cargo loading and discharging operations.  Most learn by experience 

‘on the job’.  Within the maritime industry training requirements for ships’ 

officers are set out in the International Convention on Standards of Training, 

Certification and Watchkeeping for Seafarers 1978, as amended in 1995 and 

1997 (STCW Convention).  This convention sets the required standard to which 

all ships’ officers must be trained.  Section A-V/1 sets out the additional 

requirements for additional training required for the officers who will sail on 

specialised types of vessel which are defined as oil, gas and chemical vessels 

(IMO, 1996).  In order to sail in a senior rank or as an officer who has 

responsibility for the loading, discharge, carriage or care of the cargo on one of 

these specialist types of vessel the officer must have a tanker endorsement for 

that particular type of tanker, i.e. oil, gas or chemical endorsement.  To acquire 

a tanker endorsement the officer must attend a training course for that particular 

ship type (oil, chemical or liquefied gas) and in addition must accrue 6 months 

sea time on that vessel type.   

 

The course syllabus contains a list of subjects to be covered which amount only 

to underpinning knowledge relevant to that ship type.  This is primarily focused 

on safety issues relating to the hazards represented by the cargoes themselves.  

There is no requirement for training or measurement of competence in cargo 

operations or how to conduct or control operations generally.  Situational 

awareness and its role in operational decision making and goal achievement is 

not referred to. 
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The Baltic and International Maritime Council and International Shipping 

Federation BIMCO / ISF Manpower Update 2005 stated there was a shortfall of 

about 10,000 ships’ officers in 2005 which represented about 2% of the 

workforce, (ISF, 2005).  In the BIMCO / ISF Manpower Update 2010 this 

shortage is maintained with an estimated shortage of about 13,000 ships’ 

officers which is still approximately 2% of the workforce, (BIMCO 2010).   

 

Although this is a general view across the shipping industry the report points out 

that shortages are more severe in particular sectors of the industry, with tankers 

being identified as one of these areas.  The report predicts greater shortages by 

2015 with a shortfall of about 5% of the workforce.  Anecdotal evidence from 

some senior shipping company superintendents suggests that one result of this 

shortfall is rapid promotion of many officers which has led to a subsequent 

reduction in experience levels of these individuals with an increase in the 

number of cargo operation related incidents. 

 

Examination of the SA of ships’ officers who act as control room operators will 

provide an important insight into how they cope with their dynamic environment.  

In addition it will provide the international maritime community with information 

which may be utilised in the future training of ships’ officers and aid the 

development of user interfaces to assist ships’ officers in the management of 

cargo plant and operations.   

 

Before chartering a tanker to carry a cargo charterers assess the level of risk 

posed by the vessel.  This is normally achieved by vetting of the vessel and in 

some cases the crews sailing on the vessel by use of a matrix system which 

assigns points to officers in each rank according to the number of years they 

have served in that rank.  When assessing risk posed by crews, those with 

greater experience are deemed to be safer.  While determination of how much 

SA varies with experience does not guarantee a more experienced officer will 

conduct an operation more safely, it may be viewed as a way of increasing 

confidence for those who assess the risk factor exhibited in a vessel’s crew.  

This is timely and relevant in an industry that is striving to minimise accidents in 
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the transfer of these liquids but is dealing with a shortage of experienced 

officers to conduct these operations. 

 

 

1.3 Research Aims 

The aims of this research are to: 

 

• Investigate the variation in situation awareness with task focus for marine 

control room operators on tankers 

 

• Investigate the variation in situation awareness with operator experience  

 

The following hypotheses will be tested: 

 

• SA is correlated to task focus ranked in order of attentional focus. 

 

• SA is correlated to operator experience. 

 

 

1.4 Objectives 

The research objectives are: 

 

• To measure the correlation between SA and subtasks ranked by focus of 

attention. 

 

• To measure the correlation between SA and general tanker experience 

(oil, chemical and liquefied gas tankers). 

 

• To measure the correlation between SA and oil tanker experience 

 

 



17 

1.5 Originality of the Research 

To date there have been no published studies which attempt to measure the SA 

of merchant navy deck officers who, as part of a wider job role, act as marine 

control room operators; nor any examination of the difference in these 

individuals’ SA with respect to their task focus or of the impact of experience on 

their SA.  Establishing a methodology which will allow measurement of SA in 

liquid cargo handling simulator is an important step which will permit further 

research to be conducted within this domain.  Investigation of the SA, and 

variation in SA with respect to task focus and experience, for ships’ officers who 

conduct high risk transfers of noxious and polluting liquids in bulk, will provide 

useful information for the international maritime community.  An understanding 

of the SA possessed by these individuals will be of benefit to those engaged in 

assessing risk in these operations; training and assessing of control room 

operators; and for those who design control room systems and graphical user 

interfaces for tankers.   

 

Original aspects of this research were expected to be: 

 

1. The selection and adaption of an existing SA measurement methodology 

for a maritime context; specifically that of the cargo control room of an oil 

tanker. 

 

2. A SA requirements analysis including a detailed goal directed task 

analysis for marine cargo control room operators engaged in the 

discharge of a cargo of crude oil together with its associated subtasks. 

 

3. The development of an exercise scenario and research protocol suitable 

for use in a high fidelity liquid cargo simulator to facilitate the 

measurement of control room operators’ SA. 

 

4. Establishing the correlation between SA across a ranked order of 

subtasks which make up the overarching goal of discharging a cargo of 

crude oil.   
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5. Establishing the correlation in SA with control room operator experience.   

 

 

1.6 Document Structure 

While there is no agreed definition of SA, chapter 2 looks more closely at what 

SA is and considers several definitions from a range of authors resulting in the 

selection of a definition which is both justifiable and suitable for this research.  

This chapter also examines two fundamentally different models of SA, the 

information processing model and perceptual cycle model.  Finally chapter 2 

reviews factors which may affect SA. 

 

Chapter 3 reports the results of a literature review of methodologies used in 

other domains to measure SA.  A taxonomy of measurement methodologies is 

identified.  A number of these methodologies are examined and their 

appropriateness to this domain is described.  Finally an argument is made for 

the selection of the most appropriate method for this research. 

 

Chapter 4 describes the correlation study describing how relationships between 

SA and a ranked order of task focus, and SA and participant experience, will be 

established.  The SA requirements analysis is set out and details are provided 

of the goal directed task analysis conducted as part of this.  The chapter 

concludes by describing the SA probe questions distilled from the goal directed 

task analysis and justifies the selection of questions used in the experiment. 

 

Chapter 5 sets out the research protocol for the pilot study and describes the 

simulator and monitoring equipment used in the experiment.  The results of the 

pilot study are presented and discussed.  As a result of the pilot study a number 

of changes were made prior to the main experimental study and these are 

described.  Finally the protocol for the main study is set out. 

 

Chapter 6 presents the results of the main experimental study.  The correlations 

of SA against rank order of task focus and of SA against participant experience 
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provided unexpected results.  Further analysis of the data was conducted in 

light of these results by firstly the removal of possible outliers and again by the 

removal of parameters which were less attended by the subjects.  Results of a 

subjective post simulation questionnaire are provided which revealed data in 

contradiction to that which was expected from the literature review. 

 

Chapter 7 discusses the results of the data analysis in detail.  Consideration is 

given as to the reasons for the unexpected results observed in the data 

collected and the effectiveness of the additional data analysis conducted by the 

removal of outliers and the removal of less attended parameters.  An important 

observation in the data relating to the relevance of the SA probe questions is 

described and the potential impact this may have had on the results.  Evidence 

is also provided suggesting that participants did not behave as naturally in the 

simulated environment as they may have done when conducting the operation 

onboard a vessel.   

 

Chapter 8 sets out the conclusions from the research and reflects on the 

research, the results and factors which may have influenced the outcomes.  The 

chapter concludes with recommendations for future research. 
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Chapter 2 – Theories of Situation Awareness 

Given the limited cognitive resources of any individual, it would not be possible 

for anyone to be fully cognisant of all possible data at all times in the operation 

of a complex plant.  Situation awareness may be thought of as a gestalt view of 

the plant status, providing the operator a mental model of the plant derived from 

a limited number of specifically sampled parameters, which avoids overloading 

limited cognitive resources by filtering information in operationally useful ways.  

 

 

2.1 Definitions of Situation Awareness 

An operational definition of SA in terms of measurable units is desirable since it 

would allow measurement which might be used to determine who has a greater 

level of SA, the effectiveness of a display interface or the appropriateness of a 

training method. 

 

A number of different definitions and descriptions for situation awareness have 

been proposed by various authors.  However like other psychological constructs 

such as attention, stress and mental workload, this has not proved easy and 

there are a range of definitions.  Some of these relate to aviation psychology, 

which is from where the interest in this area of human factors originated in the 

1980s.  Interest in situation awareness has expanded into other areas where 

people interact with and control dynamic environments from nuclear power 

stations to driving cars.   

 

Haines & Flateau describe SA as,  

 

“One’s ability to remain aware of everything that is happening at the 

same time and to integrate that sense of awareness into what one is 

doing at the moment.”  (Haines & Flateau,1992) p.43.  

 

This is something of a simplification since it is unlikely in a complex and 

dynamic environment that anyone would be aware of everything at the same 

time.  However the description recognises the importance of ‘what one is doing 
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at the moment’.  This introduces the concept that SA requires some pre-

requisite to determine what the current task goal is in order to begin to filter 

information in a manner which will be useful to the achievement of that goal. 

 

Taylor described SA as, 

 

“probably the pre-requisite state of knowledge for making adaptive 

decisions in situations involving uncertainty, i.e. a veridical model of 

reality.”  (Taylor, 1990) p.3-1 

 

In the same paper, which described the development of ‘Situation Awareness 

Rating Technique (SART)’, when interviewing aircrew Taylor used a working 

definition of SA as, 

 

“Situation awareness is the knowledge, cognition and anticipation of 

events, factors and variables affecting the safe, expedient and effective 

conduct of the mission.”  (Taylor, 1990) p.3-3   

 

This supports the view that SA is required for decision making and achievement 

of task goals in dynamic environments.  Describing it as knowledge, cognition 

and anticipation, breaks it into three different areas, knowing something about a 

system, understanding what that means in relation to the system and a task 

goal, and being able to make some prediction about the future status of the 

system. 

 

In a technical report, (in the context of aviation), McMillan proposes a definition 

of SA, quoting Carroll, (Carroll, 1992).  

 

“A pilot’s continuous perception of self and aircraft in relation to the 

dynamic environment of flight, threats and mission, and the ability to 

forecast, then execute tasks based on that perception.”  (McMillan, 1994) 

p.38  

This also relates SA to the environment and task goal suggesting that SA is 

more than just knowing something about current status but requires that the 
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knowledge is filtered in relation to achieving a task goal.  Ability to forecast is 

also included supporting Taylor’s description and also relating SA to the 

decision making process. 

 

In an aeronautical context Endsley described SA as,  

 

“the pilot’s internal model of the world around him at any point in time.  It 

is derived from the aircraft instrumentation, the out-the-window view, and 

his or her senses. Individual capabilities, training, experience, objectives, 

and the ability to respond to task workload moderate the quality of the 

operator’s situation awareness.”  (Endsley, 1998b) p.789   

 

This description of SA introduces the concept of an individual’s internal model 

rather than just a collection of raw data about the environment which suggests 

some internalisation of raw data to produce an internal model.  This is a higher 

level cognitive process than just simply recognising raw data.  Goal objectives 

are included which is a common requirement in all of these descriptions of SA, 

but Endsley also suggests things which may affect SA such as training, 

experience, and workload.   

 

From this aeronautical description of SA, Endsley went on to generalise this as,  

 

“…the perception of the elements in the environment within a volume of 

time and space, the comprehension for their meaning, and the projection 

of their status in the near future”.  (Endsley, 1998a) p.97   

 

This definition captures the three facets suggested in the previous definitions 

more succinctly; perception of raw data from the environment, the cognitive 

process of understanding some meaning from the raw data, (which infers there 

must be a task goal in order for the data to be relevant), and the temporal 

aspect of some future prediction of how the status will develop.  

 

The above descriptions of SA all include the notion of information which is 

relevant to current and ongoing goals and objectives.  In order to achieve 
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operational goals there is a requirement to know what is important.  In complex 

and dynamic plants there can be an overwhelming volume of data available to 

the operator and this requires the operator to filter information in such a way as 

to avoid overloading available cognitive resources.  This will require 

identification of information that is of greatest relevance to decision making and 

monitoring.  The criteria used for assessing contextual relevance will include 

prioritisation of current task objectives.  Smart, (2005), relates this to Jacob Von 

Uexkull’s definition of an animal’s ‘Umwelt’, which is described as the set of 

environmental parameters to which an animal is sensitised to respond to in 

order to increase its chances of survival.  The animal’s perception is skewed 

towards these parameters and in a similar way the operator’s perception is 

focused on what is perceived to be the most important information to achieving 

the current goals and objectives.   

 

Filtering of information and prioritising goals and data is further complicated by 

the fact that human beings impose their own sense on the world.  Most of the 

time, they see what they expect to see.  Individual’s sense making is a unique 

property of their physiology, self-concept and culture, experience, and social 

and intellectual needs, each person essentially inhabits a situation that is 

different from everyone else’s (Gregory & Shanahan, 2010).   

 

Past experience plays an important part in the development of mental models.  

Potentially the greater the past experience, the richer the mental model and it is 

this mental model which an operator will apply to the present environment to 

render it more meaningful and therefore familiar.  Gregory and Shanahan, 

(2010), also point out that experience should not be confused with expertise 

since experience may result in wrong conclusions and bad practice, or may 

even be insufficient leading to overconfidence, inadvertent risk taking and 

complacency.  An operator will make sense of a situation based on current 

needs, constraints, goals and past experience and this will influence the filtering 

of information and therefore situational awareness. 

 

Endsley, (2000b), further refined her definition into 3 hierarchic levels of 

situation awareness; perception, comprehension and projection and it is this 
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definition that will be used for this research since it treats SA as process which 

can be examined at three distinct levels.   

 

• Level 1 Situation Awareness – Perception 

Observation of information cues is the starting point of situation 

awareness.  The operator must identify relevant pieces of information 

from the system.  Failure to identify relevant information may be either 

due to the system design or to a problem with the operator, (Endsley, 

2000b).  Perception of raw data may require scanning of visible 

information or searching for the information within the user interface or 

cargo control room environment.  The greater the volume of potential 

information, the more important the ability to filter data with respect to the 

current task goals becomes to avoid information overload.   

 

• Level 2 Situation Awareness – Comprehension 

Perception alone is not enough to give situation awareness.  Perceived 

data values must be combined, interpreted and integrated with relevance 

to a goal.  Endsley states,  

 

“A person with Level 2 situation awareness has been able to 

derive operationally relevant meaning and significance from the 

Level 1 situation awareness data perceived” (Endsley, 2000b) p.7    

 

Operators must be able to integrate the information to form a coherent 

picture of the plant status.  Previous experience of similar situations can 

provide a range of rich mental models to draw from allowing faster 

comprehension of the current status.  Meaning, significance and 

prioritising can be associated with this level of SA. 

 

 

• Level 3 Situation Awareness - Projection 

This is the ability to forecast future events and dynamics and Endsley 

states this, 
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‘marks operators who have the highest level of understanding of 

the situation’.  (Endsley, 2000b) p.7  

 

The ability to predict helps in making timely decisions and Endsley adds,  

 

‘…that experienced operators rely heavily on future projections.  It 

is the mark of a skilled operator’, (Endsley, 2000b) p.7  

 

Projection of plant status allows for early decisions which may be thought 

of as maintaining the plant status within the desired range and thus 

avoiding a wide hysteresis of plant stability.  Novice operators who are 

unable to effectively predict ahead may allow the plant status to vary 

widely as they respond to extreme conditions often indicated by alarms, 

(a ‘fire fighting’ approach), where as expert operators are more likely to 

maintain plant status within a narrow range of values by anticipation (a 

strategic approach).   

 

Each level of SA can be measured discretely which allows for comparison 

between subjects.  Furthermore since the main task will consist of a number of 

subtasks, a comparison between the levels of SA and subtasks will be made 

with respect to the ranked priority of the tasks at any given time.  Finally the 

levels of SA can be compared with the experience of the operator to determine 

how SA at each level varies with both task priority and experience. 

 

 

2.2 Models of Situation Awareness 

Situation awareness has been described as an information processing model or 

a perceptual model.  This section describes the two models, which are 

fundamentally different to each other, and identifies why the former has been 

selected for this research. 
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Endsley’s definition of SA with 3 levels may be described as an information 

processing model as shown in fig 2.1.  Information is perceived from the 

environment, interpreted and integrated to achieve task goals and used to 

project ahead.  The three hierarchical levels provide a neat and logical 

explanation and this definition lends itself to methodologies for measuring the 

construct.  Endsley differentiates the end product of SA from the process by 

which it is obtained, situation assessment.   

 

Ensley, (2000b), describes SA as separate from decision making and 

performance, which is different to the perceptual model of SA described below.  

SA is simply the operators own mental model of plant status and she points out 

that it is possible to have good SA and yet make poor decisions leading to poor 

performance.  The poor choice of decision may be for a number of reasons, 

such as a lack of knowledge in the operation of the plant, lack of procedural 

knowledge or the choice of decision may be influenced by personality traits 

such as impulsiveness, indecisiveness or degree of risk taking.   

 

 

Fig 2.1-Endsley’s model of SA (Endsley, 2000b) 
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Similarly Endsley points out that performance is distinct from SA.  A correct 

decision may be taken on the course of action, but the execution of that action 

may be flawed or affected by other factors such as workload, fatigue or stress.  

SA is part of decision making and performance, but at the same time distinct 

from it. 

 

Smart, (2005), compares Endsley’s model of SA with a more holistic model 

described by Zsambok & Klein, (1997), in relation to naturalistic decision 

making (NMD) which looks at the way in which decisions are made in realistic 

contexts.  Under realistic conditions, as opposed to laboratory conditions, they 

found that experts make decisions using pattern matching to memory or mental 

models.  In this model SA is seen as a person’s internal conceptualisation of the 

situation which becomes the basis for the decision making process.  Klein, 

(1997), developed a Recognition Primed Decision (RPD) model which 

emphasised the role played by situation recognition in the selection of an 

appropriate action.  In terms of decision making he found that rather than 

evaluating options, actions were typically chosen because individual’s current 

SA triggered recognition of a previously experienced situation and this usually 

resulted in the selection of a response used in the previous similar situation.   

 

Although Klein’s view of SA is more holistic than Endsley they both recognise 

the importance of SA in decision making.  Klein’s RPD model relies on SA to 

trigger situation recognition in order to reach a decision while Endsley sees 

good SA as a precursor to good decisions.   

 

An alternative description of SA is the perception/action cycle which provides a 

compelling description of how an individual interacts with an environment but 

doesn’t offer an easy methodology for measurement.  In this model SA is seen 

as an active process where perception guides actions and actions influence 

what is perceived in an ongoing cycle.  This is different to Endsley’s model 

which is process rooted; information being perceived from the environment and 

then processed for comprehension and projection. 
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Neisser, (1976), proposed a perceptual cycle, (Fig 2.2), which shows the 

relationship between schema, exploration and objects.  In this framework an 

individual’s schema or knowledge about an object directs exploration.  This 

requires some sampling of the object which will result in modification of the 

original schema.   

 

 

Fig 2.2 - Neisser's perceptual cycle 

 

Substituting environment for object in Neisser’s perceptual cycle, Tenny et al 

(1992), proposed that this provides a framework for understanding how SA 

works.  A task goal selects an appropriate schema for a given situation.  The 

schema directs the exploration of the environment by sampling which may lead 

to actions which modify the environment which in turn modify the schema 

moving towards achieving the desired goal.  Thus an agent and its environment 

interact in a manner to satisfy the arbiter by generating skilled performance 

(Smith & Hancock, 1995). 

 

This is a convincing description of SA which suggests that SA is both product 

and process.  SA as a product is the state of the currently activated schema and 
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as a process, SA is the current state of the entire perceptual cycle (Adams, 

Tenney, & Pew, 1995).  This is different to Endsley who says,  

 

“situation assessment, as an active process of seeking information from 

the environment, is defined separately from situation awareness, which is 

the result of that process” (Endsley, 2000b) p.23  

 

However Tenney et al. provide no suggestion as to how SA might be measured. 

 

Smith and Hancock proposed a more integrated description of SA in line with 

Tenney et al., defining it as,  

 

“adaptive, externally directed consciousnesses” (Smith & Hancock, 1995) 

p.137 

 

They suggest that adaptation is the process by which an operator uses 

knowledge and behaviour to achieve goals in the current environment.  

Externally directed means the goal of the behaviour that SA directs must reside 

in the task environment rather than the agent’s head (Smith & Hancock, 1995).   

 

In the context of a cargo control room environment this may be taken as 

achieving a specified goal such as loading cargo tanks while discharging ballast 

tanks, maintaining stable tank pressures and keeping hull stress and stability 

within limits.  With clearly defined goals performance can be judged, (was the 

goal achieved?), and the competence that guides the performance constitutes 

SA (Smith & Hancock, 1995). 

 

Smith and Hancock, (1995), posit SA generates purposeful behaviour directed 

toward achieving a goal in a specific task environment arguing that SA is more 

than performance, it is the capacity to direct consciousness to generate 

competent performance given a particular situation. 

 

To show the competence that they describe as SA, Smith and Hancock add an 

element to the centre of the perceptual cycle they call the invariant suggesting 
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that it produces competent behaviour by linking the environment, the schema 

and exploration which is ultimately SA, (Fig 2.3).   

 

 

 

Fig 2.3 - Neisser’s perceptual cycle adapted by Smith and Hancock, from 

(Smith & Hancock, 1995)  

 

By defining SA as a generative process of knowledge creation and informed 

action taking they expressly deny that SA is merely a snapshot of the agent’s 

current mental model.   

 

‘Rather, SA guides the process of modifying knowledge – that is, of 

constructing a representation of current and likely events’.  (Smith & 

Hancock, 1995), p.142 

 

This opposes one of the more common measurement techniques proposed by 

Endsley, SAGAT, which attempts to measure a snapshot of an individual’s SA 

at a random moment in a simulation when it is temporarily frozen. 

 

In a similar way Perceptual Control Theory, (PCT), is a cyclical model.  Powers, 

(1973), proposed a model in which behaviour is based on control theory.  In this 

a disturbance in an environment is perceived by a subject when a controlled 
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variable moves from a reference position.  This is responded to by an action to 

bring the controlled variable back to the reference position.  To an observer the 

subject appears to be responding to a stimulus but what cannot necessarily be 

seen is what is being controlled.  Feedback is a fundamental requirement of 

goal directed behaviour and the PCT model says that behaviour is triggered in 

response to an error correcting signal.  The aim is to change the environment 

so that the operator’s perception meets the desired goal.  Thus PCT suggests 

that operator perception is controlled, not the behaviour. 

 

From PCT Finnie and Taylor, (1998), proposed an Integrated Model of 

Perceived Awareness Control (IMPACT) paradigm of SA.  In the IMPACT 

model of SA, the operator’s perception of SA is controlled by behaviour.  SA is 

constructed from the behaviour involved in resolving the difference between 

perceived SA and desired SA in an on-going cycle.     

 

The perceptual models of SA are persuasive in their description of meta 

cognitive processes in the ongoing cycle between perception of the 

environment, comparison with a mental model, outcome or desired SA and the 

modification of that mental model, outcome or SA.  However while this is a 

persuasive argument it offers little opportunity for measurement and 

quantification of the construct.  Endsley’s process model may not satisfy those 

who favour the more holistic perceptual model of SA, but it does provide a more 

practical basis for evaluation and measurement of SA.  For this reason the 

process model of SA will be used for this research. 

 

 

2.3 Factors Affecting Situation Awareness 

Situation assessment is the process by which SA is achieved and is a complex 

blend of cognitive processes.  The purpose of this section is to examine some 

of these processes and the way in which they may influence the acquisition and 

maintenance of SA.  These factors will to a greater or lesser extent influence 

how plant data are selected and interpreted in order to achieve task goals.  
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Their consideration may be an important factor when reflecting on and drawing 

conclusions from the data collection. 

 

 

2.3.1 Goals 

Bainbridge, (1997), proposed a mechanism to describe how someone 

conducting a complex dynamic task selects what to do next in their current 

context.  The key feature of which is cognitive goals or needs, which she says 

directs behaviour. 

 

Endsley, (2000b), describes goals as central to the development of SA.  In the 

operation of complex plant attention is directed either by defined goals (top 

down), or by plant data (bottom up).  In order to achieve current goals the 

operator actively seeks data to support the achievement of those goals.  Goals 

therefore actively direct attention within the environment and act as a form of 

filter.  The perceived data alone may not be meaningful, however when 

integrated and interpreted in context of the goal, meaningful comprehension, or 

level 2 SA is achieved. 

 

Plant data, on the other hand, may re-direct attention.  Patterns in the 

environment, or plant parameters varying from normal values, may trigger the 

activation of a new goal and change the focus of attention.  The ability to 

dynamically switch between these two processing modes is important for 

successful operation of a complex plant with multiple sub goals in addition to 

primary task goals. The focus of what is currently important will vary over time 

and more than one goal is likely to be active at any one time.  Failure to be able 

to switch between these modes may lead to attentional narrowing or 

misunderstanding of perceived information. 

 

The view of switching between goal driven and data driven modes fits with 

Smith & Hancock’s view that SA is ‘adaptive, externally directed 

consciousness’, (Smith & Hancock, 1995), and Neisser’s perceptual cycle 

where one part of the cycle drives the next in an ongoing iterative manner.   
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Endsley summarises the influence of goals on SA in 3 ways; 

 

• The active goal directs the selection of mental models appropriate to the 

current situation.  For example the goal of ‘diagnose the warning light’ 

would activate the mental model associated with that particular system. 

 

• The goal and its associated mental model are used to direct attention in 

selecting information from the environment.  They serve to direct scan 

patterns and information acquisition activities.  For this reason selection 

of the correct goals is critical for achieving SA.  If the wrong, (or less 

important), goal is being pursued critical information may be missed or 

not attended to. 

 

• Goals and their associated mental models are used to interpret and 

integrate information so as to achieve comprehension.  The goal 

determines the ‘so-what’ of the information. 

(Endsley, 2000b) p.20 

 

 

2.3.2 Attention 

Deployment of attention to percepts in the environment and the number of 

percepts to which attention can be directed can be a limitation in the 

achievement of SA.  In order to process cues from the environment, 

comprehend their meaning in the context of the current task goal, reach a 

decision and implement actions as a result of that decision, a high level of 

cognitive resource is required; so much in fact that it may not be possible to 

focus attention on items in parallel. 

 

How attention is directed and focused has a fundamental impact on which 

portions of the environment are incorporated into SA, (Endsley, 2000b).  

Attention is a form of filtering that reduces the amount of information that 

reaches conscious awareness and this is important when the potential volume 
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of information available could overwhelm cognitive resources.  Focus of 

attention will be determined by factors such as task goals, scanning and 

sampling strategies, long term and short term memory, workload and 

expectations.  

 

Gugerty, (1997), found that drivers pay more attention to cars in front of or close 

to them than to those behind or further away, reflecting the distribution of 

attention based on the operational importance of the vehicles. 

 

When examining sources of SA errors in aviation Jones and Endsley, (1996), 

reviewed 143 incidents, identifying 262 different SA errors which they broke 

down into level 1, 2 or 3 SA errors.  For each level of SA they identified a 

number of causal factor categories resulting in 12 categories across the 3 levels 

of SA.  Out of these 12 categories the most frequent causal factor associated 

with SA errors was labelled as ‘failure to observe data’, which involved 

situations where all the required information was present, but not attended to by 

the operator.  This accounted for 35% of SA errors and was most frequently 

attributable to distraction due to other tasks or workload. 

 

 

2.3.3 Attention Switching 

Attention was described above as a filtering process which focused on selected 

areas of the plant at any time and is dynamic in that attention is focused in 

different parts of the plant at differing stages of task execution.  The process of 

switching attention is important to SA.  If attention is switched at the correct time 

to the correct area then SA will be maintained.  If it is not correctly switched 

then SA may be reduced.  Adams et al., (1995), suggest that one method to 

control attention switching is by the operator actively auditing the tasks in the 

queue, (which increases workload).  They suggest that an operator has 

knowledge of each task’s status and structure and that the schemata for these 

tasks will elicit attention in proportion to computed urgency or criticality.  This 

does not explain how attention may be switched to unattended tasks.  Endsley, 

(2000b), describes global and local SA where local SA can be directed from 
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global SA.  Maintenance of global SA is essential to know when and where 

attention should be switched to.  By this process attention can be turned to 

unattended tasks.   

 

Focusing attention on a single part of a dynamic environment can lead to 

inattentional, or perceptual, blindness which may result in a reduction of SA or 

the complete omission of percepts.  Simons and Chabris, (1999), observed that 

approximately half of observers fail to notice an ongoing highly salient but 

unexpected event while they are engaged in a primary monitoring task.  In their 

study, Simons and Chabris asked subjects to watch a short video which 

contained 2 teams of people wearing either black or white t-shirts.  Each team 

were passing a basketball between team members.  Subjects were asked to 

count the number of passes made by the team in white.  In one version a 

person wearing a full gorilla suit walks through the group of players while in 

another version a woman holding an umbrella walks through them.  When 

asked if they had seen anything out of the ordinary, overall 46% of subjects did 

not report seeing the unexpected event.  These results indicate what is in one’s 

visual field and what is perceived is dependent on attention. 

 

Smart, (2005), points out that unattended information can disrupt the focus of 

attention and gives an example of research by Wood & Cowan, (1995), which 

found that subjects would respond to the sound of their name if it was presented 

in a stream of unattended information such as in the ‘cocktail party’ phenomena 

observed by Moray in 1959.  Examples of this in a marine context could be an 

alarm in the ship’s control room causing a disruption to current attention focus 

or a change in pitch from the noise of a piece of running machinery disrupting 

and changing the focus of attention.  Such examples are likely to cause a useful 

switch of attention; however there may be other less desirable shifts in 

attentional processing and focus.  Interruptions can cause attention switching 

problems for operators.  A common issue is for an operator to focus on the 

interrupting task and forget about other ongoing tasks, (attentional narrowing), 

particularly when cognitive workload is high and short term memory is 

overloaded (Endsley & Jones, 2001).  It is important for the operator to balance 

adaptive shifting of focus to avoid overloading cognitive resources.  A filtering of 
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cues is required so as to limit disturbances to ongoing processes without 

rejecting cues that may require a shift in attention.   

 

Dynamically selecting and focussing attention is a cognitive task which may 

require considerable mental effort and which therefore may be adversely 

affected by fatigue.  Task prioritisation is likely to result in greater SA for tasks 

which are currently higher priority.  One of the objectives of this research is to 

determine if measured SA will reflect the ranked task prioritisation as stated by 

the subject at the time of measuring SA and to establish to what extent SA 

varies with ranked task prioritisation. 

 

 

2.3.4 Expectations 

Expectations and preconceptions can be an important part of SA.  Mental 

models, past experience or communications can lead to expectations in 

particular situations.  These expectations can influence how information is 

perceived or where attention should be focused.  This may be particularly true 

in repetitive tasks where automaticity in processing is reduced as part of a 

coping strategy, (see section 2.3.9).  There is a tendency for people to see what 

they expect to see.   

 

Expectations and seeing what you expect to see can be both good and bad for 

SA.  In cases where there is some uncertainty, expectation can improve 

confidence in dealing with partial information.  For example expected plant 

status during a routine operation may be assumed when only partial data is 

present.  This may be a useful strategy during periods of high workload to 

reduce the load on working memory.  However the opposite may also apply.  

Jones & Endsley, (1997), found that even experienced air traffic controllers 

developed quite elaborate stories to explain away conflicting information that 

was inconsistent with the mental model held at that time leading to 

misinterpretation of information. 
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In the Marine Accident Investigation Branch report on the collision between the 

Hoo Robin and the Arklow Marsh on the River Trent 02 March 1999, (MAIB, 

1999), one of the contributory causes of the collision was the incorrect 

assessment of the situation by the Master of the Hoo Robin which was formed 

by his expectations of what the vessel ahead of him was about to do.  Previous 

experience combined with making some current information fit the expectation, 

led to rejection of cues which were available resulting in representational error 

that ended in a collision between two vessels.   

 

Expectation can be a useful tool in plant operation.  When a task goal is 

undertaken an expectation of what the successful outcome of that goal will look 

like, and of the time to achieve it, can be compared against current SA to 

determine progress in the completion of the goal, or to ascertain when the goal 

has been met. 

 

 

2.3.5 Emotional State 

Eysenck proposed that anxiety can influence attentional processes in a number 

of ways, including; 

• Selective attentional bias.  Anxious individuals are likely to selectively 

attend to threat related stimuli 

• Distractibility.  Anxiety promotes distractibility in which individuals cannot 

avoid attending to irrelevant tasks 

• Attentional breadth.  Anxiety causes a narrowing of the attentional filter 

limiting the amount of information that can be attended to 

• Interpretive bias.  Anxiety promotes a form of bias characterised by the 

tendency to interpret ambiguous stimuli and situations in a threatening 

fashion.   

(Eysenck, 1992) 

 

Although it is not intended that any of the subjects within this research will be 

made to feel anxious in any way it is something that could be encountered in 



38 

the real control room of a vessel, and which could have a detrimental effect on 

the SA, and therefore the performance, of an operator.    

 

 

2.3.6 Workload 

Increasing the workload stretches available cognitive resources and may act as 

an attentional filter in that fewer resources are directed towards maintaining SA.  

Adams et al, (1995), discuss task management problems related to work load 

and examines work load in terms of task prioritisation and task scheduling.  

They point out that the queue of tasks are not tackled in a ‘first in, first out’ 

heuristic, rather they are prioritised and interleaved with deference to temporal 

requirements on their execution and their overall importance to the task as a 

whole.   

 

The order of tasks in the queue will change dynamically with the changing 

status of the plant.  Good SA will improve processing of the task list but the 

maintenance of SA requires mental resources which will become more onerous 

if the list must be re-ordered and modified, increasing workload.   

 

In a paper describing the development of the Situational Awareness Rating 

Technique (SART), Taylor, (1990), provides lists of high and low SA flight 

scenarios derived from aircrew.  One example of low SA due to workload was 

that of flying in formation in an unfamiliar aircraft working at the limit of capacity 

where the moment to moment attentional demands of the flight are relentless 

due to the lack of complete information even without any untoward events.  This 

description aligns with the lack of a rich mental model which is typical of a 

novice compared with the expert who can relieve some the workload on short 

term memory by making use of such mental models. 

 

While it may appear obvious that increased workload will affect SA, Smart, 

(2005), refers to Tyler et al’s ‘levels of processing’ theory, (Tyler et al., 1979), 

and points out that mnemonic retrieval of information can be related to the initial 

amount of effort spent processing that information.  In some cases it may be 
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that under high workloads an operator may be forced to process specific stimuli 

to greater depth, thereby improving mnemonic recall.  Conversely, and perhaps 

more obviously, high workloads may not allow an operator to devote as much 

effort to the processing of information, therefore reducing mnemonic recall. 

 

Smart also points out that low workloads may also affect SA in a negative 

manner, attributing such affects to problems with vigilance and sustained 

attention.  The control room operator with little to do may have such a low 

attention level that important cues may be missed.  The exact relationship 

between workload and operator SA may not be as clear as it first appears and 

he suggests further investigation is required. 

 

 

2.3.7 Working Memory 

Working memory is a limited cognitive resource in which perceived information 

is stored and combined with existing knowledge to form a picture of the current 

situation and develop comprehension (level 2 SA).  Projection of future status 

(level 3 SA) and decisions will also occur in working memory creating a high 

load on this cognitive resource.  Fracker, (1987), hypothesised that working 

memory constitutes the main bottleneck for SA.  This can be seen when a 

novice encounters a complex situation, focusing all attention on the situation in 

question, while losing SA in other areas. 

 

Endsley, (2000b), supports Cowan’s model of working memory, (Cowan, 1988), 

in which working memory is an active subset of long term memory.  She states 

that SA is more than just working memory and that information from the 

environment may be processed in terms of the activated mental model, where 

the current data values are interleaved with the more abstract model.  Activating 

mental models in this way may help to provide methods of processing the data 

for comprehension and prediction.  This notion would support the view that an 

expert has access to richer mental models than a novice. 
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Durso and Gronlund, outline four strategies actively used by operators to 

reduce working memory load associated with SA; 

• Information prioritisation 

• Chunking (breaking up data into smaller chunks, see Miller (1956))  

• ‘Gistification’ (using only the most relevant information) 

• Environmental restructuring (imposing structure on the environment) 

(Durso & Gronlund, 1999) 

 

Endsley, (1995a), found that experienced pilots could report on information 

relevant to SA for as long as five to six minutes following freezes in aircraft 

simulation without suffering the type of memory decay that might be expected 

from information in working memory.  She hypothesised that this supported the 

model of working memory proposed by Cowan, described above.  This is 

relevant to research which involves freezing a simulation and administering SA 

probe questions to determine SA.  This suggests that freeze periods of less 

than five minutes should not be problematic for information stored in working 

memory. 

 

 

2.3.8 Long Term Memory, Mental Models and Schemata 

Endsley, (1995a), hypothesised that mental models and schemata, as part of 

long term memory, play an important part in SA.  Schemata may be thought of 

as an abstract conceptualisation of a situation.  Endsley refers to scripts in 

association with schemata, referring to Schank and Abelson, who describe a 

script as a sequence of appropriate actions for different types of task 

performance, (Schank & Abelson, 1997).  A script is therefore a form of 

automaticity whereby a set of actions can be implemented once it has been 

recognised as the appropriate script for the scenario.  This can be used to 

greatly reduce workload when predefined scripts can be accessed and acted 

upon. 

 

Mental models may be thought of as a specific representation, rather than the 

more abstract one associated with schemata.  Rouse and Morris, (1985), 
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defined mental models as mechanisms whereby humans are able to generate 

descriptions of system purpose and form, explanations of system functioning 

and observed system states, and predictions of future states.  A mental model 

is therefore a detailed model of a specific system, how it operates and its 

current condition, (as opposed to the more abstract model in schemata). 

 

Mental models and schemata are used when the operator recognises key 

features or cues that map onto the key features of the model.  The model 

depicts prototypical situations or states which can then be used to quickly 

develop level 2 and 3 SA without a lot of mental processing which would occur 

in working memory.  This is recognised by Endsley as a key difference between 

a novice and an expert, where the novice lacks the mental model, a greater 

degree of processing is required to achieve level 2 SA which reduces other 

functions of working memory (Endsley, 2000b).  

 

One drawback of using mental models in long term memory is that selection of 

the appropriate model is critical.  Incorrect selection may lead to errors in SA 

due to biasing in the selection and interpretation of information (Fracker, 1988).  

Jones, (1997), examined representational errors with air traffic controllers  

where information was misinterpreted based on an incorrect mental model.  

After introducing erroneous information, cues were provided that should have 

indicated some earlier information was incorrect.  Overall only 35% of the 

subjects detected the cues indicating the error in the mental model.  She 

reported great resilience in the controller’s initial assessment; in some cases 

they constructed elaborate explanations to make the chosen mental model fit 

the perceived data.   

 

 

2.3.9 Automatic Processing 

When a series of environmental cues result in processing to form a particular 

situational awareness, which results in a particular decision, which results in a 

particular action and this is repeated a sufficient number of times, the 

processing for situational awareness and decision making elements may be 
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omitted, resulting in a form of short circuiting or automaticity.  Repeated 

exposure to the same environmental cues, (within a particular mental model), 

will automatically result in action without the need for the processing of SA or 

decision making.  This can be advantageous in that it significantly reduces the 

cognitive workload keeping working memory free for other task processing.  

Endsley cites Logan, (1988), who says that automatic processing tends to be 

fast, autonomous, effortless and unavailable to conscious awareness.  This fits 

with Schank & Abelson’s scripts in association with schemata in that recognition 

of a particular set of environmental cues can lead to the direct selection of a set 

of actions, (Schank & Abelson, 1977).  

 

Endsley, (1995b), gives the example of driving home from work on the same 

route, stopping at traffic lights and responding to brake lights and going with the 

flow of traffic, yet having almost no recollection of the trip.  There would appear 

to be only a low level of attention assigned to the task.   

 

The danger with this form of automatic operation is that while attention is low 

there is the risk that novel cues from the environment may be missed.  It may 

also reduce the likelihood that learned responses may not be modified, which 

would be important in dynamic situations.  Automaticity appears to be a double 

edged sword, providing the opportunity to reduce cognitive workload on the one 

hand, but increasing the risk of being less responsive to new stimuli on the 

other. 
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Chapter 3 – Review of SA Measurement Techniques 

 

 

3.1 Measuring Situation Awareness 

“When you can measure what you are speaking about, and express it in 

numbers, you know something about it; but when you cannot measure it, 

when you cannot express it in numbers, your knowledge is of a meagre 

and unsatisfactory kind : it may be the beginning of knowledge, but you 

have scarcely, in your thoughts, advanced to the stage of science, 

whatever the matter may be.”  William Thomson, Lord Kelvin (Thomson, 

1883) p.73. 

 

Situation awareness is a concept rather like intelligence, attention, fatigue and 

stress in that it has an imprecise or general meaning.  To change from vague 

term to a quantitative concept requires precise definition and measurement.  

Many of these concepts have remained controversial because of the difficulty in 

achieving definitions which are neither vacuous nor circular (Pew, 2000).  

 

Theureau, (1998), claims that situation awareness is unanimously considered to 

be a vague notion which has multiple definitions and gives rise to multiple 

complementary or alternative methods of measurement.  He says that situation 

awareness reflects the incapacity of traditional cognitive psychology to answer 

practical questions of the control of complex dynamic systems. 

 

Smith and Hancock, (1995), defined SA as a generative process of knowledge 

creation and informed action taking, expressly denying that SA is merely a 

snapshot of an agent’s current mental model.  This implies that SA is not 

elemental facts that make up a mental picture at any given moment; SA builds 

the mental picture to know about the current situation in respect of clearly 

defined task goals.  This makes it a difficult construct to measure. 

 

Since the analysis of human performance is important there are many who 

consider situation awareness to be a distinct element of successful 
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performance, and have attempted to measure it in a variety of ways each with 

their own strengths and weakness given the theatre in which the performance is 

conducted (Pew, 2000).  

 

Measurement of situation awareness is complicated by the fact that it may be 

context dependent.  What awareness is appropriate in one situation will depend 

on the circumstances that define that situation.  Pew defines a situation as,  

 

“a set of environmental conditions and system states with which the 

participant is interacting that can be characterised uniquely by a set of 

information, knowledge, and response options”, (Pew, 2000) p.34.  

 

In the context of tanker operations, the control room operator’s knowledge of a 

particular level in a given tank at a moment in time may be in error by 1 metre.  

When the tank level is in its mid range, 30 – 70% full, this may not be critical; 

when the tank level is near to its maximum filling level, (typically 98%), an error 

of 1 metre in the tank level may lead to an overflow and consequent pollution. 

 

One possible method of measuring SA is by comparing an operator’s current 

state of system knowledge with the actual system values and measuring the 

degree of difference, however this alone may not provide comparable data due 

to contextual differences.  These contextual differences may be accounted for 

by the use of a subject matter expert (SME) who could determine the contextual 

value but this brings an element of subjectivity to the data which may vary 

between SMEs.  An alternative would be to ensure an experimental design 

which repeated the same context, so eliminating contextual differences.  While 

this may be possible within the confines of a controlled experiment it would be 

less useful in collecting data from a field study.   

 

This chapter will examine a range of measurement techniques that have been 

used to measure an individual’s SA within four measurement categories.  There 

is a brief description of each method and a summary of its advantages and 

disadvantages.  The chapter concludes with a discussion of the techniques and 
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finally the rationale for, and selection of, a technique considered suitable for this 

research. 

 

 

3.2 Measurement techniques 

There is no agreed taxonomy for SA measurement techniques, Jeannott et al. 

use: 

• Query techniques 

• Rating Techniques 

• Performance techniques, 

(Jeannott et al., 2003)  

Pew suggests: 

• Direct system performance measures 

• Direct experimental techniques 

• Verbal protocols 

• Subjective measures 

(Pew, 2000)  

For the purpose of this research the following taxonomy will be used providing 2 

types of probe techniques and 2 types of rating technique: 

• Freeze probe techniques 

• Real-time probe techniques 

• Self-rating techniques 

• Observer-rating techniques 

 

Freeze probe and real-time probes both work on the basis that SA is 

represented as the ability of the operator to answer questions about the 

situation that they are in, or the plant they are controlling.  Freeze probe 

methods stop the operation to allow the questions to be posed and answered, 

while real-time probes ask the questions concurrently while the operation 

continues.   

 

Self rating techniques are usually administered at the end of the operation and 

rely on the subject’s ability to recall what has happened and are considered 
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subjective.  Observer rating techniques rely on a subject matter expert to 

observe and rate performance to determine SA.  However these techniques rely 

on observation of overt actions and cannot interrogate the internal cognitive 

processes or the subject’s current mental model. 

 

 

3.3 Freeze Probe Techniques 

Freeze probe techniques are used in simulators where the task being 

conducted is interrupted by freezing of the simulation and subjects are asked a 

series of questions about their perception of the current situation.  These 

techniques directly assess the operator’s perception at that time and so may be 

considered a direct measure of their situation awareness.  This has advantages 

over other measurement techniques which may rely on an observer’s 

judgement, or post operation measuring where a time lapse between event and 

assessment will leave the possibility of the subject’s loss of data from working 

memory. 

 

Answers can be compared to the actual status at that point in time therefore 

giving a measure of situation awareness at that time although the issues of 

context discussed above mean that direct comparison between operators may 

confound the data if the context is different. 

 

The main problems with freeze probe techniques is that they normally require a 

high fidelity simulator, are intrusive in that they interrupt the task performance 

and they require extensive work in developing the query content.  Although this 

is an intrusive assessment method, interrupting the task being undertaken, it 

removes the problems associated with collecting data at the end of simulation.   

 

 

3.3.1 Situation Awareness Global Assessment Technique – SAGAT 

This technique was developed to measure pilot situation awareness by Endsley, 

(1995a), although it, or variations of it, have been used across a range of 

different domains such as air traffic controllers (Endsley & Rodgers, 1998) and 
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nuclear power station operators (Hogg et al., 1995).  It is designed to measure 

situation awareness across the 3 levels of situation awareness proposed by 

Endsley: perception of elements, comprehension of their meaning and 

prediction of future status.   

 

Key to this methodology is a detailed assessment of what SA requirements the 

operator should poses, which leads to the development of queries.  This 

technique is used in a simulator where the operation is usually interrupted on 

several occasions at random intervals.  When the simulation is interrupted the 

screens are blanked and operators are queried about their perception of 

relevant elements at that moment in time.   

 

Endsley emphasises the importance of developing these queries stating,  

 

“Asking queries that are relevant to the operator’s SA during the freeze is 

a prime determinant of the utility of the technique” (Endsley, 2000a) 

p.148 

 

The queries used should cover a wide range of the operator’s situation 

awareness requirements.  This will help avoid the subject focusing closely on a 

narrow range of parameters.  Queries should randomly cover the entire range of 

operator SA to avoid a bias of attention on one particular area of concern.  

These queries should also be posed in a cognitively compatible manner.  That 

is they should be phrased to be as similar as possible to how the person thinks 

about the information and should not require extra transformations or decisions 

by the operator (Endsley, 2000a).  

 

The answers to queries about plant status can be compared with actual status 

at that time thus providing a direct and objective measure.  Endsley, (2000a), 

cites this as an advantage over other types of measurement techniques which 

might infer SA from behaviour that may be influenced by other factors.  Nor 

does it require observers to make judgements about situation knowledge on the 

basis of incomplete information as subjective measures do.  
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When Endsley used SAGAT to measure the SA of military pilots the queries 

were broken into 3 categories corresponding to her definition of SA as follows; 

Level 1 SA, (perception of elements), queries covered;  

• aircraft heading,  

• location,  

• location of other aircraft,  

• G level,  

• fuel level,  

• weapon quantity,  

• altitude,  

• airspeed, 

• selected weapons.   

 

Level 2 SA, (comprehension of level 1 elements meaning), queries covered; 

• mission timing and status,  

• impact of system degrades,  

• time and distance available on fuel, 

• tactical status of threat aircraft.   

 

Level 3 SA, (projection of future status), queries covered; 

• projected aircraft tactics and manoeuvres,  

• firing position and timing.   

(Endsley, 1995a) p. 37-38 

 

The subjects’ answers are compared against known system status at the time 

of the freeze and a score was assigned to their answers giving a value to their 

SA.  While the answers to level 1 SA questions relate to system status values 

such as airspeed and these can be directly compared to the system status, 

level 2 and 3 questions could be open some interpretation depending on how 

the question was posed.  For example questions relating to the impact of 

system degrades might have a clear impact in some contexts, but be open to 

some degree of interpretation in others.  In these cases the measure becomes 

less direct. 
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The purpose of the SA measurement should be considered when deciding on 

the tasks to be analysed.  If it is to compare how different user interfaces affect 

SA then it might be appropriate to include a wide range of tasks.  However if it is 

to measure SA in a common set of operating scenarios the number of tasks 

may be less.  This will impact on the SA requirement analysis and the number 

of SA queries that will need to be developed. 

 

The simulation is frozen at random times and SA queries administered to 

provide a measure of the subjects SA at that point in time.  Stanton et al, 

(2005), suggest that only a randomly selected portion of SA queries are given at 

any one freeze point to avoid overloading subjects. 

 

Jones and Kaber give the following guidelines for query administration: 

• The timing of SAGAT queries should be randomly determined 

• A SAGAT freeze should not occur within the first three to five minutes of 

the trial under analysis 

• SAGAT freezes should not occur within one minute of each other 

• Multiple SAGAT stops can be used during the task under analysis 

(Jones & Kaber, 2005) p. 42-3 

 

3.3.1.1 Sensitivity Reliability and Validity 

Endsley, (2000a) claims SAGAT has good sensitivity to system manipulation, 

automation manipulation, expertise differences and operation in a variety of 

domains.  She uses several examples of tests conducted using SAGAT such as 

an evaluation of two different avionics concepts for a fighter aircraft system 

where simulation tests didn’t show an improvement in mission performance.  

Tests using SAGAT showed better SA in one system as evidenced by better 

knowledge of enemy aircraft location among other factors.  In another test 

individual SA differences were measured as opposed to the change in SA with 

different equipment or controls.  In this experiment there was a 10 to 1 ratio in 

mean SA scores across a group of experienced fighter pilots (Endsley, 2000a).  
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Endsley, (2000a), reports predictive validity with pilots having high SAGAT 

scores being indicative of better performance in a combat simulation.  She also 

reports SAGAT as being sensitive to changes in task load and factors that affect 

operator attention which is relevant to this research. 

 

In a series of tests to measure the individual difference in pilot SA, pilots worked 

in teams.  Some pilots did the test 2 or 3 times.  Test-retest reliability scores 

calculated for each individual subject were .99, .92, .98 and .98 indicating a 

fairly high level of stability for SA within subjects (Endsley & Bolstad, 1994).  

 

Gugerty, (1997), reported good reliability for the percentage of cars recalled, 

recall error and composite recall error in a study using SAGAT in a driving task. 

