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Abstract 

The over-arching purpose of this thesis was to investigate whether an 

intervention that teaches a person to mediate their physiological stress response can also 

improve decision-making in a time constrained environment that also involves mild 

stress. The decision-making context that this thesis seeks to inform is the soldier 

walking the streets during a contemporary peace keeping or combat patrol. The 

interaction between a person’s physiology and cognition is particularly important for the 

purposes of this thesis. The resilience intervention investigated was a 

psychophysiological intervention that uses a heart rate variability (HRV) monitor (the 

emWave2 HRV monitor) in support of a range of techniques developed to teach a 

person to mediate their stress response. Sustained practice of these techniques has been 

shown to improve a person’s resting HRV. Given that resting HRV is also related with a 

person’s cognitive performance, this thesis sought to observe this relationship in a 

simulated military decision-making situation. Several studies were conducted to test the 

thesis that an intervention that teaches a person to mediate their physiological stress 

response can also improve decision-making in a time constrained environment that also 

involves mild stress.  

The capture and analysis of HRV data is central to this research. The emW 

(emW) uses photoplethysmography (PPG) to capture and record HRV data. PPG HRV 

devices are becoming readily available for a variety of applications; however, their use 

for research purposes remains a topic of some debate. Study One validated the emW 

against an Electrocardiogram (ECG) to ensure the validity of later studies in support of 

this research thesis. Five minutes of participant (n = 15) resting HRV data were 

simultaneously recorded using both an ECG and an emW. ECG R-R Interval data and 

time measures, and emW R-R Interval .txt files were imported into Graphpad Prism 

software (version 7) for R-R Interval overlay plots, Bland-Altman analysis, Linear 

Regression Analysis and t-test analysis. Bland-Altman analysis identified a generally 

good agreement between the ECG and emW R-R interval data. Eleven data sets showed 

good agreement: four data sets showed a bias of <.0001 ms, and a further nine data sets 

were <.01. The findings of this study suggest that the emW can be used in HRV 
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research applications, if the researcher is fully informed of the strengths and limitations 

of the device.  

Study two sought to further validate the emW as a suitable instrument to detect 

the difference in two different cognitive processes associated with two different 

cognitive tasks as measured by HRV. Condition A was a Go/NoGo working memory 

task, and Condition B was a sustained attention Spatial Reasoning task. The order of the 

Condition A and Condition B tasks was counterbalanced across participants (n = 15) by 

alternating the order in which each successive participant completed the Condition A 

and Condition B tasks. Significant effect was found for two HRV measures when 

analysing resting HRV, Condition A, and Condition B tasks. Of particular note, 

subsequent analysis of HRV when analysing resting HRV, Condition A task practice 

session and Condition B identifies significant difference in six HRV measures between 

both resting HRV and the Condition A task, and between the Condition A and 

Condition B tasks. These results suggest that HRV data acquired by the emW can 

differentiate between a person’s resting state, undertaking an intuitive decision-making 

task, and completing a deliberate problem solving task. The results also suggest that 

HRV is susceptible to changes in cognitive approach during task conduct. The different 

results for Condition A and Condition A practice suggest task familiarity changes the 

cognitive approach of a participant: this is an important finding given the nature of the 

research thesis and the context of military decision-making for the soldier undertaking a 

peace keeping or combat patrol.  

The Third study examined an intervention that trains a person to mediate their 

HRV. To investigate if this program can improve a person’s resting HRV, and if any 

improvement in resting HRV is associated with improved performance in a decision-

making task under conditions of no stress and mild stress. The absence of significant 

effect for group (Control group and Intervention group) across HRV measures suggests 

that the Intervention Program did not have an effect on the resting HRV of the 

intervention group participants: however, the reason for this is most likely that many of 

the participants didn’t commit to practicing the techniques.  

The significant effect for condition (no stress and stress) in both HRV measures 

and game scores supports much earlier research that decision-making is degraded under 

conditions of stress. Whilst this is not a new finding, the nature of the decision-making 

task used in this study suggests an important line of inquiry in the conduct of decision-
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making under stress research. Currently there is some divide between decision-making 

research conducted in experimental settings, and decision research conducted in 

naturalistic settings. The challenge with naturalistic settings is establishing reliable and 

valid measures of decision-making. Many naturalistic decision-making research relies 

on self-report, or subjective measures of decision success. Studies conducted in 

experimental settings tend to be further removed from real life decision-making 

situations. The results from this study suggest that a middle ground can be found, 

allowing for valid and reliable collection of quantitative data for both physiological 

factors and for decision-making success.  

The combined results of the three studies inform decision-making in the military 

environment. In particular the findings confirm the complex relationship between 

cognition and physiology, whilst also accounting for the ecological factors that 

influence the decision maker. This research is novel in that it combines these three 

elements, and it does so in the context of military decision-making.   
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Introduction 

This chapter introduces the context for this thesis. It first introduces the decision-

making environment faced by the modern soldier, and relates decisions made in this 

context to the wider field of decision-making and decision-making research. The link 

between a person’s physiological state and cognitive function is presented, allowing for 

the hypothesis that decision-making in a time constrained environment can be 

influenced, and potentially improved, by mediating a person’s physiological response to 

stress as facilitated by Heart Rate Variability bio-feedback. Having established the 

context for the thesis, a statement of the problem to be addressed is presented, followed 

by the research method used to address this research problem. A research hypothesis is 

presented and three independent studies are identified to address this thesis. The chapter 

concludes by identifying limitations in the research, further benefits of this research and 

recommendations for further research.  

The over-arching purpose of this thesis was to investigate whether an 

intervention that teaches a person to mediate their physiological stress response can also 

improve decision-making in a time constrained environment that also involves mild 

stress. The decision-making context that this thesis sought to inform is the soldier 

walking the streets during a contemporary peace keeping or combat patrol. The 

literature review presented in Chapter Two of this thesis shows that decisions made in 

this environment are not ‘rational’ decisions, rather they are intuitive or instinctive 

decisions. The literature also shows that whilst decision-making is a cognitive process, 

it is influenced by a person’s physiological state. Stress is a physiological reaction to 

challenges in the environment that directly affects the autonomic nervous system, which 

in turn affects cognitive processes. Stress is also a factor integral to the decision-making 

environment of the soldier. This clear link between the body’s physiological state and 

cognitive processes allows us to consider an intervention that teaches a person to 

mediate their physiological state also has the potential to improve performance on a 

cognitive task such as decision-making.  

A well established, non-invasive marker of physiological activity is heart rate 

variability (HRV). The intervention that is used in the third study for this thesis 

(presented in Chapter Five) is the Heartmath Coherence Advantage Program. This 

program uses heart rate variability monitors to provide visual bio-feedback to the person 
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practicing the program techniques. These monitors, called an ‘emWave2’, use HRV 

acquired using photoplethysmography (PPG), to provide this bio-feedback. They also 

record this HRV data for subsequent review. A promising line of research is the link 

between HRV and cognitive processes. In particular the potential to use HRV data to 

provide a measure of cognitive function. This thesis draws on the link between 

cognition and HRV in order to investigate if teaching a person to moderate their 

physiological state, facilitated and measured by HRV, subsequently improves cognitive 

function associated with decision-making in a time constrained environment.  

Military context 

Masters’ (2012) description of a patrol conducted by Australian troops on the 

night 12/13 February, 2009, provides a telling insight into the decision-making 

environment for many soldiers. A patrol of Australian Commandos entered a compound 

searching for a Taliban leader and weapons caches. Due to poor visibility the 

commandos relied on the restricted view that night vision goggles provide. As they 

entered the compound, one of the commandos saw a man raise an AK47 assault rifle 

and point it at the patrol. A commando fired at the man, wounding him in the arm, 

resulting in an exchange of gunfire. This exchange caused the team of Commandos to 

react and attack the room the man was firing from. This was now a lethal fire fight and 

the commandos used all firepower available. This included grenades being thrown into 

the room.  Once the firing ceased, a search of the room identified the man and a number 

of his family, including two infants, were dead (Masters, 2012). Unfortunately the man 

involved in this incident was not the Taliban leader the commandos had been targeting.  

Two of the Commandos involved in the incident were subsequently charged 

with manslaughter by the Director of Military Prosecutions. The Commanding Officer 

was also charged with breaching International Security Assistance Force (ISAF) rules 

governing the entry of civilian compounds (Masters, 2012). This incident remains 

controversial: one of the Commandos is seeking to sue the Australian Government over 

the decision to press manslaughter charges (Grasswill, 2016). The incident provides 

insight into the environment faced by combat troops in contemporary operating 

environments. The commandos were targeting a known Taliban leader in the immediate 

vicinity of non-combatant civilians. The AK47 assault rifle is carried by many Afghani 
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men to protect their family and property. The presence of this weapon doesn’t 

necessarily mean the holder is Taliban, however, under the circumstances outlined 

above there is often very little time to determine whether the person holding the weapon 

is friend or foe. The Taliban will most likely be carrying such a weapon and will not 

hesitate to use it.   

The incident described by Masters (2012) identifies the complexity of the 

environment soldiers operate and make decisions in.  The environment is stressful, and 

any decision is likely to have immediate and lethal consequences. These decisions may 

also have far wider implications. Soldiers are the ‘actors’ on the ground, carrying out 

the orders of their senior commanders who are in turn implementing government policy. 

In the case of Afghanistan, soldiers are the physical presence representing a coalition of 

governments.   

The complexity of the external environment and organisational command 

structure contributes to the unique challenges faced by soldiers making decisions 

undertaking a task such as a patrol to locate and capture or kill an enemy leader. A 

patrol will be given a specific task, or a number of tasks, before the activity. It will be 

fully briefed on all information the military planning team have to hand at the time of 

the briefing. However, once the patrol commences, decisions have to be made based on 

the situation at hand. A situation that is often fluid and rapidly changing. 

The Stockwell shooting, an incident involving specialist firearms police officers, 

provides another example of the decision-making environment faced by security 

personnel and soldiers. On 22 July 2005, Jean Charles de Menezes was shot and killed, 

by members of the London Metropolitan Police tactical unit, in the mistaken belief that 

he was a terrorist about to carry out a suicide bombing. He was not wearing a suicide 

vest at the time. Nor was he ever likely to, as subsequent investigation showed that he 

was innocent. A case study of this incident found that “the rigid command and 

organisational structure lacked the flexibility to respond to the fast-paced, dynamic 

situation that unfolded on that fateful morning” (Jenkins, Salmon, Stanton, Walker, & 

Rafferty, 2011, p. 105). Senior police commanders had despatched the tactical squad, 

and had done so based on events leading up to the day of the de Menezes shooting. Two 

weeks prior to the shooting, a number of terrorist bombs had been denoted in London 

resulting in 52 deaths. It was known that a number of the bombers had escaped arrest. A 

number of failed explosives were found in London the day prior to the shooting of de 
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Menezes. On the day of the shooting the London Metropolitan Police were attempting 

to apprehend a number of suspected terrorists. Evidence pointed the police to the block 

of flats where de Menezes lived. The firearms teams were despatched on the basis of a 

‘positive’ identification of one of the suspected terrorists. A positive identification that 

later proved inaccurate. The similarity to a military patrol is quite apparent here: a team 

of people with orders to apprehend or shoot a targeted person are now on the ground 

prosecuting the actions to fulfil their orders. They are doing so in an environment 

populated with innocent civilians. Intelligence available at the command post indicated 

that the person targeted, de Menezes, was a terrorist, and the evidence of a number of 

explosives in the London area suggested that the suspected terrorists were in the process 

of carrying out more bombings. This was the information that the Police Tactical Unit 

was given prior to being despatched for their task. They were primed and ready to 

confront a terrorist suicide bomber.  

There are a number of parallels between the Stockwell police shooting and the 

commando incident in Afghanistan. In both incidents the shooters were operating under 

the orders and guidance of senior decision makers that were geographically removed 

from the decision. Intelligence that put the soldiers and police officers into that situation 

indicated that their targets were legitimate targets. However, on the ground there were 

some indicators that could have resulted in a decision not to fire: children’s shoes 

outside the door in the commando incident (Masters, 2012), and a lack of positive 

identification by the shooting team in the Stockwell incident (Jenkins, Salmon, Stanton, 

& Walker, 2010). The perceived risk of not shooting was considered greater than the 

implications of shooting. Importantly, time was a critical factor: for the commandos, 

first shot to the last grenade was 25 seconds (Masters, 2012). For the Stockwell 

incident, it takes very little time for a suicide bomber to detonate their device.  Both 

situations became the subsequent focus of an inquiry to determine the legality of the 

decisions to shoot. With the luxury of time to reflect and fully investigate each incident, 

and the events leading up to it, many writers will suggest that in both incidents the 

shooters should have refrained from lethal engagement. The shooters did not have the 

luxury of time to fully analyse the situation, time constraint is often a feature for 

military decision-making.  
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Decision-making 

The relevance of the dislocation of command and actors on the ground becomes 

quite important as we look to decision-making models. The Command Post decision-

maker is in an entirely different decision-making environment than the circumstances 

that can surround the soldier on the ground. The Command Post decision-maker is 

surrounded by decision support tools and computer aids – often developed to support 

normative descriptive decision-making models (Collyer & Malecki, 1998). The soldier 

on the ground does not have the luxury of decision support tools, and the decision-

making situation is often too time-constrained to use such tools if they were available.    

Decision-making is complex, Grisogono and Radenovic (2011) allude to this 

complexity in their work seeking to improve complex decision-making in the military 

environment. They comment that an argument could be made that even a simple 

decision, such as what ice-cream to choose, could “be described as complex based on 

the underlying neurological processes” (p. 716). However, they go on to state that it is 

the complexity of the decision-making environment we need to consider when 

discussing complexity in decision-making. Say and Pronk (2012) identify that military 

decisions are rarely simple, they are complex and the environment adds to this 

complexity. These works by Grisogono and Radenovic (2011) and Say and Pronk 

(2012) identify two important concepts. The first is that from the perspective of the 

individual, even simple decisions are complex with regard underlying neurological 

processes. The second is that the complexity of the environment is a dominant factor to 

consider when discussing military decision-making.  

These two concepts are critical in understanding the decision-making 

environment for soldiers on the ground, in order to improve decision-making in this 

environment. The command post decision maker will often be monitoring many 

situations at once, all of which influence the others and may well be geographically 

dispersed. It is a complex decision-making environment. For the soldier on the ground, 

the environment is complex, however, decisions will range from complex to simple. 

The decision examples provided by the commandos in Afghanistan and the police in the 

Stockwell shooting were simple decisions: “Is that person a legitimate target, or not?” 

Do I shoot, or hold my fire?” The environment, and the decision maker’s response or 

interaction with this environment is a critical element to be considered. The 
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consequences of such a decision can be immediate and lethal; such consequences make 

the environment stressful. Stress is inherent in the decision-making environment for the 

soldier on the ground, and stress affects the underlying neurological processes 

mentioned by Grisogono and Radenovic (2011).  

Stress and decision-making 

Soldiers operate in an inherently stressful environment (Wilson, Braithewaite, & 

Murphy, 2003). Starcke and Brand (2012) conducted a review of decision-making and 

stress, identifying that stress can lead to a shift in decision-making performance. 

Importantly they comment on the neural and physiological elements of stress and 

decision-making, “Stress likely triggers cardiovascular, hormonal, and neural reactions 

that may affect fine-tuned decision-making” (p. 1241). This is the underlying 

complexity of even simple decisions alluded to by Grisogono and Radenovic (2011). 

Scheber (2011) explains the effect of stress on the brain from evolutionary terms. The 

human brain has evolved from the primitive, or reptilian brain, responsible for 

instinctive behaviours such as the fight or flight response. This part of the brain controls 

processes essential for life, processes such as respiration and circulatory function. 

Importantly from a military decision-making perspective, this area of the brain controls 

instinctive responses, such responses likely to be involved in situations of shoot or don’t 

shoot. The second area of the brain is associated with the limbic system and is regarded 

as the emotional area of the brain (Scheber, 2011). An important component of this area 

of the brain is the amygdala. The amygdala is responsible for translating cues, such as 

the fear response, to be expressed in the form of emotions. The cerebral cortex is the 

most recent development in the human brain. The cerebral cortex is associated with 

higher cognitive functions, including analysis and decision-making. Critically, for 

decision-making in the military environment, the human brain has a number of 

evolutionary shortcuts that remain. The instinctive response to fear is one such example, 

a response controlled by the primitive areas of the brain that bypasses the cerebral 

cortex. Emotional responses, controlled by the amygdala, also shortcut higher order 

processing. These responses are often sub-conscious, can be immediate (Hartley & 

Phelps, 2012) or longer term (Wolf, 2009), and precede cognitive processing (Forgas, 

Chan, & Laham, 2001; Osbeck & Nersessian, 2011). Essentially, in times of stress, a 
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person may not activate the higher level cognition associated with complex decision-

making; rather a short-cut to instinctive behaviours will take precedence.  

The complex relationship between the neural and physiological become apparent 

if we look at the Central Nervous System (CNS). The CNS is associated with 

processing the psychophysiological elements of attention (cognition) and emotion 

(Thayer & Siegle, 2002). Figure 1.1. presents the relationship between the amygdala 

(stress response), the hippocampus and medial prefrontal cortex, and autonomic 

influences to the brainstem at the nucleus of the solitary tract (NTS). The hippocampus 

and medial prefrontal cortex are associated with alternative selection and decision-

making (Yu & Frank, 2015), and association between context and emotional responses 

(Euston, Gruber, & McNaughton, 2012). Many of these relationships are bidirectional, 

for example the amygdala influences the medial prefrontal cortex and the reverse is the 

case. The medial prefrontal cortex influences sympathetic and parasympathetic 

activation, or inhibition of the autonomic nervous system via the brainstem. 

Importantly, Autonomic Nervous System (ANS) influence to the NTS from major 

organs such as the heart, suggest that whilst the ANS is influenced by the NTS and 

rostral ventrolateral medulla (RVLM) from the brainstem; ANS feedback also 

influences the medial prefrontal cortex via the thalamus, hypothalamus, hippocampus 

and/or amygdala (Whitehurst, Cellini, McDevitt, Duggan, & Mednick, 2016). 
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Figure 1.1. Central nervous system memory-related areas and autonomic control of the 
heart NTS, nucleus of the solitary tract. RVLM, rostral ventrolateral medulla.  
Lines denote bidirectional connections, and arrows denote monodirectional projections. 
(Whitehurst et al., 2016, p. 2, adapted from Thayer & Lane, 2009.) 

Decision-making in the military environment 

Tolcott (1992), in his review of decision-making research over the preceding 35 

years, simplifies military decision-making as having two components: situation 

assessment, what is happening, and action selection, what to do about it. Other 

components such as generating options sit below these two. The simplicity of Tolcott’s 

two components is effective in describing the decision-making for a soldier on the 

ground. Tolcott introduced his discussion on decision-making under stress by providing 

two examples of decisions to shoot or not shoot. In the first, a decision not to shoot to 

defend itself against an incoming target resulted in serious casualties for the U.S.S. 

Stark. The second incident involved the U.S.S. Vincennes; a decision to shoot at an 

incoming target resulted in the destruction of a civilian airliner. These two incidents are 
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clear examples of the decision-making environment for soldiers on the ground. They 

were also the catalyst for the U.S. Navy Tactical Decision-Making Under Stress 

(TADMUS) project. 

The aim of the TADMUS program was to review decision-making theory in 

order to improve tactical decision-making in high stress environments (Collyer & 

Malecki, 1998). The review identified that the line of research looking at decisions in 

real world settings, Naturalistic Decision-making (NDM), proved most promising for 

military tactical decision-making. One such NDM is the Recognition-Primed Decision 

(RPD) model; a model that is important for discussion on military decision-making 

(Klein, 2008). Lipshitz (1993) identified the RPD process as situation recognition, serial 

option evaluation, and mental simulation. Situation recognition allows the decision 

maker to match the situation with previous experience, and quickly adopt a course of 

action that has been successful in the past. If a course of action does not match previous 

experience adequately, the decision maker then runs through a series of options, and 

tests each successive option until the first workable solution is found.  The first 

workable option is put into action. Mental simulation of each option is carried out to test 

its viability. The more novel the situation, the more mental simulation is necessary. It is 

worth noting that the mental simulation does not compare alternative options, as a 

rational decision model would; the simulation tests each successive option in turn. As 

soon as a satisfactory solution is encountered, that course of action is initiated. Klein 

(2008), described the model as a blend of intuition and analysis. 

Klein identified that experienced fire ground commanders employ ‘gut feelings’ 

or intuition when assessing a fire scene. He provided examples where they did not allow 

their fire-fighters to enter burning buildings for no apparent reason, and the whole 

building suddenly collapsed. Analysis of a fire ground commander’s experience and 

decisions reveals that a building shows visible signs of impending collapse, such as 

patterns and placement of cracks. Often these signs are quite subtle, but experienced fire 

ground commanders recognise these signs, often sub-consciously and make an intuitive 

decision to withdraw their fire-fighters from the building (Klein, 1997). Gut feeling, or 

intuition, can often simply be the sub-conscious application of experience. 

A notable illustration of intuition influencing a decision is the example of the 

famous racing driver Fangio in the 1950 Grand Prix. The incident occurred at a point in 

the race circuit where Fangio was driving through a tunnel. He would normally 
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accelerate through the tunnel to hit maximum speed for an upcoming straight. For no 

apparent reason he chose to brake aggressively whilst in the tunnel, as he exited the 

tunnel he came onto a major crash which was just around the corner. A crash he would 

have hit at high speed if he had not braked. At the point he chose to brake he could not 

see the accident, so why did he break? Intuition or gut feeling? Later analysis suggests 

that usually all faces in the crowd would be looking at the drivers coming through the 

tunnel. This mass of faces would present a background of light colour, faces. However, 

in this instance the crash had grabbed the attention of the spectators, so they had turned 

away from the tunnel to look at the accident, thus exposing the side of their heads to 

oncoming drivers. The side of the head is covered to a large extent by hair. The mass of 

hair, as opposed to faces, resulted in a much darker background. A background that was 

much darker than every other time Fangio had gone through that tunnel. The wealth of 

experience, many times driving that particular section of the track, allowed Fangio’s 

sub-conscious to make the decision to brake, something was clearly amiss (Sadler-

Smith, 2007). 

Experience in such decision-making environments is clearly a factor (Lipshitz, 

1993). There is little or no time for analysis. If we considered the incident with Fangio, 

at those speeds he had no time to question his intuitive decision to brake. This is the 

time frame that soldiers on the ground may well need to operate in. Many years of 

experience may alert the soldier to the subtle visual clues, such as children’s shoes 

outside the door, or perhaps the subtle behaviours of a suicide bomber. Unfortunately, 

the many years of experience required to develop such intuitive insights is often not 

available for soldiers and police officers.  

Military decision-making model for soldiers on the ground 

The Military decision-making model for soldiers on the ground, Figure 1.2, 

illustrates the complex nature of decision-making for the modern soldier conducting a 

patrol or mission, and illustrates the relationship between the person and the 

environment. The context of the decision-making environment influences the decision 

maker (Kahneman, 2003): for the military decision maker this includes the strategic, 

often multi-National agendas, providing the overarching context into which the patrol, 

or mission is conducted. Krulak’s ‘three-block war’ (Krulak, 1999, 2013), whilst 
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generated nearly twenty years ago, remains a useful model to describe the complexity of 

the environment the modern soldier operates in. The modern soldier is often the military 

representative of a multi-national force, and decisions made on the ground will affect 

the strategic aims of this mission. The military decision maker will be required to 

engage in the full spectrum of military conflict, conduct full scale military action, 

peacekeeping operations and distribute humanitarian aid and they may do this all within 

the space of three contiguous city blocks. Whilst much of contemporary decision-

making suggests that the soldier will always make intuitive decisions, Krulak identifies 

that this decision maker will be required to “confidently make well-reasoned and 

independent decisions” (p. 16). The nature of the environment, and the human response 

to the environment, influences the soldier’s decision-making approach.  

A recent criticism of Krulak’s Three Block War is that it is too simplistic for the 

contemporary operating environment for the modern soldier. For example, Broekhuizen 

(2010) suggested that more blocks need to be added, one such block being the 

“psychological or information operations aspects” (p. 35) facing the modern soldier. 

Human decision-making is influenced by psychophysiological factors such as the fight 

or flight or stress response that is a trait that facilitated survival in primitive times. The 

somatic and autonomic nervous systems are influenced by environment, particularly in 

an environment of risk and danger. These psychophysiological responses influence 

cognitive processes; determining the use of system one or system two thinking: intuitive 

decision-making, or rational decision-making.  

Ultimately the military decision-making environment is a complex environment 

that is inherently full of risk and danger. The immediate environment sits within the 

context of wider political agendas. The decision maker is influenced by their military 

training to date, from recruit training through to mission specific training and 

subsequently mission briefings. A multitude of cognitive and psychophysiological 

factors are constantly at play influencing the decision maker. The complexity of the 

environment requires the military decision maker to employ both reasoning and 

intuitive decision-making approaches: elements of a patrol will allow the military time 

for rational thinking, analysis and consideration; and, there will be moments where 

sudden intuitive decisions will be required. The military decision maker needs to be 

effective in both rational and intuitive decisions. 
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 Figure 1.2. Military decision-making model for soldiers on the ground. 
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Heartmath Coherence Advantage Program 

The Heartmath Coherence Advantage Program is resilience program that seeks 

to train a person to mediate their stress response. Research conducted by the Institute of 

Heartmath has identified that Heart Rate Variability (HRV) is sensitive to emotional 

states. Positive and negative emotional states are distinguishable by differences in HRV 

patterns. Sustained positive emotion results in a mode of functioning termed 

physiological coherence. The term physiological coherence was introduced by the 

Institute of Hearmath to describe this bodily state. The term is built on the everyday 

language meaning of the word ‘coherence’: a state of cohesion, connectedness and 

consistency in a system. The physiological element is built on the proposition that the 

heart plays a central role in the generation and transmission of system-wide information 

((for a full discussion, see McCraty, et al., 2009). The state of physiological coherence 

is shown as a smooth sine-wave like HRV pattern (Bradley et al., 2010). This both 

reflects the influence of the heart on bodily systems, and allows us to use HRV to 

investigate phenomena associated with emotions.  Physiological coherence is a state 

associated with benefits including increased emotional stability and improved cognition 

(McCraty & Tomasino, 2004).  

The Coherence Advantage program is supported by biofeedback tools; HRV 

monitors provide visual feedback to the person, allowing them to train their 

physiological state to achieve the state of physiological coherence. A direct relationship 

exists between a person’s resting HRV and their ability to cope with stress; a higher 

resting HRV is associated with a greater ability for a person to cope with challenging 

situations. With sustained practice, the Heartmath techniques have been shown to 

increase a person’s resting HRV.    
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Statement of Problem 

The problem to be addressed is; How to improve decision-making in time 

constrained environments for the modern soldier? Tolcott (1992) suggested the decision 

process for a soldier is quite simple: what is happening and what to do about it?  

Aim of this thesis 

The aim of this thesis is to determine if a psycho-physiological intervention 

results in increased resting HRV and if this coincides with improved decision-making in 

time-constrained situations involving mild stress.  

Rationale 

The soldier on the ground operates in a complex and stressful environment, an 

environment that has very real risk of serious injury or fatality. Decisions a soldier is 

likely to be presented with in this environment may be complex, or they may be quite 

simple. Often they will have real and serious consequences. Decision time frames will 

be extremely short, often measured in seconds if not fractions of a second. The field of 

Naturalistic Decision-making describes decisions of this nature, a field or research that 

acknowledges the foundations in behaviours associated with survival for primitive 

humans: decision-making shortcuts are used, rather than searching for the optimal 

solution the first satisfactory solution is implemented. Stress is a component; survival in 

primitive times was stressful. Two key factors have been identified as promoting 

success in such decision-making situations: expertise and a positive appraisal of the 

situation.  

The issue of expertise is difficult to address. Soldiers in all modern armies are 

well trained. The Australian commandos involved in the incident in Afghanistan are 

among the most highly trained Australian soldiers. Selection for service as a commando 

requires higher standards than for many other Australian Army units, yet they reacted as 

they did. Soldiers are provided with as much experience as is possible before they 

deploy to an operational theatre. Mission rehearsals are conducted, both prior to 

deployment, and whilst on deployment. A patrol will often rehearse as far as possible 
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for an upcoming mission; however, it is impossible to plan for and rehearse every likely 

situation the soldier on the ground could encounter. The contemporary operating 

environment is far too complex. Expertise takes ten years to acquire (Kahneman & 

Klein, 2009), and soldiers will be deployed with much less than ten years of experience.  

The nature of the decision-making environment will remain. Decisions will be 

time constrained, and there will always be an element of threat present; however, it is 

feasible that a soldier can be trained, or provided the skills, to modify their initial stress 

response. The link between resting HRV and the ability to cope with challenge is also a 

valuable line of inquiry to consider. If we can validate this in situations of decision-

making under mild stress, the potential for a physiological approach to improving 

decision-making in the military context can be used to complement other forms of 

military decision-making training.  

To date little authentic research has investigated the link between decision-

making in time-constrained, stressful environments, and psychophysiological 

interventions with the potential to remove, or reduce, some of the weaknesses 

associated with decision-making in these environments; in particular address the stress 

response. This thesis aimed to inform this area of decision-making research. It did so by 

investigating an intervention that provided a person a number of techniques that allowed 

them to adapt their appraisal of any stressful situation to a positive appraisal. 

Furthermore, this thesis investigated if this control of the stress response resulted in 

improved decision-making in a time constrained environment.  

Research design 

To achieve the research aims, the proposed research comprised three quasi-

experimental studies. The first study addressed the issue of collecting HRV data for 

analysis. The ‘gold standard’ for collection of HRV data for analysis is an ECG, 

however, the ECG has some constraints; they are relatively expensive, and are often 

restricted to being used in a laboratory setting. The research environment can be 

constrained by reliance on an ECG. Low-cost, wearable, HRV monitors are becoming 

increasingly popular. The emWave2 HRV monitor is one such device that is used as a 

bio-feedback tool in the Heartmath resilience programs. The emWave2 uses 

photoplethysmography (PPG) to collect HRV data. PPG measures pulse rate variability 
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(PRV), rather than true HRV, and the literature remains divided on the accuracy of PRV 

to measure HRV: therefore, the aim of the first study was to validate the emWave2 

HRV monitor with a five-lead ECG recording of HRV. This allowed the research to 

move forward with the confidence that the emWave2 HRV monitor provides reliable, 

research quality, HRV data as well as providing its bio-feedback role. 

A second study then investigated the concept that HRV can differentiate 

between different cognitive processes. In particular can the emWave2 detect any 

difference between the cognitive processes associated with instinctive decision-making 

and the cognitive processes associated with deliberate problem solving?  The second 

study presented an instinctive, shoot/don’t shoot task and a deliberate problem solving, 

spatial relationship task to research participants. The HRV of participants during both 

tasks were compared to their resting HRV data to determine the difference associated 

with each cognitive task. A five-lead ECG was also used to allow for comparison of the 

emWave2 data.  

The final study investigated the influence of the Heartmath Coherence 

Advantage Program on a person’s ability to moderate their physiological response to 

stress, and if this subsequently resulted in improved performance during an intuitive and 

deliberate decision-making task under mild stress. The intent of this study was to 

determine if a psychophysiological resilience intervention can increase a person’s 

resting HRV and if this then improves decision-making in a time-constrained decision-

making task involving mild stress.  

Study One 

Validation of emWave2 Heart Rate Variability monitor HRV data against ECG 

acquired HRV data. 

Purpose 

The purpose of this study was to validate the emWave2 HRV monitor as an 

acceptable tool for use in research investigating decision-making under stress. The 

emWave2 uses a PPG sensor, attached to the finger or earlobe, to acquire heart rate 
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variability data. This HRV data is stored by the device and can be downloaded for 

subsequent analysis. This study validated this data against an ECG to determine if it is 

suitable for research purposes.  

Hypothesis 

The emW measures of R-R interval time data are valid alternative to ECG data, 

as determined by a Bland-Altman analysis ratio <0.1.  

Questions 

The following questions will be addressed the hypothesis: 

• Can the emW validly measure and collect R-R interval data during rest seated 

conditions as determined by statistical analysis demonstrating a Bland-Altman 

ratio of < 0.1? 

Study Two 

Measures of HRV for intuitive and deliberate decision-making using ECG and 

emWave2.   

Purpose 

The purpose of this study was to investigate the influence of two different 

decision-making tasks on HRV, a go/no go task and a deliberate problem solving task: 

and to determine if the emWave2 HRV monitor can discern the difference in these 

tasks.  

Hypothesis 

HRV variability can discriminate between different types of cognitive challenge, 

and this can be measured equally well with an emWave2 monitor as it can with an ECG.  
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Questions 

The following questions were addressed from the hypothesis: 

• Does HRV data collected with an emWave2 HRV monitor show good 

agreement with HRV data collected by an ECG?  

• Can emWave2 and ECG data detect differences in heart rate and HRV between 

a go/no go working memory task and a deliberate problems solving task?  

Study Three 

 Investigation into the Heartmath Coherence Advantage Program and improving 

performance in a simulated military tactical decision-making task. 

Aim 

The aim of the proposed study was to investigate the potential for an 

intervention that teaches a person to mediate their HRV, can also improve resting HRV 

over a period of four weeks: and if that improvement in resting HRV also results in 

improved performance in a simulated military tactical decision-making task.  

Hypothesis 

The Heartmath ‘Coherence Advantage’ program alters human physiological 

responses to stress, and thereby confers an increased ability for a person to achieve and 

maintain psychophysiological coherence. This in turn results in improved performance 

in a simulated military tactical decision-making task under conditions of deliberate 

decision-making and intuitive decision-making with a mild stressor imposed.  

Questions 

The following questions were addressed from the hypothesis: 
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• Does the Coherence Advantage program result in improved physiological stress 

response control: 

− Can the participant achieve coherence quicker? and 

− Can the participant sustain coherence?  

• Does the Coherence Advantage program influence a person’s performance in a 

simulated military tactical decision-making task under conditions allowing 

deliberate decision-making?  