 

 

3.3.1.2 Advantages and Disadvantages 

SAGAT attempts to measure SA directly by taking a snapshot of the subject’s 

knowledge of the system status and comparing it with the actual status of the 

plant at that time.  SA may be measured at 3 levels, raw data, comprehension 

and prediction, with SA probes developed to encapsulate all SA requirements.  

Since this is a comparison between the subject’s knowledge of plant status and 

actual plant status this may be considered as an objective measure which 

should be capable of statistical analysis across trials. 

 

The method of random freezing of the simulation and asking probe questions 

from across a wide range of tasks reduces the problem of subject’s biasing 

attention towards specific parts of the operation.  In addition by asking the 

probes at the time of the freeze there are no issues related to subjects 

forgetting information which would become more significant the longer the 

period of time between the probe and the event in question.  Direct probes 

reduce the subjectivity associated with self rating techniques where subjects 

with low SA may think they have high SA and rate themselves as such.  There 

is evidence that self reported SA has been related to performance, i.e. if the 
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subjects think they have performed well, they will report high SA, (Venturino, 

Hamilton & Dvorchak, 1989). 

 

Endsley, (1996), pointed out that when probe questions were asked at the end 

of the operation, there was some correlation between subjects’ perceived 

performance and SA which could confound the data.  This demonstrates the 

advantage of administering probes during the operation at random times when 

a reflective view of performance would normally not be present. 

 

SAGAT has been used extensively and adapted to a range of different domains, 

(Jeannott et al., 2003).  It has been used in cockpits for aircrew, nuclear control 

rooms and air traffic management.  Additionally there has been a lot of 

associated validation evidence provided for this measurement technique, 

(Endsley, 2000a).  It would appear to be readily adaptable to the domain of 

marine tank vessel cargo control room operations. 

 

SAGAT does require the use of a high fidelity simulator which can be frozen at 

random points in time and which can record data for comparison with the 

subject’s response to the probes.  The fact that the main task is interrupted on 

several occasions during task execution is intrusive and is a commonly quoted 

problem with those who do not favour this technique.  Sarter and Woods, 

(1995), point out that the interruption of the simulation disturbs the phenomena 

under observation.  An important cognitive constituent of SA is the ability to 

identify and act on relevant information and the act of asking about it may act as 

a cue for the subject changing what the subject calls to mind.  Ultimately they 

claim this method reveals what the subject can recall when prompted, but not 

necessarily what the subject would recall and act on without prompts.  

Repeated freezing of the task may be seen as an unnatural method of task 

execution, although Endsley reports little problem with subjects who are 

interrupted from the task and then return to it a few minutes later, (Endsley, 

2000a).   
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The fact that the task must be at least interrupted, and at best frozen, means 

that it would be difficult to apply in a real world setting limiting it to simulator 

environments. 

 

SAGAT is based around Endsley’s 3 level definition of SA and does not fit with 

more holistic models of SA.   

 

A requirements analysis for this technique is essential to determine from 

experts what is required SA.  Following on from this a goal directed task 

analysis is conducted to develop SA probes which is time and labour intensive, 

(Endsley, 2000a).  

 

 

3.3.2 SALSA 

Situation Awareness bei Losten der Streckenflugkontrolleim context von 

Automatisierung (translated as ‘situation awareness of en-route air traffic 

controller in the context of automation’) – SALSA is a freeze probe technique 

similar in some ways to SAGAT but which was designed specifically for Air 

Traffic Control (ATC) applications.  A cognitive model of air traffic controllers’ 

processes was developed, which facilitated the development of the SALSA 

technique.  SALSA takes into account air traffic controllers’ use of event based 

mental representations of the air traffic and considers the changing relevance of 

the elements in the environment, (Eyferth, Niessen & Spath, 2003). 

 

According to Hauss and Eyferth, (2003), SALSA differs from SAGAT in that 

each time the simulation is frozen the full set of SA queries are administered, 

which is different to SAGAT where only a random selection of the probes are 

administered at each simulator freeze.  When the simulation is frozen a random 

aircraft on the display is highlighted and the subject must complete a form with 

15 parameters for that aircraft.  Like SAGAT the screens are blanked during this 

period. 

 

Example of the parameters used in SALSA 
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• Flight level 

• Ground speed 

• Heading 

• Next sector 

• Destination 

• Vertical tendency 

• Type 

• According to the flight plan 

• Aircraft was instructed 

• Instruction executed 

• Content of instruction 

• Conflict 

• Type of conflict 

• Time to separation violation 

• Call sign of conflicting aircraft 

 

Another distinction from SAGAT is that SALSA incorporates an expert rating 

system in order to determine the relevance of each item the subject is queried 

on.  This requires a SME to review the simulation and determine the most 

relevant elements at that point in time when the queries were administered.  

The SME ratings are then weighted with the participants’ results using an 

equation.  Hauss & Eyferth, (2003), refer to this as the weighted reproduction 

performance or SAwrp. 

 

 

3.3.2.1 Sensitivity Reliability and Validity 

No data regarding sensitivity, reliability and validity were provided by the 

authors.  They infer validity from SAGAT from which this method was derived.   

 

 

3.3.2.2 Advantages and Disadvantages 

While this system has the advantages and disadvantages of the freeze probe 

techniques listed for SAGAT, it was developed specifically for ATC and its use 
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in other domains would require additional development.  The expert rating 

system requires the view of an SME to identify the most important parameters 

in the current context at the time of the freeze.  The use of a single SME 

introduces an element of subjectivity.  There was no testing of SMEs rating of 

parameters such as inter-rater reliability testing.   

 

This technique is applicable to air traffic control where the same set of data is 

required for multiple aircraft.  Although the SME will determine which data 

parameters are the most significant at the time of the freeze, there is no 

accounting for the contextual priority of the target aircraft.  Just as Gugerty 

found with car drivers, attention will be biased towards those aircraft that the 

controller deems the most significant.  To allow for statistical analysis the same 

aircraft would need to be selected for each simulator run and data would only 

be comparable between identical simulations.   

 

This would not appear to be an appropriate measurement technique for cargo 

control room operators since there is no ‘standard set’ of data for a range of 

parameters within the vessel’s cargo system. 

 

 

3.3.3 SACRI 

The Situation Awareness Control Room Inventory (SACRI) is a SA 

measurement tool that was developed as part of the OECD Halden Reactor 

project, (Hogg et al., 1995.  It was intended to supplement other forms of 

measurement which were used in evaluations of various system and Human 

Machine Interface (HMI) designs.   

 

SACRI was developed from SAGAT.  In a similar way to SAGAT, SACRI starts 

by clearly defining the tasks under analysis leading to a scenario description.  

From this a SA requirements analysis is conducted with the assistance of 

SMEs. 
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While SAGAT was originally developed for the aviation domain, SACRI is 

focused on a process domain.  Collier states that, 

 

“In maintaining SA, the operators integrate their overall knowledge of the 

process and process dynamics with information received from the control 

room displays”.  (Collier & Folleso, 1995) p.115 

 

Hogg et al., (1995), describe the development of SACRI to evaluate advanced 

alarm systems in nuclear power plant control rooms describing how they 

adapted SAGAT, the development of the questions and the evolution of SACRI 

over four pilot studies.  One aspect of potential relevance to this research was 

their evaluation of the effect differences in competence had on the validity of 

SACRI.  In one of the four studies, a between subjects analysis of data was 

used specifically to address this issue showing that those with greater 

competence had a greater SA score.  Although this research will not compare 

competence, experience will be one of the variables examined. 

 

In SACRI the SA questions are about process trends, not absolute values since 

trends are often of most use to the operator (Hogg et al, 1995).  Responses 

were fixed choices, for example ‘increase’, ‘same’, and ‘decrease’ and the 

questions were spread over three time frames; 

• Past: In comparison with the recent past, how has the level in the 

pressuriser developed? 

• Present: In comparison with the normal status, how would you describe 

the current level in the pressuriser? 

• Future: In comparison with now, how will the level in the pressuriser 

develop over the next few minutes? 

(Collier & Folleso, 1995) p.116 

 

Exercise scenarios were between one and two hours duration and like SAGAT 

the simulation was frozen at random times, the screens blanked and the SA 

questions administered by computer.  In one scenario of sixty minutes duration 
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there were 8 freezes for SACRI queries, while in another of ninety minutes 

duration there were 13 freezes, (Hogg et al., 1995).  

 

Participant responses were compared with actual plant status at the time of the 

freeze.  Hogg describes two separate ways of calculating SA scores from this 

data.  The first was simply a percentage for correct responses, while the second 

method used Signal Detection Theory (SDT). 

 

SDT allows the collection of data concerning the detection of drifts in process 

parameters as evidence of a disturbance in the process.  One measure of 

performance is referred to as A’ and is a non parametric measure of operator 

sensitivity to the detection of process drifts.  For SACRI the A’ measure can be 

interpreted as an indication of how accurately the operator has assessed the 

current situation.  As such it can be used to compare the accuracy of situation 

awareness of the same operator in different process states, between operators 

and between the use of different interfaces (Hogg et al., 1995).  

 

 

3.3.3.1 Sensitivity Reliability and Validity 

Hogg et al., (1995), report that the evaluation studies used subjects with a wide 

range of competence and this was reflected in the results obtained.  In the first 

two studies conducted one of the two subjects achieved better A’ scores than 

the other which corresponded with the results of a pre-test of process 

knowledge and accuracy of diagnosis. In the third study with six subjects, an a 

priori rank order of competence was largely reflected with their A’ scores 

(though not exactly).  Hogg et al. concluded from this that SACRI is sensitive to 

differences in competence and that the 3 lowest A’ scores which didn’t correlate 

exactly with the a priori ranking was due to the operators being so insufficiently 

competent that their responses to the questions were little better than chance 

responses (A’ from 0.56 to 0.58).  This was further supported by a fourth test 

with a fully qualified and experienced crew of operators who all scored 

significantly higher than subjects in the previous three tests, none of whom were 

licensed operators of that type of reactor.  Further they noted that although the 
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mean A’ score for this team was higher there was still variation detected within 

this group. 

 

Reliability was not tested to a great extent during these studies however Hogg 

et al. claim the results provide preliminary support citing the difference in scores 

of the two operators used in the first two tests which remained constant 

throughout.   

 

Content validity was tested by asking the fully qualified crew from the fourth test 

to evaluate the probes and judge if they felt it covered the parameters they 

considered as important for maintaining good situation awareness, which they 

agreed it did.   

 

To test construct validity Hogg et al. grouped the response data into 3 groups, 

questions about the past, present and future state of the parameters and 

compared them with the overall measure of SA.  They found the group of 

questions relating to the future state of the parameters had the strongest 

relationship to the overall score.  They concluded,  

 

“One implication of this finding is that it shows how the SCARI measure 

is based on more than what the operator could have already seen 

happening in the process situation, refuting the criticism levied at such 

measurement techniques that they are only measuring the operator’s 

memory for observed parameter trends (Sarter & Woods, 1991).”  (Hogg 

et al.,1995) p.2409. 

 

 

3.3.3.2 Advantages and Disadvantages 

This technique has all of the advantages and disadvantages common to freeze 

probe methods of measuring SA.   

 

Like SAGAT freezing the simulation, blanking screens and asking questions 

might be considered intrusive on the primary task; however Hogg et al. reported 
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that while no empirical test was conducted, operators reported no effect on their 

ability to continue with the task following a simulator freeze.  Observations of a 

fully qualified crew in the fourth test showed they went back to performing the 

same task they were performing at the point of freezing the simulation when the 

simulation was resumed (Hogg et al., 1995).  

 

It should be possible to adapt this technique to other domains especially where 

SDT can be utilised.  An issue with the use of fixed responses such as 

‘increasing’, ‘same’, ‘decreasing’, etc. is that some definition of these terms 

needs to be established.  For example when considering the trend of a process 

parameter it is unlikely to be exactly constant over a stated period of time, and 

some agreed definition of how much variation is to be codified as ‘same’ has to 

be established and agreed by subjects and evaluators.  When the parameter 

trend is extreme in the case of rising or falling there is little issue, however when 

it is borderline to the definition of ‘same’ there may be some subjective 

interpretation present in the subjects’ response or the evaluators’ judgement. 

 

 

3.4 Real Time Probe Techniques 

Real time probe techniques to measure SA utilise simulators but eliminate the 

need to freeze the simulation which is seen by some, for example Sarter and 

Woods, (1995), as one of the major disadvantages of the freeze probe 

techniques.  They may also be used in the field rather than a simulator.  

 

SA queries are administered to the subject during the simulation without 

interrupting it.  The main difference to this technique, other than the fact the 

simulation is not interrupted, is the type of query.  In the freeze probe 

techniques the simulation is frozen, the screens are blanked and the subject is 

required to recall information from working memory.  In real time probe 

techniques the focus is on the operator’s ability to locate information in the 

environment, the time taken to achieve this, (in some methods), together with 

the accuracy of the data which provides the measure of SA rather than 

accuracy of what is recalled.  Where time of response is used as a measure, 
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Jones, (2000), suggests the time taken to respond is measured from the end of 

the query to the start of the response. 

 

The SA queries are based on a situation awareness requirements analysis 

similar to that used in the SAGAT method.   

 

Real time probe techniques may be considered as less intrusive than freeze 

probe techniques, although it could be argued that operators have their 

workload increased by the accrual of SA queries in addition to the on-going 

task.   

 

 

3.4.1 SPAM 

Situation Present Assessment Method (SPAM) was developed at the University 

of Oklahoma in 1995, (Durso et al., 1995).  In this method the operator is asked 

a question about the current situation while they continue to operate.  Unlike 

SAGAT the screens are not blanked and remain visible and accessible.  

Response latency in addition to accuracy is the measured variable.  The 

hypothesis being that if the operator has the answer in short term memory the 

response time will be short.  If the answer must be searched for but they know 

where to look response time will be longer and longer still if the operator does 

not know where to find the answer. 

 

Durso & Dattel, (2004), point out that while SAGAT requires a memory 

component, SPAM simply involves knowing where in the environment to find a 

particular piece of information, rather than remembering what that piece of 

information is and they postulate that this is an important part of SA.  They give 

an example of an air traffic controller who need not store in memory the call 

sign of an aircraft, but that good SA may require that he knows where to find the 

call sign if required.  Endsley and Rogers, (1998), point out that controllers are 

sometimes surprisingly poor at responding to SAGAT questions about 

information that would normally be visible to the controller. 
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Jeannott et al., (2003), supports the view that SA is more than just remembering 

data per se, but rather knowing where to find relevant information when it is 

needed. Of the SA methodologies they reviewed, (which included SAGAT), they 

felt that SPAM offered the most promising approach to measuring SA.  The fact 

that the simulation was not halted was, in their view, a major advantage to the 

technique.  They do not however address the lack of data on the sensitivity, 

validity and reliability of SPAM although they went on to derive their own 

methodology from this, SASHA_L, (see 3.4.2). 

 

Queries in SPAM are of the gist type rather than specific values.  So for 

example rather than asking the altitude of an aircraft the query might ask if it 

was rising, steady or falling.  Jeannott states,  

 

“...some research evidence that Air Traffic Control Room Operators 

process information in this manner” (Jeannott et al., 2003) p.30 

 

The primary measurement technique in SPAM is the response latency which 

was taken from the time the probe question had been asked to the time the 

subject responded. 

 

With the assistance of a SME six queries were designed to assess SA for each 

scenario.  Three concerned the current situation (e.g. which has the lower 

altitude, TWA799 or AAL957?) and three concerned a future situation (e.g. will 

DAL423 and FDX279 be traffic for each other?) Each question had a binary 

choice option (Durso et al., 1998).  Queries were administered by a landline 

telephone but the subject was able to look at their screens to determine the 

answer unlike SAGAT where the screens are blanked. 

  

The results indicated that SA measures including SPAM were able to predict 

performance above the predictability provided by workload.  Two measures of 

performance were made and SPAM was shown to be of some value in 

predicting performance although it was of limited accuracy.   
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3.4.1.1 Sensitivity Reliability and Validity 

No evidence of sensitivity, reliability and validity was provided by Durso et al. 

however Jones and Endsley provide some measure of sensitivity and validity to 

real time probe techniques in general as described below in section 3.4.3. 

 

 

3.4.1.2 Advantages and Disadvantages 

As a probe technique it is considered to provide an objective measure of SA.  

The fact that the simulation is not frozen in real time probe techniques is seen 

as an advantage, although the down side of administering probes during task 

execution is an artificial increase in the operator’s workload.  Stanton et al., 

(2005), suggest this makes real-time probes more intrusive since the primary 

task must still be conducted while answering other questions which may require 

a change of focus or a change of screen to locate the answer to the question.   

 

Since the operation does not have to be frozen there is the possibility of using 

this technique in a field study rather than being limited to use in a simulator. 

 

Because the questions may be administered verbally and require a verbal 

response, there is only a minimal training requirement for subjects.  The 

process of administering the queries can be less intrusive than some 

techniques.  For example when SPAM was used for air traffic controllers probes 

were administered via a telephone which was a very natural thing for the 

operators to answer during their work.  Jeannott et al., (2003), reported that air 

traffic controllers themselves supported the concept of measuring SA with 

response latency; however Stanton et al., (2005), question response latency as 

an indicator of SA and suggest that the technique has poor construct validity 

and at best is only an indication of SA.  Speed of response may also be 

influenced by current workload, familiarity with the task, and familiarity with the 

user interface which may need to be interrogated in order to determine the 

answer. 

 



62 

In SPAM the question probes are pre-scripted which is suitable for use in a 

controlled experiment within a simulator; however it may be difficult to use them 

in a field study, (which is a suggested advantage of this technique).   

 

 

3.4.2 SASHA_L & SASHA_Q 

SA for SHAPE on-line (SASHA_L) 

SA for SHAPE questionnaire (SASHA_Q) 

SHAPE is the ‘Solutions for Human-Automation Partnerships in European ATM’ 

project carried out by the ATM Human Resources Unit of EUROCONTROL, 

(now known as Human Factors Management Business Division).   

 

After completing a review of SA measurement techniques Jeannott et al. 

concluded that none met their particular requirements for air traffic controllers 

using computer assistance tools and other forms of automated support although 

SPAM was their most preferred method.  They elected to develop their own on-

line version of the SPAM, designated as SASHA_L, but to complement this with 

a post operational questionnaire, SASHA_Q.   

 

 

3.4.2.1 SASHA_L 

The SPAM methodology was modified in the following ways: 

• A SME views the controllers screen and tools and asks queries as the 

scenario unfolds, when they decide it is appropriate.  (Jeannott suggests 

a maximum of once every five minutes).  In SPAM the queries are 

prepared in advance while in SASHA_L the query itself is generated on 

the fly by the SME.  Durso & Dattel felt that even with training the SME 

would have too much freedom in the type and timing of probe question 

and administration which could lead to confounding of data. 

• The queries are rated by the SME as to their operational importance, 

which is not done in SPAM, an idea which Durso & Dattel support. 

• The time for the controller to respond is rated at either ‘OK’, ‘too long’ or 

‘too short’, the latter perhaps indicating a lucky guess.  In SPAM, time to 
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answer was taken as an indicator of SA but Jeannott et al. found that 

controllers and SMEs were concerned about the validity of this which led 

to the modification.  Durso & Dattel, (2004), disagree about this approach 

pointing out that it would appear to degrade the quality of the data by 

reducing interval scaled latency to ordinal scaled classification. 

 

The type of query was similar to SPAM in that they addressed relationships 

between two or more items, rather than asking for specific items of data, (Fig 

3.1).  Queries would relate to both current and future relationships.  This fits 

with the general assumption that SA is related to prediction of future status.  

 

Fig 3.1 - Example of SASHA on-Line queries from (Jeanott et al, 2003) 

 

Since this method requires the SME to generate queries on the fly as the 

simulation progresses Jeannott et al. created a simple query rating form for the 

SME to complete for each question, (Fig 3.2).  Based on their maximum query 

interval of no more than one query every 5 minutes, they proposed that SMEs 

should have sufficient time to complete the rating form as they progressed 

through the simulation, however they suggested the ability to replay the 

simulation for review would be desirable.   



64 

 

 

Fig 3.2 - Example of SME rating form from (Jeannott et al., 2003) 

 

The SME is crucial to this methodology since only the SME can generate 

queries and rate the importance of the query at that time.  The SME would 

require training in applying this measure which would have to include the types 

of questions to ask, when to ask them, how to rate their importance and how to 

score the answers given.  This is likely to be a significant training period which 

would have to be repeated for each SME to ensure consistency in queries and 

ratings.  The importance rating and accuracy of the answer are subjective 

opinions which could vary between SMEs.  Jeannott et al. do not address this 

issue nor do they provide any evidence of inter-rater reliability for this technique. 

 

 

3.4.2.2 Sensitivity Reliability and Validity 

Jeannott et al. don’t provide quantitative evidence of validity of either SASHA 

methods, rather they infer validity from that given to SPAM, the method from 

which SASHA_L was derived, and the views of ATC training instructors together 

with general support for subjective assessment methods.  With respect to 

SASHA_L they cite the work of Durso et al., (1998), which is described above 

with reference to SPAM in section 3.4.1.  They summarise the views of three 

ATC training instructors at the Institute of Air Navigation Services (IANS) of 
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Eurocontrol, Luxembourg who were positive about the method.  They provide a 

number of observations from the instructors: 

• Asking the controller questions while the simulation continued was 

perfectly acceptable since they may be asked questions by fellow 

controllers in reality  

• The SME formulating queries must be an experienced controller 

• The evaluation of importance of the query and the accuracy of the 

response on the SME query form was seen as positive 

• Instructors did not agree with the response time as an indicator of SA, 

(as in SPAM), and as a result of this the response time was rated as ‘too 

long’, ‘OK’ or ‘too short’.   

(Jeannott et al., 2003) 

 

 

3.4.2.3 Advantages and Disadvantages 

SASHA_L and SASHA-Q provide two complementary measures of SA which 

when taken together may be more revealing than any single method, perhaps 

providing a more holistic view of SA.  The main advantage of SASHA_L, like 

SPAM from which it was derived, is seen to be the ability to continue the 

operation without freezing it which allows for the possibility of use in the field.   

 

The use of SMEs to create query probes on the fly places a heavy burden on 

the SME.  This could result in variation between data collection events or 

between different SMEs which could confound the data and consequently the 

validity of subsequent statistical analysis.  Although Jeannott et al. see the 

changing of latency data from interval to ordinal as a positive evolution of the 

methodology it undoubtedly reduces the granularity of the data.  There was no 

validation data supplied by Jeannott et al. 

 

 

3.4.3 Sensitivity Reliability and Validity of Real Time Probes 

Jones & Endsley, (2000), conducted a study to determine if real time probes 

provide a valid measure of SA.  Their study was in the aviation domain and was 
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conducted using simulators at the North American Aerospace Defence 

Regional/Sector Air Operations Centre (R/SAOC).  To test the sensitivity and 

construct validity of real time probes they used other measuring techniques to 

provide a comparison: SAGAT and SART, (a self rating technique described 

below), as alternative measures of SA, NASA-TLX, (a post operative workload 

perception survey), and secondary task workload measures.  Two 60 minute 

scenarios were developed, one with a low to moderate level of workload 

(peace) and the other with a moderate to high level of workload (war).  ANOVAs 

and regressions were used to analyse the sensitivity and validity of real time 

probes compared with the other measures. 

 

They found that the real time probes, SAGAT and SART all showed sensitivity 

to differences between the war and peace scenarios.  Real time probes and 

SART showed differences at the overall level while SAGAT showed differences 

at the individual query level which would provide greater diagnostic detail to the 

types of SA differences between the two scenarios.   

 

They found a weak but significant correlation between real time probes and 

SAGAT, but suggest that the lack of sensitivity of real time probes at a detailed 

level might be due to the low number of observations, suggesting that an 

increase in the number of real time probes might lead to an increased 

sensitivity.   

 

To determine the construct validity of real time probes they made two 

comparisons: direct comparison with SAGAT data and, secondly, by 

comparison of the real time probe response time and accuracy to the secondary 

task response time. 

 

In the first comparison, real time probes to SAGAT data, they found a weak but 

significant correlation indicating that at some level the real time probe is 

measuring SA.  It should be noted that this is based on their premise that 

SAGAT itself is measuring SA. 
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In the second comparison, real time probe response time and accuracy to 

secondary task response time, they found no significant relationship indicating 

the real time probes were not measuring simple reaction time but instead 

appeared to be measuring SA.  

 

Participants did not indicate that the real time probes were intrusive or 

bothersome, although they were careful not to administer the queries while the 

subjects were communicating verbally.   

 

They concluded that real time probes have the potential to provide an adequate 

measure of SA.  Thus in situations where no simulation facility exists and the 

activity cannot be temporarily halted, the real time probes may provide a viable 

option for measuring SA although further testing and analysis of the technique 

is required to further validate the real time probe technique.   

 

 

3.5 Self Rating Techniques 

Self rating techniques are a subjective assessment of SA which typically utilise 

a linear scale with descriptors which results in a numerical value assigned to the 

quality of SA at a point in time, or during a period of time.  Operators assess 

their own SA and report it on the rating scale.  The attraction of this 

methodology is its ease of administration, lack of intrusiveness and the fact it 

can be applied in a real world setting.  While it can also be used in a simulator, 

a simulator is not essential to its use. 

 

Unidimensional scales are the simplest measure used for self rating techniques.  

They are usually a linear line along which the level of SA is marked, or a 

numerical scale such as one to ten.  They are simple for operators to complete 

and for analysts to interpret.   

 

There have been several studies to investigate the validity and sensitivity of 

these scales, (Vidulich, Crabtree & McCoy, 1993), (Selcon & Taylor, 1990).   

Vidulich et al. concluded,  
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“...that a simple unidimensional SA scale was not an effective SA 

measure, and the failure of the unidimensional overall-SA scale should 

be a warning against relying on such a simplistic approach for evaluation 

SA.”  (Vidulich, Crabtree & McCoy, 1993) p.899.   

 

 

3.5.1 SART 

Situation Awareness Rating Technique (SART) was developed by the UK 

Defence Evaluation and Research Agency (DERA) now known as QinetiQ, as a 

tool for the quantification and validation of the design of aircrew systems and is 

one of the best known, and most thoroughly tested subjective techniques, 

(Endsley, 1996).  The measurement scales were developed after interviews 

with operational RAF aircrews to determine what they considered essential for 

good SA.  The result was 10 generic SA constructs, or dimensions, as shown in 

table 3.1 below.  This is sometimes referred to as 10D-SART. 

 

In a study to test the sensitivity of SA metrics in evaluating interfaces Vidulich 

compiled a database of SA methodologies.  The most commonly used 

subjective rating technique in the database was SART.  Vidulich, (2000), 

claimed that SART was sensitive to interface manipulation. 
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Construct Definition 

Instability of situation Likeliness of situation to change suddenly 

Variability of situation Number of variables which require one’s attention 

Complexity of situation Degree of complication (number of closely connected 

parts) of situation 

Arousal Degree to which one is ready for activity (sensory 

excitability) 

Spare mental capacity Amount of mental ability available to apply to new 

variables 

Concentration Degree to which one’s thoughts are brought to bear 

on the situation 

Division of attention Amount of division of attention in the situation 

Information quantity Amount of knowledge received and understood 

Information quality Degree of goodness or value of knowledge 

communicated 

Familiarity Degree of acquaintance with situation experience 

Table 3.1 - SART Construct definitions (Taylor & Selcon, 1991) 

 

A shorter version was later developed by grouping the 10 generic constructs 

into 3 broad domains, Attentional demand, attentional supply and 

understanding.  This is sometimes referred to as 3D-SART.  

 

3D-SART techniques have been implemented by operators marking along a 

100mm line, (0mm low and 100mm high).  The 10D-SART has been 

implemented using a Likert7 point rating scale for operators to rate the answers 

(Taylor & Selcon, 1991).  The ratings from the SART scale are assumed to 

have the properties of interval data and therefore to be amenable to factor 

analysis.  

 

An overall SA score is calculated from the following formula: 

SA = U-(D-S) 

Where   

U= summed understanding 



70 

D = summed demand 

S = summed supply 

(Stanton et al., 2005) p.236 

 

 

3.5.1.1 Sensitivity Reliability and Validity 

According to Jones, (2000), a study by Vidulich, Crabtree & McCoy, (1993), 

suggested that the technique could discriminate the changes in SA that 

occurred when different displays were used.  However mean test-retest 

correlation failed to show statistical significance.  Jeannott et al., (2003), state 

that while there are strong claims made for the validity and sensitivity of the 

scale constructs, the evidence remains weak at best. 

 

 

3.5.1.2 Advantages and Disadvantages 

SART is a low cost approach to measuring SA which is quick and easy to 

administer and requires very little training.  The measurement scales were 

developed from interviews with aircrew SMEs but are generic enough to be 

applied to other domains.  The administration of the queries is non intrusive 

since they are applied at end of the operation and therefore do not add any 

additional task loading to the subject as may be the case with SPAM. 

 

There is a risk that subjects will rate their SA along with their task performance, 

i.e. if they feel they performed the task well, they will also rate their SA as high 

and vice-versa.  Data is subjective and it is difficult for a subject to rate own SA, 

for example they may rate SA as high because they are unaware of how low it 

really is.  A major issue with post operation administration is memory.  Periods 

during the operation are likely to be forgotten. 

 

Jones, (2000), adds that while SART proponents see the inclusion of workload 

aspects within the measurement scale as advantages, critics argue that 

including workload elements with the SA scale confound the measure of SA by 

confusing it with workload. 
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Jeannott, (2003), also cites the highly subjective nature of this method and the 

risk that SA can be influenced by perceived performance as a disadvantage.  

Scale dimensions are also criticised for being too generic and too far from 

concrete activity making them not informative enough for system design.   

 

 

3.5.2 SARS 

Situation Awareness Rating Scales is a technique which was designed for the 

military aviation domain.  It was developed to define SA, (within this domain), 

determine how well pilots can assess other pilots SA and also to examine the 

relationship between pilot judgement of SA and actual performance. Subjects 

subjectively rate their performance post trial.  There are 31 aspects of fighter 

pilot SA each of which is rated on a 6 point Likert scale, from ‘acceptable’ to 

‘outstanding’ (all pilots were mission ready so acceptable was selected as the 

low end of the scale).  The SA facets were derived from interviews with 

experienced F-15 pilots and describe what they perceived as important for good 

SA.  The 31 SA queries are grouped into 8 categories relating to phases of the 

mission performance: 

General Traits 

• Discipline 

• Decisiveness 

• Tactical knowledge 

• Time sharing ability 

• Spatial ability 

• Flight management 

Tactical Game Plan 

• Developing plan 

• Executing plan 

• Adjusting plan on the fly 

System Operation 

• Radar 

• Tactical electronic warfare system 
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• Overall weapons system proficiency 

Communication 

• Quality (brevity, accuracy, timeliness) 

• Ability to effectively use the information 

Information Interpretation 

• Interpreting vertical situation display 

• Interpreting threat warning system 

• Ability to use controller information 

• Integrating overall information 

• Radar sorting 

• Analysing engagement geometry 

• Threat prioritisation 

Tactical Employment – Beyond Visual Range 

• Targeting decisions 

• Fire point selection 

Tactical Employment – Visual 

• Maintain track of bogeys/friendlies 

• Threat evaluation 

• Weapons employment 

Tactical Employment – General 

• Assessing offensiveness/defensiveness 

• Lookout 

• Defensive reaction 

• Mutual support 

(Waag & Houck, 1994) 

 

The SA queries are administered at the end of the operation prior to any 

feedback about performance to minimise any potential correlation between SA 

rating and task performance.  SA score was calculated by calculating an 

average for each of the 8 categories and an overall total (Stanton et al., 2005).  
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3.5.2.1 Sensitivity Reliability and Validity 

Subjects were asked to rate themselves and peers and also to rate other 

mission ready pilots based on pilot ability and SA ability.  Supervisory SARS 

were also completed by squadron leaders for subordinates. 

 

Scores were calculated as described above and analysis of data showed that 

the reliability estimates were quite high in all cases, indicating the scale 

consistently measured ‘whatever’ it was measuring (Waag & Houck, 1994).  An 

analysis of the data generated by the peer and supervisory SARS suggested 

that the pilots could reliably classify their fellow pilots in terms of SA ability.  The 

scale was found to have high internal consistency and inter-rater reliability for 

both peer SARS and supervisory SARS (Bell & Waag, 1995).  

 

In order to determine the relationship of SA with performance some events were 

embedded in the simulation scenarios to trigger specific goal directed 

behaviours.  SA was inferred from the subject’s response to these events.   

SMEs observed the performance and completed a performance rating scale 

based on SARS.  Analysis of the data indicated a significant relation between 

squadron ratings of SA and performance in the simulated combat missions 

(Jones, 2000).  

 

Bell and Waag concluded that,  

 

“SA is a construct that has meaning and can be used by both peers and 

supervisors to classify mission ready pilots” (Bell & Waag, 1995) p.98.   

 

 

3.5.2.2 Advantages and Disadvantages 

The 31 dimension scales go beyond the 3 level definition of SA by Endsley 

taking a more holistic view of SA by including aspects such as decision making 

and communication.  Since the rating technique uses a Likert scale it is quick, 

easy and cheap to administer requiring little training and could be used either in 
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a simulator or in the field.  As with all self rating techniques it is less intrusive 

than probe techniques. 

 

The version of SARS as developed for aircraft would require significant 

redevelopment to be used in other domains.  Because it has only been used in 

one domain there is currently limited validation evidence.  As with all post trail 

administrations there are issues with memory and subjectivity. 

 

Jones, (2000), adds that SA is not being measured in the same sense as other 

scales rather it is more an innate ability rather than a changeable state of 

knowledge.  The scale assesses other things besides SA such as decision 

making ability, flight skill and performance.(Debra G Jones, 2000) 

 

 

3.5.3 SASHA_Q 

SASHA_Q is the post operative subjective questionnaire given to the air traffic 

controllers who have completed simulations which used SASHA_L (the real 

time probe technique reviewed in 3.4.2).  Jeannott et al., (2003), claim the 

questionnaire they formulated is based on well recognised human factors 

principles utilising open/closed questions, vocabulary and clarity, and rating 

scales.  

 

Their questionnaire contained 10 questions, (Fig 3.3), 6 of which were generic, 

3 were tool specific, (evaluation of automatic tools was an important part of the 

research), and one question addressing SA globally. The questions were 

derived from information obtained from controllers who stated what they felt 

were the most important indicators of SA. 
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Fig 3.3 - Example SASHA_Q questionnaire from (Jeannott et al., 2003) ) 
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3.5.3.1 Sensitivity Reliability and Validity 

Jeannott et al. don’t provide quantitative evidence of validity for either SASHA 

methods, rather they infer validity from that given to SPAM, the method from 

which SASHA_L was derived, and the views of ATC training instructors together 

with general support for subjective assessment methods.   

 

Jeannott et al. (2003 p.54) claim the benefit of using a subjective measure of 

SA is not in doubt, quoting Durso and Gronland,   

 

“…applied research must consider subjective judgements of SA.  

Regardless of how good an operator’s SA is, if the operator does not 

recognize the level of SA he or she enjoys, mistrust and concerns about 

the system of situation will be an important part of the operator’s job 

satisfaction and performance.”  (Durso & Gronlund, 1999) p.286  

 

 

3.5.3.2 Advantages and Disadvantages 

Using SASHA-Q in conjunction with SASHA-L may provide a richer picture of 

operator SA by combining objective probe data with subjective post operation 

data.  Feedback from air traffic control instructors showed they favoured the 

wording which was seen as straightforward and non judgemental.  The phrasing 

of some questions requires a degree of honesty from the respondents. The 

method could be used in a simulator or in the field. 

 

There is little evidence of validation data and there appears to be low construct 

validity since some of the questions appear subjective and it is questionable if 

they are in fact measuring SA.  

 

 

3.6 Observer Rating Techniques 

Observer rating techniques, like self rating techniques, are a subjective 

measure of SA, where the subject’s performance, (either in a simulator or in the 

field), is observed and rated by an independent person, usually a SME.  The 
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observer is likely to have greater knowledge about an environment than the 

subject which may assist with the measurement.  However the observer cannot 

know exactly the subject’s state of SA and must make judgements about it 

based on overt indications.  Jones (2000), refers to Endsley, (1996), who says 

that operator actions and verbalisations may provide useful information 

regarding explicit SA problems such as misrepresentation or lack of knowledge 

and they may provide an indication that certain information is known.  Jones 

adds that operator actions and verbalisations most likely do not provide a 

complete representation of the operator’s SA.  Bell and Lyon, (2000), however 

point out that objective measures alone fail to capture the richness and 

complexity of human performance, suggesting that a combination of measures 

may be useful.  

 

 

3.6.1 SARS 

Situation awareness rating scale as described above in 3.5.2 as a self rating 

technique has also been used to measure SA by observation.  Jones, (2000), 

says that ratings by SMEs demonstrated moderate to good agreement with self 

rating and peer rating of SA which provides a useful alternate use of SARS and 

some degree of validation of the measure.  It could also be used together with 

the self rating version as means to eliminate results which differ widely.   

 

 

3.6.2 SABARS 

Situation Awareness Behaviourally Anchored Rating Scales (SABARS) was 

developed by researchers at the University of Queensland for Air Services 

Australia, (Neal et al., 1998), but has been adapted and used by the military for 

assessing the situation awareness of infantry personnel in field training 

exercises, (Matthews & Beal 2002). 

 

In the original version for air traffic controllers, there were seven questions each 

with a Likert 7 point rating scale.  The questions cover Endsley’s three levels for 

SA.  It was used by controllers to rate the performance of other controllers.  An 
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experimental study asked the subject controllers to rate their own performance 

and when compared to the rating produced by the observer showed high 

correlation, (Boag, Neale & Neal, 1999).  

 

In a more recent study in the military domain, the Mission Awareness Rating 

Scale, (MARS), and SABARS were tested on eight cadet platoon leaders and 

eight cadet squad leaders engaged in a platoon level field training exercise.  

Each platoon attacked an enemy command centre and then secured a nearby 

village.   

 

A SA requirements analysis was conducted and from this 28 behaviours and 

actions consistent with acquiring and disseminating SA information during 

planned training missions were identified, (Fig 3.4).  Observers watched each 

platoon leader work through four scenarios and then rated them on a 5 point 

scale for each SA query.   

 

SABARS data differentiated SA as a function of the experience level of the 

platoon leaders.  Specifically, experienced platoon leaders were more likely to 

gather relevant information, follow procedures and to focus on the big picture 

than less experienced platoon leaders (Matthews & Beal, 2002).  

 

In a previous military experiment in a simulated virtual environment, SAGAT 

was used as a method of measuring SA.  The results of this also differentiated 

SA as a function of the experience level of the platoon leaders. 

 

Matthews & Beal note that,  

 

“Since SA actually refers to an individual’s internal representations of 

elements in the environment (perception, comprehension and 

projections), it is important to note that the SABARS measure does not 

rate actual SA, but rather outward actions than indicate a greater 

likelihood of good internal representations.” (Matthews & Beal, 2002) p.6 
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Fig 3.4 - Situation Awareness Behavioural Rating Scale (Matthews & Beal, 

2002)  
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3.6.2.1 Sensitivity Reliability and Validity 

In addition to the SABARS questionnaire the observers were also asked to 

complete a Leader Performance Rating comprising of four questions answered 

on a 5 point Likert scale and a SABARS evaluation also consisting of 4 

questions rated on a 5 point Likert scale.  The SABARS evaluation was to 

determine how useful and easy to use SABARS was.   

 

The global SA rating (question 28) was obtained for 15 of the 16 participants 

and was used to predict the leadership performance rating given by the 

observers.  The results showed a strong predictive relationship between the 

global SA rating and 3 of the 4 leader performance questions, (Matthews & 

Beal, 2002). 

 

The results of the observer’s evaluation of the SABAR method showed that they 

thought it relevant, easy to use and that the results would provide a means of 

feedback to trainees which they considered important. 

 

Matthews concludes,  

 

“Measures of these types (MARS and SABARS) are more acceptable to 

field trainers than the better validated but more obtrusive SAGAT 

protocols of the type more appropriately used in simulators.  Additional 

research is needed to validate MARS and SABARS, but it appears that 

these measures show the potential of offering psychometrically sound 

and user acceptable measures of SA in field settings.”  (Matthews & 

Beal, 2002) p.15. 

 

 

3.6.2.2 Advantages and Disadvantages 

SABARS requires only minimal training for the evaluator to use although there 

should be some training to ensure consistency.  If there were to be multiple 

evaluators it would seem reasonable to conduct some inter-rater reliability 
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testing to increase the validity of the data.  This was not discussed by Matthews 

& Beal.   

 

As with most methods of measuring SA there needs to be an extensive 

requirements analysis to determine what overt actions would constitute SA in a 

given domain.  The method of data collection is quick and easy to implement 

and does not interfere with the subject’s operation nor change the workload on 

the subject.  There appears to be a possibility that subjects may behave 

differently if they believe their overt actions are being evaluated.   

 

In common with other subjective measures, this method of data collection may 

work best in conjunction with more direct measures of SA and comparison of 

the data from the 2 sources could provide some indication of the validity of the 

method.  There have been no such comparisons in the literature to date leaving 

the validity of the measure open to question at the present time. 

 

This method would be suitable for use in the field or in a simulator making it a 

flexible option. 

 

 

3.7 Discussion 

The SA measurement techniques reviewed above are not exhaustive.  A 

number of others exist but those selected provide a representation of the 

methodologies within the four categories.  Generally it appears that in most 

cases the techniques have been developed for a specialist application or 

purpose by an individual or organisation and have not been widely utilised 

since.  This explains the limited validation data available in some cases.  The 

exception to this is SAGAT which has been used in a number of applications, 

(see Endsley, 2000a), although it is noted that Endsley is the founder and 

President of SA Technologies, a commercial organisation who utilise the 

methodology in their business operations which has led to a greater number of 

instances where SAGAT has been used and reported on. 
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3.7.1 Probes – Freeze and Real Time 

Probe techniques provide a measure of the subject’s SA at a moment in time 

and are considered a direct measure of SA since answers given to queries can 

be compared with the state of the environment at that time.  With respect to 

SAGAT Endsley, (2000a), claims that the measure is tapping into the operator’s 

perceptions rather than inferring them from performance and removes the 

subjectivity introduced when asking subjects, or observers, to make judgements 

on the basis of incomplete information as all subjective measures do.  Those 

who argue that SA is a more holistic construct might not agree that snapshots of 

internal memory at random points in time are a true representation of SA.  

However the ability to compare a subject’s knowledge of plant or environment 

with the actual status at that time provides data which can be subjected to more 

rigorous statistical analysis. 

 

Many SA measurement techniques are aimed at measures which are sensitive 

to changes in a user interface thus helping with the development and validation 

of such system interfaces.  Ensley claims that SAGAT is also sensitive to 

differences in individual SA which is relevant to this research where the impact 

of the user interface is not a measured variable. 

 

SAGAT queries covered a wide range of parameters across the three levels of 

SA proposed by Endsley while SALSA focused on 15 parameters which were 

always repeated but with respect to different aircraft.  Since not all of these 

parameters were as relevant with respect to a particular aircraft at that moment 

in time, a SME was required to determine the most relevant which then led to a 

weighted score.  The need for a SME to make a judgement on the relevant 

importance of parameters seems to introduce a degree of subjective judgement 

into the measure which is not addressed in the literature.  There was no report 

of inter-rater reliability for the SME judgement, the order of importance, or 

whether more than one SME was used.  This appears to be a possible 

weakness with this measure which could confound the data.  In addition since 

the same 15 parameters are administered each time subjects may tend to focus 
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more working memory on these parameters possibly at the expense of others 

which may also confound the measure. 

 

While SAGAT and SALSA were developed for the aviation domain SACRI was 

developed for process control in nuclear power plant control rooms.  Whilst 

nuclear power plant control systems are more complex than the control systems 

used for cargo transfer in marine tankers, the concept of measuring SA in a 

process flow environment is more closely aligned with this research domain.   

 

Referring to work by Bainbridge, Moray et al. and Wickens; Hogg et al. report 

that the, 

 

“…answer categories refer to qualitative trends in the state of process 

parameters over time, as opposed to their raw measurement values, 

since these trends are often of most interest to the operator” (Hog et al., 

195) p.2398. 

 

This is also relevant to marine tanker operations where, from the author’s own 

experience on tankers and in the running of a liquid cargo handling simulator, 

knowledge of trends is known to be a useful monitoring parameter.  Raw values  

are important but these are context and goal dependent.  A possible blend of 

trend and raw data queries might form a useful measurement tool for research. 

 

Hogg et al., (1995), report on the sensitivity of SACRI and while the focus of 

SACRI was on the development of the human machine interface, they claim 

that this method is sensitive to differences in competence even though the 

results are limited.  This sensitivity makes SACRI along with SAGAT potential 

methodologies for this research.  According to Hogg et al. reliability, construct 

and content validity of SACRI are supported, albeit not strongly.   

 

One criticism of the freeze probe techniques is that they unnaturally interrupt an 

operation to allow the administering of SA queries.  Real time probe techniques 

avoid this by administering queries as the operation continues thus maintaining 

the continuity of the operation.  The corollary of this is that while the operation 
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may not be interrupted, the operator’s workload is artificially increased while 

answering SA queries at the same time as continuing with the operation.   

 

One of the other main differences in the techniques is that freeze probe 

methods typically blank the screens when the simulation is frozen so answers to 

the queries must be recalled from working memory while real time probes don’t 

blank screens allowing the subject to access the required information.  Since an 

operator should be able to access data to answer all queries given enough time, 

the accuracy of the answers alone is not considered as the direct measure of 

SA.  The latency of response is linked with the accuracy of the answer.  The 

faster the response time the more situationally aware the subject is deemed to 

be. 

 

Durso et al., (1998), and Jeannott et al., (2003), supported the view that simply 

remembering data alone is not always a true indicator of SA rather it was 

knowing where to find the relevant information when needed.  Durso et al. gave 

the example of air traffic controllers who didn’t need to memorise aircraft call 

signs but knew where to find them.  Endsley and Rogers, (1998), reported that 

controllers were sometimes surprisingly poor at responding to SAGAT 

questions about data that would normally be visible to the controllers.  This 

seems a reasonable proposition.  Why fill limited working memory with data that 

is readily available to the operator?  In the case of marine control room 

operators on tankers, only two display screens are common although there may 

be tens of pages which may be viewed on them.  It seems reasonable that SA 

might involve memorising a limited amount of critical data and then prioritising 

the next most important data and knowing how to sample it when required to 

achieve the current operational goal. 

 

SPAM measured the time of response and used this as part of the SA measure 

and results indicated that this provided an index of expertise.  Jeannott et al., 

(2003), found that air traffic controllers were concerned as to the validity of this 

as an indicator.  They felt that response depends on the nature of the situation 

and therefore a long response time doesn’t necessarily indicate poor SA.  As a 

result they modified the measure of response time to be categorical, either ‘OK’, 
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‘too long’, or ‘too short’.  For a SME to decide which category the response time 

should be allocated too involves a degree of subjectivity which is not addressed 

by Jeannott et al.  How the response time category is used as part of a final SA 

statistic is not reported in the literature.  Categorising the response degrades 

the quality of the data, not only reducing its granularity but changing it from 

interval to ordinal data.  Stanton et al., (2005), question whether response time 

to a question is even measuring SA.  Jeannott et al. do not address the issue of 

subject familiarity with the user interface.  If familiarity across subjects varied 

data may be affected since it would seem reasonable that those with greater 

familiarity may achieve a more rapid retrieval of required data without 

necessarily possessing greater SA. 

 

 

3.7.2 Rating – Self and Observer 

Self rating and observer rating techniques are a subjective measure of SA 

which may be considered a weakness in the measure when data is analysed.  

This depends to some extent on the definition or model of SA chosen.  Those 

who support the more holistic view of SA might argue that self and observer 

rating techniques provide a richer overview of a subject’s SA.  Bell & Lyon, 

(2000), say that objective data is gathered independently of human observers, 

while subjective data requires humans to generate it.  Subjective measures may 

be considered as being contaminated by human observers during the act of 

measurement, while objective measures may be seen as ‘truer’ measures of the 

construct.  Unfortunately objective measures often fail to capture the richness 

and complexity of human performance. 

 

Objective measures are essentially reductionistic, best suited to recording 

fundamental dimensions of performance, (e.g., latency, amount and deviation).  

While they are subject to less error they fail to provide information concerning 

the contextual nature of skilled performance.  Subjective measures seem more 

closely aligned with higher order psychological constructs and the data they 

produce appears to reflect a synthesis of the more molecular behaviours, 

reflecting a more global measure of SA, (Bell & Lyon, 2000).  
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Bell & Lyon distinguish between momentary SA, that which might be measured 

when a mission is interrupted and current knowledge tested, and SA ability, the 

ability to maintain good SA throughout a variety of situations.  In terms of 

aviation this created a problem with observers rating SA where observers could 

confound SA with overall piloting skill. 

 

Endsley, (2000b), is very clear that SA is a state of knowledge at a given 

moment and not the process by which it is achieved, while for others, such as 

Smith and Hancock, (1995), SA is more than just a snapshot of knowledge 

linking it to higher level cognitive activity. 

 

A criticism of self rating techniques is that operators cannot be aware of their 

own lack of SA.  However, multidimensional rating scales break SA down into 

its components that are, arguably, available for self rating, (Jones, 2000).   

Because of this, self rating measures may not provide an indication of the 

operator’s true SA.  Operators may perceive good SA, when in fact compared to 

the true situation, it is poor.  It might provide an insight into their level of 

confidence or even be of use when evaluating the performance of different 

interfaces but there are limits to the conclusions that can be drawn from these 

measures.   

 

Jones, (2000), reports that work by Venturino, Hamilton & Dvorchak, (1989), 

found a high correlation between post trial subjective measures of SA and 

performance.  That is, operators rated their SA as good if the trial had a positive 

outcome regardless of whether good SA, luck or other factors influenced 

performance.  Similarly, the operators reported their SA as poor if the outcome 

was less than favourable regardless of where the error occurred.  This reveals a 

weakness in the measure in that subjects are unable to differentiate their SA 

from their performance, if you take the view that SA is distinct from 

performance.  However this fits with the more holistic view of SA proposed by 

Smith & Hancock where they proposed that the subject interacted within the 

environment generating skilled performance.  To some degree the usefulness of 

self rating techniques depends upon your definition of SA. 
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Self rating techniques applied post trial are also subject to other factors such as 

memory and bias.  This would be particularly true if the SA query referred to 

something that occurred some time ago due to memory degradation. 

 

All of these issues will affect the accuracy and sensitivity that can be achieved 

with these measures.  While the quality of the data derived from these 

measures may not appear as rich as the data from probe type measures, they 

could be used to support probe type data collection methods.  Jones points out 

that,  

 

“…subjective ratings should not be used in isolation but should be 

interpreted in light of other data such as performance data.”  (Jones, 

2004) p.114.p 

 

With observer related methods, there is a question as to whether the method is 

measuring SA since it is only the SMEs opinion on observed overt behaviour 

which cannot discern the subjects internal SA at any time.  It is also possible 

that subjects’ behaviour may be altered if they are aware that they are being 

assessed on their actions.  Overt actions may be more suited to some domains 

than others.  In the case of SABARS it was devised for air traffic controllers and 

adapted for infantry use.  In both these cases there were clearly demonstrable 

actions which were sought.  However in a control room scenario operators’ 

internalisation of plant status may not be so clearly demonstrated from their 

actions, particularly if the context is one of passive monitoring.   