• Does the Coherence Advantage program influence a person’s performance in a 

simulated military tactical decision-making task under conditions imposing 

intuitive decision-making and a mild stressor?  

Limitations 

The following limitations apply to these studies: 

• Stress is a complex concept and it is difficult to replicate the level of stress 

experienced during combat operations in an experimental environment. The 

stress element of the study 3 is considered quite mild; this is likely to influence 

interpretation of results.  

• Though the rationale for this research is based on military-style decision-making 

scenarios, military personnel could not be recruited for this research and civilian 

volunteers were used. 

Delimitations 

The following delimitations apply to these studies: 

• Measures of decision-making and performance are restricted to observable 

results for the conditions researched.  
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Organisation of the thesis 

The rest of this thesis is organised as follows: chapter two contains a review of 

the literature to date related to the topic of this thesis. Chapter three presents the first 

study, a validation study for the emWave2. Chapter four presents the second study 

investigating the influence of two different decision-making tasks on HRV, whilst 

examining the ability for the emWave2 HRV monitor to determine the difference in 

HRV for these tasks. The third study investigating the potential for a 

psychophysiological intervention to improve a person’s resting HRV and the 

subsequent improvement in a simulated military decision-making task under conditions 

of mild stress, is presented in chapter five. Chapter Six discusses the results of the three 

studies, and how they address the thesis hypothesis, and provide recommendations for 

further study related to this research area of decision-making in time constrained 

environments with mild stress as a factor.  
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Overview 

Contemporary warfare is complex. There are no clear lines between antagonists. 

Modern soldiers often find themselves immersed amongst the civilian populace whilst 

under constant threat of attack. Masters (2012) illustrates the complexity of the 

environment and the challenges faced by the contemporary soldier. “Newly trained 

soldiers would be forced to make split second decisions about whether the person 

approaching was an innocent pregnant woman or a suicide bomber” (p. xii). The 

decision is not complex, there are two clear options: shoot or do not shoot. However, 

the consequences of such a decision are significant. Immediate consequences are the 

potential death of an innocent women, or larger number of casualties if the person is in 

fact a suicide bomber. Strategic implications are equally significant. The soldier is the 

physical representative of political agenda; the actions of the soldier can be seen to 

demonstrate the agenda of their government, or a coalition of governments. Evidence of 

this challenge is being realised as the United States Marine Corps looks to training its 

junior leaders to appreciate strategic issues (Kinney, 2012). We can define decision-

making for the contemporary soldier as: ‘Simple decisions, in complex environments, 

with significant immediate and strategic consequences’.  

A watershed moment in decision-making as defined above occurred in response 

to an incident in 1988. A United States Navy guided missile cruiser shot down an 

Iranian civilian airliner killing 290 people (Collyer & Malecki, 1998). A number of 

similar incidents had occurred at the same time. One of these incidents resulted in 

significant loss to United States personnel, because of a decision not to shoot at a target 

that was legitimately a threat. This disturbing evidence of a number of significant 

incorrect decisions being made was the catalyst to the implementation of the Tactical 

Decision-making Under Stress (TADMUS) Project. The project reviewed all theories 

and models of decision-making available at the time, as well as decision-making aids 

and technology. Decision models in natural settings is a line of decision-making 

research that the TADMUS review deemed particularly useful.  

The approach of the ‘decision-making in natural settings’, more commonly 

identified as ‘Naturalistic Decision-making Models’ (NDM), is not to teach people how 

to make decisions, but to study how people make decisions in natural environments, and 

seek to improve these practices rather than impose ‘rational’ models of decision-making 
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on decision makers (Klein, 2009). Evidence of the success of this practice of improving 

the natural decision-making process is shown in a study by Ross, Klein, Thunholm, 

Schmitt, and Baxter (2004): a deliberate military planning model was modified to 

include naturalistic decision-making processes. The modified approach resulted in 

reduced planning time with no discernible reduction in the quality of plans arising from 

the modified process compared to plans developed in the traditional more deliberate 

process.  

There is an evolutionary explanation for the natural inclination to make 

decisions in a particular way, decisions are influenced by ‘the fear response’. The fear 

response is an evolutionary adaption that helped humans to survive in primitive times. 

More commonly known as the ‘fight or flight’ response, the fear response is triggered in 

situations of threat, danger or stress. This physiological response bypasses the cerebral 

cortex, the area of the brain responsible for analytical thinking, triggering primitive 

survival instincts and the resultant behaviours (Scheber, 2011). Scheber identifies the 

implications of this for decision-making “... the rational actor may never get a vote 

when these systems are triggered“ (2011, p. 459).  

The aim of this thesis was to investigate the potential for a resilience 

intervention that seeks to teach a person to mediate their physiological stress response 

also results in improved performance and decision-making in situations of stress. The 

context was military decision-making. Decision-making and stress are both complex 

phenomena, and when combined the complexity increases enormously.  

This literature review will present the decision-making context for the 

contemporary soldier, and discuss decision-making theory to date. A particular focus of 

this literature review is the interaction between the body’s physiological and 

psychological processes; how behaviour influences cognition. This interaction is 

particularly important for the purposes of this thesis. The resilience intervention 

investigated was a physiological intervention that uses heart rate variability (HRV) 

monitors in support of a range of techniques developed to teach a person to mediate 

their stress response (The Institute of Heartmath, nd). HRV is a well-established marker 

of autonomic nervous system activity, and as an indicator of a person’s self-regulatory 

capacity (Segerstrom & Nes, 2007). Higher resting HRV is associated with greater self-

regulatory capacity (Appelhans & Luecken, 2006; Gillie, Vasey, & Thayer, 2014; 

McCraty & Zayas, 2014; Reynard, Gevirtz, Berlow, Brown, & Boutelle, 2011), and 
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superior ability to cope with challenging tasks (Gillie et al., 2014; Thayer, Hansen, 

Saus-Rose, & Johnsen, 2009). This review provides support for this thesis investigating 

the potential for a resilience intervention to teach a person to mediate their stress 

response, and if this then results in improvised performance in a tactical decision-

making task under conditions of deliberate and intuitive decision-making.  

Military decision-making context 

People make decisions every day, and they may make many decisions every 

day. Decisions can be quite simple with little to no obvious consequence, or they can be 

complex with significant consequences: however, the division between a complex 

decision and a simple decision is not straightforward. For example, a simple decision 

may be choosing what clothes to wear; however, the simplicity of this decision may be 

influenced by factors that are dependent on that decision. If you are choosing clothes for 

a job interview, the consequences then become significant and the decision is no longer 

as simple. An example of a complex decision is the selection of which university course 

to enrol in. The choice of courses to study is numerous and the consequences of this 

decision influence future career options and earning potential. Both of these decisions, 

choosing clothes or university course, can have significant consequences, but they are 

quite different in another factor, the factor of time. Selection of a course of study is 

generally done over a period of at least a few months. Whilst not an instant decision, 

choosing clothes is somewhat more time constrained. Decisions for the modern soldier 

can be simple or complex; however, whether or not it is a simple or complex decision, it 

is likely to have quite significant, often immediate consequences. Importantly, the 

military decision maker is generally time constrained; and this time constraint removes 

the decision maker’s ability to use analytical decision making strategies (Harris, Eccles, 

Freeman, & Ward, 2017). Decision theory is a discipline that seeks to study and explain 

one element of human behaviour, that of decision-making (Hansson, 1994).  

Peterson (2009) identified that decision theory is generally distinguishable 

between descriptive and normative decision theory: the first describes how people make 

decisions, the second seeks to advise how rational people should make decisions. 

Whilst the distinction between descriptive decision-making and rational decision-

making is useful for the study of decision-making, the nature of decision-making is far 



Chapter Two – Literature Review   

 

   39 

more complex than this simple distinction suggests. Once a decision is made, 

consequences occur and these consequences may not align with analysis of a decision as 

correct or incorrect. Peterson makes a point that is of fundamental importance as we 

review decision-making, and seek to investigate avenues to improve decision-making: 

“A decision can be rational without being right and right without being rational” (2009, 

p. 4).  

The concept raised by Peterson (2009) that a rational decision can be wrong, or 

that an ‘irrational’ decision can be correct, is of paramount importance as we seek to 

improve decision-making in the military context. An example of a correct decision that 

was later proved wrong, if the consequences of that decision are the measure of success, 

occurred in the Persian Gulf in 1988. On 3 July 1988 the USS Vincennes, a United 

States Navy Guided Missile Cruiser, shot down Iran Air Flight 655. Iran Air Flight 655 

was a civilian commercial airliner on route to Dubai. The incident caused considerable 

international controversy at the time; and was, as would be expected, the subject of a 

formal investigation. Rear Admiral William M. Fogarty conducted the formal 

investigation into the USS Vincennes incident, and his report  raised a number of 

considerations with regard decision-making in the military context (Fogarty, 1988). The 

availability of the full formal report and the nature of the decision and its consequences 

made the incident a useful catalyst for this review of decision-making theory. It is 

reasonable to assume the same considerations applied to the Stockwell incident 

(Jenkins, Salmon, et al., 2010), and the incident involving the Australian commandos in 

Afghanistan (Masters, 2012); however, a report as detailed as that presented by Fogarty 

for the USS Vincennes incident is not yet publically available for these two incidents. 

Given the recent occurrence of these events, the full official reports are unlikely to be 

released in the near future. Additionally, as previously explained, the USS Vincennes 

incident was the catalyst for the creation of the Tactical Decision-making Under Stress 

Program (TADMUS), and as such provides a useful datum point to reference decision-

making in the military context to.  

The Fogarty report identified that the Commanding Officer of the USS 

Vincennes had “acted properly, given all the information (correct and incorrect) that he 

had received” (Collyer & Malecki, 1998, p. 5). Two higher level reviews of the 

investigation report endorsed the investigating officer’s recommendation with regard 

the Commanding Officer’s actions. General George B. Christ, Commander in Chief of 
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the United States Marine Corps, stated “I support the investigating officer’s opinion that 

Captain Rogers made the correct decision to fire given the facts which he had available 

to him and the short time to make the decision”  (Crist, 1988, p. 3). William J. Crowe, 

Chairman of the Joint Chiefs of Staff, agreed with this finding describing the incident as 

a regrettable accident.  

The investigation and two senior level reviews identified that the Commanding 

Officer had acted appropriately – that he had made the ‘right decision’ under the 

circumstances. The loss of Iran Air Flight 655 suggests the opposite is the case, the 

‘correct outcome’ would have been achieved if the decision had been not to shoot. This 

is acknowledged during the investigation and the higher level reviews of the report. 

William J. Crowe states, in his response to the report, “That is not to say that everything 

went right. There are no “flawless” operations in combat -  even when there is a 

successful outcome. But to say mistakes were made, says very little by itself” (Crowe, 

1988, p. 4). The Captain was given some incorrect information, and focussed on facts 

that can be considered, on subsequent analysis, secondary. Early in the flight of Iran Air 

Flight 655, it was ‘announced’ as an F-14, based on the identification supervisor 

detecting a ‘Mode II squawk’. This caused the flight to be designated as an F-14, as 

opposed to an ‘unidentified assumed hostile’. Whilst the response to both is officially 

the same, and as such should have made no difference; as we will see from the literature 

as we review it, this initial designation as a confirmed threat most likely influenced the 

decision. Of note is that one member of the team tracking the aircraft suggested that it 

was perhaps ‘COMAIR’, a commercial aircraft, there was no apparent desire to change 

the initial designation (Crowe, 1988, p. 4). Once the team had identified a threat, they 

were hesitant to change that focus.  

Another factor was the Captain of the ship focussing on peripheral information. 

Iran Air Flight 655 was ‘3 to 4 miles’ from the centreline of the air corridor; the Captain 

of the USS Vincennes felt this was unusual, flights tended to remain strictly in the 

centre of designated air corridors. Presumably pilots maintained this practice was to 

avoid any confusion over the identity of their aircraft. Whilst the fact that Iran Air 

Flight 655 was not directly on the centreline was unusual, the importance of this 

information is secondary to other factors – such as altitude and voice transmission. The 

air traffic over the Persian Gulf is dense, with over 50% of the Gulf covered by an air 

corridor. Additionally, if an enemy aircraft was flying in an air corridor as a method to 
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confuse US forces, the aircraft would fly directly on the centreline (Crowe, 1988). 

Presumably the initial designation as an F-14, combined with an unusual flight path led 

the Captain towards the decision to shoot down Iran Air Flight 655.  

The tragic results of the decision to shoot down the civilian airliner were 

attributed to ‘human error’, influenced by “stress, task fixation, and unconscious 

distortion of data”, “scenario fulfilment,” or “expectancy bias” (Fogarty, 1988, as cited 

in, Collyer & Malecki, 1998, p. 5). This literature review will show that the factors 

associated with the decision to shoot made by Captain Rogers are inherent in the human 

decision-making process. Limitations in human cognitive ability and emotional 

responses influence the way people make decisions, particularly in stressful, time-

constrained, situations. To improve decision-making in the military context, the factors 

that influenced the decision to shoot by Captain Rogers need to be fully understood, so 

that we can investigate interventions that can mediate the effects of these human 

limitations.  

Decision-making 

Much of the early decision research focussed on rational models of decision-

making. Many of these were based on economic models of decision-making; models 

that were based on mathematical principles aimed at achieving the optimal outcome 

from any decision. As early as 1954, however, people started to question the validity of 

such decision-making models. Highhouse, Dalal, and Salas (2013) identify that Ward 

Edwards can be considered the founder of behavioural decision theory. Edwards (1954) 

seminal work attempts to bring together the ideas of both psychologists and economists 

for decision-making research. He critiques the concept of the ‘economic man’, an 

infallible decision maker that; is always completely informed, is infinitely sensitive, and 

is rational (p. 381). The ‘economic man’ theory suggests that the decision maker always 

chooses the ‘best’ option from all the alternatives presented. Commenting on the work 

of Preston and Baratta (1948), who were investigating whether a psychological scale of 

probabilities that corresponded to mathematical probabilities could be identified, 

Edwards states:  

 If each winning bid can be considered to represent a value of play 
money such that the winning bidder is indifferent between it and the bet 
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he is bidding for, and if it is further assumed  that utilities are identical 
with the money value of the play money and that all players have the 
same subjective probabilities, then the data can be used to construct a 
subjective probability scale. (1954, p. 397 [emphasises added]). 

The number of unknown, and assumed, factors make the resultant model 

questionable. However, Edwards (1954) also warns (psychologists) that we shouldn’t 

reject economic theories of decision-making. Rather, we should test the theorems: they 

give decision-making researchers a model by which to measure their work. Rational 

models of decision-making provide us a framework by which to discuss descriptive 

models of decision-making against. It is with this mind that rational decision theory is 

presented, and this allows us to then investigate ‘real world’ decision-making. 

Expected utility theory 

Schoemaker (1982) identified the importance of the Expected Utility Model: “It 

IS NO EXAGGERATION to consider expected utility theory the major paradigm in 

decision-making since the Second World War” (p. 529 [original emphasis]). The origin 

of the Expected Utility model can be traced back to Daniel Bernoulli’s commentary on 

the ‘St. Petersberg Paradox’ (Plous, 1993; Schoemaker, 1982). The St. Petersberg 

Paradox is a coin toss game problem devised by the Swiss professor Nicholas Bernoulli 

in 1713 (Daniel is Nicholas’s younger cousin). The game has two rules (1) an unbiased 

coin is tossed until it lands on Tails, (2) the player is paid $2.00 if Tails comes up on the 

first toss, $4.00 if it comes up on the second toss, $8.00 if on the third and so on. The 

paradox is that the game has a potentially infinite payoff; however, very few people are 

willing to pay a large amount to play (Plous, 1993, p. 80). Daniel Bernoulli proposed a 

solution. He suggested that the value, or ‘utility’, of money decreases with the amount 

won or already owned. The utility function is logarithmic, with diminishing increases in 

utility for equal increments in wealth.  

Interestingly Schoemaker (1982) identified Bernoulli’s model as a descriptive, 

not rational model: due to the method by which it was constructed, and also that it had 

at best face validity at the time it was presented. The ‘formalisation’ of the theory from 

a rational decision-making perspective arose from the work of John von Neumann and 

Oskar Morgenstern (Theory of games and economic behaviour, 1944, cited in, 
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Schoemaker, 1982, p. 531), though many consider the work of Daniel Bernoulli as the 

foundation for this line of inquiry.  

Schoemaker (1982), in his review of Expected Utility theory, found that “at the 

individual level most of the empirical evidence is difficult to reconcile with the 

principle of EU maximization” (p. 530). The clue to why empirical evidence doesn’t 

support the principle of expected utility maximisation, and therefore rational decision-

making models for the individual decision maker, can be demonstrated with a further 

two decision-making paradoxes: the Allais Paradox and the Ellsberg Paradox 

(Kahneman & Tversky, 1979). Both paradoxes present a gambling problem that is 

similar to the St Petersberg Paradox. Overwhelming experimental data demonstrates 

that people do not maximise utility when presented these gambling problems. The 

‘error’ in the majority of peoples’ choices when playing these games is readily 

demonstrated once the problems are presented in mathematical format; at which point 

the ‘correct’ choice, the one that maximises utility, becomes clear. Anderson (2010); 

suggests that the paradoxes are, perhaps, due to cognitive limitations whilst the games 

are simple, the mathematical formula to ‘solve’ them is beyond the knowledge of most 

people.  

Ben-Haim (2000) introduced the concept of ‘information gaps’ to explain why 

people do not make the ‘right’ decisions as would be suggested under utility theory. The 

information gaps are generally caused by cognitive limitations: all the information is 

available; however, for the most part it is inaccessible to most people – at least until 

presented in a mathematical manner, and the decision maker has time to analyse the 

data. Given the time and resources to analyse the problem, most people can arrive at the 

‘correct’ solution. Cognitive limitations are a determining factor that shapes how people 

actually make decisions. The impact of these cognitive limitations is that humans 

develop a range of decision-making shortcuts, shortcuts that can prove very useful, but 

can also lead to a range of decision-making biases and errors. The issue of decision-

making shortcuts is both useful and important and will be discussed in more detail later 

in this review, where it will become clear that they are influenced by both cognitive 

limitations and by emotion.  

For a rational decision to be correct, the decision maker needs to have all the 

correct information available; and they need to care about the decision and its 

consequences (Carroll & Johnson, 1990). Having all of the correct information available 
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also means that the decision maker understands the nature of the decision. Plous (1993, 

pp. 131-132) presented a couple of interesting examples where ‘intuitive’ decisions can 

be shown as being statistically incorrect. This is not unusual in itself; however, what is 

important is that many people disagree with the mathematically correct answer even 

when it is presented. The first is the “infamous game show problem” (vos Savant, 

1990): a contestant has to choose between three doors, behind one is a car and behind 

each of the other two is a goat; the contestant selects a door, the presenter then opens 

one of the other doors to show a goat, and asks if the contestant then wants to change 

their choice. Most people suggest that there is no difference... the car could be behind 

either of the now closed doors: statistically, however, the correct decision is to change. 

The problem, when presented by vos Savant, received much comment, notably 

including criticism by many people with PhDs! The statistical results are confirmed by 

Bayes Theorem... but they are counter-intuitive, and would seem to remain so even after 

the solution has been provided.  

Plous (1993, pp. 131-134) continued with this theme by discussing an 

experiment with medical doctors diagnosing breast cancer from a small lump. When 

diagnosing cancer from a small lump there is a 1 in 100 chance that the lump is 

malignant; however, the doctors tend to request a mammogram to assist in their 

diagnosis; a mammogram has an 80% accuracy of classifying malignant tumours, and a 

90% accuracy in classifying benign tumours. In the study the doctors were informed the 

test comes back as malignant, a result which is statistically unlikely. When the doctors 

were asked about the likelihood of cancer, given the test result, 95 out of a 100 doctors 

then rated the possibility of cancer at about 75% - an increase of likelihood by 74% 

(Eddy, 1982). “Apparently, physicians assumed that the chances of cancer given a 

positive test result were roughly equal to the chances of a positive test result given 

cancer. Decision researcher Robyn Dawes calls this mistake “confusion of the inverse.” 

(Plous, 1993, p. 132).  

Bayes theorem explains the statistical fallacy of the physicians’ second 

prognosis – suggesting the revised probability should be 7 to 8 %. The decision process 

by the physicians is a rational process, and they have the relevant diagnostic data 

available; however, their lack of understanding of probability results in a 

misrepresentation of the likelihood of cancer. This misunderstanding could also be 

considered a lack of having all the necessary information available. In this case the 
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information is a thorough understanding of Bayes Theorem. The other factor at play 

here is that the physicians clearly care about the consequences of their diagnosis, and 

they are most likely seeking to avoid loss. Avoiding loss is a decision-making trap that 

will be discussed later. That a statistical model is available to identify the statistically 

correct risk is clearly not a consideration for these physicians. The consequences of an 

incorrect diagnosis are significant, and much more influential than statistical analysis.  

A statistically simpler problem shows similar findings. Plous (1993) presented a 

study that identified that people cannot assess covariation between events/items; by 

presenting a problem discussing the likelihood of having a brain tumour based on a 

table that shows the results of 250 neurology patients. Dizziness was reported in 160 

cases where a tumour was present, and was absent in 40 cases a tumour was present. 

The symptom of dizziness was absent in 40 cases a tumour was present, and absent in 

10 cases a tumour was absent. Given the large number of cases where dizziness was 

present, compared with when it was absent, many people assess that dizziness is a key 

indicator of a brain tumour. The reality is, however, that the ratio of dizziness to no 

dizziness in both the tumour and no tumour patients is both 4:1; therefore, dizziness is 

not an indicator of a brain tumour. Given the time to fully explore the problem and most 

people can see the true correlation, or lack of it; however, most people fail to apply the 

mathematical principles when given the problem, which is why they are swayed by the 

large numbers of dizziness for patients with a tumour.  

It is apparent that decision makers do not use rational decision-making models, 

human judgements are inconsistent, and people “fail to apply elementary statistical 

reasoning” (Kahneman & Klein, 2009, p. 517); however, some of the underlying 

concepts taken from rational models remain useful in the study of decision-making. The 

concept of utility maximisation as suggested by early philosopher-economists such as 

Jeremy Bentham and James Mill remains relevant with descriptive decision-making 

models. Bentham and Mill suggest a fundamental human desire to seek pleasure over 

pain. The utility of an object affords it pleasure or pain giving properties. Decision 

makers seek to maximise pleasure and minimise pain. This fundamental premise was 

apparent in the results of experiments conducted by Marks (1951) and Irwin (1953). 

Marks (1951) investigated whether expectations of choices would be influenced by 

probability, desirability of outcomes, or socioeconomic status; her findings suggested 

that probability or socioeconomic status had no effect; however, desirability of 
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outcomes did have a strong effect upon the stated outcomes of choices. Irwin (1953) 

extended the experiment conducted by Marks (1951) to determine if the strong effect of 

desirability could be seen in adults (Marks used children in her study), and also to 

determine if level of confidence had some effect. Irwin’s (1953) results found the same 

level of effect for desirability, but no effect due to confidence. These two studies 

support a common theme, that no discernible difference in probability preference 

patterns at different expected values; however, great differences between positive and 

negative expected outcomes (see also, Edwards, 1953, 1954, cited in, Edwards, 1954, p. 

400). As W. Edwards (1954) suggests, with regard decision-making probability, only 

two functions are relevant – positive or negative. These findings are fundamental to 

many decision-making situations, and are extremely relevant to the military decision-

making context. When faced with complex decisions, the individual decision maker 

compresses the decision to a simple choice, and this choice is influenced by a primal 

desire to increase pleasure over pain; to avoid loss over gain.  

The compression of decisions to simple decisions, the use of decision-making 

shortcuts and the focus over pleasure or pain becomes apparent if we look at decision-

making from an evolutionary perspective: we are guided by the principle that humans 

have evolved in response to changing demands of survival. Scheber describes the 

timeframe of human evolution in ‘generation time’ as a comparison. For 250,000 

generations humans existed as hunter gathers, but only eight to ten generations as 

modern industrial societies. Given that evolution is a slow process, it is not surprising 

that we maintain many of the behavioural responses of primitive humans.   

Humans maintain much of their primitive survival mechanisms, which have 

substantial implications for decision-making. We have developed ‘problem-solving 

shortcuts’ that facilitate rapid decision-making (p. 459): decision-making practices that 

kept us safe in primitive times remain with us today and form the basis for many 

decisions we make.  

Naturalistic decision-making 

An important milestone in decision-making research can be traced back to the 

late 1980’s to early 1990’s (Klein, 2008). At a time when decision-making texts were 

defining decision-making as “a process by which a person, group, or organization 
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identifies a choice or judgement to be made, gathers and evaluates information about 

alternatives, and selects from among the alternatives” (Carroll & Johnson, 1990, p. 19), 

Naturalistic Decision-making (NDM) theorists were starting to challenge such 

definitions. Research was starting to suggest that people do not apply such optimal 

processes much of the time. Klein (2008) suggested that the contribution the field of 

NDM makes to decision-making research is that it describes “how people actually make 

decisions in real-world settings” (p. 456). The focus on real world settings is critical as 

we start to look at the concept of ecological validity of decision-making research. The 

further from the field environment we conduct research, the less ecological validity it 

has. The importance of the environment will be discussed later, but it is critical in 

decision-making for the military context.  

The key differences between a rational decision model and a NDM model can be 

seen if we compare one of each model. Carroll and Johnson (1990) identified the stages 

of decision-making as; recognition, formulation, alternative generation, information 

search, judgement or choice, action, and feedback. Lipshitz (1993) presented the 

Recognition Primed Decision (RPD) model which has three stages; situation 

recognition, serial option evaluation, and mental simulation. Table 2.1 presents a 

comparison of the two models. 
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Table 2.1 Comparison of Rational decision-making and descriptive decision-making 

Temporal stages of decision-making1 Recognition Primed Decision-making2 

Recognition. The process of decision-making begins with the 
realization that there is a decision to make.  
Formulation. When a situation is recognized as a decision 
problem, the next stage involves exploring and classifying the 
decision situation, including some understanding of relevant 
objectives and values. 

Situation recognition. At this stage the decision maker 
recognises (i.e. classifies) the situation as typical or novel.  
The ‘recognition’ makes the decision process ‘recognition 
primed. The degree of recognition results in well-rehearsed 
actions/decisions if the situation fits established knowledge and 
experience, or it becomes more challenging with less prior 
experience, as the decision maker then needs to go searching for 
more information.  

Alternative generation. Theoretically, all possible alternatives 
are evaluated; however, in practice decision makers will 
structure the decision based on previous information (possibly 
identified in the ‘pre-decision’ stage), and decision-making 
habits.  

Serial option evaluation. In this phase the decision maker 
evaluates action alternatives one at a time until a satisfactory one 
is found.  
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Information search. In order to make a sensible decision, 
decision makers seek to identify the attributes or properties of 
the alternatives under consideration.  
Judgement or choice. Judgement and choice are two really 
different kinds of decision-making that can, at times, produce 
different decisions. 
Importantly, it is at this point that people start to use decision 
rules; these rules can be complex, or simple (e.g. rule of thumb). 

Action. Once a decision is made, it still must be acted upon. 
Feedback. The results of the decision inform future decisions, if 
the situation is such that successive decisions are to be made. 

Mental simulation. The decision maker ‘tests’ the decision by 
mentally simulating it. If the simulation suggests an acceptable 
solution, it is acted on, if not, the next option is considered. This 
process is repeated until a ‘satisfactory’ solution is identified.  

Notes. 1 Carroll and Johnson (1990, pp. 21-24), 2Lipshitz (1993, pp. 107-109) 
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A major difference between the two approaches is ‘Alternative generation’ for 

the rational model, and ‘Serial option evaluation’ for the RPD model. For NDM 

decisions, the decision maker accepts the first ‘satisfactory’ solution; rather than 

comparing a range of solutions looking for the optimal solution. Equally important is 

that the RPD does not explicitly identify the ‘Action’ or ‘Feedback’ elements in the 

Temporal model. Authors such as Orasanu and Connolly (1993) identified that in 

dynamic situations where individuals make decisions, the process is “think a little, act a 

little, and then evaluate the outcomes and think and act some more” (p. 19). This is 

identified in the temporal model, however, the implication is a full cycle with time 

between decisions. In a dynamic environment, the cycle is, by necessity, much 

abbreviated.  

Placing the two models side by side also shows another factor to consider when 

researching decision-making: what is a decision? Carroll and Johnson define decision-

making as “a process by which a person, group, or organization identifies a choice or 

judgement to be made, gathers and evaluates information about alternatives, and selects 

from among the alternatives” (emphasis added, 1990, p. 19). This suggests a ‘pre-

decision’ process, which is a choice or a judgement. Carroll and Johnson (1990) go on 

to identify the difference between a judgement and choice: “In a judgement task, one 

places a label on a single alternative or attribute… Choice involves comparisons 

among alternatives”  (emphasis added, p. 23). Clearly choice is a more time consuming 

and thorough process than a judgement. If we accept that judgement and choice are 

quite different tasks, then the RPD model is complete, effectively, before the 

formulation stage of the Temporal model. The naturalistic decision maker is by nature 

of the environment making a judgement decision.  
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Table 2.2 Comparison of Rational decision-making and descriptive decision-
making taking into consideration the concept of judgement or choice 

Temporal stages of decision-making1 Recognition Primed Decision-making2 

Recognition 
Formulation 

Situation recognition 
Serial option evaluation 

Mental simulation 

Alternative generation 
Information search 

Judgement or choice 
Action 

Feedback 

 

Notes. 1 Carroll and Johnson (1990, pp. 21-24), 2Lipshitz (1993, pp. 107-109) 

Goldstein and Hogarth (1997) propose two fields of research, judgement and 

decision research. A decision is a ‘commitment to a course of action’; a judgement is 

the assessment about a situation with the information available. A decision would, then, 

usually follow a judgement in this process. Tolcott (1992), in his review of decision-

making research over the preceding 35 years, simplifies military decision-making as 

having two components: situation assessment, what is happening, and action selection, 

what to do about it. Other components such as generating options sit below these two. 

This potentially reframes the problem space. To improve ‘decision-making’ in the 

military context we need to understand if we are assessing choice or judgement, the 

precursors to the decision. Peterson (2009) also suggested a ‘pre-decision’ element in 

decision-making: “Before you make decisions you have somehow to determine what to 

decide about. Or, to put it differently, you have to specify what the relevant acts, states 

and outcomes are.” (p. 17). He goes on to explain that an act takes us from a state to an 

outcome; however, rational decision makers focus on the outcome. We can see a 

similarity here with the ideas of Tolcott (1992), military decision-making comprises: 

situation assessment, the state, and action selection, what to do about it – acts. 

Johnson and Payne (1985) identified “that an individual uses many different 

cognitive processes (strategies) in making a decision, contingent on task demands” (p. 

395). These strategies include decision rules and shortcuts, or heuristics; task demand 

includes the time constraint, the more constrained the decision timeframe is the more 
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likely decision shortcuts are used. Kahneman (2003) presented a ‘two systems’ model 

of cognitive processing that fits well with decision research. After the initial perception, 

a choice or judgement task can be aligned with system 1 (intuition) or system 2 

(reasoning).  

 

 PERCEPTION  INTUITION 
SYSTEM 1 

 REASONING 
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Figure 2.1 Process and Content in Two Cognitive Systems adapted from, Kahneman 
(2003) 

  

The overlap between perception and intuition for Process, and intuition and 

reasoning for content suggests that whilst the delineation between judgement and choice 

is useful for decision-making research, the underlying cognitive processes aren’t quite 

so straightforward. Some overlap between judgement and choice remains, and the initial 

perception of the decision task, the environment and context determines if the decision 

is a system 1 or a system 2 decision. Cohen, Freeman, & Wolf (1996) suggested a ‘two-
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tier’ process of decision-making is involved; the first is the recognition, the second 

being an (optional) process of critiquing and correcting. This sits well with the concept 

of a pre-decision stage, judgement or choice; however, Cohen, et al. (1996, p. 11) 

identified that the familiarity of the decision maker with the decision task and context 

influence the decision process: “In novel situations in which no familiar pattern fits, 

proficient decision makers supplement recognition with processes that verify the results 

of recognition and correct problems” (p. 11). The processes that supplement recognition 

are termed ‘metacognition’, while Cohen et al. (1996) introduced the term 

‘metarecognition’. Klein (2008) suggested that ‘macrocognitive’ processes, such as 

‘situational awareness’ should now be considered in discussion of Naturalistic 

Decision-making models. This understanding that some ‘higher-level’ cognition is 

necessary for effective decision-making, even in recognition-based models, identified a 

need for decision-making research to look to processes that facilitate higher cognition, 

especially in situations where higher cognition is generally accepted as being impeded – 

such as situations involving stress. The delineation between judgment and choice, and 

system 1 and system 2 is blurred, and higher level cognition is implicated in any of 

these concepts.  

Decision rules 

Decision rules aid decision-making; whether it is selecting breakfast cereal or 

choosing a car (Carroll & Johnson, 1990). Decision makers will have a range of  

decision rules, varying in complexity depending on the decision task (Carroll & 

Johnson, 1990; Payne, Braunstein, & Carroll, 1978). If the precursor to the decision is a 

choice task, the decision rule is more likely to be formal and informed by analytical 

processes, a judgement precursor is likely to be less formal, and inexact (Johnson & 

Payne, 1985).  

Beach and Mitchell (1978) in an early, but informative, paper on selection of 

decision strategies classified decision strategies as ‘aided- analytic’, ‘unaided analytic’, 

and ‘nonanalytic’ (pp. 441-442). Nonanalytic strategies require less cognitive effort, and 

are more likely to be used in time constrained situations. Beach and Mitchell (1978) 

identified ‘eeeny, meeny, miney, mo…’, flipping a coin and ‘Red sky at night…’ as 

nonanalytic decisions rules that are often used for a decision task (p. 442). They also 
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identified a couple of nonanalytic strategies that are likely to influence decision-making 

for people who are trained, perhaps well-trained, to react in a certain way to particular 

situations. Habits are nonanalytical decision tools, as is compliance with convention (p. 

442). Well-trained, well drilled soldiers are trained to react in certain ways, and they 

operate in a very particular culture. This is likely to influence the decision rule they 

apply, and the resultant decision. 