 

 

3.8 Selection of Method 

Clearly there is no agreed definition of SA and therefore no agreed method by 

which to measure it.  Probe techniques appear to offer the most objective form 

of measurement and suit the process model of SA.  If one’s definition of SA 

incorporates more meta-cognitive skills then this may not be supported, 

however methods to measure SA at a meta level appear to be less objective.   
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“… an investigator must make a judicious choice of the measurement 

context together with the appropriate choice of measures.”  (Pew, 2000) 

p.45.   

 

For this research a methodology is required to enable investigation in a marine 

control room domain and be able to generate results which are sensitive to the 

three levels of SA described by Endsley with sufficient granularity to allow for 

correlation analysis both within and between subjects at different levels of SA.  

In addition it must have sufficient sensitivity, and construct validity to be able to 

draw useful conclusions from. 

 

Since a liquid cargo handling simulator is available for use in this research 

together with access to a number of SMEs, utilising a methodology such as a 

probe technique is a viable option. 

 

While SAGAT appears to be the most validated method, it was developed for 

the aviation domain.  SACRI having been developed for the process control 

domain, and derived from SAGAT, appeared to be more aligned with this 

research domain particularly in the way in which queries are focused on trends 

as opposed to raw data alone.  Hogg et al. reported that SACRI was sensitive to 

different operator SA. 

 

Receipt of a restricted paper from the OECD Halden Nuclear Reactor Project in 

Norway, (Hogg et al., 1994), allowed a more detailed analysis of the SACRI 

method.  A fundamental difference in the nuclear control room compared to a 

ship’s control room is that the nuclear process flow plant is essentially an 

ongoing steady state whereas a ship’s plant is one that is routinely started up 

from shutdown, operated to achieve a goal and then shut down again.  The 

significance of this difference being that the nuclear control room operator is 

essentially monitoring an ongoing process looking for disturbances within the 

plant which would indicate a fault, while the ship’s control room operator is more 

likely to be actively operating the ship’s plant in order to achieve a task goal in 

addition to periods of monitoring. 
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Signal detection theory used within SACRI is designed to measure the 

effectiveness of operators at detecting signals or events from background noise.  

This was made possible in the nuclear control room environment by creating a 

scenario that included several disturbances which would create events that the 

operators should detect from changes in parameter trends.  However to create 

between subject and group experiments it required that each subject or group 

be exposed to exactly the same background events and disturbances with 

measures applied at exactly the same time.  The only way to achieve this was 

to prevent the subjects from interacting with the plant as they would normally, 

since their interaction would create other disturbances.  Thus they were only 

permitted to monitor events as they unfolded without any interaction, which was 

acknowledged as being artificial and different to normal operational practice.   

 

Although there are times when ships’ control room operators will also monitor 

steady state operations the number of parameters and systems in a ship’s 

cargo system are small in comparison to a nuclear power plant giving less 

scope to create disturbances from the norm.  Additionally steady state 

monitoring is only a part of the task for the ship’s control room operator; cargo 

transfer operations involve selection, initiation, control and shutdown of plant 

sub systems.  It would therefore not be possible to create an equivalent 

scenario in the cargo control room environment in which the operator would 

simply monitor and not interact with the plant.  This negates the used of signal 

detection theory and therefore the SACRI methodology. 

 

Despite the criticism of freeze probe techniques relating to the intrusiveness of 

the queries, authors of all the papers reviewed on these techniques reported 

that subjects did not report the interruption of the task to be a problem.   

 

Real time probe methodologies can be used in simulators and in some cases in 

the field.  Within the domain of this research it would be possible to use real 

time probe techniques, administering SA queries during an operation rather 

than by freezing it.  Response latency has been used as one of the measures 

with this method, but there is some division over whether such a measure is 
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even related to SA or whether the measure should be an absolute or 

categorised one.   

 

While accepting that self rating techniques may tap into higher meta-cognitive 

processes which may represent some part of SA, the use of this as a metric for 

data analysis is less supported.  Taking the view of Jones, (2000), that 

subjective measures of SA should not be used in isolation but should be 

interpreted in the light of other data, it could be argued that a self reporting 

measurement technique could be used as a secondary data collecting method.  

However it is not the purpose of this research project to evaluate one data 

collection method against another, this would detract from the primary research 

objectives.  This research aims to investigate the variation in SA and task focus; 

and SA and experience.  To avoid problems with recall from memory a self 

rating measure would need to be administered each time the focus of attention 

was determined.   

 

If a self rating technique were to be used in conjunction with a freeze probe 

technique at each simulator freeze, this would increase the time before the 

subject could return to the operation and increase the possibility of problems 

with re-engaging with the operation.  It is also possible that self reported SA at 

simulator freezes may relate to the confidence with which probe questions were 

answered.  For example if subjects were not confident about answering probes 

relating to the volume of oil in a specific tank then they may rate their SA as low 

at that time in a similar way to which self reported SA has been linked with 

perceived performance. 

 

A criticism of observer rating techniques is that they cannot tell what is going on 

within the subjects mind and therefore don’t give a true measure of SA, rather 

they depend on outwardly visible actions by the subject, or performance within 

the domain.  In a control room arena it may be difficult to determine overt 

actions as a subject views a control screen.  Self rating techniques have been 

criticised for subjects not being in a position to recognise low SA if in fact they 

have low SA but are ignorant of this and consider their SA to be at a higher 

level.   
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Because of the issues with subjective self or observer rating methods and real 

time probes they have not been selected for this research.  The availability of a 

high fidelity liquid cargo simulator, the evidence of the validity of SAGAT, its 

reported sensitivity to differences in SA between individuals, and the evidence 

which supports the view that the intrusiveness of the technique has not been a 

problem, has led to the selection of SAGAT for this research.  It will be subject 

to adaptation for this domain and a SA requirements analysis.  This 

measurement technique will allow for collection of SA data at the three levels 

defined by Endsley across a range of concurrent subtasks.  By asking the 

subjects to list the subtasks in rank order of priority at each simulator freeze an 

analysis of SA at different levels can be made against the task order ranking.  

The variable experience can also be analysed against SA at different levels and 

at differing task priorities.  SAGAT offers a measurement technique that 

provides a high degree of validity from previous research projects and allows 

the measurement of SA at different levels which may prove insightful when 

correlated against task. 
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Chapter 4 – Correlation Study 

4.1 Introduction 

In many of the research studies in the literature reviewed SA was evaluated in 

order to compare equipment or user interfaces, (evaluation of sensor hardware, 

(Endsley, 1988b)), rather than investigate the difference in SA between 

individuals or the difference in SA across tasks for an individual.  In these cases 

either individual SA questions or total SA scores were compared across 

subjects.  There have been studies in which SA of individuals and groups have 

been compared. Hogg et al., (1994), compared total SA scores between groups 

of individuals comparing an experienced licensed Nuclear power station crew 

with a non licensed crew, determining that SACRI was sensitive to different 

levels of experience.  

 

This chapter sets out the correlation study for this research which aims to 

investigate the variation in SA of cargo control room operators at 3 levels with 

task focus and with experience.  This resulted in a number of correlation 

analyses across subjects.  Ethical considerations for the research are also 

addressed.   

 

The first stage in creating a battery of SA probe questions was to analyse the 

task with the aid of subject matter experts.  A goal directed task analysis was 

used for this purpose and this led to the generation of a large battery of 

questions which might be used to probe an operator’s SA at any given time.  

While a large battery of potential questions initially appeared to be possible 

further consideration was given to the types of question, the type of data they 

would yield and the impact this would have on the statistical analysis.  The 

differing types of probe questions are discussed and an argument presented for 

the selection of a specific type of question for this research. 
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4.2 Correlation Study 

The aims of this research were to investigate the variation in SA with a subject’s 

focus of attention and the variation of SA with experience.  Focus of attention 

was classified as the rank order of subtasks as stated by the subject at the time 

of each simulator freeze.  SA was determined as the difference between the 

answer given to a probe question and the actual value at that time; the smaller 

the difference, the greater the SA.  Experience was measured as months 

onboard oil tankers and total months onboard oil, liquefied gas and chemical 

tankers.  The difference between oil tanker and total tanker experience is 

discussed further in section 4.2.2 and 7.3. 

 

A correlation study was chosen as a first step in the investigation of the 

relationship between marine control room operator’s SA and their task focus; 

and the effect of experience on their SA.  It is not the intention of this research 

to identify causation or manipulate variables; simply to establish if a relationship 

exists and at the same time to determine if a freeze probe technique to measure 

SA is suitable in this domain.  The correlation study is described in sections 

4.2.1 and 4.2.2. 

 

Endsley (2000a), and Jones and Kaber, (2005), suggest that the usual method 

of collecting data is to mark a question as correct or incorrect; this requires a 

judgement on the part of an observing SME and introduces the possibility of a 

subjective opinion on the part of the observer.  There was no mention of inter-

rater reliability tests for observers in the literature reviewed.  Correct or incorrect 

answers provide nominal data which limits the statistical analysis which can be 

performed.  This is discussed in more detail in section 4.6.  In an attempt to 

provide data with a greater degree of granularity in this research it was decided 

to develop a study which would differentiate SA in individuals more clearly. 

 

Stangor, (1998), provides a decision tree to aid with the selection of appropriate 

statistical analysis.  Utilising this a Spearman’s rank correlation was selected for 

the analysis of SA against rank order of task focus since the predictor variable, 

rank order of task focus provided ordinal data while the dependent variable, SA, 
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provided ratio data.  For the correlation analysis between experience, measured 

in months and SA, a Pearson Product-Moment correlation analysis was chosen 

since both the predictor and dependent variable data types were ratio, (this 

correlation analysis method requires either interval or ratio type data for the 

variables).  The experimental hypothesis anticipated a monotonic relationship 

between the variables, (that is variables which increased or decreased 

providing linear relationships between them).   

 

The significance value selected to determine statistical significance and 

rejection of the null hypothesis was set at 0.05.  This is a commonly used value 

in social science which was popularised by R.A. Fisher, (Stigler, 2008).  

 

 

4.2.1 SA by Level Against Rank Order of Task Focus 

A correlation analysis will be used to determine how SA varies with respect to 

the current task focus.  The research hypothesis H1, states that SA would be 

correlated to the task focus as ranked by the subjects.  A positive correlation 

would indicate that as task focus decreases so would SA which would be 

indicated by greater error in the answers given to probe questions.  A negative 

correlation would indicate the converse.   

 

Analysis of data will determine if a relationship exists at each of the 3 levels of 

SA, its consistency across those levels and if a relationship exists when all 

levels of SA are combined. 

 

The following correlation analysis will be made: 

• Level 1 SA in a task group against rank order of task focus  

• Level 2 SA in a task group against rank order of task focus 

• Level 3 SA in a task group against rank order of task focus 

• All Levels of SA in a task group against rank order of task focus 
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The following null hypothesis will be tested: 

• Null Hypothesis 1: 

There is no correlation between SA and task focus  

 

Predictor Variable (PV) – rank order of task focus 

Outcome variable (OV) – SA (% error score for each question) 

For 13 subjects, 6 simulator stops with 5 questions in each stop, (one question 

for each subtask), sample size N = (13 x 6 x 5) = 390.  When combining all 

levels of SA together, the sample size will be N =(13 x 6 x 5 x 3) = 1170. 

 

 

4.2.2 SA by Level Against Experience 

SA data analysed against subjects experience will determine if there is a 

relationship between SA and experience.  The research hypothesis H1 states 

that SA would be related to experience.  A negative correlation would indicate 

that as experience increases SA increases which would be indicated by 

decreasing error in answers to probe questions.  A positive correlation would 

indicate the converse.   

 

Analysis of data will determine if a relationship exists at each of the 3 levels of 

SA, its consistency across those levels and if a relationship exists when all 

levels of SA are combined. 

 

SA scores will be analysed at each of the three levels and collectively by 

grouping all SA scores across all 3 levels together.  Analysis at individual SA 

levels would determine if there was a difference between awareness of raw 

plant data, comprehension of plant data to task goals or prediction of future 

status while the analysis of all SA scores collectively against SA would provide 

the a more holistic view of the relationship of SA with experience. 

 

This research is based on an oil tanker however there are two other main 

categories of marine tankers, chemical and liquefied gas.  Although the differing 

types of tanker will have slightly different cargo equipment and procedures there 
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is a lot of commonality in the transfer of hazardous bulk liquid cargoes.  Since it 

is common for tanker officers to have served on more than one type of tanker, 

experience will be examined in two ways.  Firstly total aggregate time on all 

types of tanker will be correlated against SA score.  Secondly time on oil 

tankers only will be correlated against SA.  Analysis of the difference between 

the two predictor variables may offer some indication as to which is the stronger 

determinate of SA.   

 

The following correlation analysis will be made: 

• Level 1 SA against total tanker experience  

• Level 2 SA against total tanker experience  

• Level 3 SA against total tanker experience 

• All Levels of SA combined against total tanker experience 

 

The following correlation analysis will be made: 

• Level 1 SA against oil tanker experience  

• Level 2 SA against oil tanker experience  

• Level 3 SA against oil tanker experience 

• All Levels of SA combined against oil tanker experience 

 

 

The following null hypotheses will be tested: 

• Null Hypothesis 2: 

There is no correlation between SA and total tanker experience  

• Null Hypothesis 3: 

There is no correlation between SA and oil tanker experience  

 

Predictor Variable (PV) = Experience in months 

Outcome variable (OV) = SA (% error score for each question)  

For 13 subjects, 6 simulator stops with 5 questions in each stop, (one question 

for each subtask), sample size N = (13 x 6 x 5) = 390.  When combining all 

levels of SA together, the sample size N = (13 x 6 x 5 x 3) = 1170. 
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4.2.3 Post Simulation Questionnaire 

One of the main criticisms of freeze probe techniques such as SAGAT is the 

impact that stopping an operation has on the subject’s performance and SA.  To 

address this issue a subjective questionnaire was administered to each subject 

immediately upon completion of the simulated exercise.  No prior notice was 

given that such a questionnaire was to be administered to prevent any 

consideration of the questions during the exercise.   

 

The questionnaire asked four questions three of which used a Likert scale to 

indicate response.  The first question asked if they felt there was sufficient time 

before the first freeze to become familiar with the operation and required a 

simple yes/no response.  The remaining questions asked subjects to rate how 

they felt stopping the simulation affected their performance, how they felt the 

stops affected their SA and whether the time taken for each stop made it difficult 

to resume the operation after the stop.  There was an option to provide 

additional comments to each of these questions.   

 

 

4.3 Ethical Considerations 

When using human subjects as part of experimental research ethical concerns 

must be considered.  Southampton Solent University set out their policy on 

ethics in section 2S of the Academic Handbook and these principles have been 

complied with throughout this research.    

 

All of the volunteers who took part in this research were given a briefing about 

the research study and what they would be asked to do if they chose to 

participate at the outset.  This was summarised in a consent form which 

subjects were asked to read and sign.  A copy of this is presented in Appendix 

C.  Subjects were given the opportunity to discuss their role in the research and 

to ask the researcher any questions about this.   
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Subjects were advised verbally and the consent form clearly stated that 

subjects would not be personally identified in any report or publication resulting 

from the research.  It was made clear that video recordings would be made 

during the research but the use of the video was limited only to the researcher. 

 

Subjects were advised verbally and in writing on the consent form of their right 

to refuse to participate or withdraw at any time during the research.  

 

A risk assessment was made of the work subjects would be engaged in during 

the research.  Since this research was conducted in a simulated environment 

there was no physical risk associated with the research.  Psychological risk was 

also considered.  The research was conducted in a simulated environment 

where any errors made by the subject could not result in physical harm or 

damage to equipment.  This was considered to reduce the risk of psychological 

harm to less than that which could be experienced onboard a real vessel.  Since 

all subjects were serving merchant navy deck officers who had conducted 

similar operations onboard real vessels it was concluded that the psychological 

risk to subjects was low and therefore no additional risk mitigation measures 

would be required. 

 

The consent form clearly stated that subjects could report any complaints or 

comments regarding the manner in which the study was conducted to the 

Quality Manager of Warsash Maritime Academy.   

 

Two copies of the consent form were signed by the subject and the researcher, 

one copy was retained by the subject and the second by the researcher. 

 

A Southampton Solent University Ethics Release Checklist for Research and 

Enterprise Projects was completed and signed by the researcher and the 

Director of Studies for the research project.  A copy is presented in Appendix C. 
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4.4 Situation Awareness Requirements Analysis 

The SAGAT methodology determines SA by freezing a simulation and asking 

the subject a number of questions which are used to determine their SA at that 

time.  The questions asked are fundamental to the success of the method and 

in order to generate suitable questions a requirements analysis is conducted to 

determine what is important for an operator to know.  A major part of this is a 

Goal Directed Task Analysis (GDTA).   

 

Endsley et al., (1998), suggest the following methodology for conducting the SA 

requirements analysis: 

1. Review any available documentation such as job analysis if relevant 

2. Conduct a GDTA with experienced operators or Subject Matter Experts 

(SMEs) 

3. Initial review and revision of the resulting GDTA by all of the participating 

SMEs 

4. Final review of the GDTA by independent SMEs 

  

 

Stanton et al., (2005), suggest a 6 step approach to achieve a SA requirements 

analysis: 

1. Definition of the tasks to be analysed 

2. Selection of Subject Matter Experts (SME) 

3. Interview SMEs 

4. Conduct a Goal Directed Analysis 

5. Determination of SA Element Importance 

6. Determination of SA Requirements 

 

Some of the stages suggested above, such as reviewing documentation, 

observation of operator performance and verbal protocols, would be important 

to a researcher who is unfamiliar with the task.  However in this case the 

researcher is already familiar with the task and it was therefore decided that 

these stages were unnecessary.  As a result the steps suggested above were 

distilled into the following for this research: 
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1. Define the task to be analysed 

2. Interview SMEs 

3. Conduct a GDTA 

4. Produce an initial GDTA to be reviewed by the SMEs 

5. Produce a revised GDTA for a final review by further independent SMEs 

 

 

4.4.1 Task to be Analysed 

Task complexity for cargo handling operations on oil tankers will vary according 

to the instructions received by the vessel and how they are to be implemented 

at a given port.  It is the nature of the cargo control room officer’s position that 

they must be adaptive since each voyage is likely to be different from the last.  

Different parcels of cargo can be loaded into different tanks which may be 

discharged at one port, or across multiple ports in different countries around the 

world. 

 

Although each cargo operation may differ in the detail of its execution, the 

operation will normally be comprised of sub operations with which the officers 

should be familiar, such as: 

• monitoring of tank levels and pressures 

• operation of pumps 

• ballasting or deballasting either by gravity or by pump 

• crude oil washing of tanks 

• monitoring of vessel stability and hull stresses at critical transverse hull 

frames   

It should be noted that not all subtasks are necessarily ongoing concurrently all 

the time during each discharge operation, although monitoring of tank levels 

and pressures; operation of pumps; monitoring of stability and hull stress are 

usually all active tasks throughout the discharge operation. 

 

In order to create a realistic scenario, which will make the task as relevant as 

possible to the subjects, it must be both familiar and recognisable and must 

incorporate at least the three sub operations listed above.  In consideration of 
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this, and recognising the desire to investigate SA across a range of subtasks, 

the primary task goal in this study will be the discharge of crude oil alongside a 

terminal ensuring the operation is conducted safely in accordance with relevant 

regulations and guidelines, while minimising the risk of an oil spill.  The primary 

task scenario will consist of the following subtasks which will be conducted 

concurrently: 

• Discharge of 2 grades of crude oil concurrently via three ship manifolds, 

utilising three steam turbine driven centrifugal cargo pumps.   

• Ballasting of segregated water ballast tanks in order to maintain the 

vessel’s trim within a required range. 

• Ensuring the vessel maintains sufficient static stability and maintaining 

hull stresses within acceptable limits.   

• Crude oil washing of specified tanks undertaken as a requirement under 

the Revised Specification for Crude Oil Washing Systems, (IMO, 2000)  

and additionally in preparation for taking on of heavy weather ballast into 

cargo tanks prior to the vessels departure from the port in accordance 

with Marine Pollution (MARPOL) regulations.   

• Management of the pressure within the cargo tanks as the liquid cargo is 

discharged utilising the inert gas generating system. 

• Management of moorings with respect to the tide, tidal stream and 

weather to ensure the vessel remains in position alongside the berth and 

that discharge arms operate within their designed operational envelopes. 

 

 

4.4.2 Vessel Details 

The vessel to be used in this research is a crude oil/products carrier.  An oil 

tanker as opposed to a Liquefied Petroleum Gas (LPG) or Liquefied Natural 

Gas (LNG) was selected on the basis that this type of vessel is more numerous 

than chemical, LPG or LNG.  This will allow access to a greater number of 

subject matter experts and a larger pool of potential subjects.   

 

Crude Oil / products carrier basic details 

Deadweight    150,000tns 
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Length    264m 

Beam     46m 

Draft     15.85m 

Cargo Tanks   12 tanks plus 2 slop tanks 

Main cargo pumps  3 x Shinko Industries steam driven 3700m3/hr @ 

1180RPM 

Eductors   2 x Teamtec Golar 660m3/hr 

Tank washing machines  3 per tank, Polar Jet P120T 80m3/hr 

Ballast pumps   2 x Electric Shinko Industries CV400-2400m3/hr 

 

 

4.4.3 Subject Matter Experts (SMEs) 

Three senior merchant navy deck officers were selected as subject matter 

experts.  Two worked at a maritime training academy and both taught tanker 

operation courses and ran an oil and gas liquid cargo operations simulator, 

specifically training officers in the type of operation to be used in the research.  

The third SME is a serving Master on oil and Liquefied Natural Gas (LNG) 

tankers with BP Shipping who also has many years experience as a Chief 

Officer conducting these operations on oil tankers.  (It is the Chief Officer and 

not the Master who is responsible for conducting the cargo operations).   

 

Subject matter experts had the following experience: 

SME1 

28 years at sea 

24 years on oil tankers 

7 years as C/O 

6 years as Captain oil and gas 

 

SME2 

13 years at sea 

3 years on oil tankers 

7 years on gas tankers 

3 years as a surveyor on oil and gas tankers 
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1 year as C/O 

13 years as a lecturer running oil and gas tanker operational courses 

 

SME3 

16 years at sea. 

Oil and gas tankers (predominantly oil) 

5 years as C/O 

1 year as Master  

16 years as Harbour Pilot and Supervisor of the Tankship Technical 

Support Unit for the Saudi Aramco Terminal Department in RasTanura 

15 years as a lecturer running oil and gas tanker operational courses 

 

 

4.5 Goal Directed Task Analysis 

In order to determine which aspects of a situation are important for an 

operator’s SA, Endsley et al., (2003), recommends a form of cognitive task 

analysis called a goal directed task analysis (GDTA) in which major goals of a 

particular job class are identified along with the sub goals necessary for meeting 

each of the major goals.  For each of the sub goals to be achieved decisions will 

need to be made.  To make these decisions questions will require answering.  

The SA information needed to make those decisions is identified in the GDTA.  

This should include not only the raw data the operator needs but how that 

information is integrated or combined to address each decision.  Fig 4.1 

summarises this structure. 

 

Fig 4.1 - Goal Directed Task Analysis from Endsley, (2000a)  

 

Goal 

Subgoal 

Decision 

Projection (Level 3 SA) 

Comprehension (Level 2 SA) 

Data (Level 1 SA) 
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Kaber et al say,  

 

“The GDTA is also well suited to complex dynamic tasks.  The result of 

the method, including a list of critical decisions and SA requirements, is 

useful for analyzing domains in which operators are required to have 

high SA to perform tasks effectively.”  (Kaber et al., 2006) p.238 

 

In a goal directed task analysis conducted by Bolstad et al., (2002), to obtain an 

accurate depiction of the SA requirements and key goals for several army 

brigade officers a minimum of three officer SMEs were interviewed for each of 

the 4 brigade positions examined.  Draft goal hierarchies with SA requirements 

were constructed which were evaluated by brigade officers who made 

corrections or additions as required. 

 

 Endsley, (1993), suggests the SME should first be asked to describe in their 

own words what they feel comprises ‘good’ SA.  They should then be asked 

what they would want to know in order to achieve perfect SA.  Finally the SME 

should be asked to describe what each of the SA elements identified are used 

for during the task e.g. decision making, planning, actions etc.     

 

In an analysis conducted by Endsley et al., (1998), on commercial airline pilots, 

two active pilots were used as the SMEs.  They were interviewed over 

numerous sessions lasting from one to four hours.  In the early sessions the 

major goals were defined.  Later each major goal was examined in more detail 

to reveal the sub goals.  Each sub goal was further examined to identify the 

decisions required and the SA needed to reach that decision and achieve the 

sub goal. 

 

From this information a goal directed task breakdown was produced listing 

major goals, sub goals, questions to be determined to achieve the sub goal and 

the first, second and third level SA elements required for addressing these 

questions. 
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The draft version of the completed goal directed task breakdown was then 

reviewed by the same two SMEs who had the opportunity to make any changes 

they felt were necessary. 

 

The final draft was then distributed to 10 airline pilots for review (6 returned the 

reviews).  In reviewing the document they were asked to address the following 

questions: 

• Are there any major or sub goals that have been omitted? 

• Are there any other major decisions you make in achieving each goal? 

• Is there any other dynamic situational information you require to make 

these decisions? 

The results were compiled into a final single document (Endsley et al., 1998). 

 

Endsley gives the following as an example of the process output in Fig 4.2 
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Fig 4.2 - Example of the SA requirements analysis for the sub goal ‘maintain 

aircraft conformance’ of the major goal ‘avoid conflictions’ for an air traffic 

controller taken from Endsley, (2000a) 

 

In a GDTA conducted by Kaber et al., (2006), an analyst interviewed a SME 

initially identifying major goals.  For each major goal, sub goals were identified 

and for each sub goal the specific tasks associated with it.  Critical decisions 

and questions to complete those tasks were elicited.  Lastly the SA 

requirements were developed to answer the questions.  The SA requirements 

covered the three levels of SA defined by Endsley, perception (observation of 

the system and its environment), comprehension (understanding of the system 

and the environment relative to task goals), and projection (prediction of future 

system and environment states).  Fig 4.3 shows a high level model used by 

Kaber et al. 

 

1.3 Maintain aircraft conformance 

 1.3.1 Assess aircraft conformance to assigned parameters 

– Aircraft at/proceeding to assigned altitude? 

– Aircraft proceeding to assigned altitude fast enough? 

o Time until aircraft reaches assigned altitude? 

o Amount of altitude deviation? 

o Climb/descent 

 Altitude (current) 

 Altitude (assigned) 

 Altitude rate of change (ascending descending) 

– Aircraft at/proceeding to assigned airspeed? 

– Aircrafts proceeding to assigned airspeed fast enough? 

o Time until aircraft reaches assigned airspeed? 

o Amount of airspeed deviation 

 Airspeed (indicated) 

 Airspeed (assigned) 

 Groundspeed 
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Fig 4.3 - Goal tree model for GDTA (Kaber et al. 2006) 

 

 

Fig 4.4 shows the implementation of the high level structure identifying main 

and sub goals. 
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Fig 4.4 - High level goals as part of a GDTA (Kaber et al., 2006 

 

Fig 4.5 shows an expansion of sub goal 1.1.9.1 and associated tasks T1 and 

T2.  For each task the decisions to be made to achieve that task are shown as 

questions (in italics), and the information (SA) requirements. 

 

 

Fig 4.5 - Expansion of Goal 1.1.9.1 (Kaber et al., 2006) 
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The completed GDTA by Kaber et al., (2006), resulted in 25 high level goals, 20 

sub goals, 88 tasks to the sub goals and on average 2.2 critical decisions per 

task.  An analysis of the SA requirements associated with the decisions 

revealed 228 unique pieces of task information. 

 

The inclusion of tasks by Kaber et al. is at odds with Endsley who says that the 

analysis is based on goals or objectives, not tasks.  She points out that tasks 

are often technology dependent and gives the example of navigation which may 

be done differently in an automated cockpit as compared to a non-automated 

cockpit.  However the SA requirements associated with navigation are 

essentially the same, (e.g. location or deviation from desired course), (Endsley 

2000a).   

 

The way in which the information is derived from the system is not relevant.  

Different systems may present the information in differing ways, but this is not 

relevant to the actual SA required (unless the measurement of SA was to 

determine the effectiveness of different user interfaces).  This is relevant to this 

research domain since the tasks on oil tankers will be the same however the 

cargo control room and its associated equipment will vary from ship to ship.   

 

In an analysis conducted by Endsley et al. on airline pilots she points that it is 

what the pilots would ideally like to know to have perfect SA, even though they 

might not always have this information; it is the ideal which should be sought in 

the analysis.  She points out that this would make the analysis useful as a 

design goal as opposed to a description of an existing system (Endsley et al., 

1998).  Since all ships control rooms are different, far more so than commercial 

airlines, it was also important here to avoid SMEs simply describing what was 

available to them in any one system.  (There is no agreed standard to which 

merchant marine tankers’ control rooms are designed or the equipment with 

which they are fitted). 

 

Endsley, (1998), suggests that static knowledge, such as rules and procedures, 

are outside of the analysis.  Only dynamic situational information that affects 

what the controllers do should be considered.  While this may be true for level 1 
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SA, levels 2 and 3 require integration of the perceived data to achieve task 

goals and at times this may require either procedural knowledge or knowledge 

of static and dynamic system parameters.  For example in order to keep the 

tank pressure within normal operational parameters knowledge of the high and 

low alarm set points will be required.   

 

Not all the goals or sub goals will be active at once and those which are may be 

prioritised by the operator.  In conducting the SA requirements analysis this is 

not relevant. 

 

 

4.5.1 Administration of Goal Directed Task Analysis 

Each SME was interviewed individually over 2 days.  In line with Endsley’s 

recommendations, (Endsley et al., 1998), interviews began by explaining the 

objectives of the research and then establishing the major goals for the task to 

analysed.  Each major goal was then examined and any sub goals required to 

complete the major goal identified creating a basic goal structure.  Each goal 

was then examined to determine what decisions are required to be made to 

achieve each goal and what SA information is required to make those 

decisions.  The SA information derived from this was identified as level 1 - raw 

data, level 2 - comprehension or integration of the raw data and level 3 - 

prediction of future states within the system.   

 

For the purpose of the analysis and interview the entire operation from starting 

of discharge to completion was considered although the actual scenario to be 

used in the simulator was restricted to one part of the discharge operation 

approximately two thirds of the way through.  This amounted to about one and a 

half hours from an operation that would typically take between 24 – 36 hours.  It 

was considered that by asking the SMEs to consider the entire operation there 

would be less chance of information being omitted.  SA information for the 

specific part of the operation to be considered would then be extracted from the 

overall information provided. 
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A mind map of the information was created using Mind Manager software to 

capture the information as the interview progressed.  All interviews were 

recorded with a digital voice recorder for later reference if required.  The three 

mind maps generated from interviewing the three SMEs were integrated into a 

single version.  This was then transformed into a Word document to allow 

dissemination to others for reviewing purposes. 

 

The single integrated version was then sent back to the SMEs for their review 

and comment to ensure that they felt there were no omissions or errors in the 

work.  When the SMEs had completed this, their final comments were 

incorporated.   

 

In line with Endsley’s recommended practice to improve the validity of the 

analysis, (Endsley et al., 1998), further validation was sought by sending the 

revised final version to six other reviewers for their opinion and comment.  All 

six were experienced senior deck officers who had served on oil tankers as at 

least chief officer and some as Master in addition.  Three were received back 

and their comments incorporated into a final document. 

 

 

4.5.2 Results and Discussion of the GDTA 

The final version of the Goal Directed Task Analysis is presented in appendix A.  

A large volume of information was elicited for this one cargo operation with 62 

tasks identified, 205 questions specified and 980 items of SA information 

required to complete the tasks.  (It should be noted that some of the SA 

information is repeated across some of the tasks).  This gives an average of 

about 4 pieces of SA information per question or about 10 to 12 pieces of SA 

per task.  This analysis covered the entire discharge operation to ensure 

nothing was overlooked, however the task to be analysed in this research did 

not involve all the tasks and questions covered in the GDTA. 

 

Although two of the SMEs had worked in a training academy simulator for 13 

and 15 years respectively, there was a lot of commonality with the Master who 
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was still serving at sea.  Given the overall task of discharging a cargo with crude 

oil washing all three independently stated the same main goals which were;  

• discharge oil from tanks,  

• crude oil washing,  

• tank pressure management,  

• ballasting,  

• stability, stress and trim,  

• ensuring the vessel remains securely moored alongside.   

Fig 4.6 shows a high level view of the GDTA produced with Mind Manager. 

 

 

Fig 4.6 - High Level view of GDTA 

 

There was a further high degree of commonality between the sub goals, 

decisions required to achieve the goals, and the SA information required to 

address those questions.  Further review of the document by other reviewers 

led to only minor modification and this is taken as supporting the validity of the 

analysis.  Fig 4.7 shows a partial expansion of one of the sub goals while Fig 

4.8 shows a more detailed expansion of tasks showing the questions to be 

addressed in blue and the SA information required in red. 
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Fig 4.7 - High level view of one sub goal 
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Fig 4.8 - Expanded view of one task. 
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It should be noted that not all goals are active at the same time.  For example 

crude oil washing is only relevant during part of the discharge operation, while 

ballasting is being conducted most of the time albeit interrupted on occasions.  

Discharge of oil from the tanks, tank pressure management, stability, stress and 

trim, and ensuring the vessel remains securely moored are goals that apply 

throughout the operation but with shifting priorities.  While the prioritising of 

these tasks is important for the operator, it is not relevant to the GDTA.  

However in order for the operator to establish priorities, the SA identified will be 

important. 

 

Some sub goals and SA requirements are repeated.  For example stripping 

tanks is a goal that applies both to the discharge of oil from the tanks sub goal 

and as part of crude oil washing sub goal.  SA elements such as status of the 

vessel’s trim can be found in the sub goals: discharge of oil from tanks, COW, 

ballasting, stability, stress and trim, and ensuring the vessel is securely moored 

alongside.  For the purpose of the analysis these were repeated where required 

to ensure completeness and clarity. 

 

 

4.6 Formulation of Questions to be used as SA Probes from the 

GDTA 

The GDTA provided an analysis of the SA required to achieve goals relevant to 

the task to be examined.  The next stage was to generate a battery of questions 

which could be used to determine if a subject possessed the SA identified by 

the GDTA.  The questions were required to determine SA at the 3 different 

levels and consideration of the type of data derived from the responses, 

(nominal, ordinal, interval or ratio), was also considered to ensure the data 

would be suitable for statistical analysis.   

 

When transforming the SA requirements into probe questions it became 

apparent there were a number of ways in which the questions could be posed: 

• Changes in parameter trends 

• Relative difference between parameters 
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• Correct or incorrect responses 

• Absolute error 

Sections 4.6.1 to 4.6.4 review the options for the formulation of these questions 

and identify issues with respect to this research scenario. 

 

 

4.6.1 Trending Changes 

In the SACRI measure of SA – the adapted version of SAGAT used in Nuclear 

control rooms, Hogg et al., (1994), used parameter trend changes.  All 

questions were phrased as either; 

• In comparison with the recent past…. 

• In comparison with the normal status…. 

• In comparison with now, predict how….. 

 

They generated 4 answer categories hit, miss, correct acceptance and false 

alarm.  The correct answer was determined by assessors who used their 

judgement and the actual status of the plant at the time of the question.  The 

use of an assessor’s judgement introduces some degree of subjectivity and 

ideally would require some standardised agreement of what was acceptable for 

each category.  In addition this would require some further validation by 

comparison between assessors to determine inter-rater reliability.  This was not 

addressed in the literature.   

 

In their first study they calculated the percentage of correct responses, but in 

the second study found this method to be biased by the effect of how many 

questions related to parameters affected by the disturbance.  This led to the use 

of signal detection theory which made an allowance for the number of 

parameters.  Since the use of signal detection theory is not suitable for this 

research, (as described in section 3.8), it was considered possible to remove a 

bias by ensuring an equal number of questions for each level of SA. However 

this did cause some problems with the available number of questions as 

discussed later. 
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Hogg et al.’s rationale for selecting trend based questions was that operators 

often used these as a form of monitoring to identify changes in plant status 

rather than absolute values.  A similar argument can be applied to ships’ cargo 

control rooms where in modern vessels equipped with screen based control 

systems, parameter trending is a common feature.  In many cases it is not the 

absolute value which is important to the operator but the parameter’s change 

over time which provides an indication of a change in plant status.  The MPRI 

simulator which was to be used at Warsash is not capable of showing trending 

data.  It should be noted there are many vessels where such trending displays 

are not available, however operators may still use mentally generated trends 

derived from analogue or digital displays over time as a form of monitoring. 

 

In recognition of this, trend based questions were generated to address some of 

the SA requirements and initially these appeared to be a good selection for this 

form of process control environment.  However further consideration revealed 

that implementation of this type of question could be problematic.  To avoid 

reliance on the judgement of an expert, it was decided to compare answers with 

plant status and a definition of trend change was considered.  Extremes of 

rising or falling were easily defined but the crossover between steady and rising, 

or steady and falling is more problematic.   

 

A steady state is unlikely to be exactly steady without any degree of change in a 

parameter value over a period of time, therefore a range of values was 

considered as the definition of a steady state.  For example steady tank 

pressure might be tank pressure which did not vary by more than 20mm Water 

Gauge.  When deliberating what might be considered steady for one parameter, 

such as tank pressure, it became apparent that this may not be true for another 

parameter, such as pump discharge pressure.  Compilation of a set of 

definitions of steady, rising and falling for various parameters would be too 

complex for the subject who would need to refer to this categorisation frequently 

when selecting a response.  Furthermore the response to these questions could 

only be correct or incorrect resulting in nominal data which, as discussed in 

section 4.2, would limit the statistical analysis which could be performed with it 
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and not permit the use of a Pearson Product-Moment correlation analysis.  For 

these reasons questions on changes in trend were rejected. 

 

 

4.6.2 Relative Difference 

Asking questions such as, “which cargo pump currently has the highest 

discharge pressure”, or, “which tank has the highest level, 1P or 1S”, appear to 

be valid forms of determining SA.  It demonstrates awareness of parameter 

values without requiring specific values being quoted.  This places less load on 

working memory and might be considered more natural when specific data 

values can be easily extracted from the control system as and when required.  

This would be more likely to satisfy those who don’t see SA as a snapshot of 

values or a test of memory and would be in line with Durso et al. (1998) and 

Jeannott et al. (2003), who suggest that it is a more relevant indicator of SA 

than factual recall of data which is clearly accessible. 

 

A problem with this approach is the answer could be guessed, particularly in 

cases where the question addressed a limited number of parameters, (such as 

the 3 cargo pumps, or one of two tanks), and can only be scored as correct or 

incorrect generating nominal data.  For this reason questions generated of this 

type were disregarded.   

 

 

4.6.3 Correct or Incorrect Responses 

SA queries developed for air traffic control by Endsley & Rogers, (1994) and 

Endsley & Jones, (1995), were presented with a categorical response option to 

minimise the operators job in responding to the queries.  They also used maps 

and asked controllers to indicate the location of aircraft on the maps.   

 

In a study by Boag et al., (1999), they stated that responses to questions were 

rated as 0, 1 or 2.  2 if it fell in a response band, 1 if outside and 0 for no 

response.   
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The problem with setting tolerance bands is they may be context dependent.  

For example all SMEs identified that knowing the current cargo tank level was 

an important piece of SA during several stages of the operation.  However when 

formulating this into an SA question it became evident that a question such as, 

“What is the status of the level in tank 1 Port?” could be difficult to mark as 

correct or incorrect.  It is difficult to define how accurate the answer should be to 

be considered correct.  A tolerance range for an acceptable answer could vary 

depending on the context.  Knowledge of a tank level when it is within the mid 

level of a tank may be in error by one metre without causing a problem for the 

operator.  However an error of 1 metre when the tank is almost full may lead to 

an overflow which makes it more critical at that level in the tank.  Some degree 

of subjectivity would be involved as a SME would be required to make these 

selections.  In addition the resultant data would be nominal which would limit 

statistical analysis. 

 

 

4.6.4 Absolute Error 

Marshak et al., (1987), used a method where subjects were asked a value and 

compared their answer with the actual value.  Their dependent measure was 

the absolute percentage error for each question summed for all questions in the 

trial.  This pre dated SAGAT and made no distinction as to different levels of 

SA.  They found this measure was resulted in data that was excessively noisy 

but they felt that better trained subjects might have improved results.  The task 

related to orientation of way points as they ‘flew’ over ground.  Some of the 

subjects had no flying or navigation background so while some noise in data 

collected from natural behavioural it could be argued that the excessive noise 

reported in the results was due in part to their unfamiliarity with the task.  

Endsley references this research by Marshak as a reason for not using absolute 

error as a method of measuring SA, (Endsley, 2000a).   

 

In this research all subjects would be familiar with the task of discharging an oil 

tanker so the issue of excessively noisy data created by subjects who had no 

experience of the task at all was not considered to be prohibitive.  While subject 
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familiarity with the task would not eliminate noise in the data it was not felt that 

Endsley’s rejection of absolute error to determine SA based on the noisy data 

experienced by Marshak was not considered to be a valid reason to reject it in 

this research. 

 

The use of percentage error was selected in order to provide a scale of 

measurement which would provide ratio data with good granularity at different 

levels of SA.  Since the measurable parameters with the system would generate 

responses in differing units, such as bar for cargo pump discharge pressures 

and metres for tank ullages, conversion to absolute error as a percentage would 

provide comparable data.  

 

Marshak et al. did this and used the following formula to calculate percentage 

error: 

 

((Subject answer – correct answer)/correct answer) x 100 = absolute percent 

error 

 

This method of calculating absolute percentage error could provide misleading 

data since the percentage is based on the percentage of the correct value at 

that time.  As the correct value varies, a response which is in error by the same 

amount generates a different % error. 

For example, considering a potential pump discharge pressure 

Actual pressure 7 bar 

Subject’s response 5 bar 

Error 2 bar 

Percentage error = ((7 – 5)/7 x 100) = 28.6% 

 

Actual pressure 10 bar 

Subject’s response 8 bar 

Error 2 bar 

Percentage error = ((10 – 8)/10 x 100) = 20.0% 
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An alternative was considered by this researcher for calculating the percentage 

error as a percentage of the range of readings possible for that criterion. 

For example, using the pump as above, if the normal range of pressure 

readings could be from 0 to 13 bar the range would be 13. 

Actual pressure 7 bar 

Subject’s response 5 bar 

Error 2 bar 

Percentage error = ((7 – 5)/13 x 100) = 15.4% 

 

Actual pressure 10 bar 

Subject’s response 8 bar 

Error 2 bar 

Percentage error = ((10 – 8)/13 x 100) = 15.4% 

 

Thus when comparing data between subjects the percentage error reported 

would be comparable irrespective of the way in which each subject was 

operating the pump, (which might provide a different discharge pressure), and 

would simply compare the error in their knowledge of that parameters value. 

 

Therefore error as a percentage of the normal range of values for that 

parameter was used.  This range was the same for any given parameter across 

subjects.   

 

 

4.6.5 Selection of Questions to be Used as SA Probes 

Endsley, (2000a), recommends questions that derive answers which are scored 

as correct or incorrect, suggesting that absolute values should be avoided.  This 

would generate nominal data which is not normally suitable for statistical 

analysis, however Endsley states that this data be given an arc sine 

transformation to generate data that can be used for ANOVA analysis.  In this 

research a Pearson Product Moment correlation analysis was to be used which 

requires interval or ratio type data.  Therefore it was decided that absolute 

values would be used.  The use of absolute values has the advantage of 
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providing a greater degree of granularity in the measure than when using 

nominal data. 

 

Initially a total of 203 probe questions were generated across the 6 sub goals 

and the 3 levels of SA for each sub goal.  Examination of the type of data 

resulting from the questions indicated that 79 of these questions would produce 

only correct or incorrect answers and therefore nominal type data rather than 

absolute values which would provide ratio data.  By excluding questions which 

would generate nominal data the number of questions was reduced to 124.  

Further examination of the questions with respect to SA level revealed there 

were more level 1 SA questions for each of the six sub goals than level 2 SA 

questions and there were significantly less level 3 SA questions.  Table 4.1 

shows the number of questions for each subtask and for each level of SA within 

that subtask.  The number of questions are further sub divided by data type, 

nominal or ratio. 

 

Endsley, (2000a), recommends that the questions used should cover a wide 

range of the operator’s situation awareness requirements which will help to 

avoid the subject focusing on a narrow range of parameters.  The questions 

generated from the GDTA covered all of the ongoing sub tasks in accordance 

with this recommendation. 

 

The sub goal on mooring of the vessel which incorporated tides, heights of tide, 

tidal flows and the vessels position on the berth with respect to the manifold 

position had only one question at level 3 which would lead to ratio type data.  

Because of this it was decided to drop questions relating to the sub goal on 

moorings.  This was reasonable since most questions relating to this sub goal 

were associated with tidal data which was not displayed on the simulator but 

would have been provided in the form of port tide tables in the control room.  

This also reduced the number of questions to be asked at each stop from 18 to 

15 which was considered to be an advantage since the period of the stop was 

intended to be no longer than 5 to 6 minutes, in line with Endsley’s 

recommendation to allow the subject to quickly re-engage with the operational 
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scenario when the simulation was restarted, (Endsley, 1995a).  It was decided 

that a longer period of stopping might cause decay in situational awareness.   

 

Subtask 
SA 

Level Nominal Ratio 

  1 9 14 

Cargo Discharge 2 8 7 

  3 9 6 

        

  1 4 14 

COW 2 4 7 

  3 4 5 

        

  1 7 8 

Tank Pressure 2 4 7 

  3 3 3 

        

  1 1 6 

Ballast 2 3 6 

  3 2 5 

        

  1 1 8 

Trim & Stress 2 6 6 

  3 7 6 

        

  1 1 9 

Moorings 2 2 6 

  3 4 1 

Table 4.1 - Number of questions generated by sub goal, by SA level, and by 

data type 

 

Each stop had questions on 5 subtasks and for each subtask there was a single 

level 1, 2 and 3 SA question to avoid any bias when analysing data between 

different SA levels as shown in table 4.2.  This resulted in 15 SA probe 

questions to be administered on each simulator freeze.   
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Subtask SA Level Questions 

Cargo Discharge 

SA Level 1 question 

SA Level 2 question 

SA Level 3 question 

Ballasting of Segregated Ballast Tanks 

SA Level 1 question 

SA Level 2 question 

SA Level 3 question 

Cargo Tank Pressure Management 

SA Level 1 question 

SA Level 2 question 

SA Level 3 question 

Crude Oil Washing (COW) 

SA Level 1 question 

SA Level 2 question 

SA Level 3 question 

Trim, Stability and Stress Management 

SA Level 1 question 

SA Level 2 question 

SA Level 3 question 

Table 4.2 - Distribution of SA questions across subtasks 

 

In order to reduce the subject’s workload in answering the questions they were 

grouped by subtask.  Each subject would answer 3 questions relating to a 

subtask before moving on to questions about the next subtask.  The order in 

which the subtasks appeared at each stop was randomised across stops.   

 

Table 4.3 shows an example of questions for one stop.  The questions are 

grouped by subtask although this is not made apparent to the subject.   
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Question Answer 

What is the current suction pressure on pump number 

1? 
  

How many tanks are currently being discharged to 

shore? 
  

When all the oil from the tank being stripped is 

returned to the slop tank, what will be the ullage in the 

slop tank? 

  

What is the current angle of the tank washing 

machines? 
  

What is the difference between the current oxygen 

content in the tank the maximum permitted oxygen 

content for COW? 

  

How many minutes are left until the current washing 

programme for this tank is completed? 
  

What is the current Oxygen content from the Inert 

Gas system? 
  

What is the difference between the current deck main 

pressure and the hi pressure alarm at this time? 
  

What do you predict the position of the GRV will be in 

30 minutes time?  (%open) 
  

What is the current sounding in ballast tank 1S?   

How many cubic metres are there to go in 6P ballast 

tank to reach the 99% fill level? 
  

How long do you predict it will take until ballast tank 

4S is completed? (in minutes) 
  

What is the current trim?   

What is the difference between the current aft draft 

and the charted depth for this berth? 
  

What do you predict the trim to be in 30 minutes from 

now 
  

Table 4.3 – SA questions as presented to the subject in the pilot study 
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Chapter 5 - Research Protocol 

 

5.1 Introduction 

The SAGAT methodology requires the use of a simulator which can be frozen to 

permit the administration of SA probe questions.  The simulator used for this 

research together with the monitoring equipment used is described together 

with the protocol used to familiarise the subjects with the simulator and the 

scenario.  A pilot study was conducted to evaluate the effectiveness of both the 

familiarisation and data collection procedures.  Although the pilot study was 

small it revealed a number of issues with the research protocol, the way in 

which the results were calculated and also led to a review of the SA probe 

questions. These are discussed together with the changes which were made 

prior to conducting the main research study. 

 

 

5.2 Simulator and Monitoring Equipment 

A MPRI liquid cargo handling simulator (build version 5.0.2.2), was used for the 

research with the ‘Suezmax’ crude/product tanker model as described in section 

4.4.2.  The simulator was equipped with a CargoMax stability software package, 

(version  1.21.0101).  The stability programme could be used ‘online’ to 

automatically measure the liquid levels in the cargo, ballast and bunker fuel 

tanks and calculate the volume and weight of the contents of these tanks.  Hull 

bending moment and shear forces stresses at major bulkheads in the hull are 

also calculated and displayed.  Residual positive stability in the form of ‘GM’, 

(distance in metres between the centre of gravity of the vessel and the 

metacentric height), corrected for free surface effect in all tanks with a free 

liquid surface is displayed in the programme.  The stability programme could 

also be used ‘offline’ to allow for planning of tank levels and volumes at any 

time.  It would be normal to find a stability and stress software programme of 

this type on all tankers and all participants were expected to be familiar with this 

type of software.   
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The simulator was set to record snapshots of the simulation at 5 minute 

intervals to aid comparison of subjects’ responses to SA questions with the real 

state of the system at that time in order to determine the absolute error.  A log 

of the entire operation was created which would allow for playback at a later 

time for analysis if required.  At each stop for SA questions, the scenario was 

captured and saved within the simulator for later comparison with the 

participant’s responses. 

 

The simulator was equipped with UHF hand held radios for communication with 

the virtual deck crew and terminal operator.  A telephone system was provided 

for internal communication with the engine room, chief officer and captain as 

required and acted as a backup method of communication for the terminal 

operator should there be a problem with the UHF radio communication as is 

common practice at terminals.  The simulator instructor played the role of these 

virtual personnel and subjects were instructed to utilise and communicate with 

these crew members as they would on board a vessel when conducting these 

operations. 

 

Dameware network monitoring software was used to provide a real time repeat 

of the subject’s simulator screens in the simulator control room.  From the one 

way glass used in the simulator control room only the back of the subject could 

be observed.  To provide a frontal view of the subject the same network 

monitoring software was utilised on a computer equipped a high quality 

Logitech Pro 9000 web camera positioned in front of the subject providing the 

researcher located in the simulator control room with a real time frontal view of 

the subject.  This was recorded with the web camera software at a resolution of 

1600 x 1200.  CamStudio software was used to record the subject’s simulator 

screens for playback and review if required.    