The decision task also influences the decision rules that will be used. Beach and 

Mitchell (1978) describe a decision task that describes the decision situation for many 

military decisions: 

… consider a decision task in which the problem is familiar, 
unambiguous, simple, and stable, but the environment imposes 
irreversibility, high significance, and high accountability. There the task 
characteristics are such that a non-analytic strategy may be favored (e.g. 
use an old solution), but the environmental demands are sufficiently 
stringent to encourage caution and use of a more analytical approach. (p. 
447) 

The challenge for the military decision maker is that time constraint does not 

allow for the luxury of detailed analysis. As such, non-analytic decision rules are likely 

to be employed in a situation that requires more analysis. Such non-analytic decisions 

are influenced by decision shortcuts.  

Decision shortcuts 

Compensation for our inherent cognitive processes are compensated for by 

employing a range of decision-making shortcuts. One of the earliest alternatives to 

expected utility theory was proposed by Nobel Laureate Herbert Simon (1956). Simon 

proposed people “satisfice” rather than optimize when they make decisions. To satisfice 

is to choose a path that satisfies your most important needs, even though the choice may 

not be ideal or optimal. For example, in renting an apartment, people tend to search for 

an alternative that satisfies certain needs (price, location, space, safety, and so on). They 

do not conduct an exhaustive search of all available apartments and choose the 

apartment that has the highest overall utility. As Simon wrote: “However adaptive the 

behaviour of organisms in learning and choice situations, this adaptiveness falls far 

short of the ideal ‘maximizing’ in economic theory. Evidently, organisms adapt well 
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enough to ‘satisfice’; they do not, in general, ‘optimize.’” (Simon, 1956, p. 129, as cited 

in, Plous, 1993, pp. 94-95).  

Heuristics 

Gigerenzer and Gaissmaier (2011) defined heuristics as “strategies that ignore 

information to make decisions faster, more frugally, and/or more accurately than more 

complex methods” (p. 454). They also identified that out of three recognised ways we 

make decisions, the other two being logic and statistical analysis, heuristics are 

generally considered separate to the other two: logic and statistical analysis fall into the 

rational decision-making spectrum, yet heuristics is “linked to error-prone intuitions or 

even irrationality” (p. 452). Gigerenzer and Brighton (2009) identified that under certain 

conditions, heuristics are not only more efficient than logical or statistically normative 

methods, but also more accurate. For many, however, the use of heuristics is considered 

an appropriate strategy for decision-making in “fast-paced and demanding 

environments” (Fenton-O'Creevy, Soane, Nicholson, & Willman, 2011, p. 1046). 

Whilst the evidence presented earlier, the physicians diagnosing cancer, shows that 

heuristics don’t always provide the statistically accurate answer, the reality is that 

people frequently employ heuristic decision-making. As such it is important to 

understand the nature of heuristics, and how they influence decisions.  

Carroll and Johnson (1990) presented a commonly used heuristic called 

anchoring and adjustment, and used the example of writing a book. If you have never 

done this before, you would have no idea how long the task would take; however, if you 

know how long to write a single page, and know how many pages the book needs to be, 

then you can estimate that the task will take the time to write one page, the anchor, 

multiplied by the number of pages (p. 27). It is a useful heuristic for a person with no 

prior experience (ironically a heuristic that uses a simple mathematical formula), 

however it is a strategy that generally underestimates the task length (Tversky & 

Kahneman, 1974). In the writing a book example, the task is more complex than simply 

writing a single page multiple times. The anchor is, unfortunately, difficult to shift. 

Once a person is provided with an initial estimate, or arrive at their own, they will 

generally base subsequent decisions against that initial ‘anchor’, and do so even with 

extreme anchors. An extremely high initial anchor will, generally, result in higher 
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estimates than a low initial anchor. For an example/discussion, see (Plous, 1993; 

Tversky & Kahneman, 1974). 

The effectiveness of a heuristic is influenced by the experience of the person 

using it. The experienced decision maker will be able to rely on, and recall years of 

experience to aid their decision. A well published author will know how long it takes to 

write a book. The use of a heuristic still aids the decision maker because it reduces the 

cognitive burden in making the decision; however, the decision anchor is more likely to 

be accurate than that arrived at by an inexperienced writer. Carroll and Johnson (1990) 

present a second useful example of using heuristics. When purchasing a car a person 

generally wants the best they can afford. The more money they spend, the better the car 

is likely to be; however they will generally be working to a budget, and will set a 

maximum top price. This top price is a decision-making heuristic, it reduces the frame 

of reference for the decision task: it makes the decision easier. The obvious weakness is 

that a car that is a few dollars over the maximum price set may be much more suitable, 

however, it won’t be considered (p. 27). The optimum solution will be missed, however 

an acceptable, satisfactory, solution is found. This is the nature of heuristics, they 

provide a satisfactory solution and are very useful for people that have little knowledge 

of the decision domain. Heuristics are also used by experienced decision makers; the 

‘Take the First’ (TTF) heuristic is evident in the recognition primed decision model 

(RPD). Experts rapidly generate options based on their experience, and generally 

choose the first option that provides a satisfactory solution (Suss & Ward, 2018). 

Todd and Gigerenzer (2001, p. 381) identified that “The study of bounded 

rationality is accordingly the analysis of the heuristics people use, the analysis of the 

structures of environments in which people make decisions, and the match between the 

two.” This provides us two important considerations: the first is further support for the 

idea that people do rely on heuristics, the second is the importance of the environment. 

The environment introduces the concept of ‘ecological rationality’ (Rieskamp & 

Reimer, n.d.), and heuristics establishes processes that both aid rapid decision-making, 

but also introduce potential biases. 
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Context and framing 

Kahneman (2003) identified a weakness in rational decision-making models, 

“Bernoulli’s (1738/1954) model of utility is flawed because it is reference independent: 

It assumes that the utility that is assigned to a given state of wealth does not vary with 

the decision maker’s initial state of wealth” (p. 704). The assumption by many rational 

models is that the decision sits in isolation to surrounding events: statistical analysis is 

simply a mathematical process with numbers. Decision makers are, though, influenced 

by a range of factors, in particular the environment or context in which the decision is 

required. A one-thousand dollar increase is markedly different for a person living on the 

poverty line than for a millionaire. Kahneman and Tversky (1979) introduced the 

concept of ‘Prospect Theory’. Prospect Theory replaces ‘utility’, defined in terms of net 

wealth, with ‘value’, which is defined, or framed, in terms of gains and losses. The 

value for losses is greater than the value for gains: people are less risk adverse when a 

decision is framed as a gain, and risk seeking if the decision is framed as a loss: people 

will choose a small sure gain over a gambled, risky, larger gain; and will risk the chance 

of a gambled, risky, larger loss over a sure small loss. Loomes and Sugden (1982) 

comment that there is an emotional factor affecting the preference to avoid loss and 

introduce the concept of ‘Regret Theory’: “Regret theory rests on two fundamental 

assumptions: first, that many people experience the sensations we call regret and 

rejoicing; and second, that in making decisions under uncertainty, they try to anticipate 

and take into account of those sensations” (p. 820). This emotional connection becomes 

useful later as we look to the effect of emotion on decision-making.  

Plous (1993) presents a useful description of another framing effect, the contrast 

effect. You are presented three buckets of water: one cold, one hot and one tepid. You 

place one hand in the hot water and the other hand in the cold. The water temperature 

would feel hot for one hand and cold for the other. If you then put both hands in the 

tepid water, this would feel hot to the one that had been in the cold, and cold to the one 

that had been in the hot. The temperature in the initial bucket frames the feeling for the 

temperature in the second bucket. In the same fashion, events and factors leading up to 

any decision will frame, influence, the decision.  

The use of shortcuts is one of the main themes of Naturalistic Decision-making 

models. Xiaocong et al. (2010) stated that the Recognition Primed Decision model “is 
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based on the supposition that, in complex situations, human experts usually make 

decisions based on the recognition of similarities between the current decision situation 

and previous decision experiences” (p. 306). This process is commonly referred to as 

the ‘recognition heuristic’, and whilst useful, and commonly used, framing effects can 

affect the recognition process. The ‘Availability Heuristic’ is related to, and informed 

by, the recognition heuristic. It is often a useful strategy that uses the recall of the 

frequency of a particular event, phenomenon to determine is validity. Something that 

can be perceived as common is often a useful strategy. Examples of where the 

Availability Heuristic is successful is if a person is asked to name the largest city in a 

list of cities presented. Generally the larger cities are most often mentioned in 

discussion, so choosing the name that is most commonly mentioned is accurate. It is 

easier to remember a common event than an uncommon event (Plous, 1993, p. 121).  

Plous (1993) went on to identify a number of examples of where the availability 

heuristic fails; the ‘availability’ of information results in incorrect judgements. These 

examples include: a general belief that being killed by a shark is more likely that being 

killed by falling aeroplane parts; diabetes and stomach cancer kill more people than car 

accidents or homicides. People tend to make the wrong judgement because shark 

attacks, car accidents and homicides are more common in news media. This information 

is readily available. The availability heuristic can also bias judgements when one event 

is harder to generate examples of than the other. For example, when people were asked 

what is more likely, a word that starts with the letter K, or a word that has the letter K as 

the third letter. The majority of respondents suggested the former, however, the opposite 

is the case. The reason for the error is that it is easier to generate, or recall words 

starting with K, than it is to do so with words with K as the third letter (Tversky & 

Kahneman, 1973). 

Expertise 

One of the key considerations in much intuitive decision-making research is the 

importance of experience, particularly experience in the particular decision-making 

context domain (Boyes & O'Hare, 2011). It is generally reported that expertise promotes 

sound decisions in time-constrained decision-making situations. The expert has a wide 

repertoire of experience from which to draw upon (Okoli, Watt, Gordon, and Wong, 
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2016). However, expertise does not necessarily lead to better decisions. An interesting 

study of ‘expert’ decision-making was conducted by Bakin (1945, cited in, Carroll & 

Johnson, 1990, p. 10). At a time when tonsillectomies were common, Bakin presented a 

sample of teenage boys for diagnosis to successive teams of physicians. In each case the 

physicians recommended that approximately 45% of teenage boys presented in their 

sample required a tonsillectomy. At first glance this seems valid; however, each 

successive sample presented were the boys from the preceding sample who had been 

diagnosed as not needing a tonsillectomy. The second diagnosis should have identified 

none of the boys as needing a tonsillectomy, based on the previous diagnosis. Carroll 

and Johnson (1990) suggested that each successive wave were diagnosed based on 

comparison with the group they were assessed amongst. The average size for tonsils 

reduced as the process unfolded; the physicians were not assessing absolute size, but 

comparative size. Clearly some changes to diagnostic decision-making needed to be 

made; importantly, this study suggested that the use of an expert decision maker is not 

always free from decision error. The ‘errors’ in diagnosis can be attributed to the 

contrast frame, rather than diagnosing each case on its own merit the physicians were 

considering the contrast to the previous patient. Immediate surrounding and prior 

information needs to be taken into account; such information clearly influences 

decision-making.  

Another concern with expertise is that people are generally overconfident about 

the quality of their decisions and judgement (Carroll & Johnson, 1990), which is 

perhaps why the anchoring effect is so strong. Another explanation of overconfidence in 

decisions is termed the ‘Positivity effect’.  The positivity effect is a tendency to attribute 

positive behaviours to dispositional factors and negative behaviours to situational 

factors (Taylor & Koivumaki, 1976). In their research, Taylor and Koivumaki presented 

married people with a list of positive and negative behaviours committed by themselves, 

their spouse, a friend, or an acquaintance. For example, positive behaviours included 

paying a compliment to someone, talking cheerfully to another person, and having fun. 

Negative behaviours included having a heated argument with someone, being rude to 

someone, and forgetting to do something. Taylor and Koivumaki asked subjects to rate 

the degree to which these behaviours were due to situational or dispositional factors. 

What they found – regardless of who committed the behaviour – was that positive 
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behaviours were attributed primarily to dispositional factors, and negative behaviours 

were attributed mainly to situational factors (Taylor & Koivumaki, 1976). 

Bias 

Prior information, or prior beliefs, have been shown to affect decision-making. 

A contemporary example of bias (allegedly) affecting decision-making is the case of Dr 

Mohamed Haneef, for which the Federal Government and Australian Federal Police 

(AFP) received significant criticism (for an account of the incident see Rix, 2009). 

Vogel and Kebbell (2011, p. 61) conducted an experiment using a ‘de-identified’ 

vignette based on the Dr Haneef case, in order to investigate likely bias towards Dr 

Haneef. Their results identified that participants found the (fictional) instigator of the 

terrorist act reasonably guilty, based on the same evidence available to the AFP. 

However, if the fictional suspect acted cooperatively with police; the suspect’s measure 

of guilt was ‘significantly but slightly lower. These findings show a bias towards a 

cooperative suspect and against an uncooperative suspect with identical evidence. In 

complex environments, involving human interaction that often has complexity, it is 

quite likely that biases such as this will adversely impact on decisions.  

The Haneef case is important when considering bias in decision-making. The 

case occurred at a time when substantial concern was being expressed across Australia 

about terrorists, particularly Muslim terrorists. So, the media was presenting a biased 

storyline, and this may have impacted on the behaviour of the AFP and Australian 

Government. However, such obvious bias does not always adversely effect decision-

making.  

LaPiere (1934) conducted a study that shows that behaviours don’t always 

match attitudes. LaPiere travelled across the United States with a young Chinese couple 

visiting restaurants and hotels. In the vast majority of cases the couple were well treated. 

Of 251 encounters, only one example of racism was experienced. A subsequent follow 

up with a questionnaire to those same establishments provided a marked negative 

response to Chinese people – many suggesting that they would not allow Chinese 

visitors... note, this was a study conducted in 1930. There was a clear difference 

between the behaviour to the Chinese couple, and the reported attitudes of the 

establishments that had been visited. The issue of attitude and behaviour inconsistency 
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was reviewed by Wicker (1969, p. 65, cited in, Plous, 1993, p. 62), who reviewed 46 

studies examining attitude and behaviour, finding zero correlation to behaviours and 

attitudes – suggesting that attitude does not determine, or suggest, behaviour. To relate 

this to the example with the Chinese couple – the attitudes being reported on were 

entirely different, the first was a person’s attitude to a particular Chinese couple, the 

second was to Chinese people (Plous, 1993, p. 62). 

An example of bias is also presented by Hastorf and Cantril (1954, as cited in, 

Plous, 1993, pp. 19-20). They conducted an experiment where supporters of both teams 

involved in a particularly aggressive football game were asked to identify the number of 

fouls for each side (watching a replay of the game). There was a marked difference 

among supporters from both sides. Hastorf and Cantril concluded that “… the ‘game’ 

actually was many different games...”.(Hastorf and Cantril, 1954, as cited in, Plous, 

1993, pp. 19-20). It is clear that people are not seeing the same thing as they are 

influenced by their perception of the event being witnessed.  

 “Perceptions are, by their very nature, selective” (Plous, 1993, p. 21). 

Perceptions act as frames for decision-making. Plous (1993) presented the Primacy 

Effect as an example of perception, dependent on the sequence of information that then 

frames a person’s perception of information being provided. An obvious example of the 

Primacy Effect is the idea that first impressions count; we are heavily influenced by the 

initial impression we get of a person (or other phenomenon). Other examples are when 

we are presented a list of qualities a person may possess, the first quality named is 

generally the one that is readily recognised, the second takes the next precedence and so 

on. If we are presented information on a controversial topic, we will generally take the 

side that is first presented – if we have no prior knowledge (Plous, 1993). Whilst the 

Primacy Effect is very strong it can be overridden by the ‘Recency Effect’, where the 

latest information is given priority over the initial information. The Recency Effect 

tends to be more dominant if there is a time delay between presentation of the 

information, and the decision is made immediately after the presentation of the last 

piece of information. If both pieces of information are presented at the same time, and 

there is a subsequent delay in making the decision, then the Primacy Effect is dominant 

(Plous, 1993). The Primacy Effect and Recency Effect are clearly important in such 

contexts as court-room trials; the order in which the defence and prosecution present 

their case is influential. In a military context, it is likely that the order information 
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received influences decision-making. There is likely to be a delay in a briefing activity, 

which is generally delivered before soldiers start a patrol or other task, and information 

collected during the patrol: sights, sounds and other interactions with the environment. 

The particular influence of the decision-making situation, related to the briefing may 

well influence the decisions: will a briefing delivered a number of hours prior be more 

influential than the situation on the ground? If we consider the Stockwell and 

Commandos in Afghanistan incidents; the briefings in these incidents clearly indicated 

that the police officers or soldiers were going to be facing an antagonist, or antagonists, 

during the conduct of their respective patrols.  

Cognitive dissonance 

Both heuristics and the context, or environment, influence the decision maker; 

particularly decisions in time-constrained environments where the luxury of analysis is 

less readily available. Expertise in the environment is regularly identified as a factor that 

improves naturalistic decision-making, providing a wealth of experience from which the 

decision maker draws to aid their decision (Boyes & O'Hare, 2011). Expertise suggests 

familiarity with the phenomenon being encountered generally aids decision-making; 

however, familiarity can create cognitive dissonance if the situation appears familiar, 

but some elements are subtly different. Plous (1993) discussed the concept of cognitive 

dissonance: “According to Festinger (1957), people experience “cognitive dissonance” 

when they simultaneously hold two thoughts that are psychologically inconsistent (i.e., 

thoughts that feel contradictory or incompatible in some way” (Plous, 1993, p. 24). 