 

A laptop was used to administer and record the SA questions at each simulator 

freeze.   
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5.3 Pilot Study - Protocol 

There were no previous studies for measuring SA of marine cargo control room 

operators in the literature reviewed.  An experimental exercise and protocol 

were devised by this researcher based on general advice regarding the 

administration of SAGAT from Endsley, (1988, 1996, 2000a, 2000b), Endsley & 

Jones, (1995), Jones & Kaber (2005), Stanton et al. (2005), and previous 

experience of running a liquid cargo handling simulator for training courses.   

 

Since this was a novel approach a pilot study was considered necessary to 

evaluate the effectiveness of the experimental design, the experimental 

exercise and the protocol for the administration of the exercise.  This would 

permit review and adjustments to be made prior to a larger scale study. 

 

To ensure subjects were sufficiently familiar with the vessel, its cargo system, 

the simulator interface and the location of relevant data, two familiarisation 

exercises were run prior to the research exercise.  The two familiarisation 

exercises and the research exercise were designed to be part of a single 

discharge operation.  This was intended to increase continuity and reduce the 

cognitive workload for the subjects when conducting the data collection 

exercise.  The familiarisation exercises would ensure subjects were able to 

locate important operational data from the vessel’s cargo system and provided 

each subject with the same level of familiarity with the cargo system prior to the 

research exercise. 

 

The first familiarisation exercise was preceded by an introduction to the 

research, signing of a consent form and an introduction to the simulator.  A 

demonstration of the simulator was then provided followed by the first 

familiarisation exercise.  This took the form of a series of written instructions to 

guide the subject through operations to start the discharge of the cargo, start 

the inert gas system and commence ballasting operations.  This engaged the 

subject with the scenario to be used for the research exercise and also 

familiarised the subject with the location of equipment and readouts around the 
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plant.  The three subjects used in the pilot study took from two, to two and a half 

hours to complete the first familiarisation exercise.   

 

The second familiarisation exercise began several hours further into the 

discharge operation from where the first familiarisation exercise stopped.  The 

exercise was preceded by an introduction to the method of data collection.  An 

example set of questions and table of task priorities was demonstrated on the 

laptop which was to be used for data collection.  Table 5.1 shows the table 

presented to subjects and used by them to rank task priorities.  Tank washing 

and cargo calculations were introduced in this exercise providing further 

familiarisation.  Written guidance was provided for the tank washing and cargo 

calculation parts of this exercise but not for elements that had been covered in 

the first exercise.  Endsley, (2000a), suggests that the first simulator freeze 

should not occur in within the first 3 to 5 minutes of the experiment.  In this pilot 

study the first simulator freeze for data collection was 29 minutes after the 

exercise started to allow the subject time to become immersed in the operation 

and familiar with the status of the cargo plant.  The total time taken for the 

second familiarisation exercise was about one and a half hours. 

 

Please indicate the where your attention was focused at the time 

of the simulator freeze in order of priority from 1 - 5.  1 is the main 

focus of attention 

Cargo discharge   

Ballast   

Cargo tank pressure management   

COW   

Trim, Stability & Stress   

Table 5.1 – Table to rank focus of attention 

 

Two stops for data collection were made during the second familiarisation 

exercise.  Each stop required that the five main tasks were prioritised in rank 
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order from 1 to 5 and 15 SA questions answered.  The average time to 

complete both of these tasks was 5 minutes.  Endsley, (2000a), suggests there 

should be three to five training trials; however in this research subjects who 

experienced one trial with two simulator freezes for data collection claimed they 

were comfortable with the data collection method.   

 

The third exercise, which was the data collection exercise, was preceded with a 

brief explanation of the scenario and the task to be achieved.  It was set a few 

hours after the scenario used in the second familiarisation exercise.  Only a 

description of the current status of the cargo plant and the task to be achieved 

during the exercise was provided to subjects for this exercise.  This information 

was provided in the form of a watch handover which all participants would have 

been familiar with.  There were no written instructions on how to conduct the 

operation. 

 

The number of stops for data collection was not revealed to the subjects. No 

specific guidance was noted in the literature regarding whether the total number 

of stops should be revealed to the subjects prior to the exercise.  Endsley, 

(2000a), suggests the timing of the simulator freezes should be random and not 

occur within one minute of each other.  This researcher took the view that the 

number of simulator freezes should not be revealed to the subjects on the basis 

that they may adjust their mental workload accordingly which could confound 

the research.  For example even though cognitive workload may have been 

high, knowing that there was only one more simulator freeze to go may have 

encouraged greater effort to be aware of a wider range of plant data than would 

be normal. 

 

The first simulator freeze was 34 minutes into the exercise to allow time for 

subject familiarisation with all parts of the operation and status of the cargo 

plant.  A total of 6 simulator freezes were made for data collection during the 

exercise.  The timing of each simulator freeze was random, however each 

simulator freeze was at the same time into the exercise for each subject to allow 

data comparison across subjects.  The set of SA questions at each freeze was 
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the same for each subject.  The exercise duration was about two hours 

including the simulator freezes for data collection. 

 

To support the three exercises described a number of documents were 

provided for the subject.  These documents would typically be available in a 

vessels cargo control room: 

• Ship / Shore safety checklist 

• Cargo plan 

• Cargo log sheets 

• Tide tables 

• Berth arrangement diagram 

• Tidal flow diagram 

• Cargo tank capacity table 

• Cargo figures on arrival 

• Cargo system alarm settings 

• Basic instructions for CargoMax stability software for reference 

 

At the end of the research exercise each subject was asked to complete a brief 

post exercise questionnaire, where they were asked to rate the impact of 

simulator freezes on their performance and SA, and the degree of difficulty re-

engaging with the operation when the simulation was resumed. 

 

After completion of each exercise the simulation was re-run by the researcher to 

allow comparison of the answers given by the subject with the actual status at 

the time question was asked.  In this way the error in the answer provided by 

the subject was determined.   
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5.4 Pilot Study Results 

 

 

5.4.1 Correlation of SA Against Task focus 

Responses to SA questions were organised by rank order of task focus and 

grouped by SA level for all subjects.  Each subject responded to 30 SA probe 

questions at each SA level giving a sample size of 90.   

 

Correlations were made using SPSS software for each level of SA against the 

rank order of task focus as described in the correlation study design.  A final 

correlation was made by combining all SA data across all 3 levels against rank 

order of task focus.  This gave a sample size of 270. 

 

At level 1 SA the mean SA score, (represented as the error in the answer), was 

9.22 (SD = 16.91).  Contrary to the research hypothesis Spearman’s correlation 

showed no relationship between level 1 SA and  task focus, と(88) = -0.048, p > 

0.05. 

 

At level 2 SA the mean SA score, (represented as the error in the answer), was 

13.75 (SD = 23.78).  Contrary to the research hypothesis Spearman’s 

correlation showed no relationship between level 2 SA and  task focus, と(88) = 

0.063, p > 0.05. 

 

At level 3 SA the mean SA score, (represented as the error in the answer), was 

14.50 (SD = 22.70).  Contrary to the research hypothesis Spearman’s 

correlation showed no relationship between level 3 SA and  task focus, と(88) = -

0.091, p > 0.05. 

 

At all levels of SA combined the mean SA score, (represented as the error in 

the answer), was 12.49 (SD = 21.51).  Contrary to the research hypothesis 

Spearman’s correlation showed no relationship between all levels of SA and  

task focus, と(268) = -0.022, p > 0.05. 
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None of the correlations are statistically significant.   

 

 

5.4.2 Correlation of SA Against Experience 

To correlate experience against SA at each level of SA, results were grouped 

by SA level for each subject and combined across subjects which gave a 

sample size of 90 for each level of SA.  The correlation study called for 

examination of experience measured as total tanker experience and as oil 

tanker experience so the correlation analysis was repeated for each of the two 

measures of experience.    

 

Correlations were made using SPSS software for each level of SA against the 

subjects experience in months as described in the correlation study.  A final 

correlation was made by combining all SA data across all 3 levels against 

subjects experience in months.  This gave a sample size of 270. 

 

 

5.4.2.1 Correlation of SA Against Total Tanker Experience 

At level 1 SA the mean SA score, (represented as the error in the answer), was 

9.22 (SD = 16.91).  Contrary to the research hypothesis Pearson’s  correlation 

showed no relationship between level 1 SA and  total tanker experience, r(88) = 

-0.012, p > 0.05. 

 

At level 2 SA the mean SA score, (represented as the error in the answer), was 

13.75 (SD = 23.78).  Contrary to the research hypothesis Pearson’s  correlation 

showed no relationship between level 2 SA and  total tanker experience, r(88) = 

-0.167, p > 0.05. 

 

At level 3 SA the mean SA score, (represented as the error in the answer), was 

14.50 (SD = 22.70).  Contrary to the research hypothesis Pearson’s  correlation 
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showed no relationship between level 3 SA and total tanker experience, r(88) = 

-0.078, p > 0.05. 

 

When combining all levels of SA the mean SA score, (represented as the error 

in the answer), was 12.49 (SD = 21.51).  Contrary to the research hypothesis 

Pearson’s  correlation showed no relationship between all levels of SA 

combined and  total tanker experience, r(268) = -0.092, p > 0.05. 

 

 

5.4.2.2 Correlation of SA Against Oil Tanker Experience 

At level 1 SA the mean SA score, (represented as the error in the answer), was 

9.22 (SD = 16.91).  Contrary to the research hypothesis Pearson’s  correlation 

showed no relationship between level 1 SA and  total tanker experience, r(88) =  

0.074, p > 0.05. 

 

At level 2 SA the mean SA score, (represented as the error in the answer), was 

13.75 (SD = 23.78).  Contrary to the research hypothesis Pearson’s  correlation 

showed no relationship between level 2 SA and  total tanker experience, r(88) = 

-0.060, p > 0.05. 

 

At level 3 SA the mean SA score, (represented as the error in the answer), was 

14.50 (SD = 22.70).  Contrary to the research hypothesis Pearson’s  correlation 

showed no relationship between level 3 SA and total tanker experience, r(88) = 

0.061, p > 0.05. 

 

When combining all levels of SA the mean SA score, (represented as the error 

in the answer), was 12.49 (SD = 21.51).  Contrary to the research hypothesis 

Pearson’s  correlation showed no relationship between all levels of SA 

combined and  total tanker experience, r(268) = 0.019, p > 0.05. 

 

None of the correlations are statistically significant and all are weak.   
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5.5 Pilot Study Discussion and Changes 

Feedback from subjects in the pilot study indicated that the familiarisation 

exercises worked well in terms of allowing the subjects to become familiar with 

the vessel’s cargo system and user interface but there was some concern about 

the length of time taken to complete the 3 exercises.  The implementation of the 

pilot study exercises in the simulator, the behaviour of the simulator, and the 

method of data collection worked well.  The lack of significant correlations found 

in the pilot study was of concern.  The correlations may have been affected by 

the small number of subjects.  Other factors considered as potentially impacting 

the results were the appropriateness of the questions asked and the way in 

which the percentage error was calculated for each answer.  These issues are 

discussed in the following sections. 

 

 

5.5.1 General 

Endsley, (2000a), suggests that several trials are run in the simulator to allow 

the subject to become familiar with the data collection method.  In the pilot study 

the two familiarisation exercises and the research exercise were designed to be 

part of the same discharge operation which ensured that subjects were familiar 

not only with the operation but with the simulator, its operation and the location 

of the various system controllers and gauges.  All subjects reported they had no 

problem with identifying the task goal of discharging oil and tank washing and 

the subtasks required to achieve it.  Endsley also suggests that there be three 

to five simulator freezes with data samplings to allow subjects to become 

familiar with the method of data collection.  In the pilot study familiarisation 

exercise only two simulator freezes were carried out with data collection at each 

freeze.  All subjects reported they had no problem with understanding what was 

required of them in answering the SA questions and identifying a rank order of 

priority for the subtasks being conducted. 

 

While the two familiarisation exercises ensured familiarity they took about four 

and half hours in total over two sessions.  In addition the research exercise took 
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a further two hours.  Each session was carried out in the evening and it was 

recognised this was a significant time commitment from the volunteer subjects.   

 

At the end of the research exercise each subject was given a post simulation 

questionnaire.  When asked if there was sufficient time to become familiar with 

the operation and the status of the cargo system before the first simulator 

freeze, they all reported the initial time period was sufficient. 

 

When asked how stopping the simulation affected their performance they 

reported it made little difference, although the least experienced subject 

reported a slightly higher effect than the more experienced subjects.   

 

When asked how the simulator freezes affected their SA the two more 

experienced officers reported it had little or no impact.  The least experienced 

officer reported a higher impact on his SA. 

 

When asked if the time taken for each simulator freeze made it difficult to 

resume the operation they all reported this had little effect on them.  This 

supports findings by Endsley, (2000a), and Hogg et al, (1995), and reflects the 

real cargo control environment.  It would not be uncommon for the officer in 

charge of the cargo operation to be interrupted periodically from the main task 

of discharging the cargo by visitors to the control room engaging in 

conversation, or receiving phone calls about other ship related matters separate 

from the main task goal.   

 

In an unstructured post simulation debrief the first subject stated that he found 

the intervals between stops, (the period of time when the simulation was 

running), to be too short at times which made it more difficult to re-engage with 

the operation.  The shortest such period was 5 minutes and this was extended 

with the subsequent two subjects to be a minimum of 7 minutes.  When the final 

two subjects were asked verbally about this time period they reported no 

problem with this interval.   
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5.5.2 Changes to SA Questions 

The questions asked in order to determine awareness are key to the 

methodology.  It was felt that a good question would elicit responses which 

would provide a range of scores thus discriminating different levels of 

awareness between subjects.  Questions frequently providing responses of 

either 0 or 100% error demonstrated good or poor awareness of a particular 

parameter but failed to provide differentiation between subjects.  An error of 

100% meant the subject had made a large error in his answer.  This could be 

due to poor SA or it could mean the question was not appropriate, misleading or 

badly worded. 

 

SA questions used in the pilot study were reviewed and those which recorded 

scores of 0% or 100% were identified.  Those which recorded 0% or 100% error 

on more than one occasion were re-phrased or substituted for alternatives 

where appropriate from the original bank of questions created from the GDTA.  

 

To aid clarification and reduce cognitive workload all questions were amended 

so that they ended by stating the units in which the answer was to be given.  

For example,  

‘What is the difference in ullage between tanks Stbd Slop and 2P? (in 

metres)’ 

 

 

5.5.3 Changes in the Calculation of Percentage Error 

Two factors were reviewed with respect to the way in which the percentage 

error was calculated.  Section 4.6.4 described why it was decided that 

determination of the percentage error in answers given by subjects would be 

calculated as a percentage of a range of values.  Further consideration was 

given to this and it was realised that while this would be appropriate if all 

answers were in the same range it was not appropriate when comparing 

answers from an array of parameters with different ranges.   

 



138 

For example the cargo tanks have a pressure range from 0 to 1800mm WG but 

during the pilot exercise the pressure varied only slightly by +/-20mm WG.  If a 

subject’s answer to tank pressure was in error by 100mm WG and the range 

used is 1800mm WG the resultant error is 5.5%.  Since the change in tank 

pressure was limited, a range of 200mm WG was considered in order to 

increase sensitivity.  If the range was reduced to 200mm WG an error in the 

answer of 100mm WG would lead to a percentage error of 50%.  Selection of 

the range to be used clearly affected the percentage error calculated which 

would then impact on the subsequent correlation.  To avoid this problem it was 

decided that the calculation of percentage error in the main study would be 

calculated as a percentage of the actual value rather than as a percentage of a 

range. 

 

Percentage Error         =  Subject Answer – Actual Value x   100 

     Actual Value 

 

In the pilot study the calculation of percentage error was limited to 100%.  Any 

percentage error greater than 100% was returned as 100%.  When the 

calculation was based on a range there were only a limited number of cases 

were the errors were greater than 100% of the chosen range.  Once it was 

decided to change the method of calculating percentage errors it was decided 

to no longer limit the maximum error returned from the calculation to 100%.  

This would provide greater granularity in the data potentially showing greater 

range of variation between answers and therefore a greater insight into the 

subject’s awareness of that parameter.  

 

 

5.5.4 Changes to Familiarisation Exercises 

Reflection upon the pilot study concluded that the two familiarisation exercises 

should be reduced to a single exercise.  The reasons for this and the changes 

made are as follows: 

• The time required of volunteer subjects in the pilot study was 

approximately seven hours and it was considered that this amount of 
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time commitment may reduce the number of volunteers who would come 

forward for the main study.   

• The second familiarisation exercise provided step by step guidance on 

how to conduct the tank washing.  It was decided that this was effectively 

training subjects in how to conduct a sub operation in the research 

exercise which effectively reduced the differential between novice and 

expert operator.  This would impact on the correlation between SA and 

experience.  Therefore this part of the familiarisation was removed.  The 

familiarisation exercise was amended to include a description of the 

relevant parts of the tank washing system ensuring that all subjects were 

familiar with the system but not instruction in how to utilise it.  Ability to 

operate the system would now be a more accurate reflection of a 

subject’s experience and awareness. 

• In the pilot study familiarisation exercise 1 the subject was provided with 

step by step instructions on starting the discharge of Arabian Light crude 

oil with cargo with pump number 1 and then number 2 and then 

instructed to start the discharge of Arabian Heavy crude oil with number 

3 cargo pump in a similar way without step by step instruction.  While this 

is a good method of familiarising a subject with the cargo system and 

cargo pump operation, starting the discharge operation wouldn’t be 

required in the research exercise.  This was amended in the main study 

familiarisation exercise so that the Arabian Heavy grade of crude oil was 

already being discharged when the scenario started and the subject was 

provided a step by step guide to starting the discharge of Arabian Light 

crude oil with cargo pumps 1 and 2.  This provided a significant saving in 

time but still familiarised subjects with the method of pump control which 

would be required in the research exercise. 

• In the pilot study familiarisation exercise the Inert Gas System was 

started with step by step instructions to provide familiarity with the 

system.  In the research exercise the ship’s inert gas plant was already 

set up and running.  Therefore the familiarisation exercise was changed 

to provide a brief description of the system which was all that was 

required to complete the research exercise. 
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• Introduction to the stability and stress loadicator programme was 

provided in the single familiarisation exercise together with the 

requirement to complete a set of cargo figures and exchange cargo data 

with the terminal operator which was a requirement in the research 

exercise. 

• The two simulator freezes for familiarisation with the method of data 

collection which were part of the second familiarisation exercise in the 

pilot study were now incorporated into a single familiarisation exercise in 

the main study. 

 

The new familiarisation exercise was tested on 3 volunteers. The average time 

taken for familiarisation with the simulator and the scenario was 2 hours and 20 

minutes of which 1 hour and 30 minutes was the average time taken to 

complete the familiarisation exercise.  This was a significant reduction from the 

4 hours and 30 minutes taken to complete the two familiarisation exercises in 

the pilot study.  Although the time was reduced by about 2 hours subjects still 

reported that they were comfortable with the operation of the simulator and the 

location of the main equipment and controls.  This was considered to be 

reasonable since a handover to a control room operator who has just joined a 

vessel, from the officer who is leaving the vessel, (which would commonly occur 

during a cargo operation), can be in the order of this duration in reality.  

Additionally it is noted that ships’ officers frequently take over control systems 

which they may not have seen before but understand where the most important 

information for the current task can be located. 

 

 

5.5.5 Changes to the Research Exercise 

Some of the SA questions related to the Oxygen content of the inert gas and 

how it may have changed over time.  In the pilot study the inert gas system was 

running in a stable condition resulting in no change.  For the main study a fault 

in the inert gas system was built into the scenario resulting in a slow increase in 

the Oxygen content throughout the exercise.  This would require the subject to 

identify the changing parameter and monitor it over the period of the exercise.  
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SA questions relating to this would now provide a more accurate reflection of 

current awareness and rate of change of these parameters. 

 

Some of the SA questions related to the tank pressure and its variation over a 

period of time.  In the pilot study the tank pressure was managed by the vessels 

Gas Regulation Valve being set in automatic mode, which would be normal for 

such a discharge operation.  For the main study a fault was generated in the 

automatic controller requiring the tank pressure be monitored and adjusted by 

manual manipulation of the Gas Regulation Valve.  This would be normal in any 

case where there was a problem with the automatic pressure controller.  

Subjects were made aware of the failure of the automatic controller before the 

start of the exercise.  The implication of this and the means of monitoring and 

adjustment were left for them to determine as part of the exercise.  The result of 

this change was that of a varying tank pressure which made the questions 

relating to awareness of tank pressure more relevant and revealing of the 

subjects’ awareness. 

 

 

5.5.6 Changes to SA Question Administration Time 

In the pilot study the simulator was frozen at the same time for each subject to 

administer the SA probe questions for example 39 minutes after the start of the 

operation.  This was considered important to allow for comparison of data 

between subjects.  Each simulator freeze asked questions of the five subtasks 

which were ongoing.  One of these was the tank washing.  The tank washing 

was not in operation at the start of the exercise and had to be initiated by the 

subject at some point.  This meant that the duration of the tank washing 

operation varied between subjects depending on how quickly they started this 

subtask.   The first simulator freeze was set long enough after the start of the 

exercise to allow the subject time to start the tank washing.  However it was 

recognised there was a possibility that a subject may not have started the tank 

washing at this time which would mean SA questions relating to that subtask 

were not relevant and the data collected would be reduced.  For the main study 

it was decided to change this method of determining when the simulator freeze 
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should occur and instead relate the simulator freeze times to the time at which 

the tank washing was commenced.  Therefore instead of the first freeze 

occurring 39 minutes after the exercise commenced the first freeze occurred 3 

minutes after the tank washing of the first cargo tank commenced.  Subsequent 

freezes were anchored to this time as shown in table 5.2. 

 

Simulator Freeze Number Exercise Time 

1 Start COW tank 1 time + 3 mins 

2 Stop 1 + 9 mins 

3 Stop 2 + 7 mins 

4 Stop 3 + 10 mins 

5 Start COW tank 2 time + 4 mins 

6 Stop 5 + 9 mins 

Table 5.2 - Relation of simulator freeze time to Crude Oil Washing 

 

Since all other subtasks were ongoing throughout the operation this method of 

determining simulator freeze times ensured that the SA probe questions were 

equally relevant across all subjects.  This method also allowed subjects as 

much time as they wanted before starting the crude oil washing operation 

without impacting on the timing of simulator freezes.  A good operator would, for 

example, take time to check volumes of oil in the tanks to be washed with the 

available space in the receiving slop tank to where the oil would be returned 

during the washing operation.  He would receive simulator freezes at the same 

point in the washing operations as a poor operator who did not make this check 

and so started the washing operation more quickly. 

 

 

5.5.7 Changes to the Post Exercise Questionnaire 

It was noted during the pilot study that subjects appeared to be scanning the 

control system interface pages more frequently than when similar training 

exercise are run in the simulator.  This was confirmed in the verbal debrief at 

the end of the exercise.  All three subjects agreed that they were scanning the 

cargo system more than they might normally on the real vessel in anticipation of 
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answering questions.  This was unexpected as Endsley had stated that subjects 

had not been preparing for SAGAT questions.  To address this, an additional 

question was added to the post exercise questionnaire specifically to address 

this issue. 

 

 

5.6 Selection Criteria for Volunteer Subjects 

All participating volunteer subjects were required to be certified merchant navy 

deck officers who had experience sailing on oil tankers.  Since there are three 

main types of bulk liquid tanker, oil, liquefied gas and chemical, on which these 

ships’ officers could have sailed there was an option to exclude those who had 

sailed on liquefied gas and chemical tankers and only accept those with oil 

tanker experience.  However it was known to the researcher that it is common 

for these ships’ officers, particularly those with greater experience, to have 

sailed on more than one type of tanker.  It was therefore decided to stipulate 

that some experience of sailing on oil tankers be the only other criteria in 

addition to having a certificate of competence.  This would then allow for a 

random sample of the tanker officer population to participate in the experiment.  

A record of experience of sailing on other types of tanker was recorded and is 

described in section 6.2 and shown in table 6.1.   

 

 

5.7 Main Study - Protocol 

For the main research study the simulator, means of monitoring, video 

recording, communication, ancillary cargo and port paperwork was the same as 

that described in the pilot study.  A check list was developed for the researcher 

to ensure that all procedures would be the same for each subject and that 

simulator freeze times were consistent across subjects.  The researcher played 

the part of the virtual crew of the vessel and the terminal operator and this was 

made clear to the subject prior to the start of the operation.  In the pilot study 

due to the length of time taken to cover the 3 exercises they were conducted on 

consecutive evenings.  In the main study it was decided that both the 

familiarisation and main study would be conducted on the same day with a short 
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break of between 30 to 60 minutes between the familiarisation exercise and the 

research exercise. 

 

Subjects were given a brief introduction to the research and asked to read and 

sign the consent form.  A brief introduction and demonstration of the simulator 

was given.  The method of data collection was described and the laptop to be 

used with an example task ranking table and set of SA questions shown to the 

subjects prior to the single familiarisation exercise.  The familiarisation exercise 

was a set of written instructions to be followed and is presented in appendix B.  

This exercise allowed the subject to interact with and become familiar with all 

parts of the cargo system which were relevant to the research exercise which 

was to follow.  Log sheets to record cargo operations and hourly cargo 

quantities were provided in a format similar to that commonly found on vessels.  

(There is no standardisation of these log books, each shipping company 

providing their own).   

 

Simulator freezes were administered on reaching particular points in the 

familiarisation exercise.  This ensured the parts of the cargo plant and operation 

to which the questions related had been covered.  Data collected was not 

examined.   

 

At the end of the familiarisation exercise each subject was given a short 

informal de-briefing to ensure they were comfortable with the simulator, cargo 

system and method of data collection.   

 

After a break of 30 to 60 minutes the research exercise commenced with the 

subject being provided with a briefing of the current situation which was several 

hours on from the end of the familiarisation exercise.  The briefing was 

conducted in a manner similar to that of a watch hand over.  Since all subjects 

were serving merchant navy deck officers this would have been normal and 

familiar to them.   

 

The research exercise was conducted in a similar manner to the familiarisation 

exercise with the researcher playing the role of the virtual crew.  Responses to 
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crew instructions were complied with and the time taken for responses or 

actions taken consistent with that experienced onboard a vessel.  Simulator 

freeze times were administered in relation to the start of crude oil tank washing 

as previously described.  The time taken for each freeze was recorded and was 

found to be between 3 and 5 minutes across all subjects.   

 

At the end of the research exercise subjects were asked to complete a post 

exercise questionnaire.  An informal, unstructured, unrecorded debrief was 

carried out to ensure the subjects were comfortable with the research 

conducted and to address any questions they might have had.  This was not 

intended to be part of the research and was not recorded for this reason.  In 

hindsight some of the subjective comments made by the participants during this 

debrief could have been insightful, particularly in relation to views on some of 

the questions and the amount of preparation made to answer the SA questions. 
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Chapter 6 - Results of the Main Study 

 

6.1 Introduction 

Thirteen volunteer subjects were used in the main study.  All of them were 

certificated merchant navy officers with tanker experience from 3 to 360 

months.  Eleven of the thirteen were attending Warsash Maritime Academy for 

professional development courses, two were lecturers although neither had any 

previous experience of the liquid cargo simulator.  

 

After each experiment the simulation was re-run to allow the researcher to 

identify what the correct answer to each probe question was at the time it was 

administered.  The correct answers were compared with the answers given by 

the subjects to calculate the percentage error in the subject’s answers.  These 

were then correlated against rank order of task focus at each level of SA and 

against experience at each level of SA.  As previously described there was 

uncertainty as to whether to classify experience as oil tanker experience only or 

as all tanker experience, so to investigate the difference the correlations were 

repeated against each measure of experience.  

 

In an attempt to determine if stronger correlations could be established a review 

of the data was conducted to remove potential outliers in the data.  When this 

was completed the correlation analyses were repeated again to determine the 

impact this had on the resultant correlation coefficients.   

 

Anecdotal evidence from some subjects suggested that some parameters 

where attended to more than others simply because this is how they would 

conduct the operation onboard.  Examination of the mean error scores for each 

of the 90 probe questions supported this view.  Less attended parameters were 

removed and the correlation analysis repeated once again to determine if 

stronger correlations were present.   

 

Raw data collected during the research is presented in Appendix E.  All 

correlation analyses were conducted with SPSS. 
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6.2 Experiment Subjects 

Thirteen volunteer subjects took part in the experiment.  Their age, level of 

professional certification, (certificate of competence), and experience are 

summarised in table 6.1.  Note that in the column headed ‘Certificate of 

Competence’, grade1 is the highest qualification grade.  The selection of a 

sample population of ships’ officers who act as control room operators was 

random.  The sample population was drawn from volunteer students passing 

through Warsash Maritime Academy, (WMA).  Ships’ officers pass through 

WMA at various stages in their careers for continued professional development 

and for progression to higher levels of professional qualification and 

certification. 

 

In determining each participant’s experience, only experience on tankers was 

counted.  In some cases participants had only sailed on tankers, but in a 

number of cases participants had sailed on a variety of different types of vessel 

other than tankers such as container ships, bulk carriers or passenger vessels.  

From personal experience in the tanker shipping industry it was recognised that 

this would be a typical demographic for officers working on tankers.  It would be 

normal to find that some officers would have specialised in this type of vessel 

throughout their career while others would have experience of a wider range of 

ship types.  This mixture was viewed as being a representative sample of the 

population of officers serving on oil tankers rather than a sample population 

where all participants had only tanker experience.  In one case tanker 

experience was only 3 months but the subject had served on other types of 

vessel and had some experience in the handling of bulk liquids in the form of 

pumping water ballast into and out of the vessel.   

 

Ages varied from 24 to 53, a range of 29, a mean of 32.9 and a standard 

deviation of 10.1.  Total Tanker experience, (oil, gas and chemical), varied from 

3 months to 360 months, a range of 357 months, a mean of 68 months and a 

standard deviation of 94.7 months.  Experience on oil tankers only varied from 3 
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months to 276 months, a range of 273 months, with a mean of 51.9 months and 

a standard deviation of 71.7 months.   

 

 Experience on Tankers in Months 

Subject 
number 

Age Certificate 
of 

Competence 

Oil Chemical Gas Total 
Tanker 

Experience 

1 35 1 54 0 42 96 

2 24 2 3 0 0 3 

3 53 1 83 31 11 125 

4 48 2 276 83 1 360 

5 50 1 66 0 6 72 

6 27 3 47 0 0 47 

7 21 3 7 0 7 14 

8 26 3 13 0 6 19 

9 30 3 15 0 0 15 

10 29 3 22 22 0 44 

11 26 3 50 0 0 50 

12 30 3 18 0 0 18 

13 29 3 21 0 0 21 

Table 6.1 -Experimental subjects 

 

 

6.3 Correlation of SA Against Task Focus 

Each subject recorded his task focus at the time of the simulator freeze in rank 

order with 1 being the highest focus of attention and 5 being the lowest.   

 

Answers to the SA questions were compared with the actual values in the 

simulator at that time and the percentage error calculated.  Correlation analyses 

between SA and task focus were conducted as described in section 4.2. 

 

Data from all subjects, at each level of SA was combined and correlated against 

the subject’s stated rank order of task focus.  In addition all SA results 
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irrespective of level were combined and correlated against stated rank order of 

task focus.  This resulted in 4 correlation analysis: 

• All Level 1 SA in a task group against rank order of task focus  

• All Level 2 SA in a task group against rank order of task focus 

• All Level 3 SA in a task group against rank order of task focus 

• All levels of SA in a task group against rank order of task focus 

 

The Spearman’s と correlation coefficient is between -1 and 1 where: 

• If the percentage error increased exactly as the rank order of focus of 

attention decreased the coefficient would have the value of 1.  A positive 

correlation would indicate SA decreasing, (as represented by increasing 

error in answers to probe questions), with decreasing task focus.   

 

• If the percentage error decreased exactly as the rank order of focus of 

attention decreased, the coefficient would have the value of -1.  A 

negative correlation would indicate SA increasing, (as represented by 

decreasing error in answers to probe questions), with decreasing task 

focus. 

 

Null hypothesis 1, (section 4.2.1): 

There is no correlation between SA and task focus. 

 

At level 1 SA the mean SA score, (represented as the error in the answer), was 

21.01 (SD = 32.70).  Contrary to the research hypothesis Spearman’s 

correlation showed no relationship between level 1 SA and  task focus, と(384) = 

0.024, p > 0.05.  At level 1 SA null hypothesis 1 was not rejected. 

 

At level 2 SA the mean SA score, (represented as the error in the answer), was 

206.61 (SD = 699.90).  Contrary to the research hypothesis Spearman’s 

correlation showed no relationship between level 2 SA and  task focus, と(379) = 

-0.021, p > 0.05.  At level 2 SA null hypothesis 1 was not rejected. 
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At level 3 SA the mean SA score, (represented as the error in the answer), was 

49.52 (SD = 153.3).  Spearman’s correlation supported the research hypothesis 

that there is a relationship between level 3 SA and task focus, と(380) = -0.242, 

p < 0.001.  At level 3 SA null hypothesis 1 was rejected. 

 

When combining all levels of SA the mean SA score, (represented as the error 

in the answer), was 92.05 (SD = 420.65).  Spearman’s correlation supported 

the research hypothesis that there is a relationship between all levels of SA 

combined and task focus, と(1147) = -0.076, p < 0.01.  When combining all 

levels of SA null hypothesis 1 was rejected. 

 

The results show weak but statistically significant correlations at SA level 3 and 

when combining all SA levels together.  Both of these correlations are negative 

indicating that SA increased with decreasing task focus.  These results are 

discussed in section 7.2. 

 

 

6.4 Correlation of SA Against Experience 

SA data was analysed against subjects’ experience to determine the correlation 

between SA and experience.  SA scores were analysed at each of the three 

levels and collectively by grouping all SA scores across all levels together.  

Analysis at individual SA levels would determine if there was a difference 

between levels of SA while the analysis of all SA scores collectively against SA 

would provide a more holistic view of the relationship between SA and 

experience. 

 

Analysis was made using two different measures of experience, total time on all 

types of tankers, in months and, total time on oil tankers only, in months.  This 

would determine if the type of tanker which formed the predictor variable 

‘experience’ made a difference to the correlation.    
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6.4.1 Total Tanker Experience 

A correlation analysis was used to determine how SA varies at each level of SA 

with respect to total tanker experience in months.  This resulted in 4 correlation 

analysis as follows: 

• Total Tanker Experience against Level 1 SA  

• Total Tanker Experience against Level 2 SA 

• Total Tanker Experience against Level 3 SA 

• Total Tanker Experience against all levels of SA 

 

The Pearson’s r correlation coefficient is between -1 and 1 where: 

• If the percentage error increased exactly as experience increase the 

coefficient would have the value of 1.  A positive correlation would 

indicate SA decreasing, (as represented by increasing error in answer to 

probe questions), as experience increases. 

 

• If the percentage error decreased exactly as experience increased, the 

coefficient would have the value of -1.  A negative correlation would 

indicate SA increasing, (as represented by decreasing error in answer to 

probe questions), as experience increases. 

 

Null hypothesis 2, (section 4.2.2): 

There is no correlation between SA and total tanker experience. 

 

At level 1 SA the mean SA score, was 21.01 (SD = 32.70).  Contrary to the 

research hypothesis Pearson’s correlation showed no relationship between 

level 1 SA and  total tanker experience, r(384) = 0.028, p > 0.05.  At level 1 SA 

null hypothesis 2 was not rejected. 

 

At level 2 SA the mean SA score, was 206.61 (SD = 699.90).  Contrary to the 

research hypothesis Pearson’s correlation showed no relationship between 

level 2 SA and  total tanker experience, r(379) = -0.026, p > 0.05.  At level 2 SA 

null hypothesis 2 was not rejected. 
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At level 3 SA the mean SA score, was 49.52 (SD = 153.3).  Pearson’s 

correlation showed no relationship between level 3 SA and total tanker 

experience, r(380) = -0.016, p > 0.05.  At level 3 SA null hypothesis 2 was not 

rejected. 

 

When combining all levels of SA the mean SA score was 92.05 (SD = 420.65).  

Pearson’s correlation showed no relationship between all levels of SA combined 

and total tanker experience, r(1147) = -0.016, p > 0.05.  When combining all 

levels of SA null hypothesis 2 was not rejected. 

 

 

6.4.2 Oil Tanker Experience 

Repeating the above but considering only oil tanker experience in months rather 

than total tanker experience resulted in 4 correlation analysis as follows: 

• Oil Tanker Experience against Level 1 SA  

• Oil Tanker Experience against Level 2 SA 

• Oil Tanker Experience against Level 3 SA 

• Oil Tanker Experience against all levels of SA 

 

Null hypothesis 3, (section 4.2.2): 

There is no correlation between SA and oil tanker experience. 

 

At level 1 SA the mean SA score, was 21.01 (SD = 32.70).  Contrary to the 

research hypothesis Pearson’s correlation showed no relationship between 

level 1 SA and  oil tanker experience, r(384) = 0.023, p > 0.05.  At level 1 SA 

null hypothesis 3 was not rejected. 

 

At level 2 SA the mean SA score, was 206.61 (SD = 699.90).  Contrary to the 

research hypothesis Pearson’s correlation showed no relationship between 

level 2 SA and  oil tanker experience, r(379) = -0.039, p > 0.05.  At level 2 SA 

null hypothesis 3 was not rejected. 
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At level 3 SA the mean SA score, was 49.52 (SD = 153.3).  Pearson’s 

correlation showed no relationship between level 3 SA and oil tanker 

experience, r(380) = -0.020, p > 0.05.  At level 3 SA null hypothesis 3 was not 

rejected. 

 

When combining all levels of SA the mean SA score was 92.05 (SD = 420.65).  

Pearson’s correlation showed no relationship between all levels of SA combined 

and oil tanker experience, r(1147) = 0.023, p > 0.05.  When combining all levels 

of SA null hypothesis 3 was not rejected. 

 

 

6.5 Removal of Outliers 

Examination of the data showed that in some data sets there were values which 

may be considered as outliers.  Initially it was decided that this data should be 

left in the analysis on the basis that it added granularity to the results, indicating 

in these instances, how little awareness a subject may have of a particular 

parameter.  The lack of significant correlations reported above led to this 

opinion being reviewed.  It was recognised that extreme values in the data set 

may be caused by human error such as misunderstanding of the question or the 

units in which the answer was to be reported in.  Considering this possibility the 

distribution of data in each data set was examined to identify and remove 

outliers before repeating the correlation analysis with the revised data. 

 

Barnett and Lewis define an outlier in a set of data as, 

 

‘an observation (or subsets of observations) which appears to be 

inconsistent with the remainder of that set of data’ (Barnett & Lewis, 

1998) p.7 

 

A simple method to identify outliers is to use multiples of the SD either side of 

the mean, for example data which lies more than 3 SD from the mean would be 

excluded.  The number of SD multiples is arbitrary and the SD itself and mean 

point in the data set will be influenced by the size of an extreme data value.  In 
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summary extreme data values themselves influence the measure which 

determines those values which are to be considered as outliers.   

 

An alternative is a Boxplot, a method applicable to univariate data which may be 

normally distributed or skewed in its distribution.  It is less sensitive to extreme 

values which may affect the mean and SD because it uses quartiles, (Seo, 

2006).  In this method the Inter Quartile Range (IQR) is the distance between 

the first and third quartiles, (Q1 and Q3).  Outliers are considered possible if 

they lay outside of the range Q1 – (1.5 x IQR) or Q3 + (1.5 x IQR). 

 

The boxplot method was used on each of the data sets subjected to correlation 

analysis.  Having identified and removed outliers the correlation analyses 

described in 6.3 and 6.4 were repeated to determine the impact this would have 

on the correlation coefficients derived.   

 

The boxplot analysis was applied to the following data sets: 

• Level 1 SA 

• Level 2 SA 

• Level 3 SA 

• All levels of SA combined 

 

Data identified as being outliers by the boxplot analysis were removed and the 

correlations repeated.  The results of this analysis are presented below. 

 

 

6.5.1 Correlation of SA Against Task Focus 

In this case SA data for each SA level was correlated against the rank order of 

task focus but with outliers identified by a Boxplot having been removed.  This 

resulted in 4 correlation analysis across all subjects; 

• All Level 1 SA in a task group against rank order of task focus  

• All Level 2 SA in a task group against rank order of task focus 

• All Level 3 SA in a task group against rank order of task focus 

• All levels of SA in a task group against rank order of task focus 
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At level 1 SA the mean SA score, (represented as the error in the answer), was 

13.39 (SD = 16.85).  Contrary to the research hypothesis Spearman’s 

correlation showed no relationship between level 1 SA and  task focus, と(354) = 

-0.006, p > 0.05.  At level 1 SA null hypothesis 1 was not rejected. 

 

At level 2 SA the mean SA score, (represented as the error in the answer), was 

50.16 (SD = 41.30).  Contrary to the research hypothesis Spearman’s 

correlation showed no relationship between level 2 SA and  task focus, と(325) = 

-0.079, p > 0.05.  At level 2 SA null hypothesis 1 was not rejected. 

 

At level 3 SA the mean SA score, (represented as the error in the answer), was 

24.48 (SD = 25.92).  Spearman’s correlation supported the research hypothesis 

that there is a relationship between level 3 SA and task focus, と(349) = -0.182, 

p < 0.01.  At level 3 SA null hypothesis 1 was rejected. 

 

When combining all levels of SA the mean SA score, (represented as the error 

in the answer), was 28.79 (SD = 33.11).  Spearman’s correlation supported the 

research hypothesis that there is a relationship between all levels of SA 

combined and task focus, と(1032) = -0.085, p < 0.01.  When combining all 

levels of SA null hypothesis 1 was rejected. 

 

 

6.5.2 Correlation of SA Against Experience 

 

6.5.2.1 Total Tanker Experience 

The data sets for each level of SA with outliers removed were correlated against 

the predictor variable total tanker experience.  Four Pearson’s correlation 

analyses were conducted: 

• Total Tanker Experience against Level 1 SA  

• Total Tanker Experience against Level 2 SA 

• Total Tanker Experience against Level 3 SA 

• Total Tanker Experience against all levels of SA 
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At level 1 SA the mean SA score, was 13.39 (SD = 16.85).  Contrary to the 

research hypothesis Pearson’s correlation showed no relationship between 

level 1 SA and  total tanker experience, r(354) = -0.024, p > 0.05.  At level 1 SA 

null hypothesis 2 was not rejected. 

 

At level 2 SA the mean SA score, was 50.16 (SD = 41.30).  Contrary to the 

research hypothesis Pearson’s correlation showed no relationship between 

level 2 SA and  total tanker experience, r(325) = 0.048, p > 0.05.  At level 2 SA 

null hypothesis 2 was not rejected. 

 

At level 3 SA the mean SA score, was 24.48 (SD = 25.92).  Pearson’s 

correlation showed no relationship between level 3 SA and total tanker 

experience, r(349) = 0.020, p > 0.05.  At level 3 SA null hypothesis 2 was not 

rejected. 

 

When combining all levels of SA the mean SA score, (represented as the error 

in the answer), was 28.79 (SD = 33.11).  Pearson’s correlation showed no 

relationship between all levels of SA combined and total tanker experience, 

r(1032) = 0.031, p > 0.05.  When combining all levels of SA null hypothesis 2 

was not rejected. 

 

 

6.5.2.2 Oil Tanker Experience 

The data sets for each level of SA with outliers removed were correlated against 

the predictor variable oil tanker experience.  Four Pearson’s correlation 

analyses were conducted: 

• Oil Tanker Experience against Level 1 SA  

• Oil Tanker Experience against Level 2 SA 

• Oil Tanker Experience against Level 3 SA 

• Oil Tanker Experience against all levels of SA 
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At level 1 SA the mean SA score, was 13.39 (SD = 16.85).  Contrary to the 

research hypothesis Pearson’s correlation showed no relationship between 

level 1 SA and  oil tanker experience, r(354) = -0.028, p > 0.05.  At level 1 SA 

null hypothesis 3 was not rejected. 

 

At level 2 SA the mean SA score, was 50.16 (SD = 41.30).  Contrary to the 

research hypothesis Pearson’s correlation showed no relationship between 

level 2 SA and  oil tanker experience, r(325) = 0.059, p > 0.05.  At level 2 SA 

null hypothesis 3 was not rejected. 

 

At level 3 SA the mean SA score, was 24.48 (SD = 25.92).  Pearson’s 

correlation showed no relationship between level 3 SA and oil tanker 

experience, r(349) = 0.033, p > 0.05.  At level 3 SA null hypothesis 3 was not 

rejected. 

 

When combining all levels of SA the mean SA score, (represented as the error 

in the answer), was 28.79 (SD = 33.11).  Pearson’s correlation showed no 

relationship between all levels of SA combined and oil tanker experience, 

r(1031) = 0.039, p > 0.05.  When combining all levels of SA null hypothesis 3 

was not rejected. 

 

 

6.6 Removal of Less Attended Parameters 

The removal of outliers did not produce any further statistically significant 

correlations.  It was felt that the removal of outliers from the data sets by a 

statistical method could mean that in some cases the lack of SA demonstrated 

by some subjects was lost.  However it was apparent that some data could be 

considered to be outliers.  The data was examined again but this time each 

probe question was examined rather than the data sets by SA level.  

Examination of the errors for each probe question revealed that some questions 

had greater mean error scores than others.  This indicated that some 

parameters addressed by the probe questions were less attended than others.  

Section 7.5 discusses this in further detail.  Since it was possible that less 
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attended parameters were creating noisy data these probe questions were 

removed and the data re-analysed.  To determine which probe questions were 

to be considered less attended and therefore removed the mean error for each 

probe question was determined.  The mean of these means was calculated to 

be 94.2%.  Probe questions with a mean error score above this value were 

considered to be less attended and removed.  The correlation analysis was then 

repeated. 

 

 

6.6.1 Correlation of SA Against Task Focus 

All SA data from all subjects, for each SA level, was correlated against the rank 

order of task focus but with data from apparently less attended parameters 

removed.  This resulted in 4 correlation analysis across all subjects; 

• All Level 1 SA in a task group against rank order of task focus  

• All Level 2 SA in a task group against rank order of task focus 

• All Level 3 SA in a task group against rank order of task focus 

• All levels of SA in a task group against rank order of task focus 

 

At level 1 SA the mean SA score, (represented as the error in the answer), was 

21.23 (SD = 33.20).  Contrary to the research hypothesis Spearman’s 

correlation showed no relationship between level 1 SA and  task focus, と(383) = 

0.009, p > 0.05.  At level 1 SA null hypothesis 1 was not rejected. 

 

At level 2 SA the mean SA score, (represented as the error in the answer), was 

52.20 (SD = 41.30).  Spearman’s correlation supported the research hypothesis 

that there is a relationship between level 2 SA and task focus, と(255) = -0.134, 

p < 0.05.  At level 2 SA null hypothesis 1 was rejected. 

 

At level 3 SA the mean SA score, (represented as the error in the answer), was 

29.97 (SD = 53.55).  Spearman’s correlation supported the research hypothesis 

that there is a relationship between level 3 SA and task focus, と(330) = -0.181, 

p < 0.01.  At level 3 SA null hypothesis 1 was rejected. 
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When combining all levels of SA the mean SA score, (represented as the error 

in the answer), was 32.35  (SD = 48.07).  Spearman’s correlation supported the 

research hypothesis that there is a relationship between all levels of SA 

combined and task focus, と(973) = -0.100, p < 0.01.  When combining all levels 

of SA null hypothesis 1 was rejected. 

 

 

6.6.2 Correlation of SA Against Experience 

 

6.6.2.1 Total Tanker Experience 

The data sets for each level of SA with less attended parameters removed were 

correlated against the predictor variable total tanker experience.  Four 

Pearson’s correlation analyses were conducted: 

• Total Tanker Experience against Level 1 SA  

• Total Tanker Experience against Level 2 SA 

• Total Tanker Experience against Level 3 SA 

• Total Tanker Experience against all levels of SA 

 

At level 1 SA the mean SA score, was 21.23 (SD = 33.20).  Contrary to the 

research hypothesis Pearson’s correlation showed no relationship between 

level 1 SA and  total tanker experience, r(383) = 0.043, p > 0.05.  At level 1 SA 

null hypothesis 2 was not rejected. 

 

At level 2 SA the mean SA score, was 52.20 (SD = 53.26).  Contrary to the 

research hypothesis Pearson’s correlation showed no relationship between 

level 2 SA and  total tanker experience, r(255) = -0.030, p > 0.05.  At level 2 SA 

null hypothesis 2 was not rejected. 

 

At level 3 SA the mean SA score, was 29.97 (SD = 53.55).  Pearson’s 

correlation showed no relationship between level 3 SA and total tanker 

experience, r(330) = -0.036, p > 0.05.  At level 3 SA null hypothesis 2 was not 

rejected. 
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When combining all levels of SA the mean SA score, (represented as the error 

in the answer), was 32.35 (SD = 48.07).  Pearson’s correlation showed no 

relationship between all levels of SA combined and total tanker experience, 

r(975) = -0.012, p > 0.05.  When combining all levels of SA null hypothesis 2 

was not rejected. 

 

 

6.6.2.2 Oil Tanker Experience  

The data sets for each level of SA with less attended parameters removed were 

correlated against the predictor variable oil tanker experience.  Four Pearson’s 

correlation analyses were conducted: 

• Oil Tanker Experience against Level 1 SA  

• Oil Tanker Experience against Level 2 SA 

• Oil Tanker Experience against Level 3 SA 

• Oil Tanker Experience against all levels of SA 

 

At level 1 SA the mean SA score, was 21.23 (SD = 33.20).  Contrary to the 

research hypothesis Pearson’s correlation showed no relationship between 

level 1 SA and  oil tanker experience, r(383) = 0.039, p > 0.05.  At level 1 SA 

null hypothesis 3 was not rejected. 

 

At level 2 SA the mean SA score, was 52.20 (SD = 53.26).  Contrary to the 

research hypothesis Pearson’s correlation showed no relationship between 

level 2 SA and  oil tanker experience, r(255) = -0.020, p > 0.05.  At level 2 SA 

null hypothesis 3 was not rejected. 

 

At level 3 SA the mean SA score, was 29.97 (SD = 53.55).  Pearson’s 

correlation showed no relationship between level 3 SA and oil tanker 

experience, r(330) = -0.028, p > 0.05.  At level 3 SA null hypothesis 3 was not 

rejected. 

 

When combining all levels of SA the mean SA score, (represented as the error 

in the answer), was 32.35 (SD = 48.07).  Pearson’s correlation showed no 
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relationship between all levels of SA combined and oil tanker experience, r(973) 

= -0.006, p > 0.05.  When combining all levels of SA null hypothesis 3 was not 

rejected. 

 

 

6.7 Post Simulation Questionnaire 

On completion of the final simulator freeze each subject was given a post 

simulation questionnaire to complete.  The purpose of this subjective 

questionnaire was to establish the impact on the subjects of interrupting the 

operation with simulator freezes.  Five questions were posed.  Questions 2 

through 5 used a Likert scale to indicate their response.  In each case there was 

the option of adding comments to expand on their view.  Figures 6.1 to 6.5 

show the distribution of results.   

 

Question 1. 

Was there sufficient time before the first stop to become familiar with the 

operation and the status of the cargo system? 

 

 

Fig 6.1 Distribution of response to Question 1 
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No direct answer = 1 

 

Question 2. 

How do you feel stopping the simulation to ask questions affected your 

performance? 

Please indicate how you feel the stops to ask questions affected your 

performance on a scale of 1 – 10, where;  

1   = it didn’t make any difference to my performance  

10 = it greatly reduced my performance 

 

Fig 6.2 Distribution of responses to question 2 
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Fig 6.3 Distribution of responses to question 3 

 

 

Mean = 3.69 

Range = 7 

SD = 2.09 
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Fig 6.4 Distribution of responses to question 4 

 

 

Mean = 2.92 

Range = 9 

SD = 2.13 
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Fig 6.5 Distribution of responses to question 5 
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Chapter 7 - Discussion 

 

7.1 Introduction 

Some weak correlations were reported between SA and task focus but no 

correlations were found between SA and experience.  These results are 

discussed together with a re-analysis of the data after the removal of outliers.  A 

further review of the data revealed the error in response to questions indicated 

that some system parameters were monitored more closely than others.  It was 

considered that the less attended parameters were creating noisy data so an 

attempt was made to remove questions relating to these parameters; these 

results are discussed. 

 

The effect on the data collected from subjects who knew they were being tested 

is discussed and compared with views published in previous research.  Finally 

there is a discussion on the subjective data collected from the subjects who 

participated in the research. 

 

 

7.2 Correlations of SA and Task Focus 

Attention is a limited cognitive resource.  In a complex dynamic environment 

attention must be directed and redirected amongst multiple threads of on-going 

activity according to current goals and information cues in order to generate SA.  

One of the research aims was to investigate the relationship between SA and 

focus of attention with respect to the subtasks which made up the main task 

goal of discharging a cargo of oil.  It was anticipated that the tasks subjects 

stated were their highest priority at the time of the simulator freeze would 

correlate with the higher levels of SA.  Since the definition of SA adopted for this 

research identified SA at 3 levels the correlation was conducted at each of the 

levels in addition to a combination of all 3 levels.  This was to determine if it 

would be possible to identify stronger correlations with particular levels of SA.   

 

The results presented in section 6.3 show statistically significant correlations 

only at SA level 3 and when combining all levels of SA together.  These 2 
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correlation coefficients were negative which indicated that as task focus 

decreased so did the error in answer to probe questions, thus it can be said that 

as task focus decreased SA increased.     

 

This relationship was opposite to what might be expected.  A task which was 

the main focus of attention was expected to correlate with greater SA, (indicated 

by a lower % error score).  As the rank order of task focus decreased from 1 to 

5 the % error in answers to the probe questions was expected to increase, 

(indicating decreasing SA).  This positive correlation is shown in fig 7.1. 

 

 

 

 

 

 

 

 

Figure 7.1 - Positive correlation 

 

The aim of the research was to investigate the existence and strength of the 

relationship between SA and task focus.  As such the cause of the weak 

negative correlations between SA level 3 and all SA levels combined cannot be 

determined from the results.  However several factors which may have 

influenced these results are discussed below. 

 

• The exercise scenario was designed to have 5 subtasks ongoing 

concurrently in order to provide a range of tasks with changing levels of 

prioritisation to correlate SA against.  The 5 subtasks selected were felt 

by the SMEs to be a good reflection of a real life scenario on this type of 

vessel.  Each of these tasks had ongoing events which required varying 
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directed by top down goal selection, and bottom up plant data.  This 
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would be an ongoing process for the operator.  The five subtasks of 

cargo discharge, crude oil washing, ballasting, management of tank 

atmosphere and pressure, and trim stability and hull stress management, 

provided the top down primary goals.  Of these, ballasting was ongoing 

but the filling of several tanks was almost completed and required 

frequent attention.  Crude oil washing had to be set up, initiated, 

monitored and completed within the exercise.  Cargo discharge was 

ongoing requiring monitoring of multiple tank levels in addition to pump 

parameters.  Tank atmosphere and pressure control was ongoing with a 

constant delivery of inert gas into cargo tanks being discharged; 

variables here were only changing slowly as they would in reality.  Vessel 

stability, hull stress, draft and trim monitoring was ongoing but values 

were only changing slowly over time and were not critical so required 

less attention.  In summary the first two sub tasks required more 

attention in order to complete them during the data collection exercise; 

the third sub task required less attention as it was a critical but ongoing 

task, while the last two tasks required the least attention.  This 

combination of concurrent task goals required frequent switching of 

attention between subtasks as opposed to long periods focusing on an 

individual task.  Frequent switching of attention would help to ensure that 

attention was focused in the correct place but would also increase the 

cognitive workload.  A possible advantage of constantly interrogating 

plant data and evaluating this against task goals is that it may have 

assisted with mnemonic retrieval of information.  This may have assisted 

with the ability to recall data and answer the SA probe questions.  If this 

was so then it may have led to a more general level of awareness of the 

plant status rather than one which correlated with stated rank order of 

task priority at any given moment in time.  

 

• At the time of a simulator freeze the subjects reported which task they 

were focused on at that moment in rank order of priority.  The negative 

correlation between SA level 3 and all SA levels with task focus may 

have been influenced by the stated priority ranking having changed just 

prior to the simulator freeze.  For example at a given moment in time the 
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main focus of attention may have been ballasting.  Just prior to the 

freeze the main focus of attention may have changed to something else 

such as crude oil washing.  At the time of the freeze crude oil washing 

would be correctly reported as the main focus of attention, but there may 

have been insufficient time to have become familiar with all the 

parameters associated with that task since it had only just become the 

main focus of attention.  In such a case the answers to questions relating 

to the task ranked as the main focus of attention may show greater error, 

(lower SA), than a task ranked as a lower priority.  This would result in a 

negative correlation, the opposite of what might be expected. 

 

• The rate of change of parameter values may have influenced the 

negative correlations reported.  The correlation coefficient at SA level 3, 

(と(380) = -0.242, P<0.001), measured future status.  The lowest ranked 

task priorities were mostly reported as those of tank pressure 

management, or trim stability and stress.  In both of these tasks 

parameter values change slowly over time.  Therefore, when predicting 

future status for SA level 3, values close to the current ones would 

generate only small errors.  In the case of the higher priority tasks, which 

were, in most cases, crude oil washing, cargo discharge and ballasting, 

parameter values were generally changing more rapidly and so may 

have been more difficult to predict future status.  This may have resulted 

in smaller errors in answer to probe questions, (indicating greater SA), 

for tasks ranked as lower priority resulting in a negative correlation. 

 

• This research has shown some evidence of preparation to answer probe 

questions in the post exercise questionnaire.  It is possible that increased 

awareness generally across sub tasks and parameters was created by 

subjects preparing to answer questions and this may have reduced the 

difference between awareness within sub tasks.  If so this may have 

reduced the strength of the correlation coefficients reported. 
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• While the number of subjects in the study was 13, they provided 390 

responses at each level of SA and 1170 responses when combining all 

levels of SA together.  This number of responses resulted in correlations 

with degrees of freedom of 388 and 1168 respectively, (the actual 

reported degrees of freedom where slightly less than this due to a small 

number of questions which were omitted by some subjects).  While the 

degrees of freedom for the correlation are reasonably large they were 

derived from a relatively small sample population.  A larger sample 

population may have a better chance of determining statistically 

significant correlation coefficients.   

 

 

7.3 Correlations of SA and Experience 

The results presented in section 6.4.1 for correlation of SA against total tanker 

experience and those presented in section 6.4.2 for SA against oil tanker 

experience showed no statistically significant correlation between SA and 

experience irrespective of whether experience was quantified as general tanker 

or oil tanker specific.   

 

If using time on tankers as the measure of experience does not produce a 

significant correlation between SA and experience then this is relevant to the 

tanker shipping sector.  It is common practice for companies who charter 

vessels to carry cargoes of oil, chemicals or liquefied gas to assess the risk 

posed by the vessel, and those who operate it, before entering into a chartering 

agreement.  The risk posed by the vessel is determined by vetting the vessel 

which is achieved by sending a vetting inspector to survey the vessel on behalf 

of the charterer.  The level of risk posed by the officers serving on the vessel is 

commonly determined by an ‘officer matrix’.  This matrix has two elements for 

each officer on a vessel, time in rank and time with a company.  The premise of 

the matrix is that the longer officers have been in a specific rank the more 

experienced and competent they will be and therefore the lower the risk of poor 

performance when they conduct their duties and operations on the vessel.  The 

results from this research suggest there is no correlation between SA and 
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experience measured in time on a type of vessel.  Good SA is no guarantee of 

good performance, but SA and performance are often associated, (particularly 

when an accident is related to a loss of SA).  Therefore these results suggest 

that when attempting to quantify competence and the risk of good or poor 

performance, experience, measured in time, may be a poor indicator. 

 

A lack of correlation between SA and experience would be an important 

conclusion from this research.  Factors which may have influenced the 

correlations between SA and experience were considered. 

 

• Quantification of the variable ‘experience’.  Endsley, (2000a), refers to 

pilot experience as number of flying hours.  Cargo operation experience 

is more difficult to quantify for ships officers.  Ideally the number of hours 

on watch in the vessel’s cargo control room operating the cargo plant 

would quantify this variable; however this is not recorded by ships 

officers.  The general assumption in this research was that the longer 

time spent on tankers would equate to greater experience with the cargo 

operations.  This may not always be the case which may have 

confounded the variable ‘experience’. 

 

• The sample population for this research was random, experience was 

not controlled for.  When considering total tanker experience the 

minimum was 3 months and the maximum 360, a range of 357.  The 

average was 68 months and the SD 94.7.  Considering oil tanker 

experience the minimum was 3 months and the maximum 276, a range 

of 273.  The average was 51.9 months and the SD 71.7 months.  While 

the range of experience is broad the distribution is skewed slightly 

towards the lower end of this variable.    

 

• The number of concurrent sub tasks and the parameters associated with 

them forced all subjects to focus attention on similar parameters, (such 

as those associated with ballasting and crude oil washing), in order to be 

able to complete the tasks.  The need to attend to particular parameters 
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in order to complete the task may have reduced the differentiation 

between subjects, irrespective of their level of experience.  Conversely a 

more static scenario may have given the operators more freedom to 

decide which parameters to attend to and therefore may have revealed a 

wider range of SA to correlate with experience. 

 

• The effect of being tested may have influenced the data collected.  The 

task to be carried out was a common one for this type of vessel and the 

simulator provided an environment which was similar to that found on a 

real vessel with similar equipment and control interface.  Unlike 

conducting the operation on a real vessel all the subjects knew they were 

to answer questions about the plant status at intervals throughout the 

operation.  Contrary to reports from the literature reviewed, the results of 

the post exercise questionnaire indicated that subjects were preparing 

themselves to some degree to answer the probe questions.  This was 

supported by the increased amount of control screen page changing 

witnessed by the researcher when compared to students who conduct 

similar exercises in the simulator as part of normal training courses.  If 

subjects were preparing to answer questions about plant status then it is 

likely that they were making themselves more aware of a wider range of 

plant parameters which may have removed the differentiation in SA 

between those with differing levels of experience.     

 

 

7.4 Removal of Outliers 

Answers to questions with large percentage errors were initially taken as an 

indication of the magnitude of the subject’s lack of awareness of that parameter.  

There remains the possibility however that the size of the discrepancy in the 

answer could be due to an error when typing the answer into the laptop used to 

collect data, a misunderstanding of the question, or the units in which the 

answer was to be given in.  Subjects were conducting a series of concurrent 

tasks, which would create a high cognitive workload interspersed with simulator 

freezes to ask questions about plant status.  At each freeze 15 questions were 
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administered.  The time for answering questions was recorded and averaged 

between 4 and 5 minutes.  Answering questions from across the plant and all 

subtasks undoubtedly increased the cognitive workload and put an increased 

strain on working memory therefore increasing the possibility of making an 

error.  In the first chapter of his book on Human Error, Reason, (1990), uses an 

analogy of a ‘cognitive balance sheet’ implying that as cognitive load increases 

so does the chance of error.  Wickens, (2008), compares the relationship 

between task difficulty, operator skill and resource demand.  A more difficult 

task places greater demand on resources such, as working memory, and 

demand will be higher for a less skilled operator.  With increasingly difficult 

tasks and lower operator skills, often, but not always performance is degraded. 

 

Endsley, (2000a), suggested that the questions should be posed in a cognitively 

compatible manner and that they should be phrased as similar as possible to 

how the person thinks about the information.  In line with this all the units 

selected were either those which the operator would normally associate with 

that measurement or those in which the value was displayed on the simulator 

interface.  In addition every probe question ended by stating the units in which 

the answer was to be provided; for example question 139, ‘What is the current 

sounding in ballast tank 1S? (in metres)’.   

 

As discussed in section 7.6 subjects may have been trying to retain a wide 

variety of data in short term memory in preparation for answering probe 

questions.  Short term memory was likely to be heavily used in dealing with the 

multiple subtasks in the operation; retaining data in preparation for answering 

questions increased the chance of misunderstanding the question or making an 

error.  During an unstructured debrief at the end of the exercise one subject 

admitted that he had got confused with the tank ullage values, (top of tank to 

liquid surface measurement), because he had switched the readings to 

soundings, (bottom of tank to liquid surface measurement), and forgot to turn 

them back to ullage readings for a period of time.  He put this error down to the 

high mental work load he was experiencing at the time.   
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Recognising some of the apparent outliers may have been caused by error 

rather than a lack of SA it was considered reasonable to re-examine the data 

after removing outliers from each data set. 

 

The results presented in sections 6.5.1, 6.5.2 showed that the removal of 

outliers from the data did not make any difference to the number of statistically 

significant correlations after the data was re-analysed with outliers removed.  

Only the correlation between SA and task focus at SA level 3 and all levels of 

SA combined produced statistically significant correlations.  At SA level 3 the df 

was reduced by 31 and the correlation was weaker with と reducing from -0.242 

to -0.182.  When combining all SA data together the removal of outliers reduced 

the df by 115 but the correlation coefficient と was slightly stronger increasing 

from -0.076 to -0.085.   

 

 

 

7.5 Removal of Less Attended Parameters 

A review of the mean percentage error scores for each of the 90 probe 

questions revealed a wide variation, (range 1907, mean 94.2, SD 237.9).  This 

shows that some parameters were less attended than others.  Probe questions 

are the prime determinant of the SAGAT methodology.  The numerical values of 

SA derived from SAGAT arise solely from the probe questions so it is important 

they are appropriate and relevant to what is being measured.  

 

Endsley, (2000a), suggested in order to generate a battery of suitable questions 

a GDTA should be used in which SMEs would identify the goals, tasks and SA 

required.  She goes on to say that when conducting interviews with SMEs they 

should be told to consider what SA the ‘perfect’ operator would have.   

 

Although this methodology was followed in this research to generate a battery 

of SA questions, anecdotal comments from participants during informal 

discussions at the end of the exercise revealed they felt that some questions 

appeared somewhat contrived to them.  They claimed that they wouldn’t 
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necessarily monitor some of parameters which were being questioned, even 

though the GDTA determined that this information should be known to the 

operator with perfect SA.  This revealed a difference between what SMEs 

considered as essential knowledge for perfect SA and what some operators 

consider as important when they conduct operations. 

 

To further examine the difference in the monitoring of parameters four groups of 

questions were reviewed.  Each group of questions related to the same task but 

the questions focused on different parameters associated with that task.  An a 

priori view of the relative importance of the parameters is given based on the 

accessibility of the information and the researcher’s own experience in this field.  

For each question the results from all participants were analysed and the mean 

percentage error for that question calculated.  Mean percentage errors were 

compared across questions to determine if awareness of some parameters was 

greater than others and if so, if they were in line with the a priori view.   

 

 

7.5.1 Case 1 – Slop Tanks 

Questions 36 and 87 both asked about the slop tank capacity when the oil in the 

tanks being washed was stripped out, returned to, and combined with the 

existing contents of the slop tank.  One question asked about the volume of 

liquid in the tank and the other, the level of liquid in the tank.  Slop tank capacity 

is small in comparison with other cargo tanks and monitoring of the level in the 

tank is important when they are in use to prevent an overflow and subsequent 

pollution incident.  Capacity is important and the SMEs each stated 

independently in the GDTA that the relevant volumes should be known by the 

operator with perfect SA.  In practice, from the researchers own personal 

experience, it was known that level is more commonly used than volume.  This 

may be because the levels in the tanks are always displayed on the control 

screen while volume is not always displayed directly.  Volume can be 

ascertained but may require interrogation of the system for it to be determined.  

Volume was not directly displayed on the simulator control screen, but could be 

determined by interrogation of the on screen Cargomax loadicator system. 
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Question 25 asked for the current ullage in the slop tank.  This value was 

displayed directly on the control system and was therefore expected to show 

the smallest error in the answers given by subjects.  The a priori view was that 

awareness of the level would be greater than that of volume 

 

Question 36,  

‘When all the oil from the tank currently being washed is returned to the 

slop tank, how many m3 capacity will remain in the slop tank?’   

 

 

Question 87,  

‘When the COW of the current tank is completed what do you estimate 

the ullage in the Port Slop tank will be?’ 

 

Question 25, 

‘What is the current ullage in the slop tank being used for COW? (in m)’ 

 

A full table of results for all subjects is presented in appendix F.  Table 7.1 

shows the mean, range and SD of the error scores for each question.  Fig 7.2 

shows the mean error scores graphically. 

 

 Q36 (volume on 

completion) 

% Error 

Q87 (ullage on 

completion)  

% Error 

Q25 (current 

ullage) 

% Error 

Mean 58.7 38.4 7.9 

Range 148.9 142.2 35.1 

SD 42.2 46.4 11.0 

Table 7.1 - Comparison of results for question 36 and 87 
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Fig 7.2 Comparison of mean error scores for questions25, 36 and 87 

 

 

The error in the answer given by subject 8 for question 25 was determined as 

an outlier by a boxplot analysis and was ignored. 

 

The errors in question 36 for subject 1 and question 25 for subject 8 were 

extreme in comparison with other data in each set.  A boxplot analysis of each 

dataset clearly indicated both values as outliers.  As a result this data was 

ignored in this analysis. 

 

The mean error for the question relating to ullage, (level), on completion is 35% 

lower than the error relating to volume on completion; the mean error for the 

current ullage in the slop tank is 86.5% lower.  This indicates subjects are more 

aware of tank level than volume and most aware of the current level in the tank 

which is line with the a priori view.   

 

 

7.5.2 Case 2 – Ballast Tanks 

Questions 11, 32, 71 and 70 relate to the task of ballasting tanks to predefined 

quantities.  Question 11 asks about the quantity of ballast still to go into the tank 

in terms of capacity in cubic metres while questions 32 and 71 ask about the 
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quantity of ballast to go in terms of level in metres.  Question 70 simply asks for 

the current level in a tank. 

 

Question 11, 

‘How many cubic metres are there to go in 6P ballast tank to reach the 

99% fill level? (in m3)’ 

 

Question 32, 

‘How many metres sounding is there to go in 4S ballast tank until it is at 

the 99% fill level? (in metres)’ 

 

Question 71, 

‘How many metres sounding is there to go in 1P ballast tank until it is at 

the 99% fill level? (in metres)’ 

 

Question 70, 

‘What is the current sounding in 3P ballast tank? (in m)’ 

 

In the research exercise the ballast tanks are approaching the planned filling 

capacity of 99% so this was a task that requires attention from the subject.  

Since there were 8 ballast tanks being ballasted concurrently, (which is 

common practice), awareness of quantity to go and possibly which tanks would 

reach the target level first would be important.  The GDTA indicated that there 

should be awareness of volume, level and time to go.  As in the case of the slop 

tanks level is the parameter which is constantly displayed on the ballast control 

interface.  Capacity requires some interrogation of the control system and time 

to go requires further interrogation and calculation of volume to go and current 

rate of inflow to a tank.  The a priori view was that level would be the question 

with the lowest mean error score.   

 

A full table of results for all subjects is presented in appendix F.  Table 7.2 

shows the mean, range and SD of the error scores for each question.  In 

question 11 the error recorded by subject 3 was considered an outlier after 
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analysing the data set with a boxplot analysis and therefore this value was 

excluded from this analysis.  Fig 7.3 shows the mean error scores graphically. 

 

 Q11(volume 

to complete 

tk) 

% Error 

Q32 (m to 

complete tk) 

% Error 

Q71 (m to 

complete tk) 

% Error 

Q70 (current 

sounding)  

% Error 

Mean 151.6 48.8 40.76 3.3 

Range 497.4 119.6 96.8 12.2 

SD 147.0 40.7 31.2 2.9 

Table 7.2 - Comparison of results for questions11, 32, 71 and 70 

 

 

 

Fig 7.3 Comparison of mean error scores for questions 11, 32, 71 and 70 

 

 

The mean error scores for the two questions relating to the number of metres to 

go are 67.8% and 73.1% lower than the error relating to volume to go.  This 

indicates greater awareness of quantity to go in the tanks in terms of level 

rather than volume which is in line with the a priori view.   
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Question 70 asked for the actual level at the time of the freeze.  The small 

mean, range and SD, indicate subjects were very aware of this parameter, more 

so than either the number of metres or volume to go.  This seems reasonable 

since awareness of the current level in working memory could be utilised when 

comparing to the target level in the written discharge plan.  Not memorising all 

the target levels in addition to the current levels would reduce the load on 

working memory.  This is reflected in the error scores which are greater when 

awareness of current and target levels is questioned, (by asking how many 

metres are left to go in the tank).  Awareness of volume to go appears less 

important even though the discharge plan quotes the levels and volumes to 

which the ballast tanks must be filled but this is not surprising since the control 

interface provides more prominent information on level than on volume.  Normal 

practice involves tanks be filled to a stated level with volume provided as 

additional information.   

 

 

7.5.3 Case 3 – Cargo Pump Pressure 

Questions 1, 34, 76 and 85 relate to the task of pumping oil and specifically the 

cargo pump suction and discharge pressures.  Cargo pump number 1 was 

being used for tank washing with crude oil and its discharge pressure related to 

the pressure in the tank washing line which is an important parameter during 

this operation.  The pump pressures for pump number 1 would vary during the 

exercise depending on how the subject controlled the pump at various stages of 

the tank washing operation.  For example after starting the operation the pump 

would be adjusted to provide the required pressure in the tank washing line and 

to drive the stripping eductor to drain the tank being washed.  Cargo pump 

number 2 was used to discharge cargo to the shore throughout the operation 

and its pressure was more stable throughout the operation as there was no 

requirement for it to be adjusted.   

 

Cargo pumps have a suction and discharge pressure gauge.  Suction pressure 

is not as important as discharge pressure until the tank levels become low.  At 

this stage a low suction pressure can cause light hydrocarbon components to 
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boil creating vapour bubbles in the liquid stream which can lead to cavitation in 

the pump and a loss of suction.  In the research exercise the liquid levels in the 

tank were not so low for this to be of significant concern to the subjects.  Of 

more concern would be the discharge pressure and in particular the discharge 

pressure for pump number 1 with respect to the tank washing operation.  

Therefore the a priori view was that subjects would have a greater awareness of 

the discharge pressure than the suction pressure. 

 

Question 1, 

‘What is the current suction pressure on pump number 1? (in bar)’ 

 

Question 34 and 85 

‘What is the current discharge pressure on pump number 1? (in bar)’ 

 

Question 76 

‘What is the current discharge pressure on pump number 2? (in bar)’ 

 

A full table of results for all subjects is presented in appendix F.  Table 7.3 

shows the mean, range and SD of the error scores for each question.  Fig 7.4 

compares the mean error scores graphically. 

 

 Q1(Suction  

pressure 

pump 1) 

% Error 

Q34 

(Discharge 

pressure 

pump 1)  

% Error 

Q85 

(Discharge 

pressure 

pump 1)  

% Error 

Q76 

(Discharge 

pressure 

pump 2)  

% Error 

Mean 48.2 20.4 17.1 15.1 

Range 154.5 59.5 62.2 59.7 

SD 40.4 21.7 18.8 18.7 

Table 7.3 - Comparison of results for question 1, 34, 85 and 76 
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Fig 7.4 Comparison of mean error scores for questions 1, 34, 85 and 76 

 

 

The mean error scores for cargo pump 1 discharge pressures, (the tank 

washing pump), are 57.6% and 64.5% lower than the suction pressure errors 

for the same pump.  The mean error score for discharge pressure on cargo 

pump 2 are 68.7% lower than the suction pressure scores.  The lower error 

scores for cargo pump 2 discharge pressure may be due to the constant 

discharge pressure during the research exercise while pump 1 discharge 

pressure varied more with the tank washing operation to which it was dedicated.  

In all cases subjects demonstrate greater awareness of the discharge pressures 

compared to the suction pressures in line with the a priori view.  

 

 

7.5.4 Case 4 - Draft 

Questions 13, 14 and 19 relate to the draft of the vessel.  Question 13 asked for 

the current trim which is the difference between the forward and aft draft.  The 

forward and aft draft are displayed on the overview screen and ballast screen of 

the cargo control system interface, however the trim is not directly displayed it 

must be calculated as the difference between the forward and aft draft.  The 

trim is an important parameter when draining and stripping cargo tanks and 

during tank washing.  Sufficient trim is required to ensure that liquid is able to 

drain to the aft end of the tank where the suction line is located.  All oil tankers 
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are required to maintain a trim greater than a predefined value stated in their 

Crude Oil Washing Manual when tank washing.  This value was clearly stated in 

the discharge plan which had been reviewed by the subjects and which was 

available on the control room desk for reference. 

 

Question 14 asked for the current under keel clearance (UKC).  This is the 

distance between the bottom of the hull at it deepest part and the depth of water 

stated on the navigation chart at the berth.  (An allowance for the current height 

of the tide can also be made to this calculation but the subjects were not asked 

to account for this).  The charted depth of water was made clear to the subjects 

during the familiarisation exercise by showing them a berthing plan which was 

fixed to the notice board adjacent to where they were sat and was in clear view.  

This parameter is important to ensure the vessel does not touch the seabed at 

any time which would have implications for the vessels stability, for damage to 

the hull and for seawater circulating systems in the engine room.  Its criticality 

depends on how close the hull may become to the seabed during the cargo 

operation.  In this case it was 5.4m and was therefore not critical.   

 

The a priori view was that subjects would be most aware of the draft which is 

clearly displayed on the relevant control system screens.  Awareness of trim 

was expected to be lower as this required calculation of the difference between 

the forward and aft drafts.  The UKC was not critical and it was expected that 

awareness of this would be lower once it was recognised that it was not critical 

for the vessel at this berth. 

 

Question 13, 

‘What is the current trim? (in metres)’ 

 

Question 14, 

‘What is the difference between the current aft draft and the charted 

depth for this berth? (in metres)’ 

 

Question 19 

‘What is the current draft forward? (in metres)’ 
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A full table of results for all subjects is presented in appendix F.  Table 7.4 

shows the mean, range and SD of the error scores for each question.  Fig 7.5 

shows the mean error scores graphically. 

 

 Q13 (Current trim) 

% Error 

Q14 (Current UKC)  

% Error 

Q19 (Current draft 

forward)  

% Error 

Mean 6.6 30.4 1.3 

Range 10.22 89.2 3.5 

SD 3.0 30.7 1.0 

Table 7.4 - Comparison of results for question 13, 14 and 19 

 

 

 

Fig 7.5 Comparison of mean error scores for questions 13, 14 and 19 

 

 

The greatest degree of error was associated with the UKC.  The mean error 

score for the current forward draft is 95.7% lower than the error for UKC and the 

mean error score for the current trim is 78.3% lower than the error for UKC.  

These results show that the awareness of current draft and trim are greater than 

UKC which as described is not considered critical at this berth.  It is suggested 

that the lower mean error score for the current forward draft is lower than the 
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current trim due to the display of the draft and the need to calculate the trim.  

The relative awareness of these parameters is in line with the a priori view. 

 

 

7.5.5 Case Study Discussion 

In each of the four cases described the a priori view of which parameter would 

be of more relevance to the operator is supported by it having the lowest mean 

percentage error score, indicating greater awareness.  The key to utilising the 

SAGAT methodology lies in asking questions which are relevant to the 

operators.  The GDTA did not attempt to distinguish a rank order of importance 

for identified parameters, each was treated as equal.  These results have 

shown that not all parameters had the same importance to an operator who has 

limited cognitive capacity.  Two possible reasons for this were considered which 

may impact on the selection of probe questions. 

 

• In this research SMEs looked for ideal SA when considering each task in 

isolation.  They did not consider what would be ideal SA when 

conducting multiple tasks concurrently.  When considering multiple 

concurrent tasks SMEs may need to moderate ideal ‘individual task’ SA 

against ideal ‘multiple concurrent task’ SA.  This may reduce the number 

of probe questions. 

• Operators, in their day to day conduct of cargo operations, may not be 

monitoring as wide a spectrum of parameters as may be desirable to 

complete the task. 

 

Use of SMEs and a GDTA to identify ‘perfect’ SA required by an operator to 

achieve a task does not appear to necessarily match with the SA that an 

operator may consider important at a given moment in time.  Awareness of 

appropriate parameters to achieve SA may vary due to the operator’s 

experience, current cognitive workload or other contextual priorities, (such as 

which task will reach a critical point next), which may shift over time. 
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In this research the probe question selection was based on the GDTA 

conducted with SMEs as suggested in the literature.  It looked for ideal SA 

based on what SMEs considered as ideal.  The mean error scores have shown 

a difference between the SMEs ideal SA and that demonstrated by the subjects.  

This created some noisy data when trying to measure SA across the range of 

plant parameters.  Probe questions, which are focused on a restricted number 

of parameters utilised by the control room operators, may provide a better 

measure of SA.  In this research an attempt to eliminate less attended 

parameters was made by removing questions relating to parameters which 

appeared to be less attended. 

 

The results achieved by the removal of apparently less attended parameters will 

be influenced by where the cut off point for ‘less attended’ is set.  If the cut off 

point is set too high then some noisy data remains.  If the cut off is set too low 

granularity of the remaining data is reduced.  The mean error for each of the 90 

probe questions used in this research was determined and the mean of these 

means established at 94.2%.  Questions with mean error scores above this 

value were considered as being less attended and removed.   

 

When the data was re-analysed a further statistically significant correlation was 

found between SA and task focus at SA level 2 in addition to those already 

established at SA level 3 and when combining all levels of SA together.  The 

removal of outliers as described in section 7.4 increased the magnitude of the 

correlation coefficient when considering all SA levels together from と = -0.076 to 

と = -0.085.  The removal of less attended parameters by examination of 

individual questions increased this coefficient to と = -0.100.   

 

The removal of less attended parameters did not produce any statistically 

significant correlations when comparing SA with experience. 

 

These results show that the measure of SA derived from the SAGAT 

methodology is related to the plant parameters covered by the probe questions 

used.  A poor choice of probe questions may give an apparently low measure of 
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SA.  However operators may be deriving SA from other sources which were not 

questioned. 

 

 

7.6 The Effect of Being Tested 

In 1927 while trying to determine the exact position and momentum of an 

electron Werner Heisenberg discovered that due to the small dimensions of an 

electron it is not possible to measure both position and momentum at the same 

time because the measuring process interferes with what is being measured.  

This became known as Heisenberg’s Uncertainty Principle and has been 

popularised as, ‘the act of measurement affects whatever is being measured so 

that reality can never be known precisely’, or more simply, ‘the act of observing 

inevitably changes the process under observation’.  The SAGAT method tests 

subjects by asking questions and the effect of this on a subject’s normal 

behaviour and SA should be considered on the outcome. 

 

In response to concerns over the intrusiveness of the SAGAT method raised by 

Sarter and Woods, (1991), Endsley reports on a study to investigate whether 

stopping a simulation or the threat of stopping would affect operator 

performance, (Endsley, 2000a).  This study was conducted in the aviation 

domain and compared the performance of 6 pilots who each participated in 15 

trials, under the following 3 conditions, (5 trials for each condition): 

• only their performance would be measured and receive no stops 

• there may be stops for collecting SAGAT data – but no stops were made 

• there may be stops for collecting SAGAT data – stops were made 

 

This allowed comparison of those who experienced stops with those who knew 

there would not be a stop and those who were expecting a stop but didn’t 

receive one.  In this study performance was determined in terms of kills and 

losses and this formed the dependent measure.   

 

The tests concluded there was no demonstrable effect on the performance of 

subjects who experienced stops when compared with those who did not and 
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were not expecting a stop and those who did not experience a stop but were 

expecting one.  Endsley further reported subjective comments from participants 

indicated that information about whether to expect a SAGAT stop was irrelevant 

to them and she concluded they were not preparing in any way for the SAGAT 

test. 

 

In this research when conducting the pilot study subjects were observed to 

exhibit high levels of screen page changing and scanning while conducting the 

cargo operation.  When compared to students who attend regular training 

courses in the simulator and conduct similar operations, the degree of screen 

page changing and scanning was noticeably higher.  A study to compare page 

change and scanning rates was beyond the scope of this research so a 

question to address this was included in the post exercise questionnaire.  The 

results in chapter 6 show that when asked the question, “Would you say 

answering the questions made you scan around the cargo system more than 

you would normally when conducting the operation onboard?”, the mean 

response was 5.92 out of 10, SD of 2.3 and 8 out of 13 responses, (62%), were 

above the mean response of level.   

 

These results indicate that anticipation of answering questions did impact 

subjects and appears to be at odds with those reported by Endsley.  There were 

however differences between the dependent variables in the two experimental 

scenarios.  In Endsley’s study the dependent variable was performance as 

measured by aircraft kills and losses while in this study the dependent variable 

was percentage error in the answer to the SA questions.  In terms of 

performance all subjects in this study achieved the objective of washing 

designated tanks, ballasting, discharging cargo, managing tank pressure and 

maintaining stability and hull stress within acceptable levels.  While no attempt 

was made to grade the way in which the tasks were achieved, subjective 

observations showed some subjects conducted the tasks more safely and in a 

more controlled manner than others.  So while performance in terms of outcome 

was similar, performance in terms of the way in which the operation was 

conducted varied.  If a similar comparison study to Endsley’s was conducted for 

this research, that is comparing the outcome of subjects who experience 
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SAGAT stops and those who do not it is likely that outcomes would look similar 

as they did in Endsley’s study suggesting that simulator stops made no 

difference to performance.   

 

The problem occurs when testing by asking questions particularly when those 

questions relate to values around a plant.  Within the education domain it is 

widely recognised that students who know they are to be assessed will pay 

more attention than those who know there is no assessment.  In a paper on the 

effect of classroom assessment on student motivation Stefanou and Parkes 

state that, 

 

“…assessment has the potential to affect learner behaviour in terms of 

cognitive strategy use and motivation.”  (Stefanou & Parkes 2003) p.152. 

 

Rust, (2002), supports this in a paper on the impact of assessment on student 

learning saying assessment methods influence student behaviour and that most 

teaching staff are aware that if work does not have marks attached many 

students will not do it, or only do it in a perfunctory way.  Rust (2002 p.145) also 

quotes Brown who says, 

 

“Assessment defines what students regard as important……”  (Brown, 

1997). 

 

The scores reported in response to the subjective question on scanning of 

pages compared to what would be done on the real ship indicate that subjects 

were actively preparing themselves for SAGAT questions.  This confounds the 

measure to some degree but is in line with what would be expected of any 

student who knows they are to be assessed.   

 

The high levels of screen page changing and scanning observed and 

preparation to answer questions reported by subjects is likely to have affected 

the subject’s SA which may have impacted on the correlations.  These 

observations indicate the act of measurement may have a greater impact on the 
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results than that reported by Endsley.  This is an important observation which 

has implications for the use of any probe based measure of SA. 

 

 

7.7 Post Exercise Questionnaire - Subjective Views of Participants 

On completion of the final simulator freeze each subject was given a post 

simulation questionnaire to complete.  The purpose of this subjective 

questionnaire was to establish the impact on the subjects of interrupting the 

operation with simulator freezes.  Five questions were posed four of which used 

a Likert scale to indicate their response.  In each case there was the option of 

adding comments to expand on their view.  The first question was to establish if 

they had sufficient time to become familiar with the plant status before the first 

simulator freeze was administered.  Questions two through four were to 

establish how they felt simulator freezes impacted on their performance, SA and 

ability to resume the operation after the freeze.  The final question attempted to 

quantify how much participants were preparing themselves to answer the probe 

questions.    

 

As previously described the timing of the simulator freezes was related to the 

tank washing operation rather than at set times into the operation.  This allowed 

for each subject to take as much time as they needed to plan, prepare and 

commence the tank washing operation but meant that they were all at the same 

stage of the operation when the SA probe questions were administered allowing 

for comparison across subjects.  According to the SMEs a good operator would 

take time to be fully familiar with plant status and achieve good SA before 

starting the tank washing stage of the operation.  Nine of the subjects, (69%), 

reported they had sufficient time to become familiar with the operation prior to 

the first simulator freeze.  One subject didn’t answer the question and the 

remaining three, (23%), said they did not have sufficient time.   

 

Analysis of the number of minutes into the exercise at which the first simulator 

stop occurred shows that it varied from 13 to 34 minutes, a range of 21, a mean 

of 24.2 and a SD of 6.6 minutes.  The three subjects who said they did not have 
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sufficient time to become familiar with the plant status and operation 

experienced their first stop at 17, 25 and 29 minutes.  17 minutes was below the 

mean time but this subject had the greatest experience of 276 months on oil 

tankers.  It is possible that his experience allowed him to rapidly start the tank 

washing without becoming fully aware of all the plant parameter values.  The 

other 2 subjects who stated they didn’t have time to become familiar with the 

plant status prior to the first stop had 18 and 50 months oil tanker experience, 

(mean oil tanker experience was 51.9 months).  They had 25 and 29 minutes 

before the first simulator freeze which was slightly longer than the mean value 

of 24.2 minutes.  It is not clear why these subjects felt they did not have 

sufficient time to become familiar with the cargo plant status before the first 

simulator freeze.  It could be argued that they demonstrated poor operational 

practice in to start a critical operation such as tank washing when they did not 

feel familiar with the status of the plant.   

 

Question 2 determined how they felt the interruptions impacted on their 

performance.  Subjects were asked to rate on a scale of 1 to 10 if the simulator 

freezes affected their performance with 1 indicating it didn’t make any difference 

to performance and 10 it greatly reduced performance.  The mean response 

was 3.9 with a range of 8 and a SD of 2.  Interruptions and other responsibilities 

in the cargo control room are normal and often result in the operator turning 

attention to another matter for a few minutes.  One subject made a written 

comment supporting this view; 

 

“You have to do 10 things at the same time besides the cargo watch.”   

 

Five subjects scored this as 3 and although the range was 8, figure 6.2 shows 

that for most subjects, the interruptions caused by the simulator freeze were not 

problematic.  This supports Endsley’s view that measurement techniques which 

freeze an operation do not cause a problem for subjects.   

 

Question 3 determined how simulator freezes impacted on subject SA.  

Subjects were asked to rate on a scale of 1 to 10 how they felt simulator freezes 

affected their SA with 1 indicating it didn’t make any difference to SA and 10 it 
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greatly reduced SA.  The mean response was 3.7 with a range of 7 and an SD 

of 2.1.  As shown in figure 6.3, three subjects rated this as 1 while three rated it 

as 6 showing some disagreement about the impact on SA.  One subject 

commented,  

 

“In some cases looking for answers to questions asked might actually 

increase my awareness”. 

 

This comment indicates that to some degree the knowledge that questions were 

going to be asked increased awareness as subjects prepared themselves to 

answer questions.  This supports the argument made in 7.6 that contrary to 

Endsley’s suggestions there is some preparation for the SA probe questions.  

Generally most subjects did not find that simulator freezes had significant 

impact on their SA. 

 

Question 4 was to determine how difficult it was to re-engage with the operation 

after the simulator freeze.  The time taken for each simulator freeze during 

which the subject would answer 15 questions was between 3 and 5 minutes.  

When asked if the time taken for the simulator freezes made it difficult to quickly 

resume the operation after the stop using a scale of 1 to 10 where 1 indicated it 

did not make it difficult to resume the operation after the stop and 10 indicated 

that it was difficult to resume the operation after the stop, the mean score was 

2.92 with a range of 9 and a SD of 2.1.  Although the range of 9 is large, the 

distribution illustrated in figure 6.4 shows that only 1 subject gave score of 9 

while the other 12 all scored 5 or less.  Five subjects marked this a 2.  One 

subject commented, 

 

“Having had a decent handover was fully aware of the operation.  

Pausing/starting didn’t affect the operation (if at all)” 

 

Another said, 

 

“It wasn’t too much of a problem to resume the operation” 
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These results support Endsley’s findings that simulator freezes do not cause 

undue problems when re-engaging with the operation after a simulator freeze.  

 

The low value of the mean scores for the questions relating to the effect of the 

simulator freezes on performance, SA and ability to resume the operation was 

not entirely surprising for marine control room operators.  When they are on 

duty, control of the cargo system and its subtasks is not the only responsibility 

they are likely to have.  They will also be the duty officer of the Watch, (OOW), 

for the vessel and therefore will be the initial point of contact for any enquiry 

whether it is internal or external to the vessel.  Ship and shore personnel will 

pass through the cargo control room to talk to the OOW and each of these 

interruptions will temporarily distract them from the ongoing cargo operation.   

 

The low mean scores on questions 2, 3 and 4 generally supports the view 

reported by Endsley, (2000a), that contrary to the common view of critics of the 

freeze probe techniques interruptions to the operation to administer SA probe 

questions do not appear to be a significant problem for the participants.   

 

Question 5 attempted to quantify whether subjects felt they were scanning the 

cargo plant more than they might when conducting the operation onboard the 

real vessel.  This question was included after observing subjects in the pilot 

study and noting an apparent increase in page changing and scanning 

compared with trainees who conduct similar operations during training courses, 

and experience of observing and conducting these operations onboard vessels.  

The subjects were asked to rate how much more they felt they were checking 

data around the cargo system during the exercise compared to what they would 

do onboard on a scale of 1 to 10 where 1 indicated they were looking around 

the system about the same amount as they would onboard and 10 indicating 

they were checking data far more than they would normally onboard.  The mean 

score was 5.9 with a range of 8 and SD of 2.3.  Although the mean score was 

5.9 the distribution of scores shown in figure 6.5 shows there was some 

disagreement on this point with one subject scoring this as 2 while another 

scored this as 10.  One comment from a subject who rated this as 7 was, 
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“The whole experience made me look at/monitor many parameters which 

I would sometimes overlook/ignore on normal onboard operations.” 

 

These scores and similar comments support the view discussed in section 7.6 

that subjects were preparing themselves to answer questions by checking 

around the system specifically for that purpose in addition to their normal 

scanning patterns to complete the task goals.  This is contrary to that reported 

by Endsley, (2000a), and may be a factor in the lack of any significant 

correlations being found in the data.  It raises an issue which should be 

considered in any future research in this domain using a question based probe 

methodology. 
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Chapter 8 - Conclusions, Reflections and 

Recommendations 

 

8.1 Conclusions 

Situation awareness is important for those in control of dynamic systems, 

particularly those which are rich in information.  Decisions made about the plant 

operation require knowledge of plant status which is relevant to the current task 

goal.  When there are multiple sub-goals, which are on-going as part of the 

overall task, an operator is required to have both global SA of the plant and 

local SA of the sub tasks.  The operator will need to focus attention dynamically 

according to the priority of task goals.   

 

It was the aim of this research to investigate the variation in SA and task focus, 

and SA and experience in the maritime domain for control room operators who 

are ships’ officers engaged in loading and discharging flammable, polluting and 

noxious liquids in bulk.   

 

The literature reviewed revealed no clear agreed definition or model of SA.  

Models of SA fell broadly into two categories, an information processing model 

or a perceptual cycle.  In the former, information is perceived from the 

environment, interpreted and integrated to achieve task goals.  In the latter, SA 

is considered a generative cyclical process of knowledge creation and informed 

action taking.  For a given task goal, a schema is selected which directs 

exploration of the environment by sampling.  Sampling leads to actions which 

modify the schema and moves towards achieving the task goal.  While the 

perceptual model of SA is persuasive and offers a more holistic view of SA, it 

offers little opportunity for measurement and quantification.  As a result the 

process model of SA was selected for this research and the definition of SA 

described by Endsley which incorporated 3 levels of SA was adopted.   

 

In order to measure SA in a maritime domain, a literature review of techniques 

which have been used to measure SA in other domains was conducted.  In this 

research they were categorised into freeze probe, real time probe, self rating or 



196 

observer rating techniques.  The advantages and disadvantages of these 

techniques were examined.  For the purpose of this research a freeze probe 

technique was selected as the most suitable, specifically the SAGAT method 

proposed by Endsley.  The literature review concluded there was evidence to 

support the construct validity of the technique and its sensitivity to differences in 

SA between individuals.   

 

A goal directed task analysis was conducted by interviewing three subject 

matter experts who analysed the task of discharging two grades of crude oil 

from an oil tanker.  It was concluded that the high degree of agreement between 

the SMEs in the GDTA supported the validity of this analysis.  This validity was 

further enhanced when the three analyses were compiled into a single analysis 

and disseminated to a number of other experienced tanker operators which led 

to only a minor number of modifications.   

 

A research protocol was devised for this domain and a pilot study was 

conducted in a high fidelity liquid cargo simulator to determine the feasibility of 

the protocol and the effectiveness of the data collection methodology.  The 

results from this led to a review of a number of aspects of the research to refine 

it prior to a larger scale study.  An important observation from the pilot study 

was that freezing the simulator to administer the probe questions did not 

adversely affect participant performance or SA and this was further supported in 

the main study.   

 

The results from this research have shown there is a correlation between SA 

and task focus.  When considering data at all 3 SA levels combined the 

correlation was weak but became slightly stronger when less attended data was 

removed.  When correlating SA against task focus at individual levels of SA a 

correlation was initially only found at level 3 SA.  Removing data from less 

attended parameters reduced the strength of this correlation slightly but 

established a correlation at SA level 2 in addition to SA level 3.  No statistically 

significant correlation between SA and task focus was found at SA level 1.  In 

all cases the correlation coefficients were negative indicating that SA increased 

with decreasing task focus.   
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Relationships between SA and experience were examined using total tanker 

experience and oil tanker experience as the dependent variable.  No statistically 

significant correlations between SA and experience were found even when 

parameters that were less attended were removed.     

 

The difference in the mean error scores for related parameters, (section 7.5), is 

taken as evidence supporting the construct validity of SAGAT, demonstrating 

that it is sensitive to measuring differences in awareness between system 

parameters.  This may allow the use of this freeze probe methodology in other 

research to determine difference in parameter awareness which may benefit 

designers of GUIs or determine a difference between desired and achieved SA 

of operators. 

 

The literature reviewed stated that subjects did not prepare to answer SAGAT 

probe questions.  Data collected in this study, from the post exercise 

questionnaire, indicated that there was some preparation to answer the probe 

questions.  This was supported by the observed increase in page changing 

compared to what is normally seen by delegates conducting similar operations 

during training exercises in the simulator.   

 

 

8.2 Reflections on the Research 

 

8.2.1 Models and Measurement of SA 

Reflecting back on this research, at the literature review stage the process 

model of SA appeared to this researcher to be the most logical and easiest to 

conceptualise.  Reading in raw data from an environment, processing it to 

achieve task goals and predicting future states is both logical and easy to 

understand.  In addition this paradigm permits a number of methods for 

measurement.  Having completed this research the view of this researcher has 

changed to favour the more naturalistic perceptual cycle model of SA.  The 

ongoing sampling of the environment which directs action, thus changing the 
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environment and moving closer to the task goal appears as a more holistic meta 

cognitive process in line with Smith and Hancock’s, (1995), description of SA as 

adaptive, externally directed consciousness.  In the view of this researcher the 

process model of SA is less naturalistic; reading data and processing it to 

achieve task goals is more analogous to machine based processing.  The 

sampling of the environment in the cyclical model of SA is more inclusive of a 

range of cognitive processes.  This view is summarised in a description of SA 

by Kelly.  In a paper on the development of Situational Awareness Rating 

Technique (SART), Taylor, (1990), quotes Kelly, (1988), who in 1979 conducted 

a series of interviews with air combat experts and described situation 

awareness as, 

 

“probably the sum of numerous perceptual and cognitive skills” Taylor 

(1990) p.3-1. 

 

Measuring the difference between what an operator thinks a plant parameter is, 

or will become, and comparing their answer to the real state of the plant 

provides a numeric value of their awareness of those parameter values which 

can be used for statistical analysis.  Extrapolation of results from this unitary 

measure to generalise a holistic statement of an operator’s SA is questionable.  

Given that SA is a psychological construct which is so complex and diverse that 

there is not an agreed model or definition for it, the measure of SA as answers 

to questions relating to task goals provides a narrow view of a rich picture.  Its 

primary advantage is to place a numeric value upon the SA measured which is 

not easy or even possible to achieve when considering other cognitive 

processes which individuals may use to generate SA.  The value of this freeze 

probe technique comes down in part to the model of SA selected and the need 

to place a value on SA.  Reflection on this research has led this researcher to 

the view that this methodology, (and probably all the methodologies described 

in the literature reviewed in chapter 3), will lead to some partial measure of SA.  

However it is unlikely that any one measurement technique can be considered 

to provide an holistic measure of SA given the number of perceptual and 

cognitive processes that any individual utilises when making sense of the 

environment they occupy. 



199 

 

 

8.2.2 Determination of Required SA 

The purpose of the GDTA was to determine the SA required by the operator.  

Endsley recommended instructing the SMEs to consider what would constitute 

perfect SA.  The SMEs considered each of the subtasks in isolation identifying 

the SA for that task alone.  The independent interviews with 3 SMEs resulted in 

a high level of agreement between them and this was taken as evidence of the 

validity of the analysis. 

 

Analysis of the mean percentage error scores for individual SA probe questions 

showed that subjects were more focused on some parameters than others.  A 

possible reason for this was due to the cognitive workload generated by 

keeping track of multiple interacting sub-tasks and the need to frequently keep 

shifting attention between them.  In order to reduce the workload and manage 

the limited resource of working memory only a restricted number of parameters 

were attended to by the subjects for each task.  Jones & Endsley, (1996), 

identified that the greatest proportion of SA errors in aviation accidents they 

reviewed were caused by not observing data due to distraction or high 

workload.  In situations of high workload, such as in this research scenario 

where there were multiple ongoing tasks, the distribution of attention narrows 

and this may have been a reason why it appears only a limited range of 

parameters were monitored closely.   

 

In this research SMEs defined perfect SA for a number of separate tasks.  In 

practice the SA required to achieve a task goal may not need to be perfect.  As 

attention is switched frequently between a number of concurrent tasks the SA 

for each task may become more equal as opposed to having a clear 

differentiation between tasks relating to a ranked order of task priority.  In this 

research SA was correlated against subtasks rather than against specific 

parameters.  The difference in SA between subtasks may have been masked 

by the limited number of parameters attended to by the subjects and the noisy 

data generated from the remaining parameters.  The apparent spreading of SA 
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across a range of tasks may in addition have been exacerbated by subjects 

preparing to answer questions from across the plant. 