Familiarity can influence decision times, if the phenomenon presented is very 

similar, but also markedly different, to the decision maker’s expectations. Bruner and 

Postman (1949) conducted an informative study on the concept of ‘incongruity’. Using 

trick playing cards, for example a red four of clubs (rather than the usual black four of 

clubs), they found that it took their experimental participants four times longer to 

recognise a trick card than it did for a normal playing card. Bruner and Postman (1949) 

identified four types of reactions to the incongruous playing cards: dominance, 

participants incorrectly identified the card dependent on either colour or suit, a red four 

of clubs was identified as a four or clubs (form, the shape of the club was dominant) or 

as four of hearts or diamonds (colour is dominant); compromise, participants would 



Chapter Two – Literature Review   

 

   63 

‘compromise’ the colour of the card presented, a purple four of clubs; disruption, 

participants couldn’t determine a reaction, the difference in the card was too 

incongruous for them to decipher, and; recognition, participants recognised the card was 

different, however, they then tried to make sense of it, for example a person shown a 

black four of hearts thought the symbols were reversed. When faced with a familiar 

phenomenon, people see what they expect to see, and if it doesn’t quite fit, they will try 

to make it fit: previous experience and expectations will influence a person’s 

recognition and expectations. It is conceivable that the Commandos in Afghanistan saw 

a Taliban fighter, because they were expecting to see a Taliban fighter. Experience, 

whilst useful, can also be a detriment.  

Summary Of Decision-making 

Early decision research investigated ‘rational’ decision models. An analytic 

process whereby the decision maker is fully informed and considers all alternatives to 

determine the optimum solution. Whilst these models remain useful as a measure by 

which to investigate decision-making, decision researchers quickly found that people 

commonly made the ‘incorrect’ decision indicated by a full analysis of any decision-

making situation. Cognitive limitations explained some of the limitations in human 

decision-making, such as a lack of statistical knowledge or understanding. What became 

apparent was that human decision makers often employed decision shortcuts to aid 

decision-making; compressing complex decisions to simple decisions, or a series of 

simple decisions.  

 Naturalistic decision-making research, carried out in situations involving short 

time frames for decisions and stressful environments (such as firefighters), sought to 

identify how people make decisions ‘in real life’: and presented models of decision-

making such as the Recognition Primed Model (Lipshitz, 1993), Situation recognition, 

Serial option evaluation, and Mental simulation. Rather than consider a range of 

alternatives, decision makers consider only one or two options (Hine, Porter, Westera, 

Alpert, & Allen, 2018): and then accept the first satisfactory solution they identify and  

act on this. There is a strong link to the evolution of the human brain, and the primitive 

desire for survival, the fight or flight response, which leads us to consider dual process 
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theories of cognition. System one (intuition) and system two thinking (reasoning); 

System two thinking being a more recent development of the human brain.  

Military decision-making is likely to be more intuitive than reasoning, and this 

then introduces issues such as decision shortcuts, or heuristics, that influence the 

decision maker. Heuristics such as the recognition heuristic that can be effective if a 

decision is in a familiar setting, or the anchoring and adjustment heuristic that allows 

the decision maker to compare a familiar response as the anchor from which to 

determine a solution. Both the recognition and anchor and adjustment heuristics are 

more effective if the decision maker is experienced in the situation. The decision-

making context, or environment is therefore central to decision-making success. The 

evolutionary link to decision-making and dual-process theories of cognition also 

introduce another significant factor in decision-making: a person’s affective, emotional, 

responses. 

Emotion and decision-making 

Decision-making is complex, whether or not the actual decision is complex or 

not. To this point much of the complexity regarding decision-making has discussed 

environmental and/or cognitive elements of decision-making. To fully understand 

decision-making, particularly in the military context, we need to include discussion on 

the influence of emotion on decision-making. Scheber (2011) provides some telling 

examples of emotion guiding policy and decision-making at the highest level. He 

discusses Kennedy’s handling of the Cuban missile crisis, suggesting that Kennedy was 

pre-determined to take military action, rather than considering non-military means.  

Scheber proposes that Kennedy had felt ‘bullied’ by the then Soviet President 

Khrushchev during their first meeting. The negative emotional reaction to his first 

meeting with the Soviet President resulted in Kennedy’s reaction to the threat by the 

Soviets attempting to locate missiles in Cuba; rather than an analytical decision of 

weighing the costs versus the benefits of Russia placing missiles in Cuba, Kennedy was 

shaped by his emotional reaction to the earlier incident of bullying by the Soviet 

President (p. 469). The ‘real risk’, or additional risk to the safety of the United States 

with missiles in Cuba was negligible. However, Kennedy’s behaviour showed that 

emotion affects decision-making. If we look at many of the biases associated with 
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decision-making, including many of the heuristics discussed earlier, we can see that 

many of these biases can be linked to the human emotional response to stimuli. 

Zajonc (1980) identified that ‘affect’ (feeling or emotion) is the first step that 

differentiated animal species from plants, and affect remains the first response to any 

situation. Using the example of a rabbit meeting a snake, the rabbit has little time to 

analyse the snake and make a decision about whether or not it is dangerous, it simply 

responds to the feeling (affect) that the snake is dangerous. Martin identifies the link 

between emotion and cognition: “There has been a growing awareness among 

psychologists that emotion and thought are strongly interactive in human beings” (1990, 

p. 669). Forgas et al. (2001) describe Affect, Mood, and Emotion: affect as a generic 

term that refers to both mood and emotion; emotions are relatively intense, but short-

lived, states; and moods as low-intensity and enduring. Additionally, emotions are a 

more conscious ‘affective state’, and moods tend to be more sub-conscious. Forgas et 

al. (2001, p. 226) identified the importance of affect on cognition: “... affective 

experiences are integrally linked with the way information about the world is stored and 

represented... there is no such thing as "affect-less" thinking and behaviour.” Given the 

impact a person’s affective state has on cognition, it is important that such effects are 

taken into account in discussion regarding decision-making; particularly in situations 

that are likely to have significant affective implications (Forgas et al., 2001; Osbeck & 

Nersessian, 2011). 

Radick’s (2010) discussion of Darwin’s The Expression of the Emotions in Man 

and Animals (1872) identifies some ‘puzzling’ inferences by Darwin, the text being 

almost ‘unDarwinian’ in its description of human emotion. Radick (2010, p. 183) goes 

as far as suggesting Darwin’s views on emotion are more ‘Lamarckian and 

structuralist’, than Darwinian. Radick (2010) draws this conclusion due to Darwin’s 

suggestion (based on his three principles of emotion) that “Habits are acquired and then 

inherited not because habits adapt organisms to their environments but because bodies 

are habit-forming and habit-inheriting.” (p. 183).  Continuing as follows:  

This discussion identifies a couple of key aspects of emotion: the role of the 

‘body’ in forming and transmitting emotion and, the potential for mal-adaption due to 

emotional response. Darwin suggested that emotional response is shaped by bodily 

response, not as a mechanism to adapt to the environment.  
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Early post-Darwin discussion on emotion was prompted by William James 

‘What is an emotion?’ (1884). James’ theory, often linked with Carl Lange, and 

identified as ‘The James-Lange theory of emotion’ identified that: “...the bodily changes 

follow directly the PERCEPTION of the exciting fact, and that our feeling of the same 

changes as they occur IS the emotion” (James, 1884, pp. 189-190 [italics in original], 

cited in, Friedman, 2010, p. 384). This view opposes the common sense view that the 

emotion precedes the feeling. Of note is that James posited that different emotions were 

characterised by different physiological expression, and that this showed that the 

emotional nature of the situation is subconsciously processed before a response occurs 

(Adolphs, 2010; LeDoux, 2009). James’ ideas have since evolved into the ‘autonomic 

specificity’ of emotions hypothesis, which endures today in research that involved the 

Autonomic Nervous System and emotion (Friedman, 2010). Ekman et al. (1983, cited 

in, Friedman, 2010) revitalised research on emotion-specific Autonomic Nervous 

System patterns with the release of their paper entitled Autonomic nervous system 

activity distinguishes among emotions, supporting James’ theory of autonomic 

differentiation of basic emotions.  

Two influential theories of emotion argue against the James-Lange theory: the 

Cannon-Bard theory of emotion and Schacter-Singer model (Friedman, 2010). Both of 

these theories accept the role of the physiological component of emotion; however, both 

place more importance on the role of cognition. Cannon-Bard suggested that 

physiological responses cannot differentiate emotional experiences, it is a cognitive 

process that determines the emotion (Critchley, 2005; Friedman, 2010): Schacter-Singer 

identified that physiological arousal is experienced, and the emotion is then ‘labelled’ 

consistent with cognitive circumstances (Critchley, 2005; Friedman, 2010). It should be 

noted that James accepted emotion as a complex process, and acknowledged the role of 

cognition [albeit with a reduced importance], however, many of his detractors overlook 

this component of his discussion.  

Critchley (2005) supported ‘the general validity of the James-Lange theory’, 

however, proceeded to suggest that recent research, involving people with psychological 

or neural impairment, needs to be taken into account to fully understand the complexity 

of emotion. Adolphs (2010, p. 551) agreed with the complexity of emotions stating that 

research to date has “given way to the realization that emotion processing is much more 

complicated, and more distributed.” than many theories to date explain; and that the 
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“literature offers something of a litany of piecemeal findings — with the hope that these 

will eventually be assembled into a coherent framework.” Adolphs (2010) did, however, 

identify the amygdala, prefrontal cortex and insula as key actors in emotion processing.  

The complexity of emotions and physiology is demonstrated by McCraty and 

Childre (2010, p. 15): notably is the direct feed to the amygdala from the Dorsal Vagal 

Complex, suggesting that afferent feedback prompts a ‘pre-cognitive’ response. This 

focus on the body (somatic) supports some recent criticism of the Canon-Bard theory, 

because their research was limited in their investigation of links from sensory input to 

cognition (Carlson, 2010).  

The direct link from sensory input to the cerebral cortex (via the amygdala and 

bypassing the hypothalamus) supports Damasio’s Somatic Marker theory. Damasio’s 

Somatic Marker Hypothesis states: “‘Somatic markers (SM) are a special instance of 

feelings generated from secondary emotions. Those emotions and feelings have been 

connected by learning to predicted future outcomes of certain scenarios” (1994, p. 174, 

cited in, Damasio, 2001, p. 160). The valence of the somatic marker influences the 

person’s response. A negative marker functions as an alarm, and a positive marker as an 

incentive. We can see the link to concepts such as decision makers seeking to maximise 

pleasure and minimise pain, or loss, in this theory.  

Esslen, Pascual-Marqui, Hell, Kochi, and Lehmann (2004) identified that 

different areas of the brain are implicated in the processing of different, distinct 

emotions; and that cortical areas, in particular the prefrontal cortex (PFC), cingulated 

cortex and temporal cortices, as well as subcortical areas such as the amygdala are 

involved. They also note, however, that many studies contradict the findings of similar 

studies, or studies with the same aim that use different experimental designs. They 

suggest the reason for the mixed findings is the timing of neural activity needs to be 

taken into account in order to understand emotion “... for a comprehensive 

understanding of emotion processing, equal attention should be given to the spatial 

distribution and the temporal sequencing of neural activity.” (Esslen et al., 2004, p. 

1189). Their study confirmed activation in specific brain areas that have previously 

been identified; “PFC, cingulate cortex, and temporal structures” (p. 1200). Whilst these 

areas have been previously associated with emotion processing, they are also implicated 

in other functions “these areas are also involved in attention processing (PFC, ACC), 

memory functions (PFC, temporal cortex), evaluative functions and spatial attention 
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(PCC), and cognitive functions (PFC, temporal cortex, cingulate cortex)” (pp. 1200-

1201). Esslen, et al. interpret their findings “Considering all these aspects, one arrives at 

the suggestion that emotion processing is not a function per se, but the integration of 

several (sub) functions that lead to what we call an emotion. We know that we have a 

certain emotion because we feel it.” (2004, pp. 1200-1201). They link this finding to the 

theory by Damasio et al. (Damasio, 1994, 1999; Damasio et al., 2000, cited in, Esslen et 

al., 2004, p. 1201) that “emotions are felt when a person realizes emotion-related and 

emotion-specific changes in the body, and each emotion has its very particular feeling.” 

Realisation of emotion requires neurological processing, and input from the ANS. This, 

then, is a cyclic process, suggesting that ANS control influences the cognitive 

interpretation of ‘emotional feeling’ (and vice-versa). This being the case, it is quite 

plausible that control of the ANS with biofeedback to influence HRV coincides with 

high order functions that allow the brain to process according to positive emotions 

(avoiding consequences of processing aversive stimuli and/or loss/risk).  

Bechara, Damasio, Damasio, and Anderson (1994, p. 7) identified that humans 

with ventromedial prefrontal cortex damage exhibit defective decision-making 

processes, whilst exhibiting with ‘otherwise normal intellectual functions’. The findings 

of Rogers et al. (1999, p. 9029) support this research, identifying that decision-making 

requires ‘neural activity from multiple regions of the prefrontal cortex’, going further to 

confirm the inclusion of the cortical and limbic functions of the body. The effect of 

frontal lobe dysfunction on executive function was further confirmed by Brand et al. 

(2005) in a study involving Korsakoff patients (identified as acquiring brain damage, in 

particular frontal lobe dysfunction, due to substance abuse): identifying a link between 

frontal lobe dysfunction and a deficit in executive functions, functions necessary for 

effective decision-making. 

Valence 

Having established that a person’s emotional response influences cognition and 

performance, we need to then consider the valence of that emotion. Noting that decision 

makers seek to maximise pleasure and minimise pain, we need to understand the impact 

of positive or negative emotions on decision-making and performance. Brown and 

Taylor (1986) identified that mood state plays a role in information processing; in 
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particular negative mood state results in recollection of negative traits, positive mood 

state did not influence recollection of positive traits. Tomasino (2007, p3) identified that 

positive emotions broaden the scope of perception, cognition and behaviour and inhance 

tuition; negative emotions have the opposite effect.  

McCraty (2005) identified that negative emotion “inhibits higher cognitive 

processes necessary for functions such as attention memory recall, abstract reasoning, 

problem solving, and creativity.” Research by Robazza and Bortoli (2007) identified 

that rugby players who experience ‘a moderate frequency of anger symptoms’, regard 

this emotion as facilitative. Of note, however, is that anger appears to be interpreted as 

facilitative if the rugby player is feeling self-confident, in such instances they control 

their anger. Anger is, then, facilitative if it is correctly interpreted and the player is 

feeling self-confident, suggesting a positive element in the interpretation of the emotion. 

Ruiz and Hanin (2011) identified similar mixed results. In their study they asked high-

level karate athletes to recall their past performances to identify whether anger was 

facilitative or debilitative: responses varied, some considered anger to be useful for 

energy generation, whilst others identified anger as being ineffective for energy 

generation and a waste of resources. It would be worth exploring the anger that the 

athletes suggested was facilitative, perhaps it was a high intensity physiological 

response that was again seen as a positive. The weight of evidence suggests that positive 

emotions facilitate performance, and negative emotions are debilitative; however, some 

support is presented for negative emotions being facilitative. What is apparent is that 

emotions do influence performance. For the purpose of this thesis, the mixed findings 

with negative emotion are largely based on self-report by participants. As such there 

remains some research space for understanding the effects of emotions on performance 

using physiological measures.  

Stress 

“Stress is a ubiquitous occurrence among active duty military personnel and has 

been associated with a variety of mental health and job performance outcomes” 

(Hourani, Williams, & Kress, 2006, p. 849). Romeo (2010) identified that stress alters 

many psychological and behavioural processes, and that long-term exposure to stress 

can result in structural changes to brain. Youssef et al. (2012)  suggested that the body’s 
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response to stress is a complex interaction of a number of biological processes, 

activated by the hypothalamus, which triggers activation of the sympathetic nervous 

system and the hypothalamo-pituitary-adrenal axis (HPA). The HPA releases cortisol 

into the bloodstream, which then affects the prefrontal cortex and the limbic system 

(integral to emotional processing), including the hippocampus, amygdala, hypothalamus 

and anterior cingulated cortex. This physiological response has been shown to affect 

cognitive and behavioural responses (Duncko et al., 2009; Porcelli et al., 2008; Schoofs 

et al., 2009, cited in Youssef et al., 2012). The release of these glucocorticoid hormones 

is in order to ‘re-establish’ homeostasis; however, long-term, repeated stress can result 

in permanent impairment of these physiological systems (Herman, 2010). 

The ‘stress response’ is an evolutionary response adapted to ensure survival of 

the species, often termed the ‘fight or flight’ response; it prepares ‘us’ to deal with 

danger, or threat. Stinnett and Seasholtz (2010) identified that stress and emotions are 

normal, everyday, responses that allow us to handle changes in the environment, and 

that stress is an important modulator of performance. Perhaps the link to the 

evolutionary basis of the flight of flight response is applicable here; the stress response 

is a survival mechanism, and one designed to optimise the body’s response to danger in 

order to ensure survival. The link between stress and performance is apparent, however, 

stress is generally seen as debilitative to performance in modern society: for example, 

Stevenson and Harper (2006) identified that teachers in Scottish Higher Education 

Institutes state that stress adversely affects their teaching effectiveness.  