 

When considering the context to determine SA requirements and the 

parameters used to derive SA, there is an option to consider all possible 

sources of information from which SA may be derived or to limit the range of 

possible SA sources to those which are most likely to be utilised.  A GDTA 

conducted with operators rather than SMEs, or by SMEs considering the 

combination of concurrent tasks may provide a set of questions more relevant 

to what would be monitored.  This approach would narrow the measure but 

potentially reduce the noisy data from less attended parameters.  There is 

however the risk that not all operators will select the same restricted number of 

parameters to focus attention on in order to achieve their SA.  In such a case a 

low SA score may give a false view of the operator’s SA at that time.   

 

Endsley, (2000a), recommended asking questions across a wide range of 

operators’ SA requirements to avoid subjects focusing on a narrow range of 

parameters.  Reducing the range of parameters covered in the probe questions 

in order to focus on the most important parameters goes against this principle.  

It may however be possible to ask questions across a range of SA requirements 

while only examining data from a limited number of questions, the other 

questions acting as placebos to avoid subjects focusing unnaturally on a small 

number of parameters.  

 

It may be of value to clarify whether the objective of the SA measure is to 

differentiate between subjects, to compare subject SA with an ‘ideal SA’ as 

defined by SMEs, or to measure SA of particular tasks or parameters.  

Clarification of the purpose of the SA measurement may aid selection of 

appropriate probe questions.  A restricted range of probe questions may reduce 

noisy data when comparing SA between subjects.  A wider range of probe 

questions may be more appropriate if the objective is to identify where most 

attention is focused when comparing different user interfaces, or if trying to 

compare an operator’s SA to ‘ideal or required SA’. 
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Identification of differences in required SA as suggested by the SMEs and the 

actual SA of operators at any given time may be useful to the international 

maritime community since a lack of SA has been cited as a causal factor in 

many shipping accidents.  In the maritime domain Baker and Seah, (2004), 

reviewed at total of 300 accident reports from the Australian Transportation 

Safety Bureau, (ATSB), the Canadian Transportation Safety Board, (TSB), and 

the UK Marine Accident Investigation Board, (MAIB).  They categorised causal 

factors in the accidents and found that a loss of SA was a causal factor in 28% 

of the ASTB reports, 21% of the TSB reports and 25% of the MAIB reports.  

Jones & Endsley, (1996), reviewed 143 aviation incidents where loss of SA was 

a factor.  When they categorised the SA errors a failure to monitor data was the 

largest causal factor at 35%.  When this category was further broken down the 

largest single factor was task distraction or workload.  This research has 

demonstrated that in a scenario with multiple ongoing sub tasks there is a 

difference in attendance to plant parameters which could result in missed 

percepts. 

 

 

8.2.3 Preparation to Answer Probe Questions 

The apparent preparation of the subjects to answer questions could be a 

confounding issue in this research.  Although each subject was instructed to 

carry out the operation as they would onboard the vessel it was evident from 

observing their scanning of the cargo plant parameters and from their own 

subjective ratings that the measure of SA achieved was likely to be different to 

that when the operation is conducted on board a ship.  This finding went against 

that suggested in the literature review.  It may be that this type of plant 

simulation is more prone to preparation for probe questions than the flight 

simulation reported by Endsley.  Flying, and in particular, fighting an aircraft is 

likely to require more physical activity and less monitoring, while plant operation 

generally requires more monitoring and less overt actions.  Hogg et al. did not 

refer to this issue with SACRI even though this methodology required the 

control room operators to only monitor and not interact with the plant as they 

would normally.  The preparation to answer questions may have further reduced 
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any differentiation between SA and ranked task priority, and SA and 

experience, confounding the measure to some degree.   

 

 

8.2.4 Types of SA Questions 

By attempting to measure not only SA but SA at levels 1, 2 and 3 an equal 

number of questions for each level of SA were administered to avoid creating a 

bias between levels.  Section 4.6 described how this limited the number and 

type of questions which were to be used.  Questions based on trend change, 

relative difference or correct/incorrect responses would appear to be natural 

indicators of plant awareness.  They avoid the necessity of remembering large 

amounts of factual data which is always available to the operator via the control 

screen interface, but essentially result in responses which must be judged as 

correct or incorrect and provide nominal data.  As discussed in 4.6.2 the use of 

these types of questions to determine SA is in line with the views of Durso et al. 

(1998) and Jeannott et al. (2003).  However by conducting research which 

produced ratio type data in an attempt to increase the granularity of data, not 

only were these forms of questions ignored, but the total reliance on questions 

which generate ratio data alone restricted the type and number of questions 

which could be generated.  This was not such a problem with level 1 SA 

questions as these were essentially raw data type questions such as, ‘what is 

the current discharge pressure on main cargo pump number 1?’  It was 

however more difficult to generate questions resulting in ratio data from the goal 

directed task analysis, (GDTA), for SA level 2 and particularly for level 3.  It is 

likely that within any plant or system there will be a large number of raw level 1 

SA data which will be distilled to a smaller number of goal specific level 2 SA 

data, which in turn may be further distilled to an even smaller number of level 3 

SA data which can be used to predict future plant status.  Although creating 

equal numbers of questions for each level of SA allowed comparison of SA at 

different levels it is possible that it created an unnatural amount of focus for 

subjects particularly at SA level 3.   
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Level 3 SA, or prediction of future plant status, does not necessarily require 

prediction of exact values as required by some of the probe questions in this 

research.  Questions such as, “In 20 minutes from now, what do you estimate 

the sounding in ballast tank 6S to be? (in metres)”, tested for awareness of the 

rate of change of level in a tank but may have appeared unnatural to subjects 

even though it was identified as desirable SA by the SMEs in the GDTA.  Some 

of the questions asked for an estimate of how long it would take for something 

to complete which is possibly more in line with the way an operator may think 

about a task.  Trends of change over time may also be more naturalistic to 

operators although these were excluded from this research as discussed. 

 

In some cases the difficulty in generating probe questions resulted in some level 

3 questions being repeated to make up the same number of questions to those 

at level 1 and 2, (only one repeat of a question was used where this occurred).   

 

The decision to only use ratio data in preference to ordinal or nominal data in 

this research restricted the type of questions to those which were based around 

absolute data values.  This has resulted in a measure which has ignored other 

forms of plant awareness such as trend changes and relative differences which 

may be intrinsic parts of an operator’s awareness of a plant and its status.  The 

generation of equal numbers of SA probe questions for all 3 levels of SA may 

have skewed the normal balance of SA that an individual possesses at any 

time. 

 

Questions relating to trends or relative difference may be a more naturalistic 

measure of a subject’s SA but return data of a type which may restrict the type 

of statistical analysis which can be used.  This research sought out numerical 

data with the intention of realising increased granularity in the measure, but at 

the same time this has led to a narrow view which has failed to capture the rich 

depth of SA by ignoring other types of probe question. 
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8.2.5 The Role of Attention and Heuristics in SA 

The data described in section 7.5 demonstrated that greater attention was paid 

to a limited number of plant parameters associated with a given task goal.  

These results illustrate the role of attention and attention switching in SA as 

outlined in sections 2.3.2 and 2.3.3.  Fracker, (1990), supports the view that 

attention is a limited resource and must be allocated and re-allocated 

dynamically.  In a series of experiments, conducted by Fracker, with pilots in 

combat aircraft simulations the subject’s aircraft was attacked by a varying 

number of enemy aircraft.  In addition there were other enemy aircraft which 

were not direct threats and a number of friendly aircraft.  In common with 

Gugerty, (1997), who found drivers paid most attention to vehicles closest to 

them, Fracker found that most attention was focused on enemy aircraft which 

posed a direct threat.  Non threatening enemy or friendly aircraft received less 

attention.  As the number of threatening aircraft increased, the differential 

between the attention paid to threatening aircraft and the remaining aircraft 

increased.  Fracker described this as an ‘attention gradient’ hypothesising that 

his results indicated the limited resource of attention.  He stated his results, 

 

“support a model in which a limited supply of attention is allocated to task 

elements according to their ability to contribute to or threaten task 

success.”  (Fracker, 1990) p.6-1.   

 

This model of attention allocation is supported by the results described in 

section 7.5 which demonstrate the difference in the attention given to different 

parameters associated with the same task.  The number of concurrent tasks 

which were ongoing outstripped the available attention resource.  This resulted 

in attention being focused on a restricted number of plant parameters while 

maintaining a lower level of attention, and therefore corresponding lower level of 

SA, across the remaining task parameters.   

 

The focus of attention on a limited number of parameters described in 7.5 also 

fits with theories of heuristics and biases, and satisficing.  Tversky and 
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Kahneman, (1974), described how biases in judgements revealed some 

heuristics in situations with uncertainty.  They stated that, 

 

‘people rely on a limited number of heuristic principles which reduce the 

complex tasks of assessing probabilities and predicting values to simpler 

judgemental operations.’ (Tversky & Kahneman, 1974) p.1124.  

 

They described three heuristics used by people to assess probabilities, but the 

theory can be generalised to how operators deal with large amounts of data 

when controlling multiple ongoing tasks in order to simplify and cope.  They 

described one of the three heuristics as ‘availability’.  This heuristic is based on 

the ease with which instances or occurrences can be brought to mind.  A bias 

with this heuristic is how easy it is to retrieve instances of the event in question.  

More numerous instances are more easily retrieved than less numerous, 

biasing judgements toward the more numerous.  This is compounded with a 

temporal aspect; more recent occurrences are more likely to be recalled than 

earlier ones.  Generalising their discussion on how people make judgements to 

the selection of which parameters to monitor in this dynamic control room 

environment, it is possible that operators will have used a similar heuristic to 

support their recognition primed decision making.  Recognising a task of tank 

washing they selected an action script to deal with this and are likely to have 

recalled previous occasions when monitoring of ullage only was sufficient for 

them to complete the task successfully.  This would further re-enforce their view 

that little or no attention was required of other parameters associated with the 

task, even though they may have been aware that these were of some 

relevance.  This approach of rapidly identifying the minimum parameters to 

achieve the task goal, supported by frequent and recent use of the approach 

may have ‘satisficed’ the operators.  This was evidenced by the difference in 

awareness of a wide range of plant parameters. 

 

Satisficing was proposed by Simon, (1956), as a choice mechanism which 

permits satisfaction at a certain level rather than making decisions by evaluating 

all possible options.  Simon went on to develop this hypothesis suggesting that 

when decisions involve multiple complex options it is too difficult for the decision 
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maker to evaluate them all and they select the best one.  He suggested the 

decision maker has some aspiration as to how good an option is required.  As 

soon as an option meeting this aspiration is discovered the search for a choice 

is terminated and that option is selected (Simon, 1979).    

 

Klein, (1993), proposed a recognition primed decision model of decision making 

relevant to perceptual situations which is pertinent in a control room 

environment.  In Klein’s model an experienced person identifies cues and 

patterns in an environment which allows them to select an ‘action script’.  This 

model of decision making allows users to utilise their experience to rapidly 

come to a decision, evaluating options in series therefore avoiding deliberations 

between options.  In the cargo control room context the decision is about which 

parameters to monitor to achieve the task goal.  Klein highlights a number of 

key features of the RPD model one of which is that it relies on ‘satisficing’ rather 

than optimising, that is finding the first option that works not necessarily the best 

option (Klein, 1993).  

 

Since there was some evidence in this research of subjects preparing to answer 

probe questions it is possible that this preparation masked the naturalistic 

heuristics which may have shown a correlation between SA and experience.  In 

this research, by asking probe questions across a wide range of plant 

parameters, SAGAT has been able to reveal where most attention was focused 

at a specific moment.  This may be a beneficial utilisation of this methodology in 

future research, revealing some of the heuristics used by operators.  At the 

same time it also demonstrates a potential limitation with the methodology.  

When comparing SA between individuals it is critical to ensure the probe 

questions address the subject’s focus of attention.  It is possible that not all 

operators will focus on the same plant parameters but may still successfully 

complete a task goal.   
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8.3 Recommendations 

The GDTA was time consuming but gave a comprehensive picture of SA 

requirements for discharging a crude oil cargo.  The SA probe questions 

derived from it for this research were restricted to data only values.  Future 

research in this domain could utilise the GDTA but make greater use of other 

types of probe question such as trend changes or comparisons between 

parameters.  The use of a broader scope of questions types may provide a 

more holistic measure of an operator’s SA. 

 

A consideration in future research may be to decide whether to administer 

questions from across the plant or to focus on a narrow range of parameters.   

 

Objective and subjective data collected in this research showed there was a 

difference between what SMEs considered to be ideal SA and that which was 

observed in this sample population of marine control room operators.  Further 

research in this area is required to establish the importance of this gap in 

operator SA and the impact that less than ideal SA may have on the safety and 

risk associated with the transfer of bulk liquid cargoes.  More research is 

required to determine how the gap between ideal and observed SA may be 

closed.  One avenue of research in closing the gap may be through the training 

operators receive.  An increased understanding of the required SA may lead to 

operators changing their operating practices in order to close the SA gap.  A 

second avenue of research to close the SA gap would be for designers of cargo 

control systems and GUIs to investigate ways in which they could be changed 

to provide more support for the operator and increase operator SA.  There are 

currently no guidelines or standards for the design of these systems or GUIs on 

tankers.  Existing GUIs show the plant over a number of screens, each 

displaying a fixed part of the cargo plant which must be interrogated by the 

operator.  Further research is required into adaptive ecological displays for 

marine control room operators and the effect this has on operator SA. 

 

The GDTA in this research examined each of the subtasks which made up the 

overarching goal of discharging a cargo of crude oil in isolation.  Required SA 
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was derived from each of the subtasks in isolation.  Further research is required 

to determine the impact on required SA when one or more subtasks are 

ongoing concurrently.  Should the SA required for each subtask remain the 

same?  This would imply increasing the cognitive workload on the operator or 

providing a control system interface which could provide increasing support to 

maintain the operator’s SA without overloading cognitive resources.  

Alternatively, should the required SA for each of the subtasks be amended 

when more than one is active?   

 

The results of this research showed no correlation between SA and experience.  

Further research is required to explore these results further due to the practice 

in the tanker shipping sector of associating greater experience with less risk in 

the officer matrix.  While good performance does not necessarily require good 

SA it is likely that increased SA will improve the possibility of better 

performance. 

 

Results from this research have shown that the SAGAT methodology, when 

used with a wide range of probe questions across plant parameters, can be 

utilised to identify which parameters operators have greatest awareness of.  

This research showed that operators focused on a restricted number of 

parameters to derive their SA.  There is the possibility that whenever SA probe 

questions are used to measure SA, an operator may be deriving SA from other 

sources beyond the scope of the probe questions.  It is therefore suggested that 

freeze probe techniques within this domain are restricted to cases where the 

measure of SA is specifically related to parameters covered by the probe 

questions, (such as when comparing different GUIs, or measuring awareness of 

specific parameters), rather than using it alone as a holistic measure of SA. 

 

This research utilised an objective freeze probe measure of SA and it has been 

concluded there is a risk of incorrectly assessing SA if the probe questions do 

not cover all the ways in which an operator is deriving SA.  Taking the view that 

SA is a meta cognitive construct further research is required in this domain to 

determine the value of subjective measures of SA such as self or observer 

rating.  It would be beneficial to determine whether these measures are 
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sufficient only to enrich the results of objective measures, or whether they have 

sufficient construct validity to provide a good measure of SA alone.  If this were 

the case it would assist in moving the measurement of SA from a simulated 

environment to a real vessel.   

 

The post exercise questionnaire showed that contrary to the literature reviewed 

subjects did prepare to answer SA probe questions to some degree.  Such 

preparation will confound the measure to some extent.  Further research is 

required to determine whether this is a parochial issue confined to control room 

based scenarios and whether or not it can be minimised by careful experimental 

design. 

 

A reflection derived from this research was that control room operators utilised 

naturalistic heuristics to cope with their cognitive workload and achieve task 

goals.  Further research into the cognitive strategies used by these operators is 

required to determine the extent to which heuristics are being used by them.  

Loading, discharging and the associated tank washing and cleaning operations 

involving flammable, polluting and noxious liquids in bulk are high risk 

operations.  While the use of heuristic strategies may reduce cognitive 

workload, it would be useful to determine its impact on SA outside the narrow 

focus of attention directed by the strategy in use.  It would be of benefit not only 

to ship operators but to those who assess risk in the tanker sector, such as 

charters and insurers, to be able to better understand and quantify the impact 

and extent that heuristics have on the safety of cargo operations. 

 

 

8.4 Original Contributions from the Research 

Although the results of this research did not establish all the relationships it set 

out to investigate it has led to a number of unexpected findings which has 

expanded the list of original contributions from the research as set out in section 

1.5.  In the maritime domain this research has the following original 

contributions: 
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1. The SAGAT methodology has been adapted to the maritime domain; 

specifically that of the cargo control room on oil tankers.  Evidence of 

construct validity is taken from the observed differences in SA between 

parameters which were prominently displayed in the GUI and those 

which required further inspection or cognitive processing to determine as 

shown by the mean error scores to the probe questions.  The 

methodology is capable of measuring some aspect of SA in this domain. 

 

2. A detailed goal directed task analysis has been conducted for the 

discharge of crude oil on an oil tanker and the subtasks associated with 

this operation.  This analysis will be of benefit to future research in this 

domain. 

 

3. An exercise scenario and research protocol were developed for a high 

fidelity liquid cargo simulator.  Future research utilising this type of 

simulation will benefit from the experience gained in the development of 

this protocol. 

 

4. Some significant correlations between SA and task focus for marine 

cargo control room operators were established.  A number of issues with 

the methodology have been identified which may permit future 

researchers to further explore this relationship. 

 

5. No significant correlations between SA and experience were established.  

A number of possible factors which may have impacted on measurement 

of this relationship have been postulated and this may be useful to future 

researchers investigating this relationship. 

 

6. This research has shown that some system parameters are attended to 

more than others.   The limited number of parameters attended to and 

the relationship with their prominence on the GUI may also be of interest 

to designers of ships’ control systems when considering the design of 

ecological GUIs. 
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7. The difference in mean error scores across probe questions identified 

that there is a difference between what subject matter experts’ identified 

as desirable SA required to complete a task and the SA achieved by the 

control room operators who participated in this research.  The 

identification of ideal SA as defined by SMEs is relevant to operators, 

trainers and system designers.  Identification of a gap between ideal and 

commonly achieved SA in these operations is the first step in a process 

to narrow the gap and improve the SA of marine control room operators. 

 

8. The lack of correlation between SA and experience may have been 

caused by the factors described in 7.3.  However if the results are 

representative they indicate the lack of correlation between SA and time 

served on a vessel.  This is relevant to those in the tanker shipping 

sector who quantify the risk posed by officers on vessels by quantifying 

their experience by time in a rank. 

 

9. This research has identified a greater degree of subject preparation to 

answer freeze probe questions than was indicated in the literature 

reviewed.  This has implications on the utility of the SAGAT methodology 

and of any methodology which utilises a simulated environment and 

probe questions.   
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Appendix A – Output from the Goal Directed Task 

Analysis 

 

Main Task - Discharge with Crude Oil Washing 

 

Subtask List 

1. Discharge from cargo tanks 

2. COW 

3. Tank pressure management 

4. Ballasting 

5. Stability, stress and trim 

6. Ensure vessel securely moored alongside 

 

  



223 

1. Discharge from Cargo Tanks 

Start Discharge 

Awareness of cargo properties 

Q Is the H2S content a hazard? 

H2S content of cargo 

Status of current H2S readings on deck 

TLV for H2S 

Effect of H2S 

Precautions required 

Q Is the pour point/cloud point temperature a problem for discharge 

operations? 

Suitability for COW 

Current temperature 

Predicted cargo temperature 

Q Is the cargo temperature acceptable? 

Current temperature 

Maximum allowable 

Minimum allowable 

Tank coating maximum temperature 

 

Density 

Q Is the cargo density suitable for COW? 

Current cargo density 

Acceptable density range for COW 

Q What will be the effect on cargo calculations 

Weight of cargo 

Volume of cargo 

 

Engine room readiness 

Q What is the impact of the engine room readiness on the discharge plan? 

Period of notice given to the engine room 

Period of notice required by engine room 

Engine room knowledge of current cargo system status  
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Lining up of pumps 

Planning for line up 

Q Identify tanks to be discharged? 

Cargo plan requirements 

Status of tank levels 

Q How many cargo connections are available? 

Number of terminal discharging arms 

Number of ship's manifolds 

Q What is the maximum back pressure? 

Terminal maximum 

Ship's maximum 

Q What is the required pumping rate? 

Terminal maximum 

Ship's maximum 

 

Line up 

Q Are valves on the suction side of the pump lined up? 

Status of tank suction valves 

Status of the bulkhead master valves 

Status of the pump suction valves 

Number of tanks to be lined up per pump 

Suction pressure at pump 

Anticipated suction pressure 

Difference in anticipated and actual suction pressure 

Q At what rate should the pipeline be filled to avoid a pressure surge on the 

suction side? 

Suction pressure at pump 

Status of tank level 

Status of liquid level in the pipeline 

Q Are valves on the discharge side of the pump lined up? 

Status of pump discharge valve 

Status of valves from pump to manifold 

Status of the manifold valve 
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Status of the pump discharge pressure 

Anticipated discharge pressure 

Deviation between anticipated and observed discharge pressure 

Q Does the line up match the plan? 

Discharge plan requirements 

Current status of cargo system 

Anticipated changes to the cargo system 

Q Has the indicated valve status been verified?  

Visual status 

Indicated status 

Difference between visual and indicated status 

Q Has the line up been independently verified? 

Planned line up 

Reported line up 

Difference between planned and reported line up 

Q Are there any cargo system problems? 

Identification of known problems 

Identification of potential problems 

Impact of problems on operation 

Q Are the tank levels monitored? 

Current tank level status 

Recording of tank levels prior to start 

Anticipated change in tank level 

Actual change in tank levels 

 

Starting of pumps 

Power available for pumps 

Q Has the turbine been warmed through? 

Status report of turbine warming from engine room 

Expected time required for turbine warming 

Time remaining until turbine is ready for use 

Steam pressure on turbine 

Expected turbine steam pressure 
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Deviation of the turbine steam pressure from the expected steam 

pressure 

Q Is the terminal ready to receive cargo? 

Confirmation to start from terminal 

Terminal status to receive cargo 

Terminal requirement for initial cargo flow 

 

Pump start 

Q Is there a man standing by the in the pumproom? 

Location of standby person 

Oxygen content within the pumproom 

Hydrocarbon content in the pumproom 

Confidence in the stand by person's abilities 

Q Has the turbine reached governor speed? 

Status report from engine room 

Indicated pump speed 

Q Is the pump speed controller in engine room or CCR setting 

Status report from engine room 

Status of local control indicator 

Q When is an appropriate time to open the discharge valve? 

Status of local control indicator 

Status of pump speed 

Status of pump discharge pressure 

Predict change in discharge pressure when valve opened 

Status of pump suction pressure 

Predicted change in suction pressure when valve opened 

Q Has the pump started correctly? 

Status of pump suction pressure 

Status of pump discharge pressure 

Status of pump speed 

Deviation of pump suction pressure from planned suction pressure 

Deviation of pump discharge pressure from planned discharge 

pressure 

Deviation of pump speed from planned start up speed 
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Status of pump discharge valve 

Projected change in pump suction pressure with change in pump 

speed 

Projected change in pump discharge pressure with change of pump 

speed 

Current flow rate from pump 

Deviation of actual flow rate to terminals requested initial flow rate 

Status of leak checking  

Before increasing pump speed 

When maximum speed or discharge pressure achieved 

 

Debottoming of tanks 

Q Are the tanks to be debottomed lined up? 

Status of tank suction valves 

Deviation of tanks lined up to the discharge plan 

Q How much are the tanks to be debottomed by? 

Status of tank levels 

Deviation of tank levels for planned debottom level 

Projected time to completion of tank debottoming 

Rate of change of level in the tank 

Q Rate at which tanks are to be debottomed? 

Status of pump speed 

Status of pump discharge pressure 

Projected time to completion of tank debottoming 

Rate of change of level in the tank 

Q Action on completion of tank debottoming 

Planned action in discharge plan 

Action expected from terminal on completion 

Requirement to notify terminal on completion 

 

Discharge of cargo 

Monitoring tank contents 

Q Are tanks levels changing as expected?  

Status of current tank level 
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Predicted change in tank level 

Expected rate of change of tank level 

Time of last manual gauge 

Deviation of current tank level from planned tank level 

Q Is the volume discharge as planned? 

Status of the current tank volume 

Expected rate of change of tank volume 

Deviation of tank discharge rate from planned discharge rate 

 

Monitor pipeline integrity 

Suction side 

Q Are tank levels changing in accordance with the discharge plan? 

Status of tank levels 

Deviation of tank levels from the discharge plan 

Trend of tank level change 

Status of levels in unused tanks 

Q Are levels in unused tanks changing? 

Status of unused tank levels 

Planned levels in unused tanks 

Deviation between actual and planned levels in unused tanks 

Impact of trim changes on level indicators in unused tanks 

Q Have the pumproom lines and valves been inspected? 

Report from stand by person in pumproom 

Frequency of inspection 

Status of pumproom bilge alarm 

Status of pumproom gas detection alarm 

Q Has the water around the vessel been checked for leaks? 

Deck crew report on inspection of water around the vessel 

Frequency of inspection 

Status of tidal flow past vessel 

Estimated time of tidal flow change 

Proximity of other vessels 

Status of sea surface observation 

Status of ambient light 
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Impact of light on sea surface observations 

 

Discharge side 

Q Are there any visible leaks from the pipelines and discharge arms? 

Status of deck line checks 

Status of manifold checks 

Status of over side checks 

Frequency of checks 

Interval to next check 

Q Has there been an unexpected change in discharge pressure 

Status of the discharge pressure 

Expected discharge pressure 

Trend of changes in discharge pressure 

Predicted change in discharge pressure 

Maximum acceptable pressure 

Anticipated change 

 

Monitoring on deck 

Q Are there any unusual sounds? 

Expected sounds 

Unexpected sounds 

Unexpected silence 

Q Are there any unusual smells? 

Expected smell 

Unexpected smell 

Lack of smell 

Q Is there any unusual vibration? 

Expected vibration 

Unexpected vibration 

Lack of vibration 

 

Increase to full rate 

Start up additional pumps 

Q Are the discharge pressures balanced? 
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Current discharge pressures 

Difference in discharge pressures between pumps 

Maximum difference in discharge pressure 

Maximum discharge pressure permitted 

Q How many pumps should be running? 

Planned number of pumps 

Current number of pumps running 

Q Is the current pump speed appropriate? 

Current pump speed 

Planned pump speed 

Effect on system of a change in pump speed 

Q Are an appropriate number of tanks open? 

Current tank valve status 

Planned tank valve status 

Q What is the effect on tank levels 

Current tank levels 

Difference in tank levels 

Anticipated change in levels 

Q Is the discharge pressure acceptable? 

Current manifold pressure 

Planned manifold pressure 

Maximum permitted manifold pressure 

Anticipated change in manifold pressure 

Q Is the discharge rate acceptable? 

Current discharge rate 

Planned discharge rate 

Maximum permitted discharge rate 

Anticipated change in discharge rate with change in pump speed 

 

Minimise water accumulation on deck 

Q Is there an accumulation of water on deck? 

Status of scupper plugs 

Likelihood of rainfall 

Current rainfall 
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Q Can the water is drained from the deck? 

Presence of oil on water in scuppers 

Manpower available to monitor over side draining 

Availability of Wildern pump 

Available volume in slop tank 

 

Bulk Discharge 

Control of pumps 

Q Are cargo pump discharge pressures balanced? 

Current discharge pressures 

Difference in discharge pressures between pumps 

Maximum difference in discharge pressure 

Maximum discharge pressure 

Effect on the pump discharge pressure of a change in pump speed 

Effect on the pump discharge pressure of a change in pump 

discharge valve position 

Effect of changes in pumps suction pressure 

Predicted risk of gravitation between tanks 

Q Are the correct tanks being discharged? 

Status of tank suction valves 

Deviation of tank suction valves from the discharge plan 

Q When should the pump suction lines be segregated? 

Status of the pump suction pressures 

Variance between pump suction pressures 

 

Communication with terminal 

Q How do ship and shore figures compare? 

Ship discharge figure 

Shore received figure 

Difference between ship and shore 

Acceptable difference in figures 

Ships units for figures (gross or net) 

Shore units for figures (gross or net) 
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Q Is the discharge rate acceptable? 

Current rate 

Anticipated rate 

Planned rate 

Q Does the discharge rate require adjustment? 

Planned change of rate 

Current rate 

Unexpected change of rate 

Impact of change of rate on operation 

 

Monitoring tank contents 

Q Are tanks levels changing as expected? 

Status of current tank level 

Predicted change in tank level 

Expected rate of change of tank level 

Time of last manual gauge 

Trend of tank level change 

Deviation of current tank level from planned tank level 

Q Are levels in unused tanks changing? 

Status of unused tank levels 

Planned levels in unused tanks 

Deviation between actual and planned levels in unused tanks 

Impact of trim changes on level indicators in unused tanks 

Q Is the volume discharge as planned? 

Status of the current tank volume 

Expected rate of change of tank volume 

Deviation of tank discharge rate from planned discharge rate 

Q Do gauging systems agree? 

CCR gauge reading 

MMC/UTI local reading on deck 

Difference between gauges 

Acceptable difference between gauges 

Q Is there a sufficient stagger between tanks? 

Current stagger 
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Planned stagger 

Anticipated change in stagger 

 

Monitor pipeline integrity 

Suction side 

Q Have the pumproom lines and valves been inspected? 

Report from stand by person in pumproom 

Frequency of inspection 

Status of pumproom bilge alarm 

Status of pumproom gas detection alarm 

Q Has the water around the vessel been checked for leaks? 

Deck crew report on inspection of water around the vessel 

Frequency of inspection 

Status of tidal flow past vessel 

Estimated time of tidal flow change 

Proximity of other vessels 

Status of sea surface observation 

Status of ambient light 

Impact of light on sea surface observations 

 

Discharge side 

Q Are there any visible leaks from the pipelines and discharge arms? 

Status of deck line checks 

Status of manifold checks 

Status of over side checks 

Frequency of checks 

Interval to next check 

Q Has there been an unexpected change in discharge pressure 

Status of the discharge pressure 

Expected discharge pressure 

Trend of changes in discharge pressure 

Predicted change in discharge pressure 

Maximum acceptable pressure 

Anticipated change 
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Monitoring on deck 

Q Are there any unusual sounds? 

Expected sounds 

Unexpected sounds 

Unexpected silence 

Q Are there any unusual smells? 

Expected smell 

Unexpected smell 

Lack of smell 

Q Is there any unusual vibration? 

Expected vibration 

Unexpected vibration 

Lack of vibration 

 

Strip tanks 

Q Are preparations for stripping complete? 

Required equipment on deck (MMC etc) 

Availability of equipment on deck 

Required personnel on deck 

Availability of personnel on deck 

Trim 

Required trim 

Current trim 

List 

Location of pump suction 

Required list 

Current list 

 

With MCP 

Q When should the pumping systems be isolated? 

Discharge pressure 

Relative discharge pressures on pumps 

Suction pressure 
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Status of discharge valve position 

Discharge rate 

Projected stripping rate 

Difference between discharge rate and stripping rate 

Change in tank levels 

Availability of a slop tank to discharge into 

Number of pumps and systems in operation 

Q When should the cargo pumps be slowed down? 

Status of tank level 

Status of pump suction pressure 

Status of pump discharge pressure 

Status of pump speed 

Volatility of cargo oil 

Predicted effect of slowing down the pump 

Optimum pump speed for vac strip 

Status of the vacuum pumps 

Separator level 

Q Is the vac strip system lined up correctly? 

Status of water to vacuum pumps 

Status of separator tank suction valve auto or manual 

Status of pump discharge valve auto or manual 

Q When should the vac strip system be started? 

Status of tank levels 

Status of pump suction pressure 

Status of pump speed 

Status of pump discharge valve position 

Predicted effect on the pump suction pressure if the vac strip system is 

not started 

Predicted effect on the pumps suction pressure if the vac strip system 

is started 

Q When should the pump discharge valve be throttled? 

Status of tank level 

Status of pump suction pressure 

Status of pump discharge pressure 
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Status of pump speed 

Volatility of cargo oil 

Predicted effect of throttling the discharge valve 

Status of the vacuum pumps 

Separator level 

Q What is the impact of the tank levels? 

Last tank in system to have priming head 

Current status of tank levels 

Number of tanks being stripped 

Predicted impact of trying to strip multiple tanks 

Q What is the impact of a loss of suction by a trip on the stripping operation? 

Current tank level status 

Predicted risk of backflow to tanks on pump trip 

Projection of time to change from stripping with MCP to stripping with 

eductor 

 

With eductor 

Set up 

Q Is the line up correct from the drive tank to the pump? 

Current tank level status 

Predicted risk of back flow into tanks 

Predicted change in pump suction pressure 

Predicted impact on vacuum pumps 

Q Is the line up from the discharge side of pump to the eductor correct? 

Status of the valves from the cargo pump to the eductor 

Line contents full or empty 

Risk of a pressure surge when filling lines 

Q Is the line up from the eductor discharge correct? 

Return to slop tank 

Status of valves from eductor to slop tank 

Return to shore 

Status of valves from eductor to manifold 

Return to slop tank and shore 

Status of valves from eductor to manifold and slop tank 
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Balance of flow between slop tank and manifold 

Q Should the changeover be on the fly or by shutting down pump? 

Status of current tank levels 

Status of current valve line up 

Impact on the pump operation 

Predicted risk of a pressure surge in the line 

Q Are the tank volumes under control? 

Available volume in the slop tank 

Volume to be stripped 

Predicted maximum level in the slop tank 

 

Eductor Drive Pump 

Q Is the pump ready to start? 

Steam pressure on turbine 

Deviation of the turbine steam pressure from the expected steam 

pressure 

Status of pump suction valves 

Status of pump discharge valves 

Q Is there a man standing by the in the pumproom? 

Location of standby person 

Oxygen content within the pumproom 

Hydrocarbon content in the pumproom 

Confidence in the stand by person's abilities 

Q Has the pump started correctly? 

Status of pump suction pressure 

Status of pump discharge pressure 

Status of pump suction valve 

Status of pump discharge valve 

Status of pump speed 

Deviation of pump speed from planned start up speed 

Projected change in pump suction pressure with change of discharge 

valve position 

Projected change in pump discharge pressure with change in 

discharge valve position 
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Projected change in pump suction pressure with change in pump 

speed 

Projected change in pump suction pressure with change of pump 

speed 

Current flow rate from pump 

Deviation of actual flow rate to terminals requested initial flow rate 

Q Is the eductor driving pump running correctly? 

Status of pump suction pressures 

Status of pump discharge pressure 

Status of pump speed 

Deviation of pump suction pressure from planned suction pressure 

Deviation of pump discharge pressure from planned discharge 

pressure 

 

Operation of eductor 

Q Is the operation being monitored? 

Status of levels in tanks being stripped 

Status of the level in the slop tank 

Rate of change of slop tank level 

Status of eductor suction pressure 

Expected eductor suction pressure 

Interpretation of eductor suction pressure 

Status of the level in the tank being educted 

Projection of the level in the tank being educted 

Predicted impact on the stripping operation of a drop in eductor drive 

pressure 

Q Is the pump being controlled? 

Current pump speed 

Optimum pump speed 

Discharge pressure 

Eductor drive pressure 

Required eductor drive pressure 

Q Is the bleed off to the shore satisfactory? 

Status of levels in tanks being stripped 
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Status of the level in the slop tank 

Current flow rate to shore 

Predicted flow rate to shore 

Difference in current and predicted flow rate to shore 

Status of shore line up 

Communication with shore 

 

With stripping pump 

Q Where will the stripping pump discharge too? 

Status of the slop tank level 

Position in the discharge plan 

Projected change of level in the discharge plan 

Q Is the stripping pump lined up? 

Status of the valves from the tank/line to be stripped to the stripping 

pump suction 

Status of the valves from the stripping pump discharge to the slop 

tank or manifold 

Requirement of the discharge plan 

Q Is steam available to the stripping pump? 

Status of the steam supply 

Status of the stripping pump warm through 

Status of condensate in cylinders 

Q Is the stripping pump running correctly? 

Status of the suction pressure 

Status of the discharge pressure 

Status of the pump speed 

Projected change on suction pressure with a change in pump speed 

Status of a visual inspection 

Q Has the stripping pump been shutdown correctly? 

Status of the suction pressure 

Status of the discharge pressure 

Status of the pump speed 

Status of the valves from the tank/line to be stripped to the stripping 

pump suction 
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Status of the valves from the stripping pump discharge to the slop 

tank or manifold 
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2. COW 

Preparation for COW 

Q Is the tank atmosphere acceptable for COW? 

Status of tank oxygen content 

Planned oxygen content 

Deviation of oxygen content from plan 

Status of the tank pressure 

Planned tank pressure 

Deviation of tank pressure from plan 

Projected change to oxygen content 

Calibrated gas detector ready 

Test location in tank 

Q Are tank levels in accordance with the COW plan? 

Status of the tank levels 

Planned tank levels 

Deviation from the planned levels 

Q Which washing cycle is to be selected? 

Status of tank level 

Objective of tank washing 

Viscosity of oil 

Projected residue in tank 

Status of the washing machine nozzle angle 

Q Is the number and throughput of machines within the stripping capacity? 

Throughput of each machine 

Number of machines planned to be used 

Stripping capacity 

Q Are the machines ready? 

Status of the nozzle angles 

Planned programme angles 

Time taken to complete a cycle 

Number of washing cycles 

Type of wash 

Programme speed 
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Q Is appropriate equipment ready? 

Status of float gauges (raised/lowered) 

Status of dipping equipment  

Q Which pump should be selected for COW? 

Status of manifold back pressure 

Planned COW pump 

Pump availability 

Impact of pump selection on terminal required discharge rate 

Q Is the COW pump lined up from the supply tank? 

Tank to be used for supply of oil 

Status of supply tank suction valve 

Status of valves from the supply tank to the pump suction 

Suction pressure at the supply pump 

Expected suction pressure 

Deviation of suction pressure from expected pressure 

Q Is the COW pump lined up to the COW machines? 

Status of the COW pump discharge valve 

Status of the valves from the COW pump to the washing machines 

Status of isolation for machines not to be used 

Discharge pressure on pump 

Expected discharge pressure 

Q Are communications functional? 

Status of communications with the terminal 

Status of communications with deck crew 

Q Is the tank wash heater isolated? 

Status of valves and blanks to tank wash heater 

Pressure in tank wash heater 

Q What method of tank stripping is to be used? 

Status of tank level 

Required wash pattern (top or bottom) 

Stripping requirement for wash pattern 

Q Is the eductor lined up correctly? 

Status of valves from pump to eductor 

Status of valves from eductor to slop tank 
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Status of valve on suction side of eductor 

Q Is the stripping pump lined up correctly? 

Status of valves from tank to stripping pump suction 

Status of condensate in cylinders 

Status of the valves on the discharge side of the stripping pump  

Q Is the MCP lined up correctly? 

Status of valves from tank to pump suction 

Status of valves on the discharge side of the pump 

Status of vac strip system 

 

Start COW 

Q Can the filling line be filled slowly by a pump? 

Status of valves from driving pump to COW line 

Status of the driving pump speed 

Status of COW machine valves 

Status of driving pump discharge pressure 

Status of COW line pressure 

Trend of COW line pressure 

Selection of valve to open for venting vapour from the line 

Q Can the line be filled slowly by bleed off from discharge? 

Status of manifold back pressure 

Status of all pump speeds 

Status of all pump discharge pressures 

Relationship of each pump discharge pressures 

Status of COW line pressure 

Trend of COW line pressure 

Selection of valve to open for venting vapour from the line 

Q Can the COW line pressure be increased slowly to the required pressure? 

Status of the driving pump discharge pressure 

Status of the driving pump speed 

Status of leaks on the COW line 

Status of the COW line pressure 

Rate of change of COW line pressure 

Predicted change in COW line pressure 
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Deviation from current COW line pressure to optimal line pressure 

Predicted consequence of rapid rate of pressure change 

Q Are the COW machines operating correctly? 

Status of the machine nozzle angle 

Status of audible spray confirmation 

Status of elevation change per revolution 

Predicted time to complete COW 

Predicted time for nozzle to reach change over point 

 

Stripping of tank to be COW (repeated from tank stripping) 

Operate eductor 

Eductor 

Q Is the eductor lined up? 

Status of the valves on from the supply tank to the cargo pump 

suction 

Status of the valves from the cargo pump to the eductor 

Status of the valves from the eductor to the receiving tank 

Status of the valves from the eductor suction to the tank to be 

stripped 

Capacity in the receiving tank to receive tank strippings 

Q Is the eductor operating correctly? 

Status of eductor suction pressure 

Status of eductor drive pressure 

Status of eductor discharge pressure 

Projected change in eductor suction pressure 

Status of the level in the slop tank 

Projection of the change of level in the slop tank 

Estimate of the final level in the slop tank 

Status of the level in the tank being educted 

Projection of the level in the tank being educted 

Q Has the eductor been shutdown correctly? 

Status of eductor suction pressure 

Status of eductor drive pressure 

Status of eductor discharge pressure 
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Status of the level in the slop tank 

 

Drive Pump 

Q Is the pump ready to start? 

Steam pressure on turbine 

Deviation of the turbine steam pressure from the expected steam 

pressure 

Status of pump suction valves 

Status of pump discharge valves 

Q Is there a man standing by the in the pumproom? 

Location of standby person 

Oxygen content within the pumproom 

Hydrocarbon content in the pumproom 

Confidence in the stand by person's abilities 

Q Has the pump started correctly? 

Status of pump suction pressure 

Status of pump discharge pressure 

Status of pump suction valve 

Status of pump discharge valve 

Status of pump speed 

Deviation of pump speed from planned start up speed 

Projected change in pump suction pressure with change of discharge 

valve position 

Projected change in pump discharge pressure with change in 

discharge valve position 

Projected change in pump suction pressure with change in pump 

speed 

Projected change in pump suction pressure with change of pump 

speed 

Current flow rate from pump 

Deviation of actual flow rate to terminals requested initial flow rate 

Q Is the eductor driving pump running correctly? 

Status of pump suction pressures 

Status of pump discharge pressure 



246 

Status of pump speed 

Deviation of pump suction pressure from planned suction pressure 

Deviation of pump discharge pressure from planned discharge 

pressure 

 

Operate stripping pump 

Q Where will the stripping pump discharge to? 

Status of the slop tank level 

Position in the discharge plan 

Projected change of level in the discharge plan 

Q Is the stripping pump lined up? 

Status of the valves from the tank/line to be stripped to the stripping 

pump suction 

Status of the valves from the stripping pump discharge to the slop 

tank or manifold 

Requirement of the discharge plan 

Q Is steam available to the stripping pump? 

Status of the steam supply 

Status of the stripping pump warm through 

Q Is the stripping pump running correctly? 

Status of the suction pressure 

Status of the discharge pressure 

Status of the pump speed 

Projected change on suction pressure with a change in pump speed 

Status of a visual inspection 

Q Has the stripping pump been shut down correctly? 

Status of the suction pressure 

Status of the discharge pressure 

Status of the pump speed 

Status of the valves from the tank/line to be stripped to the stripping 

pump suction 

Status of the valves from the stripping pump discharge to the slop 

tank or manifold 
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Monitor COW 

Q Is the system free of leaks? 

Status of deck patrols 

Status of the COW main pressure 

Trend of the COW main pressure 

Status of isolating valves for unused machines 

Status of pumproom checks 

Q Is the COW progressing as expected? 

Status of the driving pump discharge pressure 

Status of the driving pump speed 

Status of leaks on the COW line 

Status of the COW line pressure 

Deviation from current COW line pressure to optimal line pressure 

Q Is the pressure in the lines acceptable? 

Lines under pressure 

Maximum acceptable pressure 

Current line pressure 

Anticipated change 

Lines not under pressure 

Maximum acceptable pressure 

Current line pressure 

Anticipated change 

Q Are the COW machines operating correctly? 

Planned washing angles 

Status of the machine nozzle angle 

Status of audible spray confirmation 

Status of elevation change per revolution 

Predicted time to complete COW 

Predicted time for nozzle to reach change over point 

Q Are there any Sounds? 

Expected sounds 

Unexpected sounds 

Unexpected silence 

Q Are there any Smells? 
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Expected smell 

Unexpected smell 

Lack of smell 

Q Is there any vibration? 

Expected vibration 

Unexpected vibration 

Lack of vibration 

Q Is the tank being stripped effectively? 

Status of current point within washing programme 

Status of the liquid level in the tank 

Trend of liquid level in tank 

Deviation between the current tank level and the optimal tank level 

Status of the vessel trim 

Minimum trim required by the COW Operations & Equipment Manual 

Status of the vessels list 

Deviation of the current trim to the optimal trim 

Status of the eductor suction pressure 

Q Is the eductor operating correctly? 

Eductor drive pressure 

Eductor suction pressure 

Expected suction pressure while stripping liquid 

Expected suction pressure when drawing vapour 

Q Is the stripping pump operating correctly? 

Status of stroke counter 

Status of the steam supply pressure 

Status of the suction pressure 

Status of the discharge pressure 

Trend of suction pressure 

Expected suction pressure when losing suction 

Deviation of actual pressure from expected pressure 

Q Is the MCP operating correctly? 

Status of the pump speed 

Status of the suction pressure 

Status of the discharge pressure 
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Trend of the suction pressure 

Expected suction pressure when losing suction 

Deviation of actual pressure from expected pressure 

 

Q Is the tank atmosphere within acceptable limits? 

Status of the tank pressure 

Trend of the tank pressures 

Deviation between current tank pressure and optimal tank pressure 

IGS line oxygen content 

Trend of oxygen content output from IGS 

Q Is the level in the slop tank in accordance with the plan? 

Status of the slop tank level 

Trend of the slop tank level 

Planned level in the slop tank 

Deviation of actual level to planned level in the tank 

Deviation of actual to high level alarm 

Anticipated volume to go into the slop tank 

 

Shutdown of COW 

Q Has the tank washing been completed? 

Status of COW machine angles 

Number of completed washing cycles 

Number of washed tanks 

Q Has the COW line been drained? 

Status of pressure in the COW main 

Status of fwd and aft COW machine isolating valves 

Required status of COW line valves 

Impact of current valve status on line draining 

Ability to break vacuum with current valve status 

Projected risk of siphoning liquid between tanks while line draining 

Projected time to complete line draining 

Can the line be educted? 

Tone of sound when pipe is tapped 

Expected sound of an empty pipe when tapped 
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Eductor suction pressure if applicable 

Q Have the COW machines been stowed correctly? 

Status of the COW machine angles 

Parked angle of machines 

Deviation of the COW machine angles from parked 

Q Has the system been isolated to prevent the possibility of cargo transfer 

by siphoning? 

Status of all tank washing valves 

Status of cargo tank levels 

Predicted likelihood of siphoning 
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3. Tank Pressure Management 

Start up of Inert gas plant 

Q Is the inert gas plant cooling water available? 

Status of the scrubber pump 

Status of flow meters 

Status of water pressure alarms 

Status of the valves from the sea suction to the scrubber pump 

Status of the valves from the scrubber pump to the scrubber 

Status of the scrubber pump discharge pressure 

Status of the scrubber alarms 

Status of the scrubber overboard valve 

Q Is the deck seal running 

Status of the seal pump 

Status of deck seal water level alarms 

Status of the liquid level in the scrubber 

Deviation of the deck seal water level to the normal level 

Status of the deck seal low flow alarm 

Q Is there power available to start the plant? 

Notice given to engine room 

Notice period required by engine room 

Status of power indicator 

Q Are the blower preparations complete? 

Status of the flue gas isolating valve 

Status of the recirculation valve 

Status of the blower supply valve 

Status of the blower discharge valve 

Q Is the IG system lined up to the vent? 

Status of the GRV auto controller 

Impact of starting the plant with the GRV in auto 

Prediction of when the GRV controller should be in auto 

Impact of the Oxygen content on the GRV in auto 

Status of the uptake valve 

Impact of the scrubber low flow alarm on the uptake valve 

Status of the blower inlet and outlet valves 
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Status of the blower outlet valve before starting the blower 

Impact of starting the blower with the discharge valve open 

Status of the power supply for the IG system 

Status of the fresh air inlet 

Q Is the IG system lined up from the deck seal to the tanks 

Status of the non return valves 

Status of the tank IG inlet valves 

Status of the vent mast valves 

Status of the liquid filled PV breaker 

Effect of pressure on the liquid filled breaker 

Prediction of liquid level in the PV breaker 

Status of individual tank isolating valves 

Status of the deck main isolating valve 

Status of any other tank openings 

Status of the atmospheric vent valve 

Status of P/V valves 

Q Is the oxygen analyser ready for operation? 

Status of the power to the analyser 

Status of the analyser calibration 

Oxygen reading when purged with air 

Deviation of reading with air from normal reading 

Zero reading when purged with nitrogen 

Deviation of reading when purged with nitrogen from normal 

Status of the high high oxygen alarm 

Set point of the high high oxygen alarm 

 

Management of inert gas plant during discharge 

Q Is the oxygen content acceptable 

Status of the oxygen content 

Planned oxygen content 

Deviation of the oxygen content from the normal 

Trend of oxygen content of delivered inert gas 

Predicted change of the oxygen content 

Impact of rising oxygen content 
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Impact of falling oxygen content 

Status of the oxygen content alarms 

Q Is the inert gas plant running satisfactorily? 

Status of the blower discharge temperature alarm 

Status of boiler load 

Impact of boiler load on oxygen content 

Q Should the GRV be in auto or manual control? 

Selection of set point for GRV 

Status of the GRV controller 

Predicted change in tank pressure 

Impact of keeping GRV in manual 

Impact of keeping GRV in auto 

Q Is the tank pressure at an appropriate level? 

Status of the tank pressure 

Planned tank pressure 

At start of and during COW 

During bulk discharge 

During tank stripping 

Deviation of tank pressure from planned 

Trend of tank pressure 

Projection of future tank pressure 

Impact of the tank pressure on the current operation 

Status of Hi pressure alarm setting 

Status of Low pressure alarm setting 

Status of PV valve setting 

Status of Liquid filled P/V breaker setting 

Status of Mast riser relief valve setting 

Status of the tank pressure alarms 

Impact of a tank overpressure 

Impact of a tank under pressure 

Status of Oxygen content in tank 

Q Is the deck main pressure within the planned range? 

Status of the deck main pressure 

Planned deck main pressure 
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Deviation of deck main pressure from planned pressure 

Trend of deck main pressure 

Q Are conditions on deck as anticipated? 

Visual status of PV valves 

Deviation of visual status of PV valves to expected status 

Impact of any PV valve deviation in status 

Audible status of PV valves 

Expected audible status of PV valves 

Visual status of liquid breaker 

Anticipated visual status of liquid breaker 

Impact of deviation in visual status of liquid breaker 

 

Shutdown of inert gas plant 

Q Is this an appropriate time to shut down the IG system? 

Status of the tank pressure 

Trend of the tank pressure 

Projected change in the tank pressure if the plant is shut down now 

Deviation of tank pressure from normal or planned pressure 

Impact of the change in tank pressure on the current operation 

Q Is the shutdown method appropriate to the current operation? 

Impact of stopping the blowers first 

Impact of closing the GRV first 

Impact of closing the deck main isolating valves first 

Status of the discharge pressure 

Projected change in the discharge pressure 

Status of the system alarms 

Projected change in alarm status 

Status of the blower washing 

Status of the scrubber flushing 

Status of the scrubber cooling water supply 

Status of the deck seal pump 

Status of the deck seal liquid level 

Deviation of the deck seal level with the normal level 
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4. Ballasting 

Q Which tanks are to be ballasted? 