Chajut and Algom (2003) investigated the effect of stress on selectivity of 

performance; how does stress effect selectivity of attention? They tested three 

‘influential perspectives of social cognition’ that predict selectivity of performance 

under stress (the attention view, capacity resource view and ironic process theory). 

Their findings were consistent with the prediction of the attention view -  concluding 

that “one of the few consistent effects of arousing stressors which generalizes across 

different sources of stress is narrowing of attention” (Wells & Matthews, 1994, p. 187, 

cited in, Chajut & Algom, 2003, p. 232). This narrowing of attention is beneficial to 

tasks that require selective attention. The link to evolutionary theory is quite obvious 

here. There is a necessity in situations involving one immediate, and obvious danger, 

that a person focus solely on dealing with that danger; however, as the situation 

becomes more complex, tasks that are more complex, tasks that require integration of 
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information from a number of sources, stress is debilitative; a narrowing of attention 

may cause a decision maker to miss vital information. The nature of the task determines 

to some extent whether stress is likely to be debilitative or facilitative. If we consider 

the concept of dual process theory; when considering interventions to improve decision-

making, it is imperative to differentiate between decision-making processes and 

performance under stress.  

Kaufman (1999) discussed the ‘Yerkes-Dodson law’ of arousal versus 

performance, as he introduced the effect of emotion on bounded rationality; suggesting 

that the ‘arousal’ may be “the general level of arousal (both mental and physiological) 

or the intensity level of a specific emotion, such as fear or anxiety” (Glanzmann, 1985, 

cited in, Kaufman, 1999, p. 136). For Kaufman (1999) bounded rationality comprised 

both a cognitive and emotional component. Hanoch (2002) attacked the Kaufman 

(1999) application of the Yerkes-Dodson law, identifying research that suggested the 

arousal versus performance model is too simplistic to account for the complex 

relationship between cognitive functions and arousal.  

Hanoch (2002) identified that the actual emotion influences performance, listing 

a number of experiments that found positive emotions facilitate decision-making (e.g. 

Isen et al., 1982; Levine and Burgess, 1997; Folkman and Maskowitz, 2000; Lovagila 

and Houser, 1996; Staw et al., 1994, cited in, Hanoch, 2002, p. 132). That the model is 

‘too simplistic’ is useful, as is the idea that the type of emotion is important; however, 

Kaufman (2002), in his response to Hanoch, explained that “for the average person” a 

high level of emotional arousal hinders decision-making and that “even the most self-

controlled person will begin to suffer from bounded rationality when emotional arousal 

goes beyond some threshold level” (p. 139). Valence and intensity of the arousal are 

therefore necessary to consider.  

Chajut and Algom (2003) also identified that the ‘capacity-resource theory’ 

posits that attention is focused, with progressive diminishing of breadth as stress 

increases, on readily accessible data. This may be effective with Naturalistic Decision-

making Models, if the information first accessed is appropriate; however, if not, the 

likelihood of subsequent simulation identifying errors in the identified course of action, 

and alternatives proposed, would appear less likely. The decision-maker, under stress, is 

more likely to remain fixated on a solution that is not satisfactory, but will not continue 

to run simulations to question this solution.  
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Stress affects the same areas of the brain that are involved in emotional and 

moral processing, which in turn are also implicated in decision-making. Moral decision-

making has both an intellectual and emotional aspect. Studies using patients with 

‘fronto-temporal lobe’ dementia or damage to the prefrontal cortex show impaired 

emotional processing (for details see Valdesolo and DeSteno, 2006 and Koenigs et al., 

2007; Mendez et al., 2005 cited in, Youssef et al., 2012). The prefrontal cortex is also 

implicated in executive function abilities. The link between stress and impaired 

cognition, including decision-making is quite clear. The ‘stress response’ is, however, 

more complex than suggested by Youssef et al. (2012), who suggested that the stress 

response is initiated by the hypothalamus.  

Putman, Antypa, Crysovergi, and van der Does (2010) discussed the physiology 

of stress, in particular the release of cortisol as a result of acute psychological stress. 

The presence of cortisol influences cognitive processing of emotional stimuli, and in 

their experiment, cortisol resulted in an increase in risky decision-making, particularly if 

the risk would, potentially, yield greater rewards. If we consider the Commandos in 

Afghanistan and Police in the Stockwell incident we can see the potential significant 

reward for shooting, the reward of mission success. The military decision-making 

environment is high-risk, high-reward, as such the ability of an intervention to reduce, 

or minimise, the physiological effect of stress has potential benefit in this environment.  

Anxiety 

“Anxiety is best conceptualized as a future-oriented, cognitive-affective-somatic 

state, where the prominent feature is ‘a sense of uncontrollability focused on possible 

future threat, danger, or other upcoming, potentially negative events’’ (Barlow et al., 

1996, cited in, Chua, Krams, Toni, Passingham, & Dolan, 1999, p. 563). More recently, 

Barlow (2000, p. 1249) suggested a more precise term for anxiety is anxious 

apprehension, with the key to this definition being the apprehension; distinguishing 

anxiety from fear because fear deals with actual threat or danger, anxiety concern for 

potential negative events. Anxiety is an important state to keep in mind. Chua et al. 

(1999) identified that fear and anxiety are quite different emotional states with different 

psychophysiological signatures; as such the impact of either state has different 

implications on decision-making.  
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Given the anticipatory nature of anxiety, it would seem reasonable that it can be 

investigated in relation to the concept of the ‘pre-decision’ processes discussed earlier 

with regard decision-making. In seeking to address decision-making, if we can address 

anxiety, an anticipatory state, at a time a person is in the pre-decision frame, then 

potentially we can improve decision-making. Research by Hanton, Mellalieu, and Hall 

(2002) explored the idea of intervention at the pre-performance stage of a sporting 

activity. Their study of college sportspeople identified that pre-competition anxiety 

could improve performance when viewed as a positive state (excitement), but adversely 

affected performance when viewed as a negative state (nerves, worry). Addressing, or 

reframing, anxiety improves sports performance, so it is worth investigating this with 

decision-making.   

Physiology 

Whilst some debate remains about the emotion-cognition sequence, it is well 

established that emotion affects cognition (Bechara, Damasio, & Damasio, 2000); as 

such we can accept that emotion affects decision-making. Damasio’s somatic marker 

hypothesis acknowledges that “... decision-making is a process that is influenced by 

marker signals that arise in bioregulatory processes.” (Bechara et al., 2000, p. 295). 

Emotion is a physiological phenomenon that influences decision-making. A study by 

Vianna, Weinstock, Elliott, Summers, and Tranel (2006) provides strong support to the 

argument that physiological response is a key factor to experiencing emotion. Their 

study identified that patients with Crohn’s disease (an inflammatory bowel disease) 

showed ‘an increase in subjective arousal for negative emotions’ coincide with 

increased EGG measures during emotional film viewing, as well as a strong positive 

correlation of electrogastrogram (EGG) with arousal ratings.’ (p. 37), demonstrating 

that “aberrant feedback from the gastrointestinal system up-regulates the intensity of 

feelings of negative emotions” (Vianna et al., 2006, p. 37). Boehm (2018) investigated 

the effect of a Police Frontline Commander’s body performativity, the body’s 

physiological reaction, on decision-making and found that it could adversely, and 

unconsciously, affect the commander’s decision-making. 
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Allostasis 

Allostasis is the process of self-regulation, by individuals, to their environment, 

or otherwise described as “stability through physiological change” (Hastings et al., 

2011, p. 1149). The term ‘allostasis’ was introduced in 1988 by Sterling and Eyer 

(neurobiologist and epidemiologist respectively) (Cicchetti, 2011). Allostasis is a 

similar concept to homeostasis; a body’s self-regulation system that modulates all 

systems to deal with the environment or challenges. The main difference between 

homeostasis and allostasis is the notion that allostasis interprets health as an adaption of 

the entire body altering to contextual need, and that the brain has a role in the regulation 

of feedback (p. 723). The inclusion of the brain, in particular, is notable. The inclusion 

of health implications is supported, and supports, much of the research linking stress to 

illness; the inclusion of the two systems, ANS and HPA, support the complex nature of 

stress with regard physiology; the inclusion of the brain, not a focus of homeostasis, 

identifies the link between stress and cognition. The difference between the two 

concepts, and acceptance of either as the ‘dominant’ theory could be influenced by 

one’s acceptance of either the James-Lange theory, or the Cannon-Bard theory. Either 

way, there remains an acceptance that stress does affect cognition: if we can control our 

stress response we maintain allostasis or homeostasis, and remove the adverse effect 

stress has on our decision-making. 

Allostasis responds to daily fluctuations, and also to challenges. If an individual 

has constant and repeated ‘challenges’, the regulatory system experiences ‘allostatic 

load’, the price the body pays when confronted with major stressors and sustained stress 

responses that must be maintained over extended periods of time (Ganzel et al., 2010; 

McEwen & Stellar, 1993, cited in, Cicchetti, 2011, p. 723). The result of this is that the 

body sets itself at a constant level of high, or low, arousal, which in turn reduces 

capability to self-regulate, and increases potential for pathological concerns (Hastings et 

al., 2011, p. 1149). Hastings et al. (2011) identified that allostasis is reliant on both the 

ANS and HPA axis, and understanding this complex relationships is important for 

understanding a person’s ability to self regulate. They also identified that allostasis can 

be measured by a number of physiological measures.  
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Consciousness 

Consciousness is also a factor to consider when examining the link between 

decision-making and emotion and/or stress: particularly as some debate remains 

regarding the sequence of emotion as a realised state within the body – when do we 

become ‘conscious’ of our stress response, if we do at all? Tsuchiya and Adolphs (2007, 

p. 159) provided a useful taxonomy for emotion and consciousness: emotion comprises 

the emotion state, and the feeling; consciousness comprises the level/state and the 

content. Tsuchiya and Adolphs (2007) also identified that neural mechanisms for 

emotion and consciousness overlap. Emotional responses may not always, however, be 

consciously observed (LeDoux, 2009; Tsuchiya & Adolphs, 2007). Importantly for 

decision-making: “conscious emotion experiences might be required for the elaborate 

appraisals of situations that enable us to act intentionally and instrumentally.” (Tsuchiya 

& Adolphs, 2007, p. 161). 

Whilst Tsuchiya and Adolphs (2007) suggested that emotion can be an 

‘unconscious’ state, Ressler (2004, p. 30) identified emotion as “a conscious state 

involving covert limbic system responses”; continuing to identify emotional responses 

assist the body to prepare for a reward or punishment. Ressler (2004, p. 27) also stated 

that consciousness “emerges as a direct consequence of basic neural processes without 

the necessity of any higher order system.” Emotion and consciousness are interlinked 

and complex processes; however, it is quite clear that together they impart significant 

influence on further/higher cognitive processes.  

Positive emotions 

Having identified that stress and emotion are physiological reactions to the 

environment, and that it is feasible that a person can self-regulate their emotional 

response, we now need to consider the aim of this self-regulation. Much evidence 

supports, and is indicated in the above discussion on both decision-making and 

performance, that positive emotions are facilitative. When self-regulating a person 

should be looking to generate positive emotions. “Positive emotions are often associated 

with good outcomes.” (Fredrickson, 1998, 2001; Harker & Keltner, 2001; Isen, 2000; 

King, Hicks, Krull, & Del Gaiso, 2006, cited in, Mauss et al., 2011, p. 738). These 



Chapter Two – Literature Review   

 

   76 

‘good outcomes’ are demonstrated in several studies: “positive emotions lead to 

alterations in heart rate variability that may be beneficial in the treatment of 

hypertension and reduce the likelihood of sudden death in patients with congestive heart 

failure and coronary heart disease.” (Tiller, McCraty, & Atkinson, 1996, p. 52); In 

addition, results are clear in showing positive emotions increased employee productivity 

and psychological well-being for police officers (McCraty, Anderson, Lipsenthal, & 

Argulles, 2003); improved scores on maths and reading tests (McCraty, Tomasino, 

Atkinson, Aasen, & Thurik, nd); and confer “improvements in emotional health, social 

behaviors, and academic performance in diverse student populations.” (McCraty, 2005, 

p. 130). Arguelles, McCraty, and Rees (2003, p. 20) stated “…research suggests that by 

learning to increase physiological coherence, students can increase nervous system 

harmony and thereby improve emotional stability, cognitive functioning, and academic 

performance.”  

Whilst much research supports positive mood as performance enhancing, Alter 

and Forgas (2007) note that ‘self-handicapping’ (Jones & Berglas, 1978, cited in, Alter 

& Forgas, 2007, p. 947) is more prevalent in happy people. Alter and Forgas (2007) 

show that happy people are more likely to self-handicap because in doing so they can 

attribute failure to the handicap, and therefore, can maintain positive affect (keep feeling 

happy), because any failure can be attributed to the increased difficulty they had to face. 

Whilst the weight of evidence would appear to remain on the side of positive emotion as 

facilitating performance, this phenomenon needs to be accounted/controlled for with 

any intervention that uses positive-emotion as a performance facilitating practice.  

Emotion regulation 

Having identified that emotion, and/or stress, effect performance and decision-

making, and that the stress response is a physiological response, it is worth looking at 

the idea of managing our emotions, and emotional responses to incidents. Folkman 

(1984) identified that “the relationships between personal control and stress, coping, and 

adaptational outcomes are more complex than was once assumed.” (p. 839). For 

Folkman stress is a relationship between the person and environment, a two-way 

process where the environment and person act on each other. The ‘meaning’ of the 

event (the determination of stress, or otherwise) is shaped by the person’s appraisal of 
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the event, and their capacity to deal with the event (ability to cope): the event is either 

controllable or uncontrollable. If controllable, the event can then be seen as one of threat 

(harm/loss), or challenge. A threat event provokes negative connotations (and a negative 

response), a challenge provokes more positive responses. This aligns with the findings 

of Hanton et al. (2002), a positive appraisal of stress is facilitative, a negative one 

debilitative. A later study by Hanton, Mellalieu, and Hall (2004) identified that self-

confidence allowed athletes to reduce the impact of negative thoughts and, as such, not 

suffer the debilitating effect of negative thoughts. Fletcher and Hanton (2001) found 

that whilst relaxation techniques facilitated improved performance for swimmers, elite 

swimmers also used psychological skills to improve self-confidence and improve 

performance. Hence the combination of emotional control (relaxation) and cognitive 

processes contributed to improve performance.  

Gaudreau, Blondin, and Lapierre (2002) also discussed appraisal of the situation, 

focussing on the temporal nature of stress, the appraisal of stress changes as the 

situation changes. Gaudreau et al. (2002) identified that golfers who achieved their 

identified performance goals maintained a positive affect, whereas golfers that had a 

high discrepancy between identified goals and performance, migrated from positive 

affect to negative affect during the competition. Their findings suggested that positive 

reappraisal post-competition results in higher levels of attainment of performance goals, 

providing additional support for positive-emotion interventions.   

Fenton-O'Creevy et al. (2011) look to the world of financial trading to 

investigate the impact of emotion on decision-making. Rational decision-making, based 

on careful and rigorous analysis is presumed to be the decision-making model for 

financial traders; however, the reality suggests emotions significantly affect, if not 

control, many decisions made by financial traders. These researchers found that 

“Effective emotion regulation seems to be a critical success factor in trading, for our 

findings suggest that the strategies for emotion regulation adopted by expert, higher 

performing traders are qualitatively different from those of lower performing traders” 

(2011, p. 1056). Of importance, for the proposed research, is the finding that “Traders 

deploying antecedent-focused emotional regulation strategies achieve a performance 

advantage over those employing primarily response-focused strategies.” (p. 1044). The 

Coherence Advantage program is an antecedent-focussed emotion regulation strategy, 

so its potential is supported by (2011; 2012)  
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“Emotion regulation consists of people’s active attempts to manage their 

emotional states.” (Koole, 2009, p. 9). Koole (2009) identified that whilst emotions are 

often regarded as an uncontrollable influence on behaviour, there is much evidence to 

suggest that people can control “virtually every aspect of emotional processing”, 

including ‘cognitive appraisal’, ‘physiological consequence’ and ‘how emotion directs 

attention’ (p. 4): though he continues and identifies that it is difficult “to observe the 

differences between regulated and unregulated emotions... it is often unclear where an 

emotion ends and regulation begins” (p. 8). He suggests a potential solution is the 

‘temporal unfolding of an emotional response (Baumann, Kaschel, & Kuhl, 2007; 

Davidson, Jackson, & Kalin, 2000; Skinner & Zimmer-Gembeck, 2007, cited in, Koole, 

2009, p. 8): pointing to the work of Lazarus (1991) that identified primary versus 

secondary appraisals; an initial, subconscious, emotion, followed by recognition and 

[potentially] regulation.  

A further factor is that of emotional sensitivity, determined by any variable that 

influences a person’s initial emotional response to a situation (Koole, 2009, p. 9). 