Status of trim 

Status of list 

Status of stability 

Status of bending moments 

Status of shear forces 

Drafts required by discharge plan 

Deviation of current draft from discharge plan 

Projected change in trim 

Projected change in list 

Projected change in stability 

Projected change in bending moment 

Projected change in shear force 

 

Avoidance of contaminants in ballast tanks 

Q Is the under keel clearance sufficient? 

Current UKC 

Acceptable UKC 

Q What are the potential contaminants? 

Status of silt at this location 

Status of marine life (jelly fish) at this location 

Status of pollution in the surrounding water at this location 

 

Ballast by gravity 

Q Is the ballast system lined up correctly? 

Status of the valves from sea chest to tanks 

Likelihood of the line up to create a pressure surge 

Projected change in ballast tank level 

Line up of tank venting 

Projected change in tank pressure 

Q Are the lines full or empty? 

The last ballast operation 

Ballast line pressure (if available) 
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Q Are the pipelines filled in a way that will prevent a pressure surge? 

Status of the pipeline pressure 

Status of vessel's draft 

Predicted hydrostatic head exerted by draft 

Status of sea suction valve 

Status of ballast tank valves 

Status of ballast tank levels 

Order in which to open the valves 

Predicted effect of valve opening sequence on pressure surge 

Correct valve opening settings (crack open valves) 

Q Are the ballast tanks filling correctly? 

Status of the tank levels 

Trend of tank level change 

Expected change of tank levels 

Status of draft 

Relationship between draft and tank level 

Rate of change of flow rate into tanks 

Trend of the rate of change of flow into the tanks 

Drafts required by discharge plan 

Deviation of current draft from discharge plan 

Deviation between planned tanks to ballast and current tanks being 

ballasted 

Q Is there any unwanted internal transfer between tanks? 

Initial tank level 

Current tank level 

Rate of change of tank level 

Expected tank level 

Q Is the ballast operation in accordance with the plan? 

Initial tank level 

Current tank level 

Rate of change of tank level 

Expected tank level 

Q When is it time to stop gravitating ballast? 

Status of tank levels 
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Rate of change of tank levels 

Status of draft 

Status of flow rate 

Rate achievable by pumping 

Deviation between pumping rate and gravitating rate 

Ballast plan instructions 

Projected time until flow rate into tanks is less than pumping rate 

 

Ballast by pump 

Q Should the ballasting operation start from the beginning by pump rather 

than by gravity? 

Impact of ballasting with a known rate on the operation 

Impact of no change of line up required during the operation 

Experience level of control room operators 

Impact on rest period for Chief Officer 

Q Is the ballast system lined up correctly? 

Status of the line up from sea chest to pump 

Status of the line up from pump to tanks 

Impact of the line up on removal of air from the system 

Status of the discharge valve before starting the pump 

Impact of the discharge valve status on the motor starting load 

Status of the liquid in the lines to the tanks 

Impact of liquid in the lines on pressure surge 

Status of pump suction pressure 

Status of pump discharge pressure 

Deviation of pump pressures from expected pressures 

Projected change in pump suction & discharge pressures when the 

pump is started 

Projected change in the tank levels when the pump is started 

Q Do the pumps need to be prepared? 

Electric 

Engine room power availability status 

Steam 

Status of pump warming 



258 

Time required to warm through 

Time remaining to complete warm through 

Q Is the pump ready for starting? 

Status of pump power supply 

Status of water in pump casing 

Status of pump discharge valve 

Q Do we need to start the ballast pump at this time? 

Current point in discharge operation 

Relation of current point in ballast operation to the discharge plan 

Q Is the pump discharge pressure being controlled? 

Current discharge pressure 

Rate of change of discharge pressure 

Anticipated change in discharge pressure 

Q Is ballasting by pump filling tanks correctly? 

Status of the tank levels 

Trend of tank level change 

Status of draft 

Relationship between draft and tank level 

Rate of change of flow rate into tanks 

Trend of the rate of change of flow into the tanks 

Comparison of flow rate into tanks with pumping rate 

Projected time until flow rate into tanks is less than pumping rate 

Drafts required by discharge plan 

Deviation of current draft from discharge plan 

Status of pump suction pressure 

Status of pump discharge pressure 

Deviation of pump pressures from expected pressures 

Deviation of tank levels from the plan 

Projected time to complete individual tanks 

Projected time to completion of ballast operations 

High level alarm activation point 

Deviation from high level alarm point 

Deviation between planned tanks to ballast and current tanks being 

ballasted 
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Hazard of tank over pressurising by overflow through air pipes 

Q Is the ballast operation in accordance with the plan? 

Initial tank level 

Current tank level 

Rate of change of tank level 

Expected tank level 

Q Is there any unwanted internal transfer between tanks? 

Initial tank level 

Current tank level 

Rate of change of tank level 

Expected tank level 

Q Are the gauge readings correct? 

Current status of CCR reading 

Status of local gauge reading 

Acceptable difference between readings 

Q Is the flow rate appropriate? 

Current flow rate 

Required flow rate 

Q What is the method of controlling the flow rate? 

Pump speed 

Discharge valve position 

Bleed off overboard 

Q Are the tanks filled to the correct level? 

Status of tank levels 

Required level from plan 

Deviation from the required level 

Estimated time to tank completion 

Q Is there a danger of a pressure surge from valve auto shut? 

Auto shut level 

Status of tank level 

Deviation of tank level from auto shut level 

Valve closing time 

Number of tanks remaining open 

Q Has the ballast system been shut down correctly? 
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Selection of time to stop ballasting 

Shutdown of pump 

Shutdown of ballast system 

Status of the tank levels 

Deviation of tank levels to planned levels 

Status of the pump discharge pressure 

Status of the pump discharge valve 

Status of the pump speed 

Projected status of the pump discharge valve before stopping the 

pump 

Impact of the pump discharge valve not being closed before the pump 

is stopped 

Status of system valves after pump shutdown 

Impact of leaving tank valves open after stopping pump 

Status of other valves in ballast system 

 

Completion 

Q Are the ballast tank levels remaining steady after shutdown? 

Final level 

Current level 

Difference 

Rate of change 

Q Is there any allowance for change in level due to change in trim? 

Anticipated change in trim 

Anticipated change in level 

Observed change in level 

 

  



261 

5. Stress, Trim and Stability 

Maintain appropriate level of trim 

Q Is the trim within planned limits for the current stage of the operations? 

Status of the trim 

Trend of the trim 

Maximum trim permitted 

Trim required for current operations 

Deviation of current trim from the planned trim 

Deviation of trim from maximum permitted 

Minimum required trim for tank stripping 

Projected trim at various stages in the operation 

Q Is the draft within planned limits? 

Status of draft 

Trend of draft 

Maximum permitted/planned draft 

Status of the tidal condition 

Trend of tide height 

Status of under keel clearance 

Trend of under keel clearance 

Predicted under keel clearance 

 

Maintain appropriate degree of list 

Q Is the current list appropriate to the current stage of the discharge plan? 

Current list 

Planned maximum list 

Deviation of list from the planned list 

Projected change in the list 

Rate of change of list 

Impact of deviation from plan 

 

Maintain hull stresses within defined limits 

Q Are harbour or sea stress levels required? 

Location of vessel 

Plan requirements 
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Impact of wave/swell action on hull 

Q Are the current bending moments in line with the discharge plan? 

Current max bending moment 

Deviation of bending moment from the discharge plan 

Deviation between the current bending moment and the maximum 

allowable limit 

Projected change in the bending moments 

Impact of deviation from plan 

Q Are the current shear forces in line with the discharge plan? 

Current maximum shear force 

Deviation of shear forces from the discharge plan 

Deviation between the current shear force and the maximum 

allowable limit 

Projected change in the bending moments 

Impact of deviation from plan 

 

Maintain appropriate level of stability 

Q Is the current GM in line with the current stage of the discharge plan? 

Current GM 

Trend of GM 

Deviation of the GM from the discharge plan 

Projected change in the GM 

 

Stripping of cargo tanks 

 Q Is the current trim and list suitable for cargo tank stripping? 

Current trim and list 

Required trim and list 

Tanks designated for establishing trim and list 

Planned ballast tank levels 

Rate of change of trim and list 

Time to achieve required trim and list 

 

Final departure condition 

Q Is the vessel in the final departure condition? 
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Required final list and trim 

Current list and trim 

Deviation from required list and trim 

Q Are there any departure air draft restrictions? 

Current air draft 

Known limits 

Predicted final air draft 
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6. Ensure Vessel is Securely Moored Alongside 

Q What is the effectiveness of the mooring plan? 

Condition of mooring lines 

Use of additional shore lines 

Ideal mooring plan for vessel 

Deviation between ideal and actual 

Q What is the impact of changes in tidal height and flow? 

Time of high and low water 

Height of high and low water 

Maximum tidal flow rate 

Time to next high or low water 

Current status of tidal height 

Status of under keel clearance 

Projected change in under keel clearance 

Strength and direction of tidal streams 

Status of spring and neap tides 

Status of current tidal flow rate 

Projected change in tidal flow rate 

Q Effect of the weather on moorings 

Planned weather limits 

Status of current wind direction 

Status of current wind velocity 

Status of current barometric pressure 

Trend of barometric pressure 

Projected change in wind strength 

Projected change in wind direction 

Current freeboard / windage area 

Q What is the effect of mooring line tension? 

Effect on moorings of projected change in trim 

Effect on moorings of projected change in draft 

Effect on vessel's manifold alignment of mooring tension 

Status of mooring line tension 

Balance of tension between mooring lines 

Direction of tension relative to ships fore and aft line 
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Direction of tension relative to tidal flow 

Q Is the vessel in position alongside the berth? 

Fore and aft 

Range of arm allowable movement 

Are limit alarms present and functional? 

Current position within limits 

Deviation from the limit 

Predicted movement 

Rate of movement 

Vertical 

Range of vertical movement 

Current vertical position 

Rate of change of movement 

Predicted vertical position 

Deviation from the limit 

Rate of movement 

Q What is the manpower requirement to adjust moorings? 

Manpower currently available 

Manpower required to make planned adjustments to moorings 

Q What is the effect of changes in draft and trim on the horizontal 

component of the mooring system? 

Relative height of ship's deck and mooring bollard/hook 

Trend of relative height 

Predicted impact in change of relative height 

Q What is the effect of passing vessels? 

Scheduled traffic movements 

Monitoring of traffic movement 

From port authority 

Terminal 

Onboard 

Vicinity of channel 

Distance to passing vessel 

Size of passing vessel 

Speed of passing vessel 
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Notification of passing vessels 

Availability of crew to monitor moorings 

Effect of vessel interaction on moorings 

Q What is the availability of tugs? 

Number of tugs 

Horsepower of tugs 

Time for tugs to arrive 
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Appendix B–Documentation Provided to Subjects in the 

Simulator for the Main Experimental Study 
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Research - Familiarisation Exercise 

 

Start of Discharge 

 

Scenario 

The vessel is port side alongside on jetty 3 as shown on the attached Jetty 

Arrangement plan.  The vessel was all fast at 05:00hrs.  Hard arms are 

connected and have been pressure tested.  Maximum manifold pressure is 

8bar.  The pre transfer conference has been completed along with the ship 

shore safety checklist which is on the control room table.   

 

On berthing the vessel’s centre manifold was aligned exactly with the shore 

centre hardarm.  The forward hardarm is slightly forward of the vessels forward 

manifold, while the aft hardarm is slightly aft of the vessel’s aft manifold. It is 

therefore important to minimise the vessel’s movement on the berth.   

 

Cargo disposition 

The vessel is loaded with two grades of crude oil, Arabian Light and Arabian 

Heavy.  The cargo disposition is shown below and the cargo quantities are 

shown in the discharge plan. 

Slop P 

A Light 

6P 

A Light 

5P 

A Heavy 

4P 

A Light 

3P 

A Light 

2P 

A Heavy 

1P 

A Light 

Slop S 

A Heavy 

6S  

A Light 

5S 

A Heavy 

4S 

A Light 

3S 

A Light 

2S 

A Heavy 

1S 

A Light 

 

Arrival drafts are 16.2m aft. 16.00m fwd.  The charted depth on the berth is 

17.5m.  Minimum tidal height is 0.5m giving a minimum depth of 18m.  It will be 

important to monitor the trim and aft draft throughout the discharge.  A minimum 

UKC of 0.5m is to be maintained at all times. 

 

Tide times and tidal flows are available in the cargo control room. 

 

 



269 

Objective 

The purpose of this exercise is to help you become familiar with the operation of 

the simulator and the cargo system.  At the same time you will adjust the inert 

gas system, begin the discharge of Arabian Heavy crude oil, and commence 

ballasting operations in accordance with the discharge plan. 

 

Page 1 – Status 

 

The status page provides a general overview of the current state of the vessel 

and its cargo handling plant.  At the top of the page in the middle is a block 

diagram illustrating in a plan view the cargo and ballast tanks and an indication 

of their contents.  The levels in each tank change automatically.  Below these 

are boxes giving information on the current drafts and list.  At the bottom of the 

screen is a window showing the total cargo quantity onboard, approximate flow 

rates and manifold pressures. 

 

On the left side of the screen information is also provided on the current state of 

important items of the cargo handling plant like the IG system, cargo and 

stripping pumps and eductors.  Currently the green indicators show that number 

1 and 2 cargo pumps are running and the port IG blower is in operation. 

 

In the lower part of the page on the right-hand side, is located the read out for 

the Oil Content Monitor which takes readings from the overboard discharge line. 

 

 

Discharge of Arabian Light 

Discharge of Arabian Light was started about 20 minutes ago.  On the right 

screen select page 7 Cargo System Deck and on the left screen select page 6 

Cargo system pumproom.  Note that tanks 1, 4, 6 P&S and the Port Slop tank 

are open to the red pipeline system which goes to cargo pump number 1.  

Tanks 3P&S are open on the blue system and connected to number 2 cargo 

pump.  The red and blue systems are common at the forward end via valves 

C246, C625, C451 and C31.  These are all of the Arab Light tanks.  Notice that 

some of the tanks still have Hi level alarm up.  This alarm is set at 96% and 
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should clear shortly as the tank levels fall.  There is also an overfill (or HiHi 

level) alarm at 98%, located above the Hi level alarm.   

 

Note that on page 7 there is an option to view tank levels as an ullage or a 

sounding.  On this vessel all tank levels are to be reported as an ullage.  

Soundings should only be temporarily selected to dip tanks that are almost 

empty and then turned back to ullage view.  To change to sounding select the 

SOUNDING button and then click ‘ON’ at the right end of the control bar.  Note 

the tank levels are now displayed as a sounding.  To change back to ullages, 

select the SOUNDING button and click ‘OFF’ a the left end of the control bar. 

 

Follow the suction lines back to the pumproom to number 1 and 2 main cargo 

pumps.  The pump speed, suction and discharge pressure can be seen by 

changing to page 12 Pump Control.  The current pump speed is about 1135 

RPM and the discharge pressure is just under 9.5 bar.  The pump speed is 

adjusted by using the steam control valves H412 and H414.  Select these 

valves with a single left click on the mouse and note the valve position is 

displayed in the control bar at the bottom of the screen.  It is currently about 

60% open.  Click on the task bar a little to the right of the current target value so 

the valve opens slightly and increase the pump speed to about 1180 RPM.  Try 

not to exceed this maximum value.  Ensure that the pump discharge pressures 

on these pumps remain balanced.  Note that each cargo pump has a rated 

capacity of 3,700m3/hr at 1180 RPM.  

 

Page 12 also shows the Vac Strip system fitted to this vessel. On the right side 

of the screen is the air separator which is connected to a vacuum pump.  The 

Gas extraction valve situated on top of the air separator can be set in manual or 

auto control.  To put these valves into auto control select the button labelled as 

AUTO and click ‘ON’, at the right end of the control bar.  Select ‘OFF’ at the left 

end of the control bar to change them back to manual control.   

 

Turn back to page 6 and follow the discharge lines from the cargo pumps 

vertically up the pumproom to valves C64 and C66.  Now look across to the 

other screen on page 7 and locate these valves on the left side of the screen.  
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Follow the deck line to the middle and forward manifolds on the port side.  

Notice the discharge pressure and temperature are visible at the manifold and 

the manifold crossover valves C390 and C392 are open. 

 

 

Line Up To Commence Discharge Arabian Heavy 

Discharge of this grade will commence from tank 2P. 

 

Call the pumpman on the radio and check he is still standing by in the 

pumproom for starting the cargo pumps.  Oxygen readings in the pumproom 

were checked prior to arrival and the exhaust fans have been in continuous 

operation. 

 

Open the bulkhead master valve on the Green system, valve C56 

 

Look at page 6 – Cargo System Pumproom. 

 

Open number 3 cargo pump suction valve C59. 

 

Open the cargo pump discharge valve C62. 

 

Open the pumproom riser valve C65. 

 

Look at page 7 

 

Open the suction valve on cargo tank 2P, valve C8about 10% to slowly fill the 

lines 

 

Open the deck valve C68. 

 

Turn to page 12 – Pump control. 

 

Check the level of the yellow bar on the Air Separator is indicating that the air 

separator is full.  The pipeline and cargo pump are now flooded with oil. 
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Fully open the 2P tank suction valve C8 fully. 

 

Close the pump discharge valve C62 (this can be done from page 12). 

 

Turn to page 7. 

 

Call the Jetty Operator on the radio and request permission to open the aft 

manifold valve and to commence discharge. 

 

When you receive permission from the jetty operator, open the manifold valves 

C74 (and check that the loading drop valve C71 is fully closed). 

 

Call the deck watch and ask them to confirm the manifold valve is open.  Advise 

them that cargo pumping is about to commence and ensure they are checking 

around the manifold and deck for signs of leakage. 

 

Number 2 port cargo tank is now lined up to number 3 cargo pump. 

 

Turn to page 12. 

 

Crack open the steam valve to number 3 cargo pump, valve H413 (only open 

the valve 5 – 10%).  Check the pump speed and pump discharge pressure 

increasing.   

 

Slowly start to open the discharge valve C62. 

 

Turn to page 7 and confirm that the liquid level in tank 2P is falling. 

 

Continue to open the discharge valve and slowly increase the pump speed to 

about 850 RPM. 

 

On page 7 open the suction valve to cargo tank 2S, valve C9.  Confirm the level 

in the tank is falling. 
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Open the suction valve to the Stbd slop tank C29 and confirm the level is falling. 

 

Note that the ullage in 5P&S is about 5m.  When the ullage in 2P&S 

approaches 5m, open the suction valves on 5P&S cargo tanks. 

 

Check the inert gas pressure is satisfactory.  Turn to page 4 Inert Gas 

Generation.  Check the pressure in the deck main lines on the right side of the 

screen.  Notice that the pressures in the deck main are indicated here along 

with the High, Low and Low Low pressure alarms which are set at 1200, 250 

and 100 mmWG respectively.  If it is less than 500mmWG open the Gas 

Regulating Valve (GRV), G252, slightly and observe the change in pressure.  

Note that the vent valve G253 works in conjunction with the GRV, so as the 

GRV opens, the vent valve closes.  The automatic pressure controller for the 

GRV is not currently operational awaiting spare parts so inert gas pressure will 

have to be controlled manually.  The pressure shown on the deck mains 

represents the tank pressure.  Note there is a higher pressure indicated at the 

GRV controller which is created by only a single pipeline at this point in the 

system. 

 

Notice the Oxygen content which should be less than 3%.  The high oxygen 

alarm is currently set at 5%.  This can be adjusted as required.  To raise the 

alarm setting by 1%, click on the UP button below the Oxygen readout and then 

click the ON button at the right end of the control bar.  To lower the alarm set 

point by 1%, click on the DOWN button and then click at the right end of the 

task bar. 

 

Turn to page 5 Inert Gas Distribution.  Notice that tank IG valves for each cargo 

tank are open and connect to both the port and Stbd IG deck mains.  At the 

forward end of each deck main is a vent mast.  At the aft end of the deck main 

lines there is a read out showing pressure and Oxygen content.  Each tank is 

also fitted with a PV valve which acts as a secondary means of full flow vapour 

release.   
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In the centre of the screen note the liquid filled PV breakers fitted to each of the 

deck mains.  The level in these liquid filled breakers is shown by the yellow bar.  

As the pressure in the line increases so the liquid level is reduced.  If the 

pressure reaches 2100 or -700mmWG the liquid will be blown out to protect the 

lines from over or under pressurisation. 

 

Also located near the centre of the screen are the vapour manifolds for 

connection to the shore where required. 

 

The inert gas system is capable of being connected to the ballast tanks via a 

flexible hose in case it was required to inert a ballast tank at any time. 

 

Ensure the deck crew have checked the deck for leaks.  

 

Contact the jetty and request permission to increase to full discharge rate. 

 

Once the jetty have agreed, increase the speed of pump 3.  The maximum 

pump speed is 1180 RPM, do not exceed this value. 

 

Confirm that the levels in all the tanks are continuing to fall and the inert gas 

pressure is satisfactory. 

 

Call the jetty operator and confirm that the Arab heavy grade is now being 

discharged at full rate.   

 

 

Eductors and COW Line 

Turn to page 6.  The eductors and COW line are supplied from the main cargo 

pump discharge line via valves located near the top left corner of the screen.  

Looking at the green system this is via valves C101 and C493.  Both eductors 

are the same, each with a capacity of 660m3/hr.  The drive valves are C484 

and C483, discharging via non return valves S481 and S482 into either of the 

slop tanks.  The suction from the eductors is via S479 and S480.  When 
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educting a tank the brown stripping line connects into the main red, blue or 

green main cargo lines via S127, S128 or S129. 

 

The COW is also supplied via the same line that supplies the eductors.  On 

page 6 this can be seen near the top right part of the screen via valves C183 

and C150 which connect into the pink coloured COW line.  

 

Turn to page 8 COW system on the right screen to see the COW system.  Each 

of the main cargo tanks has a COW master valve, (C189 on tank 1P), and 3 

programmable COW machines each with their own isolation valve.  The angle 

of the COW machines can be set by calling the pumpman on the radio in the 

usual way.   

 

Note there are 3 pressure gauges on the COW line, at the aft end, in the middle 

and forward.  On this vessel the COW line pressure is taken from the aft gauge. 

 

 

Gas Detection 

Turn to page 2 Gas Detect Fixed.   

 

This shows the fixed gas analyser which constantly monitors the pumproom, air 

intakes and ballast tanks for hydrocarbon gases.  The ballast tanks have a cut 

out which operates when the ballast tanks reach a preset level.  On the left side 

of the screen is a list of all spaces which are monitored.  The orange indicator 

shows which space is currently being sampled.  The red box next to this 

indicates an alarm which is currently set to sound at 30% LEL of hydrocarbon 

gas.  The green box next to this is the accept button for that alarm.   

 

On the right side of the screen is the main control panel for the analyser which 

shows the analyser is on and set to auto sampling mode.  Below this the 

indicators show that number 1 sample pump is running.  Turn off number 1 

sample pump by selecting the OFF button and then clicking ‘OFF’ at the left end 

of the control bar the pump will go off and the low flow alarm will come on.  Note 

also that the page number 2 is now flashing red.  There is no accept button for 
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this alarm, it must be cleared by restarting a sample pump.  Start sample pump 

number 2 by clicking the ON button and then ‘ON’ at the right end of the control 

bar.  Note that the page number 2 is now white and the low flow alarm has gone 

out.   

 

Switch the analyser from Auto to Manual mode by clicking the MAN button in 

the middle of the control panel and then clicking ‘ON’ at the right end of the 

control bar.  Now the sample location can be manually selected.  Try selecting 

the pumproom vent exhaust by clicking on the orange button and then clicking 

‘ON’ at the right end of the control bar.  Any of the sample points can be 

selected in this way.   

 

Turn the analyser back to Auto mode. 

 

Turn to page 3 Gas Detect Portable 

 

This page show portable meters to measure Oxygen, %LEL, % Vol and 

Hydrogen Sulphide.  

 

Turn on the Oxygen analyser.  Purge the instrument by clicking on the AIR 

button and then clicking ‘ON’ at the right end of the control bar.  It takes about 5 

seconds to purge with fresh air.  Once it has been purged it is ready to take a 

reading.  Each cargo or ballast tank can be tested at the top, middle or bottom 

level.  The cargo tanks are in yellow and the ballast tanks in blue.  Try testing 

the middle of ballast tank 1P.  Select the MID button in this tank and then click 

‘ON’ at the right end of the control bar.  The reading should still be around 

20.9% Oxygen.   

 

Before another reading can be taken the instrument must be purged with air.  

Once you have done this try taking a reading from the top of cargo tank 1P.  

The reading should be less than 3% due to the cargo and inert gas in the tank.   

 

Any of the gas analysers can be used in the same way, but each must be 

purged with fresh air between each reading.  Each analyser can be checked 
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with calibration gas, however this was done prior to arrival in port and should 

not need to be done now. 

 

 

Ballasting 

The ballasting operation as already been started. 

 

Turn to page 10 - BALLAST SYSTEM 

 

Ballasting has been started by gravity. 

 

Ballast is coming in through the sea chest valve B185 and into the port and 

Stbd ballast mains via valves B178, 176 and 170 for the Stbd main and B177, 

175 and 169 for the port main.  

 

Ballasting is being gravitated into tanks 1-5 port and stbd.  Leave the Forepeak 

tank 

and 6W closed at this time (note that 6W already contain about 1.5m of ballast). 

 

Notice that 1P&S ballast tanks are connected to the port ballast main while 

2P&S ballast tanks are connected to the Stbd ballast main.  All the odd 

numbered ballast tanks are connected to the port ballast main and all even 

numbered ballast tanks are connected to the Stbd ballast main. 

 

Normally the double bottoms would be filled by gravitating ballast in.  For the 

purpose of familiarisation in this exercise we will now change over and 

commence pumping ballast.  (Each ballast pump has a capacity of 2400m3/hr) 

 

Close valves B175 and B176. 

 

Open valves B179 and B180 

 

Open the ballast discharge valves B500 and B501 to flood the ballast pumps 

with water.  Close the ballast pump discharge valves B500 and B501 in 
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preparation for starting the pumps, which should always be started against a 

closed discharge valve. 

 

Call the duty engineer and confirm that they have sufficient power to run both 

ballast pumps. 

 

Start the port ballast pump by clicking on the ON button and then at the right 

end of the control bar. 

 

Notice the discharge pressure will begin to rise.  As it starts, slowly start to open 

the discharge valve B500, ensuring there is always at least 2 bar discharge 

pressure on the pump. 

 

Start the Stbd pump in the same way. 

 

Balance the pump discharge pressures always keeping at least 2 bar discharge 

pressure. 

 

Confirm the levels in the tanks are rising. 

 

When the levels in ballast tanks 1 – 5 are the same as 6W, open 6W and 

continue ballasting all wing tanks.  Ensure the vessel does not go by the head. 

 

When you are ready instruct the pumpman to return to the deck. 

 

Ensure the deck crew know the times of the next high or low water and keep 

them advised as to which moorings are likely to need to be adjusted.   

 

Call the AB standing by at the manifold and ask him to advise you of the 

position of the manifolds with respect to the shore hard arms.  Note that on 

arrival the centre manifold was aligned exactly with the centre shore hard arm. 

 

Continue to monitor the levels in all cargo and ballast tanks, the inert gas 

system and the tank pressures. 
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Cargo Figures and CargoMax Loadicator Instructions 

Hourly cargo figures are to be recorded every hour on the hour (using the clock 

on the simulator screen).    For the purpose of familiarisation we will assume it 

is now time to take the cargo figures.   

 

To Access CargoMax 

Click on Page 22 STABILITY in the menu bar and click on the accept message 

in the control bar at the bottom of the page in the same way as when changing 

pages.   

 

CargoMax is a floating window which can be moved and resized as you wish 

like any window within a windows environment. 

 

To Hide CargoMax 

Click anywhere in the blank area of the menu bar to the right of page numbers 

14 - 21 to hide cargomax.  Please DO NOT use the normal ‘Windows’ control 

buttons located at the top right corner of the window as this may cause a 

conflict with the simulator software. 

 

 

To Gauge Tanks  

Tools – Online Interface – Gauge all tanks 

Values read from the tanks are highlighted in yellow. 

Note that CargoMax shows the levels as a sounding by default, indicated by the 

letter ‘S’ in the Ull/Snd column.  To change this back to ullage, click on the grey 

Ull/Snd cell to select all the cells in this column and type the letter ‘U’ on the 

keyboard followed by ‘enter’.  The sounding will now change to ullage indicated 

by the letter ‘U’. 

Readings from the vessel’s tanks are only updated every 60 seconds so the 

readings shown could be up to 59 seconds old. 

There will normally be a few centimetres difference between CargoMax and the 

ships draft indicators. 
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To save a loadcase 

Save the current loading condition (called a loadcase by this system), by the 

following steps: 

File – Save Loadcase or Save Loadcase As 

Note that file names can only be up to 8 characters long 

Save it as the current time i.e. 0800 

 

Fill in the cargo log sheet with the tank ullages and GOV values. 

 

Totals 

To see the total TOV GOV etc look at the cell at the bottom of that column. 

 

To see the figures for each separate grade 

• View – Grade Weight Summary 

• This shows a summary for all grades.  Further detail for each grade can 

be obtained by right clicking on this window and selecting a grade. 

• Note the current GOV for Arab Light and Arab Heavy grades in the cargo 

log.   

• Call the jetty on the radio and pass your cargo figures to them and note 

the shore figures in the cargo log.  (Give the jetty the quantity discharged 

by subtracting the current quantity onboard from the arrival figure). 

• Close this sub window by using the ‘X’ button at the top right corner of 

the window. 

 

 

Ballast tanks 

Click on the SW Ballast Tks tab located at the bottom of the window. 
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Strength Summary Window 

This shows the current bending moment and shear forces as a plot, values or in 

a table format depending on the tab selected.   

 

Current GM, Max Shear Force and Bending Moment 

Shown in the column of data on the right side of the CargoMax window 

(displayed in green numbers).  Note that ‘GMt’ is the current GM while ‘GMmar’ 

is the difference, (or margin), between the current GM and the minimum 

allowable GM. 

 

 

Discharge Plan 

If you haven’t already done so, please read the discharge plan. 
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Log Sheet 

 

 

Date……………………………………………………… 

 

 

Time 

 

Event 
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Data Collection Exercise 

Scenario 

The vessel is port side alongside with all three manifolds connected.  The charted depth of 

water at this berth is 17.5m.  The times of high and low water are shown in the tidal information 

available in the cargo control room.  The tidal flow at this berth is parallel to the berth for both 

the flood and ebb tide as shown in the jetty information. 

 

The discharge of Arabian Light and Heavy grades is ongoing.   

Discharge of Arabian Light has been completed from the red system with the exception of the 

port slop tank in preparation for COW.  Arabian Light continues to be discharged from 3 wings 

on the blue system via number 2 cargo pump.  Adjust the speed of this pump as required as the 

tank levels fall.  The vac strip system is set up ready to operate in auto mode with the exception 

of the discharge valve which is still in manual control. 

 

Discharge of Arabian Heavy from the green system tanks is via number 3 cargo pump.  

Discharge of this grade was suspended for 4½ hours when the shore tank inventory was full.   

 

 

Ballast is currently being pumped into 1, 3, 4 & 6 wing ballast tanks (each ballast pump has a 

capacity of 2400m
3
/hr).  Use 1W ballast tank to counter the list induced by the discharge of the 

Stbd slop tank.  These tanks are to be filled to 99% full.  The final sounding in these tanks are 

as follows 

 

Tank Final 

Sounding m 

Final 

Volume m
3
 

1P 23.82 3937 

1S 23.82 3937 

3P 23.36 4026 

3S 23.36 4026 

4P 23.37 4026 

4S 23.37 4026 

6P 23.02 4336 

6S 23.02 4336 
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When these tanks are completed resume ballasting of 2 & 5 wing ballast tanks.  While 2 & 5 

wings are being filled adjust the forepeak to keep the trim between 3 and 4 metres during 

stripping of the tanks.  When the cargo tanks are stripped the forepeak is to be filled to 99% 

ready for departure. 

 

Tank Final 

Sounding m 

Final 

Volume m
3
 

Fpk 19.30 4098 

2P 23.38 3984 

2S 23.38 3984 

5P 23.38 3985 

5S 23.38 3985 

 

 

 

COW Operation 

Number 4 P&S cargo tanks are to be crude oil washed one at a time as stated in the discharge 

plan.  The operation is to be started as soon as possible.  The terminal is aware the vessel is 

going to COW these tanks and is awaiting notification of when the operation has commenced.  

Contact the terminal with the start time when you begin to COW.  

 

The pumpman has already set the COW machines on 4P&S at 30° ready for a bottom wash of 

30-0-30-0. 

 

The AB on deck has already taken Oxygen readings in tanks 4P&S at 1m below the deck and 

mid tank levels and reported the readings to be 2.9% Oxygen. 

 

The cargo manual states that the machines change pitch at 2° per revolution and rotate at 1.5 

RPM.  COW should be conducted with at least 8 bar pressure in the COW line and an optimum 

pressure of 10bar, (use the aft gauge on the COW line to determine line pressure) 

 

Cargo Figures 

During this exercise continue to check quantities of each grade discharged with the terminal 

every hour on the hour (using the clock on the simulator).  Give them the GOV discharged and 

note their figures for comparison in the cargo log. 

 

Arrival GOVs were 

Heavy 53,109m
3
 

Light 105,910m
3
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Discharge Plan 

 

The vessel will be port side alongside on jetty 3 as shown on the attached Jetty 

Arrangement plan.  Once hard arms are connected they are to be pressure 

tested for leaks.  Maximum manifold pressure is 8bar.   

 

Vessel’s centre manifold is to be aligned exactly with the shore centre hardarm.  

It is important to minimise the vessel’s movement on the berth.   

 

Cargo to discharge 

The vessel is loaded with two grades of crude oil, Arabian Light and Arabian 

Heavy.   

Arabian Heavy Crude 

46,965 Tonnes 

GSV 52,843 m3 

GOV 53,109 m3 

API 27.0 

 

Arabian Light Crude 

89,742 Tonnes 

GSV 104,978 m3 

GOV 105,910 m3 

API 30.2 

 

 

The cargo disposition is shown below. 

Slop P 

A Light 

6P 

A Light 

5P 

A Heavy 

4P 

A Light 

3P 

A Light 

2P 

A Heavy 

1P 

A Light 

Slop S 

A Heavy 

6S  

A Light 

5S 

A Heavy 

4S 

A Light 

3S 

A Light 

2S 

A Heavy 

1S 

A Light 

 

Drafts 

Arrival drafts are 16.2m aft. 16.00m fwd.   
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The charted depth on the berth is 17.5m.   

Minimum tidal height is 0.5m giving a minimum depth of 18m.   

It will be important to monitor the trim and aft draft throughout the discharge.  A 

minimum UKC of 0.5m is to be maintained at all times. 

 

 

Ballast 

The forepeak is to be kept empty until after COW and then filled to maintain trim 

between 3 and 4 metres for tank stripping.  Once the stripping is completed and 

prior to sailing, the forepeak is to be filled to 99% as indicated below. 

On departure all ballast tanks are to be filled to 99%.  Soundings are shown in 

the table below 

 

Tank Arrival (m) Departure 

(m) 

F/Pk 0 19.30 

1P 0 23.82 

1S 0 23.82 

2P 0 23.38 

2S 0 23.38 

3P 0 23.36 

3S 0 23.36 

4P 0 23.37 

4S 0 23.37 

5P 0 23.38 

5S 0 23.38 

6P 1.5 23.02 

6S 1.5 23.02 

A/Pk 10.28 10.28 

 

 

Tide times and tidal flows are available in the cargo control room. 
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General 

Cargo figures are to taken every hour on the hour with CargoMax.  The figures 

are to be saved in a file with the time as the file name.  Cargo figures are to be 

exchanged with the terminal every hour when the ship’s figures have been 

recorded.  GOV discharged and shore figure received to be recorded in the 

deck log.  If the ship and shore figures are more than 1% different the chief 

officer is to be notified immediately.   

 

 

Discharge Sequence 

Due to terminal requirements discharge will commence with Arabian Light, once 

this is up to full rate discharge of Arabian Heavy will commence.  The terminal 

has advised that the discharge of Arabian Heavy is likely to be suspended at 

some point if they fill their shore tanks.  Discharge of Arabian Light will continue 

and discharge of Heavy will resume at the terminal’s request. 

 

 

Discharge of Arabian Light 

Pumpman to standby in pumproom when starting cargo pumps.  Open the 

manifold crossover valves C390 and C392 before starting discharge.  

Commence discharge of Arabian Light from 1W.  Line up 1W to number 1 cargo 

pump.  Ensure the pump is flooded before starting.  Keep number 1 pump on 

low rate and begin discharge from 4W, 6W and the Port Slop Tank as required.  

Do not increase discharge rate until number 2 pump is running.  Once the jetty 

have confirmed they are ready to increase to full rate, line up 3W to number 3 

cargo pump.  Ensure the pump is flooded before starting.  Once both pumps are 

running increase them together until they are at full rate.   

 

Ballast. 

During the discharge of Arabian Light ballast 1, 3, 4 and 6 WBT to 99%. 
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Discharge of Arabian Heavy 

Pumpman to standby in pumproom when starting cargo pumps.  Commence 

discharge from 2W.  Line up 2W to number 3 cargo pump.  Ensure pump is 

flooded before starting.  Commence discharge from 5W and Stbd slop as 

required.  Check for pollution around manifolds, pumproom and over side.  

When jetty have confirmed they are ready for full rate, slowly increase pump 

number 3 to full rate (max pump speed is 1180RPM).  Monitor tank pressure 

and adjust as required.   

 

Ballast 

During the discharge of Arabian Heavy ballast 2 and 5 WBT to 99%. 

 

 

COW 

Tanks to be COW this discharge are 1W and 4W.  Each to be given a bottom 

wash, 30-0-30-0.  When the port slop tank is empty it is to be partly refilled with 

dry oil for washing.  When the tanks on system 1 are empty bottom washing is 

to begin.  Tank atmosphere to be checked prior to starting COW operations and 

recorded. 

Trim for COW must be at least 3m by the stern 

COW machines are set as follows: 

• Change of pitch =2° per revolution  

• Rotation speed = 1.5 RPM.   

Capacity is 80m3/hr at 8 bar pressure 

Minimum COW washing pressure is  8 bar 

Optimum washing pressure is   10 bar 

Drive oil for COW is from the Port slop tank direct to number 1 cargo pump via 

the pumproom suction line.   

Stripping during COW is via the Stbd eductor returning to the port slop tank. 

Tanks are to be kept well drained during washing.   

Only one tank to be washed at a time, i.e. 1P and then 1S. 

Pumpman to standby COW machines and one AB to patrol the COW line at all 

times.   
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Maintain regular checks of the pumproom. 

 

Final stripping of Tanks 

Use the vac strip system as much as possible to drain tanks.   

 

A Light 

When COW is completed retain sufficient oil in the port slop tank (about 15m 

ullage) to drive the eductor for final tank stripping. 

 

A Heavy 

Retain about 15m ullage in the Stbd slop tank to drive the port eductor.  Final 

striping of heavy tanks with eductor. 

 

Final line draining 

On completion of discharge of the slop tank to shore, final line draining of both 

grades is to be with the stripping pump via the MARPOL line outboard of the 

manifold valve which will be closed. 

 

 

Discharge Plan Pumping Overview 

       
                   
Pum

p 1 
1W  4W  6W  Port Slop 

CO

W 

4W   

Strippi

ng  

   Pum

p 2 
3W 

     Pum

p 3 
2w  5w  Stbd Slop 

Strippi

ng 

 
Time 

 

2 

 

4 

 

6 

 

8 

 

10 

 

1

2 

 

1

4 

 

1

6 

 

1

8 

 

 

Weather Data 

Light SW 7 – 12 knts 

No rain forecast 

Temp 

Min 4°C 

Max 12°C 

 

 

Moorings 3,2,2 

Security level 1 

  



290 

Tank Capacity Table 

Cargo Tanks 

 

Tank 

100% Capacity 

m3 

98% Capacity 

m3 

1P 11,536 11,305 

1S 11,536 11,305 

2P 14,428 14,139 

2S 14,428 14,139 

3P 14,442 14,153 

3S 14,442 14,153 

4P 14,442 14,153 

4S 14,442 14,153 

5P 14,442 14,153 

5S 14,442 14,153 

6P 13,615 13,343 

6S 13,615 13,343 

Slop P 2,072 2,031 

Slop S 1,439 1,410 

Residual 634 621 
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Ballast Tanks 

 

Tank 

100% Capacity 

m3 

99% Capacity 

m3 

Fore peak 4,139 4,098 

1P 3,977 3,937 

1S 3,977 3,937 

2P 4,025 3,984 

2S 4,025 3,984 

3P 4,067 4,026 

3S 4,067 4,026 

4P 4,067 4,026 

4S 4,067 4,026 

5P 4,025 3,985 

5S 4,025 3,985 

6P 4,380 4,336 

6S 4,380 4,336 

Aft peak 1,164 1,152 
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Cargo Figures and CargoMax Loadicator Instructions 

 

Hourly cargo figures are to be recorded every hour on the hour (using the clock 

on the simulator screen).  For the purpose of familiarisation we will assume it is 

now time to take the cargo figures.   

 

To Access CargoMax 

Click on Page 22 STABILITY in the menu bar and click on the accept message 

in the control bar at the bottom of the page in the same way as when changing 

pages.   

 

CargoMax is a floating window which can be moved and resized as you wish 

like any window within a windows environment. 

 

To Hide CargoMax 

Click anywhere in the blank area of the menu bar to the right of page numbers 

14 - 21 to hide cargomax.  Please DO NOT use the normal ‘Windows’ control 

buttons located at the top right corner of the window as this may cause a 

conflict with the simulator software. 

 

 

To Gauge Tanks  

Tools – Online Interface – Gauge all tanks 

Values read from the tanks are highlighted in yellow. 

Note that CargoMax shows the levels as a sounding by default, indicated by the 

letter ‘S’ in the Ull/Snd column.  To change this back to ullage, click on the grey 

Ull/Snd cell to select all the cells in this column and type the letter ‘U’ on the 

keyboard followed by ‘enter’.  The sounding will now change to ullage indicated 

by the letter ‘U’. 

Readings from the vessel’s tanks are only updated every 60 seconds so the 

readings shown could be up to 59 seconds old. 

There will normally be a few centimetres difference between CargoMax and the 

ships draft indicators. 
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To save a loadcase 

Save the current loading condition (called a loadcase by this system), by the 

following steps: 

File – Save Loadcase or Save Loadcase As 

Note that file names can only be up to 8 characters long 

Save it as the current time i.e. 0800 

 

Totals 

To see the total TOV GOV etc look at the cell at the bottom of that column. 

 

To see the figures for each separate grade 

• View – Grade Weight Summary 

• This shows a summary for all grades.  Further detail for each grade can 

be obtained by right clicking on this window and selecting a grade. 

• Note the current GOV for Arab Light and Arab Heavy grades in the cargo 

log.   

• Call the jetty on the radio and pass your cargo figures to them and note 

the shore figures in the cargo log.   

• Close this sub window by using the ‘X’ button at the top right corner of 

the window. 

 

Ballast tanks 

Click on the SW Ballast Tks tab located at the bottom of the window. 

 

Strength Summary Window 

This shows the current bending moment and shear forces as a plot, values or in 

a table format depending on the tab selected.   

 

Current GM, Max Shear Force and Bending Moment 

Shown in the column of data on the right side of the CargoMax window 

(displayed in green numbers).  Note that ‘GMt’ is the current GM while ‘GMmar’ 

is the difference, (or margin), between the current GM and the minimum 

allowable GM.  
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M. V. Norseman Alarm Settings 

 

 

Cargo Tanks  

Hi Level 96% 

Overfill 98% 

  

High Pressure 1200 mmWG 

Low Pressure 250 mmWG 

Low Low Pressure 100 mmWG (Cargo Pumps trip) 

  

Ballast Tanks  

Hi Level 97% 

Low Level 60 cm 

  

Relief Valve Set Points 

Tank PV valve 1400/-350 mmWG 

Liq filled PV breaker 2100/-700 mmWG 

  

IG System  

Blower Hi Outlet temp 50°C 

Blower HiHiOutlet temp 70°C 

  

Fixed Gas Analyser  

Hi Gas Level 30% LEL 

  

Cargo Pumps  

Overspeed 1300 rpm 

Hi discharge Pressure 13.50 bar 

Hi Casing Temp 75°C 

Hi Bearing Temp 80°C 
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Main Equipment Capacities 

 

 

Main Cargo Pump  3 x 3700 m
3
/hr at 1180rpm 

Eductor    2 x 660 m
3
/hr 

Stripping pump   1 x 300 m
3
/hr 

 

Ballast pump   2 x 2400 m
3
/hr 

Ballast eductor   1 x 400 m3/hr 

 

Inert Gas Blower  13,900 m
3
/hr 

Inert Gas Generator  500 m
3
/hr 

 

Tank washing machine 80 m
3
/hr 
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Tide Times for Discharge Port 

 

 

 

Time  Height (m) 

05:26  0.6 

11:40  4.4 

17:42  0.5 

23:57  4.4 

 

   Tides are Spring Tides 

 

Max current expected is 1.5Knt flood and 2Knt ebb. 
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Jetty 3 Arrangements 

 

 

 

 

 

  

 

 

Ebb Tide Direction 

Flood Tide Direction 

Jetty 3 

Charted Depth 

17.5m 
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On Arrival Cargo figures 
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Appendix C – Consent and Personal Data Collection 

Documents 
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WARSASH MARITIME ACADEMY, SOUTHAMPTON SOLENT UNIVERSITY 

 

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 

 

TITLE OF STUDY: Situation Awareness of Marine Cargo Control Room 

Operators 

RESEARCHER:   A. Whitcher  Tel: 01489 556291  Email: alan.whitcher@solent.ac.uk 
 

 

PURPOSE 

You are being asked to participate in a research study.  The purpose of this study is to 
determine a method of measuring the situational awareness of the OOW during a 
cargo watch onboard an oil tanker. 
 

PARTICIPANTS 

You are being asked to participate because you are a merchant navy deck officer who 
would routinely be the OOW in a cargo control room during a cargo operation. 
 

PROCEDURES 

If you choose to participate you will undertake three exercises within the Liquid Cargo 
Simulator here at Warsash Maritime Academy. Each exercise will last approximately 
one and a half to two hours. The first exercise will be used to familiarise you with the 
simulated cargo control system. During the second exercise you will receive further 
familiarisation with the vessel and its control system and familiarisation with the 
situational awareness measurement method. The third session will be the actual data 
collection exercise.  A video recording will be made of this exercise. 
 

RISKS 

There are no known risks associated with the participation in this research study. 

 

BENEFITS 

The benefit to you from participating in this study is that you will be able to test your 
own situational awareness during a cargo operation. The benefits to the wider maritime 
community will be an understanding of the situational awareness and its relationship 
with experience. 
 
 

CONFIDENTIALITY 

You will not be personally identified in any reports or publications that may 
result from this study. Use of the video recordings taken during this study will be 
strictly limited to the investigator named above. 
 

COSTS/COMPENSATION 

There will be no cost to you, nor will you be compensated for participating in this study.  
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RIGHT TO REFUSE OR WITHDRAW 

 
You may refuse to participate or withdraw from the study at anytime.  
 

QUESTIONS 

 
If you have any questions, please ask.  If you have additional questions later, contact: 
Alan Whitcher at Warsash Maritime Academy Tel: 01489 556291  Email 
alan.whitcher@solent.ac.uk  
 
You may report (anonymously, if you so choose) any complaints or comments 
regarding the manner in which this study is being conducted to: The Quality Manager, 
Warsash Maritime Academy, Southampton Solent University, Newtown Road, 
Warsash, Southampton, SO31 9ZL. 
 

CLOSING STATEMENT 

 

MY SIGNATURE BELOW INDICATES THAT I HAVE DECIDED TO 
VOLUNTEER AS A RESEARCH PARTICIPANT AND THAT I HAVE READ, I 
UNDERSTAND, AND I HAVE RECEIVED A COPY OF THIS CONSENT 
FORM. 
 
 
 
 
 
 

SIGNATURE OF PARTICIPANT DATE 
 
 
 
 
 
 

SIGNATURE OF RESEARCHER DATE 
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Personal Data Collection 

 

Please note that you will NOT be personally identified in any reports or 

publications that result from this study. 

 

Name 

Date of Birth 

CoC Class 

Number of years held current CoC 

 

Types of vessel sailed on 

Please tick the type of vessel from the following list 

ゴ Oil tanker ゴ Ferry 

ゴ Chemical tanker ゴ Bulk carrier 

ゴ Liquefied gas tanker ゴ Other (please specify) 

ゴ Passenger ship   

Time Spent on Tankers 

From your discharge book please state the number of months spent onboard 

the following types of tanker.  (Alternatively this can be done by the researcher 

if you will allow a photocopy of your discharge book to be made). 

 Months of Experience 

Oil tanker  

Chemical tanker  

Liquefied gas 

tanker 
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Oil Cargo Experience 

Please indicate which types of cargos you have carried on oil tankers and the 

approximate number of months 

ゴCrude oil   Number of Months 

ゴProducts Number of Months 

 
 
Type of Trade on Tankers 

Please indicate the approximate number of months you have spent in the 

coastal or deep sea trades on tankers 

 

ゴCoastal   Number of Months 

ゴDeep Sea Number of Months 

 
 
Cargo Control Systems 

Please indicate the approximate number of months you have spent with 

analogue (systems with physical buttons, dials, readouts etc.) or screen based 

cargo control systems 

 

ゴAnalogue   Number of Months 

ゴScreen Based Number of Months 
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Appendix D – SA Probe Questions and Post Simulation 

Questionnaire 

 

  Current Focus of Attention 

Please indicate the where your attention was focused at the time of the 
simulator freeze in order of priority from 1 - 6.  1 is the main focus of 
attention 

Cargo discharge   

Ballast   

Cargo tank pressure management   

COW   

Trim, Stability & Stress   
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Stop 1 

Question Answer 

What is the current suction pressure on pump number 1? 
(in bar) 

  

What is the difference in ullage between tanks Stbd Slop 
and 2P? ( in metres) 

  

When all the oil from the tank currently being washed is 
returned to the slop tank, what will be the ullage in the slop 
tank? (in metres) 

  

What is the current angle of the tank washing machines? 
(in degrees) 

  

What is the difference between the current oxygen content 
from the IG System and the maximum permitted oxygen 
content for COW? (%) 

  

How many minutes are left until the washing programme for 
this tank is completed? (in minutes) 

  

What is the current Oxygen content from the Inert Gas 
system? (%) 

  

What is the difference between the current deck main 
pressure and the hi pressure alarm at this time? (in 
mmWG) 

  

What do you predict the position of the Gas Regulating 
Valve (GRV) will be in 15 minutes time?  (% open) 

  

What is the current sounding in ballast tank 1S? (in metres)   

How many cubic metres are there to go in 6P ballast tank 
to reach the 99% fill level? (in m3) 

  

How long do you predict it will take until ballast tank 4S is 
completed? (in minutes) 

  

What is the current trim? (in metres)   

What is the difference between the current aft draft and the 
charted depth for this berth? (in metres) 

  

What do you predict the trim to be in 30 minutes from now? 
(in metres) 
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Stop 2 

Question Answer 

What is the current pressure in the IG deck main? (in 
mmWG) 

  

What is the difference between the blower discharge 
temperature and the blower high discharge temperature 
alarm? (in °C) 

  

What do you predict the pressure in the cargo tanks to be 
in 30 minutes time? (in mmWG) 

  

What is the current draft forward? (in metres)   

What is the difference between the current maximum 
bending moment and the maximum permitted? (in %) 

  

What do you predict the forward draft will be in 30 minutes 
time from now? 

  

What is the current Arab Light GOV onboard at this time? 
(in m3) 

  

What is the difference in ullage between cargo tanks 2P 
and 5S? (In m) 

  

In 20 minutes time, what do you predict the discharge 
pressure from cargo pump number 2 to be? (in bar) 

  

What is the current ullage in the slop tank being used for 
COW? (in metres) 

  

What is the available capacity in the Port Slop tank? (in m3 
) 

  

How many minutes are left until the current washing 
programme for this tank is completed? (in minutes) 

  

What is the current port ballast pump discharge pressure? 
(in bar) 

  

How much has the level changed in 3P ballast tank in the 
last 15 minutes? (in metres) 

  

In 20 minutes time from now, what to do you estimate the 
port ballast pump discharge pressure will be? 
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Stop 3 

Question Answer 

What is the current sounding in ballast tank 6P? (in metres)   

How many metres sounding is there to go in 4S ballast tank, 
until it is at the 99% fill level? (in metres) 

  

In 20 minutes from now, what do you estimate the sounding 
in ballast tank 6S to be? (in metres) 

  

What is the current discharge pressure on cargo pump 
number 1? (in bar) 

  

What is the difference between the current pump speed for 
cargo pump number 1 and the maximum pump speed? 
(RPM) 

  

When all the oil from the tank currently being washed is 
returned to the slop tank, how many m3

 capacity will remain in 

the slop tank? (in m3) 
  

At what pressure is the liquid filled PV breaker currently set 
to blow? (In mmWG) 

  

By how much as the deck main pressure changed over the 
past 20 minutes? (in mmWG) 

  

In 20 minutes time from now what do you predict the 
Oxygen content of the inert gas will be as it leaves the inert 
gas plant? (%O2) 

  

What is the current pressure in the COW main (aft gauge 
reading)? (in bar)   

  

How long will one full bottom washing cycle take (30-0-30-0 
degrees)? (in minutes) 

  

How many minutes are left until the washing programme for 
this tank is completed? (in minutes) 

  

What is the current list? (in cm)   

What is the difference between the current shear force and 
the maximum permitted? (in %) 

  

What do you predict the aft draft will be in 30 minutes from 
now? (in metres) 
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Stop 4 

Question Answer 

What is the current draft aft? (in m)   

What is the difference between the current trim and the trim 
when the last hourly cargo figures were taken? (in m) 

  

What do you predict the maximum bending moment will be 
in 30 minutes from now (as a %)? 

  

What is the current speed  of the cargo pump number 1? (in 
rpm) 

  

What is the difference between the stripping capacity of the 
eductor and the total combined throughput of the washing 
machines in 4P cargo tank? (in m3) 

  

In 10 minutes, how many degrees will the COW machine 
angle change by? (In degrees) 

  

On the Stbd ballast pump what are the current motor amps? 
(in amps) 

  

What is the difference in sounding between 1P and 3P 
ballast tanks? (in m) 

  

How many minutes do you estimate it will take to complete 
ballasting of tanks 1W, 3W, 4W & 6W? (in minutes) 

  

What is the current Oxygen content of Inert Gas being 
delivered from the IG System? (in %Oxygen) 

  

What is the difference between the current IG deck main 
pressure and the low pressure alarm at this time? (in 
mmWG) 

  

What do you predict the position of the Gas Regulating 
Valve (GRV) will be in 20 minutes time?  (%open) 

  

What is the current ullage in cargo tank 2P? (in m)   

What is the available volume in the port slop tank? (in m3)   

At the next set of hourly figures, what do you predict the 
ullage in cargo tank 3P will be? (in m) 
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Stop 5 

Question Answer 

What is the current sounding in the tank being COW'd? (In 
cm) 

  

What is the difference between the current COW main 
pressure, (aft gauge), and the optimum washing pressure? 
(in bar) 

  

When the COW of this tank is completed what will be the 
volume of liquid in the slop tank? (in m3) 

  

What is the current maximum shear force? (in %)   

What is the difference between the current trim and the trim 
when the last hourly cargo figures were taken? (in m) 

  

What do you think the corrected GM will be in 20 minutes 
from now? (in m) 

  

What is the current speed of cargo pump number 2? (in 
rpm) 

  

What is the difference between the current discharge 
pressure on the aft manifold, (green system), and the 
terminal's maximum allowed manifold pressure? (in bar) 

  

In 20 minutes time what do you predict the suction 
pressure of cargo pump number 2 to be? (in bar) 

  

What is the current sounding in 3P ballast tank? (in m)   

How many metres sounding is there to go in 1P ballast 
tank, until it is at the 99% fill level? (in m) 

  

How many minutes do you predict it will be until the next 
ballast tank is topped off? (in minutes) 

  

What is the current pressure in the IG main? (in mmWG)   

What is the difference between the current deck main 
pressure and the cargo tank PV relief valve set point at this 
time? (in mmWG) 

  

What do you predict the pressure in the cargo tanks to be 
in 20 minutes time? (in mmWG) 
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Stop 6 

Question Answer 

What is the current discharge pressure on cargo pump 
number 2? (in bar) 

  

How many m3/hr are currently being discharged from cargo 
tank 3S? (in m3/hr) 

  

In 20 minutes time, what do you predict the ullage in cargo 
tank 3P to be? (in m) 

  

What is the current outlet temperature of the Inert Gas from 
the blower? (in °C) 

  

Over last 30 minutes by how much has the Oxygen content 
in the Inert Gas changed? (in % Oxygen) 

  

In 20 minutes time from now what do you predict the 
Oxygen content of the inert gas will be as it leaves the inert 
gas plant? (in %) 

  

What is the current GM? (in m)   

What is the difference between the current aft draft and the 
charted depth for this berth? (in m) 

  

What do you predict the maximum shear force will be in 30 
minutes from now? (in %) 

  

What is the current discharge pressure on cargo pump 
number 1? (in bar) 

  

What is the difference between the current trim and the 
minimum required trim for COW on this vessel? (in m) 

  

When the COW of the current tank is completed what  do 
you estimate the ullage in the Port Slop tank will be? (in 
metres) 

  

What are the amps on the Stbd ballast pump? (in amps)   

How many metres sounding is there to go in 1P ballast 
tank, until it is at the 99% fill level? (in m) 

  

How many minutes do you estimate it will take to complete 
ballasting of tanks 1W, 3W, 4W & 6W? 
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Post Simulation Questionnaire 

 

1  Was there sufficient time before the first stop to become familiar with the 

operation and the status of the cargo system? 

 

 

2  How do you feel stopping the simulation to ask questions affected your 

performance? 

Please indicate how you feel the stops to ask questions affected your 

performance on a scale of 1 – 10, where;  

1   = it didn’t make any difference to my performance  

10 = it greatly reduced my performance 

 

Score ____________________ 

Do you have any other comments about how the stops affected your 

performance? 

 

 

 

 

3  How do you feel stopping the simulation to ask questions affected your 

situational awareness? 

Please indicate how you feel the stops to ask questions affected your situational 

awareness on a scale of 1 – 10 where; 

1   = it didn’t make any difference to my situational awareness 

10 = it greatly reduced my situational awareness 

 

Score ____________________ 

Do you have any other comments about how the stops affected your situational 

awareness? 
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4  Did the time taken for each stop make it difficult for you to quickly resume the 

operation after the stop? 

Please indicate how difficult you found it to resume the operation after the stop 

on a scale of 1 – 10 where; 

1   = it didn’t make it difficult to resume the operation after the stop 

10 = it was very difficult to resume the operation after the stop 

 

Score ____________________ 

Do you have any other comments about how difficult it was to resume the 

operation after the stop? 

 

 

 

 

5  Would you say answering the questions made you scan around the cargo 

system more than you would normally when conducting the operation onboard? 

Please indicate how much more you checked data around the cargo system 

compared to your normal practice onboard on a scale of 1 - 10 where; 

1   = checking data was the same as onboard 

10 = checking data was far greater than you would normally do onboard 

 

Score ____________________ 

Do you have any other comments about how differently you checked cargo 

system data during this exercise? 

 

 

 

 

Signature 

____________________________________________________________ 

 

Date _____________________________ 

 

Thank you for your time and comments  
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Appendix E – Raw Data from Main Study 

Subject 1 

Current Focus of Attention 

 Stop 1 Stop 2 Stop 3 Stop 4 Stop 5 Stop 6 

Cargo discharge 4 2 3 5 4 2 

Ballast 3 4 4 1 1 1 

Cargo tank 
pressure 
management 

5 5 5 3 2 5 

COW 1 3 2 2 3 4 

Trim, Stability & 
Stress 

2 1 1 4 5 3 

 

  Stop 1 Stop 2 Stop 3 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 2 1.14 836 890 21.3 21.39 

2 2 2 0.02 60 26.4 3.1 2.46 

3 3 15 7.14 400 816 22.6 23.18 

4 1 30 21 8.1 8.29 4.9 12.6 

5 2 2 5.5 40 35 40 30 

6 3 40 27 8.2 8.37 9999 764 

7 1 2.9 2.5   7036 2100 2100 

8 2 1000 357 0.3 0.27 50 98 

9 3 50 90 8 8.5 2.9 3.55 

10 1 18 17 7.7 7.6 9.36 9.4 

11 2 400 228   786 30 30 

12 3 60 38 20 18 10 11 

13 1 4 3.84   3.9 2 8 

14 2 5.5 5.41 0.2 1.69 55 68 

15 3 4 3.76   4.06 12.5 12.08 
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  Stop 4 Stop 5 Stop 6 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 12.2 12.09 22.52 15 8 8.39 

2 2 0.3 0.01 0.55 0.55 2200 1075 

3 3 66 66 1300 1423 19 19.86 

4 1 1130 1150 34 32 50 19.5 

5 2   420 0.3 0.06 0.4 0.65 

6 3 30 30 11.95 11.96 4.2 4.22 

7 1 419 416 1095 1073 11.19 11.96 

8 2 1.5 1.15 4 2.12 5.2 5.53 

9 3 60 21 -0.2 -0.16 35 35 

10 1 3.19 3.29 21 22.13 11 12.68 

11 2 600 617 3.5 2.85 0.5 0.52 

12 3 50 68 5 1 6.5 6.41 

13 1 12 12.48 824 822 419 432 

14 2   729 550 578 0.8 1.02 

15 3   20.08 800 759 5 1 
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Subject 2 

Current Focus of Attention 

 Stop 1 Stop 2 Stop 3 Stop 4 Stop 5 Stop 6 

Cargo discharge 3 2 2 2 3 2 

Ballast 2 1 1 1 1 1 

Cargo tank 
pressure 
management 

5 4 4 5 4 4 

COW 1 3 3 4 2 3 

Trim, Stability & 
Stress 

4 5 5 3 5 5 

 

  Stop 1 Stop 2 Stop 3 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 1.8 1.15 800 799 21.2 21.46 

2 2 0.5 0.16 20 28.8 5 2.89 

3 3 7.7 7.02 800 808 23.09 22.74 

4 1 30 21 8.3 8.28 12 12.32 

5 2 2.5 5.5 30 35 40 40 

6 3 30 27 8.5 8.38 8.5 1337 

7 1 2.5 2.52 20000 7197 2100 2100 

8 2 500 375 11 0.27 50 13 

9 3 60 81 9 8.43 2.9 3.5 

10 1 17 16.58 8.1 8.07 9.3 9.11 

11 2 200 312 13 843 40 30 

12 3 60 44 30 18 20 9 

13 1 4.1 3.86 3.3 3.84 6 9 

14 2 5.5 5.4 0.2 1.71 30 69 

15 3 4 3.7 3.3 4 12.5 11.99 
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  Stop 4 Stop 5 Stop 6 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 12 12.06 40 18 9 8.4 

2 2 0.2 0.03 0.8 0.93 1000 1077 

3 3 56 67 1300 1220 22.8 19.71 

4 1 1140 1140 35 32 21 21.3 

5 2 25 420 0.1 0.09 0.5 1.21 

6 3 30 30 12.6 11.88 3.8 4.25 

7 1 600 414 1045 1074 12.8 11.92 

8 2 1 1.14 5 2.11 5.5 5.52 

9 3 30 32 -0.03 -0.15 35 34 

10 1 2.9 3.18 21 21.56 12.8 12.24 

11 2 550 555 3.3 3.41 0.8 0.55 

12 3 65 80 10 6 8.3 8.18 

13 1 12 12.43 805 807 0 0 

14 2 800 910 500 593 2 2.31 

15 3 13 20.06 790 810 15 18 
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Subject 3 

Current Focus of Attention 

 Stop 1 Stop 2 Stop 3 Stop 4 Stop 5 Stop 6 

Cargo discharge 2 1 3 3 3 4 

Ballast 3 3 1 1 1 3 

Cargo tank 
pressure 
management 

5 5 5 4 4 5 

COW 1 2 2 2 2 2 

Trim, Stability & 
Stress 

4 4 4 5 5 1 

 

  Stop 1 Stop 2 Stop 3 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 0.5 1.23 750 649 20.23 21.17 

2 2 11 0.4 30 31.8 2.5 1.18 

3 3 4 6.4 750 544 23.35 23.04 

4 1 10 9 8.2 8.35 11.8 13.33 

5 2 5 5.17 40 35 100 5 

6 3 20 27 8 8.54 100 657 

7 1 3 2.87 6946 6672 2200 2100 

8 2 1100 512 0.08 0.25 500 85 

9 3 50 58 9 8.38 3 3.7 

10 1 18 18.34 5 6.49 10 10.1 

11 2 4000 350 60 654 30 30 

12 3 60 36 20 18 5 11 

13 1 4 3.77 3 4.01 3 6 

14 2 7 5.43 0.5 1.82 60 68 

15 3 4 3.44 3 4.09 11.5 11.86 
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  Stop 4 Stop 5 Stop 6 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 11.9 11.97 0 0 8 8.33 

2 2 0.3 0.21 0 0 2000 1065 

3 3 65 67 1500 1431 19 20.39 

4 1 1047 1185 70 35 55 17.9 

5 2 70 420 0.4 0.4 0 0.7 

6 3 30 30 3.8 11.94 3 4.24 

7 1 192 417 1170 1073 3.8 11.85 

8 2 0.1 1.1 3 2.16 6 5.67 

9 3 30 24 0 -0.22 40 39 

10 1 3 3.6 23.37 23.43 13.4 13.2 

11 2 500 338 23.8 0.75 0.5 0.27 

12 3 50 58 5 2 3 6.4 

13 1 18 12.65 750 523 0 0 

14 2 100 660 1000 877 3 1.01 

15 3 20 20.07 750 469 8 8.33 
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Subject 4 

Current Focus of Attention 

 Stop 1 Stop 2 Stop 3 Stop 4 Stop 5 Stop 6 

Cargo discharge 2 1 4 1 1 4 

Ballast 4 3 2 3 2 1 

Cargo tank 
pressure 
management 

3 4 6 4 4 
5 

COW 1 2 3 5 3 2 

Trim, Stability & 
Stress 

5 5 1 2 5 3 

 

  Stop 1 Stop 2 Stop 3 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 3 1.17 788 723 19 20.99 

2 2 3 0.28 10 30.5 3 3.35 

3 3 7 7.17 850 666 22 22.32 

4 1 25 21 8.16 8.24 10.93 11.95 

5 2 0 5.5 20 35 70 62 

6 3 25 27 8 8.33 100 742 

7 1 2.91 2.5 1000 7358 2400 2100 

8 2 0 426 0.2 0.29 20 45 

9 3 50 70 8 8.44 2.5 3.4 

10 1 17.5 16.11 7.8 7.81 8.6 8.8 

11 2 200 358 1800 812 45 30 

12 3 20 50 40 18 22 11 

13 1 4 3.88 2.5 3.82 0 3 

14 2 8 5.4 0.3 1.83 35 69 

15 3 3.8 3.79 3 3.96 12 12.11 
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  Stop 4 Stop 5 Stop 6 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 12.15 12.1 15 20 8 8.59 

2 2 0 0.01 0.5 1.2 800 1106 

3 3 68 64 1430 1408 22 20.13 

4 1 1076 1118 35 31 45 22.5 

5 2 600 420 0.2 0.09 0.6 0.82 

6 3 10 30 12.5 12.05 4.1 4 

7 1 350 413 1075 1075 12.1 11.88 

8 2 2 1.14 5 2.1 1.5 5.67 

9 3 45 37 0.5 -0.2 35 35 

10 1 2.86 3.13 22.56 22.05 8 12.21 

11 2 500 440 4.5 5.08 0.7 0.29 

12 3 60 70 10 6 5 8.17 

13 1 12.54 12.36 755 668 420 0 

14 2 500 805 1000 732 0.1 0.07 

15 3 15 20.1 755 636 5 3 
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Subject 6 

Current Focus of Attention 

 Stop 1 Stop 2 Stop 3 Stop 4 Stop 5 Stop 6 

Cargo discharge 2 3 2 2 3 2 

Ballast 3 1 3 4 1 1 

Cargo tank 
pressure 
management 

5 4 4 5 4 4 

COW 1 2 1 3 2 3 

Trim, Stability & 
Stress 

4 5 5 1 5 5 

 

  Stop 1 Stop 2 Stop 3 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 0.8 1.17 630 652 21 21.18 

2 2 2 0.25 15 30.6 3 3.23 

3 3 5.3 6.82 640 611 23 22.04 

4 1 15 21 8.11 8.24 12.5 12.83 

5 2 2.1 5.5 50 36 25 19 

6 3 35 27 7.8 8.33 500 707 

7 1 2.9 2.5 6000 8359 2100 2100 

8 2 580 539 2 0.14 40 25 

9 3 60 71 7 8.41 2.7 3.43 

10 1 16 16.38 15.5 15.54 9.6 9.61 

11 2 2000 491 1500 775 45 30 

12 3 40 47 30 18 20 11 

13 1 3.5 3.89 2.1 3.82 8 9 

14 2 5 5.39 0.4 1.85 35 68 

15 3 3 3.82 2.2 4.04 12.5 12.05 
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  Stop 4 Stop 5 Stop 6 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 12.2 12.11 10 10 8.8 8.37 

2 2 0.08 0.01 0.3 0.26 400 1072 

3 3 66 65 1500 1433 20.5 19.85 

4 1 1160 1161 37 32 30 19.3 

5 2 130 363 0.5 0.12 2.7 0.67 

6 3 5 30 12 11.92 3.8 3.7 

7 1 260 414 1074 1073 12.4 11.93 

8 2 1.5 1.3 1.1 2.1 5 5.51 

9 3 60 35 0.4 -0.18 38 35 

10 1 2.7 3.1 21.5 21.94 12.2 12.97 

11 2 500 574 2.5 2.97 0.8 0.59 

12 3 65 71 5 2 15.3 6.28 

13 1 13 12.4 610 603 490 431 

14 2 900 707 800 797 2.5 1.62 

15 3 18 20.15 615 582 20 7 
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Subject 7 

Current Focus of Attention 

 Stop 1 Stop 2 Stop 3 Stop 4 Stop 5 Stop 6 

Cargo discharge 2 2 2 4 3 2 

Ballast 3 3 1 1 2 1 

Cargo tank 
pressure 
management 

4 4 5 

5 4 

5 

COW 1 1 3 2 1 3 

Trim, Stability & 
Stress 

5 5 4 
3 5 

4 

 

  Stop 1 Stop 2 Stop 3 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 1.12 1.18 720 753 19 20.51 

2 2 6 0.73 20 28.9 4 3.86 

3 3 7.5 6.9 760 756 20 21.96 

4 1 26 21 8.2 8.22 13 13.22 

5 2 2 5.5 60 36 0 0 

6 3 30 21 8.1 8.27 600 704 

7 1 2.8 2.51 10000 7571 1250 2100 

8 2 500 456 6 0.31 20 2 

9 3 55 81 8 9.66 2.7 3.17 

10 1 16 15.66 7.5 7.03 9.99 9.99 

11 2 8 399 900 719 60 30 

12 3 120 50 60 18 30 11 

13 1 3.5 3.92 6 3.77 4 6 

14 2 3 5.38 1 2 59 68 

15 3 4 3.86 7 3.93 12.2 12.12 
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  Stop 4 Stop 5 Stop 6 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 12.2 12.13 13.3 11 9 9.93 

2 2 0.5 0.04 0.1 0.02 1200 1324 

3 3 70 65 500 1432 20 20.23 

4 1 1179 1177 40 32 20 20.8 

5 2 500 420 0.2 0.03 0.3 0.64 

6 3 30 30 12.05 11.95 3.7 3.7 

7 1 409 411 1180 1180 11.97 11.91 

8 2 3 2.33 2.2 1.8 5.6 5.52 

9 3 100 39 2 -0.35 40 37 

10 1 2.7 2.88 22.12 22.89 12 13.23 

11 2 560 509 2 4.5 0.9 0.58 

12 3 50 81 5 4 6 6.26 

13 1 18 12.3 730 751 430 432 

14 2 2000 708 520 649 0.5 1.26 

15 3 19 18.45 730 736 5 4 
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Subject 8 

Current Focus of Attention 

 Stop 1 Stop 2 Stop 3 Stop 4 Stop 5 Stop 6 

Cargo discharge 2 2 3 3 4 3 

Ballast 4 5 2 1 1 1 

Cargo tank 
pressure 
management 

3 

4 5 

4 5 5 

COW 1 3 4 2 2 2 

Trim, Stability & 
Stress 

5 
1 1 

5 3 4 

 

  Stop 1 Stop 2 Stop 3 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 0.6 1.19 750 786 19.5 20.76 

2 2 1 0.31 10 29 1.1 0.96 

3 3 15 6.82 720 795 21 22.56 

4 1 28 21 8.35 8.38 12.5 12.79 

5 2 2.3 5.32 50 35 60 20 

6 3 60 27 8.25 8.47 300 740 

7 1 2.67 2.68 15000 6960 2100 2100 

8 2 550 417 1 0.11 100 8 

9 3 75 80 8 7.85 2.6 3.7 

10 1 15.8 17.88 15.3 7.22 9.58 9.58 

11 2 200 329 100 741 45 30 

12 3 30 29 30 18 20 11 

13 1 3.65 3.71 3.5 4.06 0 4 

14 2 4.9 5.46 0.5 2.26 30 69 

15 3 3.8 3.71 3.5 4.19 11.8 12.14 
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  Stop 4 Stop 5 Stop 6 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 12.1 12.06 10.5 10.3 10.5 7.81 

2 2 0.2 0.06 0.5 0.51 600 981 

3 3 60 64 1400 1396 14 19.8 

4 1 1050 1124 65 31 50 21.1 

5 2 50 420 0.1 0.06 0.1 0.57 

6 3 30 30 8 11.81 3.8 3.7 

7 1 350 421 1030 1031 9 11.88 

8 2 1.2 3.4 1.5 2.11 5 5.37 

9 3 45 27 -0.1 -0.14 65 33 

10 1 3.6 3.44 23.45 23.51 12 12.7 

11 2 500 408 3 2.58 0.5 0.79 

12 3 90 80 10 11 7 6.65 

13 1 9.5 9.93 790 794 450 423 

14 2 300 737 900 606 2 2.45 

15 3 18 19.87 800 798 15 9 
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Subject 9 

Current Focus of Attention 

 Stop 1 Stop 2 Stop 3 Stop 4 Stop 5 Stop 6 

Cargo discharge 2 2 1 1 2 1 

Ballast 3 3 3 2 3 3 

Cargo tank 
pressure 
management 

4 4 

5 

5 5 4 

COW 1 1 2 4 1 2 

Trim, Stability & 
Stress 

5 5 
4 

3 4 5 

 

  Stop 1 Stop 2 Stop 3 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 0.5 1.15 1000 1099     

2 2 1 0.18 10 22.4 5 3.01 

3 3 0.5 7.03 1000 984 15 22.51 

4 1 30 21 8 8.29 7 13.13 

5 2 0.1 5.5 20 35 2 2 

6 3 30 27 8.5 8.39 1000 724 

7 1 3 2.5 10000 7364 2200 2100 

8 2 1000 199 1 0.28 200 234 

9 3 100 100 5 7.46 2.9 3.4 

10 1 8 16.47 7 8.09 9.5 9.9 

11 2 1000 323 1000 845 60 30 

12 3 30 47 30 18 30 11 

13 1 4 3.85 4 3.84 0 8 

14 2 1 5.4 0.5 1.75 30 69 

15 3 3 3.73 2 4 12 12.16 
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  Stop 4 Stop 5 Stop 6 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 12 12.09 10 7.6 7 7.1 

2 2   0.01 0.5 0.2 300 867 

3 3 40 64 800 1352 13 19.36 

4 1 1178 1178 40 31 15 20 

5 2 100 420 0.5 0.08 1 0.78 

6 3 10 30 20 11.84 3 3.72 

7 1 1 414 900 974 22 11.91 

8 2 0.5 1.34 2 2.08 5 5.34 

9 3 60 39 -0.4 -0.2 40 32 

10 1 3 3.14 22.5 21.81 7 13.13 

11 2 1000 792 1 3.22 0.3 0.83 

12 3 50 68 5 2 8 6.89 

13 1 15 12.42 1000 985 1 421 

14 2 800 808 1100 415 0.5 2.96 

15 3 17 19.6 1000 903 30 15 
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Subject 10 

Current Focus of Attention 

 Stop 1 Stop 2 Stop 3 Stop 4 Stop 5 Stop 6 

Cargo discharge 2 3 2 1 2 3 

Ballast 3 1 3 2 1 1 

Cargo tank 
pressure 
management 

4 4 4 4 3 4 

COW 1 2 1 3 4 2 

Trim, Stability & 
Stress 

5 5 5 5 5 5 

 

  Stop 1 Stop 2 Stop 3 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 2.3 1.28 287 825 21.5 21.19 

2 2 2 0.3 2 27.3 3 3.18 

3 3 8.5 7.06 200 679 21 21.92 

4 1 30 21 8.12 8.24 4.8 11.4 

5 2 10 5.5 70 35 150 90 

6 3 30 27 8 8.35 1800 718 

7 1 2.9 2.5 8500 7314 2400 2100 

8 2 700 413 0.5 0.28 400 24 

9 3 80 64     2.5 3.4 

10 1 15 15.36 7.59 7.9 8.28 8.28 

11 2 300 316 3000 823 30 30 

12 3 30 41 25 18 12 11 

13 1 3.5 3.97 3.83 3.82 10 10 

14 2 5.2 5.35 1.5 1.23 40 68 

15 3 4.5 3.75 3 4.01 12.5 12.04 
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  Stop 4 Stop 5 Stop 6 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 12.1 12.09 6 15 4.29 8.42 

2 2 0.3 0.02 2 1.76 1000 1080 

3 3 70 66 1700 1409 20.5 19.72 

4 1 1008 1100 45 32 19 18.9 

5 2 80 420 1 0.12 1.1 0.89 

6 3 30 30 12.14 11.89 3.5 3.7 

7 1 675 414 1008 1075 12.5 11.94 

8 2 1 1.19 2 2.1 5.2 5.48 

9 3 30 33     35 35 

10 1 2.8 3.07 21 21.7 4.29 11.42 

11 2 400 469 1 3.29 1 0.62 

12 3 70 65 20 5     

13 1 19 19.39 758 677 534 426 

14 2 2000 757 450 723 1.4 2.2 

15 3 19.5 20.07 750 623 20 11 
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Subject 11 

Current Focus of Attention 

 Stop 1 Stop 2 Stop 3 Stop 4 Stop 5 Stop 6 

Cargo discharge 3 3 1 3 3 3 

Ballast 4 2 3 1 1 2 

Cargo tank 
pressure 
management 

2 4 5 4 5 4 

COW 1 1 2 2 2 1 

Trim, Stability & 
Stress 

5 5 4 5 4 5 

 

  Stop 1 Stop 2 Stop 3 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 1.6 1.18 800 705 18 22.12 

2 2 5 0.22 10 32 5 2.24 

3 3 15.5 6.8 850 596 18.5 22.38 

4 1 20 21 8.2 8.26 13.5 13.28 

5 2 2.5 5.4 50 35 0 4 

6 3 20 27 8.1 8.35 700 713 

7 1 2.59 2.6 5000 6969 2200 2100 

8 2 300 438 3 0.26 100 147 

9 3 50 52 9 8.39 2.5 3.62 

10 1 15 17.31     10 10 

11 2 1000 242 800 708 35 30 

12 3 120 38 20 18 15 11 

13 1 4.2 3.86 3 3.9 5 9 

14 2 5 5.39 0.3 1.63 50 68 

15 3 4.5 3.67 3.1 4.23 12.3 11.94 
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  Stop 4 Stop 5 Stop 6 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 12 12.09 0 0 9 8.34 

2 2 0.1 0.08 0 0 300 1068 

3 3 55 65 500 1448 20 20.1 

4 1 1180 1184 35 34 40 18.6 

5 2 0 420 0.3 0.32 1 0.47 

6 3 15 30 10 11.84 4 3.74 

7 1 400 418 1100 1073 11 11.89 

8 2 2 1.16 0.4 2.15 6 5.55 

9 3 30 24 0.3 -0.21 40 34 

10 1 2.6 3.36 23 22.33 13.5 13.2 

11 2 500 362 0 1.77 0.5 0.49 

12 3 50 52 2 2 5 6.24 

13 1 18 12.52 500 513 380 389 

14 2 600 692 1000 887 0 0 

15 3 19 20.05 500 400 5 7 
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Subject 12 

Current Focus of Attention 

 Stop 1 Stop 2 Stop 3 Stop 4 Stop 5 Stop 6 

Cargo discharge 3 1 1 1 2 2 

Ballast 4 4 4 2 1 1 

Cargo tank 
pressure 
management 

2 3 2 5 4 4 

COW 1 2 3 3 5 3 

Trim, Stability & 
Stress 

5 5 5 4 3 5 

 

  Stop 1 Stop 2 Stop 3 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 1.05 1.03 700 724 17 21.71 

2 2 3 0.06 5 33.1 5 2.58 

3 3 9.5 9.08 600 556 18 22.87 

4 1 25 21 8.5 8.32 8.8 12.1 

5 2 0.3 5.5 40 35 80 48 

6 3 4 27 8.3 8.24 350 984 

7 1 2.7 2.5 12000 6986 1250 2100 

8 2 50 393 1.5 0.28 80 91 

9 3 28 40 8.5 8.42 2.7 3.58 

10 1 10 16.92 9 9.24 8.7 8.91 

11 2 200 285 8000 980 30 30 

12 3 12 44 15 18 10 11 

13 1 3.5 3.73 2.4 3.87 0 4 

14 2 0.5 5.47 0.6 1.67 40 69 

15 3 3 3.72 1.8 4.03 13 12.14 
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  Stop 4 Stop 5 Stop 6 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 12.8 12.02 50 15 8.9 8.39 

2 2     2.3 1.12 400 1076 

3 3 68 65 980 1158 21.8 19.65 

4 1 1090 1132 35 32 15.6 15.3 

5 2 100 420 0.5 0.27     

6 3 15 30 4.8 11.95 3.8 4.27 

7 1 415 415 1050 1074 4.5 11.97 

8 2 4.5 1.13 1 2.12 5.7 5.36 

9 3 100 35 -0.2 -0.38 38 34 

10 1 3.15 3.32 18 20.56 8.9 12.09 

11 2 150 372 3 4.21 0.5 0.86 

12 3 25 3 5 7 13 8.6 

13 1 21.4 12.49 540 567 420 421 

14 2 450 988 660 740 2 3.16 

15 3     600 460 40 15 
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Subject 13 

Current Focus of Attention 

 Stop 1 Stop 2 Stop 3 Stop 4 Stop 5 Stop 6 

Cargo discharge 2 3 3 3 3 3 

Ballast 3 2 2 2 2 2 

Cargo tank 
pressure 
management 

4 5 5 5 4 5 

COW 1 1 1 1 1 1 

Trim, Stability & 
Stress 

5 4 4 4 5 4 

 

  Stop 1 Stop 2 Stop 3 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 1.2 1.14 950 835 21 21.21 

2 2 3.5 0.26 2 27.2 4.3 3.14 

3 3 7.8 6.96 1050 953 22.5 22.59 

4 1 25 21 8.15 8.27 12.5 13.4 

5 2 0.5 5.5 20 35 150 13 

6 3 15 21 8.12 8.41 700 719 

7 1 2.5 2.5 6500 7386 2200 2100 

8 2 100 404 3 0.28 0 83 

9 3 10 88 7.5 6.22 2.85 3.39 

10 1 16.5 16.36 7.55 7.56 10.18 10.18 

11 2 2000 332 1200 782 40 30 

12 3 30 46 15 18 20 11 

13 1 4.1 3.88 5 3.83 10 8 

14 2 5 5.39 0.5 1.69 15 69 

15 3 4.4 3.73 6 3.99 12.1 12.07 
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  Stop 4 Stop 5 Stop 6 

Qstn 

# 

SA 

Level 
Answer Actual Answer Actual Answer Actual 

1 1 12.1 12.09 8 15 2.5 6.21 

2 2 0.8 0.03 0.6 0.35 300 724 

3 3 75 65 1000 1375 20 19.13 

4 1 1100 1193 60 31 45 23.4 

5 2 50 420 0.5 0.1 20 0.64 

6 3 5 30 4 11.85 3.5 3.97 

7 1 230 413 1150 900 12.5 11.88 

8 2 2.5 1.15 0.5 2.06 4.5 5.44 

9 3 45 39 -0.5 -0.02 32 32 

10 1 2.88 3.1 21 21.67 12 13.23 

11 2 800 655 0.6 3.29 0.5 0.6 

12 3 50 88 5 6 15.3 6.85 

13 1 19 12.4 950 949 410 397 

14 2 2100 782 450 451 12 2.27 

15 3 22 19.34 980 1013 30 18 
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Appendix F - Error Scores for Specific Groups of 

Questions 

Case 1 – Slop Tanks 

 

Subject Q36 (volume on 

completion) 

% Error 

Q87 (ullage on 

completion) 

% Error 

Q25 (current 

ullage) 

% Error 

1 1208.8** 1.4 1.3 

2 99.4 1.5 0.4 

3 84.8 53.1 23.0 

4 86.5 2.5 0.1 

5 72.4 38.8 35.2 

6 29.3 143.6 0.3 

7 14.8 4.2 6.7 

8 59.5 5.3 111.9** 

9 38.1 16.1 13.5 

10 150.7 * 3.9 

11 1.82 19.9 * 

12 64.4 51.2 2.6 

13 2.6 123.4 0.1 

Mean 58.7 38.4 7.9 

Range 148.9 142.2 35.1 

SD 42.2 46.4 11.0 

Table F.1 - Comparison of errors for questions 36, 87 and 25 

**Data considered as an outlier and ignored 

*Data omitted by subject 
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Case 2 – Ballast Tanks 

 

Subject Q11(volume 

to complete 

tk) 

% Error 

Q32 (m to 

complete tk) 

% Error 

Q71 (m to 

complete tk) 

% Error 

Q70 (current 

sounding) 

% Error 

1 75.4 26.0 22.8 5.1 

2 35.9 73.0 3.23 2.6 

3 1042.8** 111.9  0.26 

4 44.1 10.45 11.42 2.3 

5 159.1 62.7 14.9 1.7 

6 307.3 7.1 15.8 2.0 

7 98.0 3.6 55.6 3.36 

8 39.2 15.6 16.3 0.26 

9 209.6 66.1 68.9 3.2 

10 5.1 5.66 69.6 3.2 

11 313.2 123.2 100.0 3 

12 29.8 93.8 28.7 12.5 

13 502.4 36.9 81.8 3.1 

Mean 151.6 48.8 40.76 3.3 

Range 497.4 119.6 96.8 12.2 

SD 147.0 40.7 31.2 2.9 

 

Table F.2 - Comparison of errors for questions 11, 32, 71 and 70 

**Data considered as an outlier and ignored 
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Case 3 Pump Pressures 

 

Subject Q1(Suction  

pressure 

pump 1) 

% Error 

Q34 

(Discharge 

pressure 

pump 1) 

% Error 

Q85 

(Discharge 

pressure 

pump 1) 

% Error 

Q76 

(Discharge 

pressure 

pump 2) 

% Error 

1 75.4 61.1 13.3 4.6 

2 56.5 2.6 4.6 7.1 

3 59.4 11.5 1.5 4.0 

4 156.4 8.5 0.3 0 

5 13.0 35.3 34.5 6.9 

6 31.6 2.6 5.9 5.1 

7 5.1 1.7 9.3 9.4 

8 49.6 2.3 5.5 34.4 

9 56.5 46.7 46.7 1.4 

10 79.7 57.9 62.4 49.1 

11 35.6 1.7 2.3 7.9 

12 1.9 27.3 26.4 6.1 

13 5.3 6.7 9.3 59.7 

Mean 48.2 20.4 17.1 15.1 

Range 154.5 59.5 62.2 59.7 

SD 40.4 21.7 18.8 18.7 

Table F.3 - Comparison of errors for questions 1, 34, 85 and 76 
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Case 4 – Draft 

 

Subject Q13 (Current trim) 

% Error 

Q14 (Current UKC) 

% Error 

Q19 (Current draft 

forward) 

% Error 

1 4.2 1.7 2.3 

2 6.2 1.9 0.2 

3 6.1 28.9 1.8 

4 3.1 48.2 1.0 

5 7.9 63.1 0 

6 10.0 7.2 1.6 

7 10.7 44.2 0.2 

8 1.6 10.3 0.3 

9 3.9 81.5 3.5 

10 11.8 2.8 1.4 

11 8.8 7.2 0.7 

12 6.2 90.9 2.2 

13 5.7 7.24 1.5 

Mean 6.6 30.4 1.3 

Range 10.22 89.2 3.5 

SD 3.0 30.7 1.0 

Table F.4 - Comparison of errors for questions 13, 14 and 19 
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Appendix G SPSS Output 

 

6.3 Correlation of SA against Task Focus 

Level 1 SA vs Task Focus 

Correlations 

 Task Focus SA 

Spearman's rho 

Task Focus 

Correlation Coefficient 1.000 .024 

Sig. (2-tailed) . .633 

N 390 386 

SA 

Correlation Coefficient .024 1.000 

Sig. (2-tailed) .633 . 

N 386 388 

 

Level 2 SA vs Task Focus 

 

Correlations 

 Task Focus SA 

Spearman's rho 

Task Focus 

Correlation Coefficient 1.000 -.021 

Sig. (2-tailed) . .688 

N 390 381 

SA 

Correlation Coefficient -.021 1.000 

Sig. (2-tailed) .688 . 

N 381 383 

 

Level 3 SA vs Task Focus 

 

Correlations 

 Task Focus SA 

Spearman's rho 

Task Focus 

Correlation Coefficient 1.000 -.242
**
 

Sig. (2-tailed) . .000 

N 390 382 

SA 

Correlation Coefficient -.242
**
 1.000 

Sig. (2-tailed) .000 . 

N 382 384 

**. Correlation is significant at the 0.01 level (2-tailed). 
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All Levels of SA combined vs Task Focus 

 

Correlations 

 Task Focus SA 

Spearman's rho 

Task Focus 

Correlation Coefficient 1.000 -.076
*
 

Sig. (2-tailed) . .010 

N 1170 1149 

SA 

Correlation Coefficient -.076
*
 1.000 

Sig. (2-tailed) .010 . 

N 1149 1151 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

 

 

6.4.1 Correlations of SA Against Total Tanker Experience 

Level 1 SA vs Total Tanker Experience 

 

Correlations 

 TotalTankerExp L1SA 

TotalTankerExp 

Pearson Correlation 1 .028 

Sig. (2-tailed)  .585 

N 1170 386 

L1SA 

Pearson Correlation .028 1 

Sig. (2-tailed) .585  

N 386 386 

 

Level 2 SA vs Total Tanker Experience 

 

Correlations 

 TotalTankerExp L2SA 

TotalTankerExp 

Pearson Correlation 1 -.026 

Sig. (2-tailed)  .607 

N 1170 381 

L2SA 

Pearson Correlation -.026 1 

Sig. (2-tailed) .607  

N 381 381 
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Level 3 SA vs Total Tanker Experience 

 

Correlations 

 TotalTankerExp L3SA 

TotalTankerExp 

Pearson Correlation 1 -.016 

Sig. (2-tailed)  .751 

N 1170 382 

L3SA 

Pearson Correlation -.016 1 

Sig. (2-tailed) .751  

N 382 382 

 

All Levels of SA Combined vs Total Tanker Experience 

 

Correlations 

 TotalTankerExp AllSA 

TotalTankerExp 

Pearson Correlation 1 -.016 

Sig. (2-tailed)  .593 

N 1170 1149 

AllSA 

Pearson Correlation -.016 1 

Sig. (2-tailed) .593  

N 1149 1149 

 

 

 

6.4.2 Correlations of SA Against Oil Tanker Experience 

Level 1 SA vs Oil Tanker Experience 

 

Correlations 

 OilTankerExp L1SA 

OilTankerExp 

Pearson Correlation 1 .023 

Sig. (2-tailed)  .653 

N 390 386 

L1SA 

Pearson Correlation .023 1 

Sig. (2-tailed) .653  

N 386 386 
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Level 2 SA vs Oil Tanker Experience 

 

Correlations 

 OilTankerExp L2SA 

OilTankerExp 

Pearson Correlation 1 -.039 

Sig. (2-tailed)  .451 

N 390 381 

L2SA 

Pearson Correlation -.039 1 

Sig. (2-tailed) .451  

N 381 381 

 

Level 3 SA vs Oil Tanker Experience 

 

Correlations 

 OilTankerExp L3SA 

OilTankerExp 

Pearson Correlation 1 -.020 

Sig. (2-tailed)  .699 

N 390 382 

L3SA 

Pearson Correlation -.020 1 

Sig. (2-tailed) .699  

N 382 382 

 

All Levels of SA combined vs Oil Tanker Experience 

 

Correlations 

 OilTankerExp AllSA 

OilTankerExp 

Pearson Correlation 1 .023 

Sig. (2-tailed)  .653 

N 390 386 

AllSA 

Pearson Correlation .023 1 

Sig. (2-tailed) .653  

N 386 1149 
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6.5 Removal of Outliers 

6.5.1 Correlations of SA Against Task Focus 

Level 1 SA vs Task Focus 

 

Correlations 

 Task Focus L1SA 

Spearman's rho 

Task Focus 

Correlation Coefficient 1.000 -.006 

Sig. (2-tailed) . .914 

N 1170 356 

L1SA 

Correlation Coefficient -.006 1.000 

Sig. (2-tailed) .914 . 

N 356 356 

 

Level 2 SA vs Task Focus 

 

Correlations 

 Task Focus L2SA 

Spearman's rho 

Task Focus 

Correlation Coefficient 1.000 -.079 

Sig. (2-tailed) . .155 

N 1170 327 

L2SA 

Correlation Coefficient -.079 1.000 

Sig. (2-tailed) .155 . 

N 327 327 

 

Level 3 SA vs Task Focus 

 

Correlations 

 Task Focus L3SA 

Spearman's rho 

Task Focus 

Correlation Coefficient 1.000 -.182
**
 

Sig. (2-tailed) . .001 

N 1170 351 

L3SA 

Correlation Coefficient -.182
**
 1.000 

Sig. (2-tailed) .001 . 

N 351 351 

**. Correlation is significant at the 0.01 level (2-tailed). 
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All Levels of SA Combined vs Task Focus 

 

Correlations 

 Task Focus AllSA 

Spearman's rho 

Task Focus 

Correlation Coefficient 1.000 -.085
**
 

Sig. (2-tailed) . .006 

N 1170 1034 

AllSA 

Correlation Coefficient -.085
**
 1.000 

Sig. (2-tailed) .006 . 

N 1034 1034 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

 

 

6.5.2.1 Correlations of SA Against Total Tanker Experience 

Level 1 SA vs Total Tanker Experience 

 

Correlations 

 TotalTankerExp L1SA 

TotalTankerExp 

Pearson Correlation 1 -.024 

Sig. (2-tailed)  .648 

N 1170 356 

L1SA 

Pearson Correlation -.024 1 

Sig. (2-tailed) .648  

N 356 356 

 

Level 2 SA vs Total Tanker Experience 

 

Correlations 

 TotalTankerExp L2SA 

TotalTankerExp 

Pearson Correlation 1 .048 

Sig. (2-tailed)  .382 

N 1170 327 

L2SA 

Pearson Correlation .048 1 

Sig. (2-tailed) .382  

N 327 327 

 

  



348 

Level 3 SA vs Total Tanker Experience 

 

Correlations 

 TotalTankerExp L3SA 

TotalTankerExp 

Pearson Correlation 1 .020 

Sig. (2-tailed)  .714 

N 1170 351 

L3SA 

Pearson Correlation .020 1 

Sig. (2-tailed) .714  

N 351 351 

 

All Levels of SA Combined vs Total Tanker Experience 

 

Correlations 

 TotalTankerExp AllSA 

TotalTankerExp 

Pearson Correlation 1 .031 

Sig. (2-tailed)  .319 

N 1170 1034 

AllSA 

Pearson Correlation .031 1 

Sig. (2-tailed) .319  

N 1034 1034 

 

 

 

6.5.2.2 Correlations of SA Against Oil Tanker Experience 

Level 1 SA vs Oil Tanker Experience 

 

Correlations 

 OilExp L1SA 

OilExp 

Pearson Correlation 1 -.028 

Sig. (2-tailed)  .601 

N 1169 356 

L1SA 

Pearson Correlation -.028 1 

Sig. (2-tailed) .601  

N 356 356 
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Level 2 SA vs Oil Tanker Experience 

 

Correlations 

 OilExp L2SA 

OilExp 

Pearson Correlation 1 .059 

Sig. (2-tailed)  .284 

N 1169 327 

L2SA 

Pearson Correlation .059 1 

Sig. (2-tailed) .284  

N 327 327 

 

Level 3 SA vs Oil Tanker Experience 

 

Correlations 

 OilExp L3SA 

OilExp 

Pearson Correlation 1 .033 

Sig. (2-tailed)  .539 

N 1169 351 

L3SA 

Pearson Correlation .033 1 

Sig. (2-tailed) .539  

N 351 351 

 

All Levels of SA Combined vs Oil Tanker Experience 

 

Correlations 

 OilExp AllSA 

OilExp 

Pearson Correlation 1 .039 

Sig. (2-tailed)  .214 

N 1169 1033 

AllSA 

Pearson Correlation .039 1 

Sig. (2-tailed) .214  

N 1033 1034 
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6.6 Removal of Less Attended Parameters 

6.6.1 Correlation of SA Against Task Focus 

Level 1 SA vs Task Focus 

 

Correlations 

 Task Focus L1 SA 

Spearman's rho 

Task Focus 

Correlation Coefficient 1.000 .009 

Sig. (2-tailed) . .859 

N 1170 385 

L1 SA 

Correlation Coefficient .009 1.000 

Sig. (2-tailed) .859 . 

N 385 385 

 

Level 2 SA vs Task Focus 

 

Correlations 

 Task Focus L2 SA 

Spearman's rho 

Task Focus 

Correlation Coefficient 1.000 -.134
*
 

Sig. (2-tailed) . .032 

N 1170 257 

L2 SA 

Correlation Coefficient -.134
*
 1.000 

Sig. (2-tailed) .032 . 

N 257 257 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

Level 3 SA vs Task Focus 

 

Correlations 

 Task Focus L3 SA 

Spearman's rho 

Task Focus 

Correlation Coefficient 1.000 -.181
**
 

Sig. (2-tailed) . .001 

N 1170 332 

L3 SA 

Correlation Coefficient -.181
**
 1.000 

Sig. (2-tailed) .001 . 

N 332 332 

**. Correlation is significant at the 0.01 level (2-tailed). 
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All Levels of SA Combined vs Task Focus 

 

Correlations 

 Task Focus All SA 

Spearman's rho 

Task Focus 

Correlation Coefficient 1.000 -.100
**
 

Sig. (2-tailed) . .002 

N 1170 975 

All SA 

Correlation Coefficient -.100
**
 1.000 

Sig. (2-tailed) .002 . 

N 975 975 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

 

 

6.6.2.1 Correlations of SA Against Total Tanker Experience 

Level 1 SA vs Total Tanker Experience 

 

Correlations 

 Tot Exp L1 SA 

Tot Exp 

Pearson Correlation 1 .043 

Sig. (2-tailed)  .399 

N 1170 385 

L1 SA 

Pearson Correlation .043 1 

Sig. (2-tailed) .399  

N 385 385 

 

Level 2 SA vs Total Tanker Experience 

 

Correlations 

 Tot Exp L2 SA 

Tot Exp 

Pearson Correlation 1 -.030 

Sig. (2-tailed)  .627 

N 1170 257 

L2 SA 

Pearson Correlation -.030 1 

Sig. (2-tailed) .627  

N 257 257 
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Level 3 SA vs Total Tanker Experience 

 

Correlations 

 Tot Exp L3 SA 

Tot Exp 

Pearson Correlation 1 -.036 

Sig. (2-tailed)  .513 

N 1170 332 

L3 SA 

Pearson Correlation -.036 1 

Sig. (2-tailed) .513  

N 332 332 

 

All Levels of SA Combined vs Total Tanker Experience 

 

Correlations 

 Tot Exp All SA 

Tot Exp 

Pearson Correlation 1 -.012 

Sig. (2-tailed)  .717 

N 1170 975 

All SA 

Pearson Correlation -.012 1 

Sig. (2-tailed) .717  

N 975 975 

 

 

 

6.6.2.2 Correlation of SA Against Oil Tanker Experience 

Level 1 SA vs Oil Tanker Experience 

 

Correlations 

 Oil Exp L1 SA 

Oil Exp 

Pearson Correlation 1 .039 

Sig. (2-tailed)  .448 

N 1170 385 

L1 SA 

Pearson Correlation .039 1 

Sig. (2-tailed) .448  

N 385 385 
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Level 2 SA vs Oil Tanker Experience 

 

Correlations 

 Oil Exp L2 SA 

Oil Exp 

Pearson Correlation 1 -.020 

Sig. (2-tailed)  .752 

N 1170 257 

L2 SA 

Pearson Correlation -.020 1 

Sig. (2-tailed) .752  

N 257 257 

 

Level 3 SA vs Total Tanker Experience 

 

Correlations 

 Oil Exp L3 SA 

Oil Exp 

Pearson Correlation 1 -.028 

Sig. (2-tailed)  .608 

N 1170 332 

L3 SA 

Pearson Correlation -.028 1 

Sig. (2-tailed) .608  

N 332 332 

 

All Levels of SA Combined vs Oil Tanker Experience 

 

Correlations 

 Oil Exp All SA 

Oil Exp 

Pearson Correlation 1 -.006 

Sig. (2-tailed)  .843 

N 1170 975 

All SA 

Pearson Correlation -.006 1 

Sig. (2-tailed) .843  

N 975 975 
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