Emotional regulation is that which facilitates a persons’ return to the baseline emotion 

(though there may be instances whereby the person seeks to maintain, or increase the 

emotional response). Emotional regulation is the process that a person undertakes to 

achieve the desired emotion, it is closely related to the secondary appraisal identified by 

Lazarus. Whilst the distinction between a person’s emotional sensitivity (response) and 

regulation appear straightforward, this is not necessarily the case. There are occasions in 

which a person may be subconsciously regulating emotion, prior to or during a situation 

(Koole, 2009).  

Koole (2009) intended to develop a taxonomy of emotion regulation, though 

acknowledged this was difficult; therefore, proposed “A dual classification in terms of 

targets and functions was found to be helpful in organising the literature on emotion-

regulation strategies.” (p. 30). This dual classification considered the ‘target’ (emotion-

generation system) and ‘function’ (of emotional regulation: satisfaction of hedonic 

needs, facilitating goal achievement, and optimising global personality) (Koole, 2009, 

pp. 14-16).  

Emotion generating systems (the target of emotional regulation) fall into two 

main categories: cognitive (attention and knowledge) and body. Of note, however, is the 

fact that “emotions are fundamentally embodied (Niedenthal, 2007), all emotion-
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regulation processes must ultimately interface with bodily functions.” (Koole, 2009, p. 

30). Koole (2009) supports the line of research that looks to vagal tone as a measure of 

emotional response and emotional regulation, identifying that, in particular, cognitive 

strategies are ineffective for need- and person-oriented emotion regulation. (p. 30); and 

that “Taken together, the advantage of cognitive over bodily strategies of emotion 

regulation appears to be specific to goal-oriented emotion regulation and does not apply 

across all known emotion-regulation strategies.” (p. 31). 

Summary Of Emotion And Decision-making 

Our understanding of the relationship between a person’s affective state 

(emotion) and cognition (thinking, decision-making) can be traced back to early theories 

of emotion as presented by the James-Lange theory, that ‘bodily changes’ directly 

following the perception of a sensory input is the emotion; and the somewhat competing 

theories by Cannon-Bard and Schacter-Singer proposing that cognitive processing of 

affective input determined the emotion (Friedman, 2010). The subtle, but significant, 

difference in the James-Lange and Cannon-Bard/Schacter-Singer is becoming less of a 

concern as our knowledge of emotion and cognition improve. This improvement in our 

understanding of emotion and decision-making identifies that the relationship is 

complex. Emotion affects multiple areas of the brain; some of these areas are also 

implicated in cognitive activity underlying decision-making. For example the prefrontal 

cortex (PFC) is implicated in attention processing and memory, and emotion (Bechara 

& Damasio, 2005; Brand et al., 2005; Koenigs et al., 2007). Emotion is both affective, 

somatic (Bechara & Damasio, 2005); emotion cannot be separated from decision-

making.  

The issue of emotion valance is fundamental to exploring emotion and decision-

making. The weight of evidence suggests that positive emotions generally benefit 

decision-making (for example see, Tomasino, 2007) and negative emotions are 

debilitative. If we consider the emotion of anger as an example, it is often interpreted as 

improving decision-making, but in such instances the athletes reporting anger as 

facilitative were feeling confident in their ability. It would seem that their perception of 

them being in control of the situation allowed them to see anger as a positive. The 

feeling of control determines, at least in part, to the beneficial outcomes of perceived 
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anger (Robazza & Bortoli, 2007). The stress response, the human physiological 

response to threat or danger, is a fundamental emotional response that adversely affects 

decision-making; however, in a similar manner to anger, a person’s appraisal of 

potential threat or danger can affect their response. If they feel that they can control the 

situation, positive appraisal, then stress can become facilitative (Hanton et al., 2002). 

Emotions are ‘embodied’ (Bechara & Damasio, 2005; Koole, 2009), and as such if a 

person can control their emotional response, they can improve their decision-making 

(Fenton-O'Creevy et al., 2012; Fenton-O'Creevy et al., 2011).  

Heart Rate Variability 

Heart Rate Variability (HRV) is well established as a non-invasive measure of 

physiological and psychological health; HRV and metrics of HRV are being used in a 

wide rage of research, clinical monitoring and psychophysiological health interventions. 

Hibbert, Weinberg, and Klonsky (2012) identified that in a ten year period between 

2002 and 2012 over 1,000 citations using the term heart rate variability were found in a 

PsychINFO search alone. HRV continues to be a rich area of research; evidence of this 

is the perhaps highlighted as we see HRV research and interventions being applied to 

animals, dogs in particular (Essner et al., 2015; Katayama et al., 2016; Zupan, Buskas, 

Altimiras, & Keeling, 2016). The wealth of research data, and the increasing use of 

HRV in clinical and psychophysiological interventions see the use of HRV by people 

who are not experts in the interpretation of HRV metrics; though, as Hibbert et al. 

(2012) point out, this is not entirely surprising, given the complexity of the factors 

influencing HRV, and that much of the published research tends to report different 

HRV metrics across studies. This is in spite of a seminal paper published by the Task 

Force of The European Society of Cardiology and The North American Society of 

Pacing and Electrophysiology, detailing standards of measurement and use of HRV 

(Malik et al., 1996). The following discussion will provide a synopsis of HRV metrics 

as applied in research and biofeedback interventions. Malik et al. (1996) identified three 

main methods for measuring and analysing HRV: time domain, frequency domain and 

geometrical methods.  

Time domain measures are perhaps the simplest to compute and apply. In its 

simplest form, HRV is the beat to beat difference of the heart, often termed the ‘NN 
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interval’; the normal to normal beat interval. Tarvainen (2014) identified that the 

purpose of HRV analysis is to “to examine the sinus rhythm modulated by the 

autonomic nervous system” (p. 8), and that analysis should be on the timing of the 

sinoatrial node (SA-node) action potentials; however, these are impossible to detect. 

The ‘P wave’ is the closest observable event in an ECG recording, however, signal 

noise makes the P Wave more prone to error; therefore, HRV analysis is usually 

conducted on successive occurrences of the more readily detected QRS complex, with 

the R wave being the most suitable (Tarvainen, 2014). As such the simplest metric of 

HRV, the NN interval is often called the R-R interval (NN interval and R-R interval are 

the same measure).  Once the R-R interval is captured, the mean R-R interval and the 

mean heart rate can be identified. Other time domain measures that can be calculated 

from the R-R interval are: the standard deviation of the R-R interval (STDRR, or 

STDNN), an estimate of overall HRV;  the square root of mean squared differences of 

successive R-R intervals (RMSSD); the number of interval differences of successive R-

R intervals greater than 50ms (NN50); and pNN50, which is NN50 divided by the total 

number of R-R intervals. All of these measures reflect short term variation of HRV and 

are highly correlated with the HF component of frequency domain analysis (Malik et 

al., 1996).  

Other time domain measures are the SDANN, the standard deviation of the 

average R-R interval, calculated from short segments (usually five minutes) of a longer 

monitoring period, and the SDNN index, the mean of the 5-min standard deviation of 

the NN interval calculated over a 24 hour recording: however, these measures are more 

applicable to analysis of longer recordings, and generally less suitable for short term 

HRV analysis (Malik et al., 1996).  

Geometric analysis of the R-R intervals is another method of time domain 

analysis. The Poincaré plot is an example of a geometric analysis of R-R intervals; 

where each R-R interval is plotted as a function of the previous interval (Mourot, 

Bouhaddi, Perrey, Rouillon, & Regnard, 2004). Short term variability is identified by 

the line perpendicular to the line of identity (SD1), and long term variability is 

identified along the line of identity (SD2). Mourot et al. (2004) found that Poincaré plot 

analysis was a good indicator of parasympathetic activity when investigating the effects 

of endurance training on HRV. The Poincaré plot scatter was visually much narrower as 

parasympathetic activity reduced, and Poincaré plot data were highly correlated with 
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time and frequency domain measures. The protocol used by Mourot et al. (2004) 

consisted of ten minutes of resting supine, ten minutes standing, ten minutes exercising 

and ten minutes recovery. ECG recording was captured at 500Hz. Previously Malik et 

al. (1996) had suggested that a weakness in geometrical methods, such as the Poincaré 

plot, was the requirement for many data points to provide a useful plot; suggesting a 

minimum of 20 minutes of data capture. Malik et al. (1996) identified the benefits of 

geometric methods is their ‘relative insensitivity’ to the quality of the series or R-R 

intervals, making the use of geometric methods such as the Poincaré plot useful for non-

stationary HRV analysis.  

Frequency domain analysis, or power spectral density analysis, describes how 

variance is distributed as a function of frequency (Malik et al., 1996, p. 358). 

Calculation of HRV frequency are broadly classified as non-parametric methods, 

usually faster processing due to simpler algorithms employed (Fast Fourier Transform 

[FFT] is most common); or parametric methods, which provide smoother spectral 

components, and can be more accurate with smaller samples (Malik et al., 1996). Table 

2.3 presents the frequency domain measures of HRV analysis as recommended by 

Malik et al. (1996). 
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Table 2.3 Selected frequency domain measures of HRV 1 

Variable Units Description 
Analysis of short-term recordings (5 min) 

Frequency range 

Total 
Power 

ms2 The variance of R-R intervals over the 
temporal segment 

approx.  ≤ 0.4 Hz 

VLF ms2 Power in the very low frequency range ≤ 0.04 Hz 

LF ms2 Power in the low frequency range 0.04-0.15 Hz 

LF 
normalised 

n.u. LF power in normalised units  
LF/(Total Power – VLF) x 100 

 

HF ms2 Power in the high frequency range 0.15-0.4 Hz 

HF 
normalised 

n.u. HF power in normalised units  
HF/(Total Power – VLF) x 100 

 

LF/HF  LF/HF ratio   

Note. 1 adapted from Malik et al. (1996, p. 360) 
  

HRV data capture 

HRV data capture is another important element to consider when conducting 

research using HRV as a measure. The two most dominant methods to acquire HRV 

data are the Electrocardiogram (ECG) and Photoplethysmography (PPG). ECG 

generally requires the attachment of a number of Ag/AgCl electrodes attached to 

specific anatomical positions; up to 12 electrodes for clinical purposes, but as little as 

three electrodes are required.  PPG captures HRV data by means of a near-infrared 

optical sensor that can be placed on a finger or earlobe (G. Lu, Yang, Taylor, & Stein, 

2009, p. 635).  

ECG data capture has been considered the ‘gold standard’ for HRV data 

collection; however, there are some situations where ECG may not be appropriate; for 

instance for patients undergoing a Functional magnetic resonance imaging (fMRI) 

session (Schäfer & Vagedes, 2013), other contexts where electromagnetic interference 
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may affect the ECG signal (Ahn, 2013), or in situations where the attachment of the 

electrodes required for an ECG are uncomfortable for research or clinical participants 

(Singh, Conjeti, and Banerjee, 2013). PPG technology is becoming increasingly popular 

in both research and clinical applications: Zuzarte, Indic, Sternad, and Paydarfar (2019) 

utilised PPG to monitor preterm infants, the benefits of the technology removed the 

requirement to place sensors to the infants, finding “relationships between motor 

activity and clinical outcomes in preterm infants can be studied using routine 

photoplethysmography” (p. 646). Darling et al. (2016) conducted a study that has 

military significance, investigating the potential for wearable PPG technology to detect 

blood loss in out of hospital, battlefield settings, found that the technology was sensitive 

to identifying blood loss. Another study, with findings relevant to this thesis, by 

Zangróniz, Martínez-Rodrigo, López, Pastor, and Fernandez-Caballero (2018) 

investigated the potential for a wearable PPG sensor to allow for patient management 

and an assessment of mental distress found that with the device it was “possible to 

classify calm and stress with a notably accuracy”(p. 12). Given some limitations for an 

ECG and the increasing prevalence of wearable PPG technology: PPG is becoming 

increasingly popular and is starting to be well validated as a method to capture HRV 

data for both research and clinical purposes. 

HRV and coherence 

Tiller et al. (1996) discuss a further elaboration of HRV analysis, that of the 

HRV waveform shape, a plot showing the oscillations of heart rate variability due to the 

autonomic control of the cardiovascular system: “Mental and emotional states affect 

autonomic nervous system activity, HRV waveforms, and coupling between respiration 

and the heart; states of agitation – for instance, frustration and anger – tend to cause 

disorder in HRV waveforms” (p. 53). ‘internal coherence’ is a state whereby a person’s 

“internal mental and emotional dialog is largely reduced and one becomes aware of an 

inner electrical equilibrium” (p. 53); a physiological state that represents as  a “clean 

and harmonic” HRV waveform. In a physiological sense, coherence is the “harmonious 

interaction between two or more of the body's oscillatory systems such as respiration 

and heart rhythms” (McCraty, Atkinson, Tomasino, & Bradley, 2009, p. 17). The 

cardiovascular system, the heart, can operate in harmony, oscillate at the same 
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frequency, or they can operate at different frequencies, and not be coherent. The 

importance of the shape of the HRV waveform, as it relates to coherence, is also 

presented by McCraty et al. (2009): a sinewave is a perfectly coherent wave, and results 

from an ordered distribution of energy in that waveform (p. 18).  

McCraty et al. (2009) presented an interesting discussion on ‘coherence’ 

between thoughts and behaviours “When individuals think one way, feel another, and 

behave inconsistently, they are in an inefficient and ineffective state- that's non-

coherence” (p. 18).  McCraty et al. (2009) went on to identify that when “coherence is 

increased in a single system that is coupled to other systems, it can pull the other 

systems into coherence or entrainment, resulting in increased cross-coherence in the 

activity of the other systems” (p. 18), and that this can include heart-brain 

synchronisation: the heart’s input can “facilitate working memory and attention, cortical 

processes, cognitive functions, and performance” (pp. 41-42).  

A coherent heart rhythm is defined as a relatively harmonic (sine-wave-
like) signal with a very narrow, high-amplitude peak in the LF region of 
the HRV power spectrum with no major peaks in the VLF or HF regions. 
Coherence is assessed by identifying the maximum peak in the 0.04–0.26 
Hz range of the HRV power spectrum, calculating the integral in a 
window 0.030 Hz wide, centered on the highest peak in that region, and 
then calculating the total power of the entire spectrum. The coherence 
ratio is formulated as: (Peak Power/[Total Power – Peak Power]) 
(Shaffer, McCraty, & Zerr, 2014, p. 14) 

Importantly, HRV and heart patterns and coherence, not only ‘reflect’ a person’s 

emotional state, but they are also implicated in determining a person’s emotional state, 

and can  influence a person’s cognition and performance in a range of domains 

(McCraty et al., 2009).  

Heart Rate Variability, Emotion And Decision-making 

Having established that emotions or stress influence decision-making, and that 

emotions and stress are complex physiological and cognitive phenomenon, we need to 

identify a way to measure a person’s emotional status or stress response if we are to 

consider a physiological intervention to improve decision-making under stress. Heart 

Rate Variability (HRV) has been established as an effective, non-invasive, measure of 
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the autonomic nervous system (Sztajzel, 2004). The autonomic nervous system reflects 

a person’s stress response, and is intimately linked to the fight or flight response.  

McCraty and Childre (2010) identified the importance of the pattern of the 

heart’s rhythm as a reflection of a persons’ emotional state: research has shown that 

HRV is a valid measure of physiological coherence. Krypotos, Jahfari, vanAst, Kindt, 

and Forstman (2011) revealed that whilst healthy individuals differ in their ability to 

regulate emotion, there is a strong link between emotion regulation and HRV; people 

that have high HRV ‘activate and inhibit’ their responses to emotional stimuli, but only 

to negative stimuli. HRV, has a direct link to emotional regulation, which in turn affects 

cognition. Krypotos et al. (2011) conclude their paper in support of research that further 

investigates the relationships between HRV, cognition, and emotion: “We suggest that 

focusing on individual differences in HRV and its associative ER [emotion regulation] 

may shed more light on the dynamic interplay between emotion and cognition.” (p. 1). 

Newell (2005) investigated the relationship between HRV and right/left brain 

response emotional stimuli, taking into account level and valence of emotional arousal. 

Her findings “... supported previous research on emotion. Different HRV responses 

were specific to different emotions” (p. 45); also, that the magnitude of emotional 

response was related to the magnitude of HRV responses for anger and happiness. Left 

frontal brain activation was associated with positive emotions. Newell (2005) concluded 

that emotional responsiveness is a predictor of HRV, though brain lateralization does 

not relate to HRV. This suggests some relationship between level of response and HRV, 

though, at the neurological level, the particular brain areas associated with emotional 

valence requires further investigation: it also supports the James-Lange theory over the 

Cannon-Bard theory, with different emotions exhibiting different HRV responses.  

An important consideration for measuring HRV as an indication of homeostasis 

is that the body’s physiological response is not restricted to psychological stress, or 

other stimuli. Age and gender affect HRV (Umetani, Singer, McCraty, & Atkinson, 

1998); as does physical activity: Liang, Yuan, Sun, and Lin (2008) report changes in 

HRV as participants underwent a driving simulation experiment. Their findings were 

reported to address driver fatigue, and their research identified that drivers sitting down 

for extended periods show physiological change in the ANS as the system seeks to 

maintain homeostasis during a situation of reduced blood flow. This has important 
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considerations, when using HRV as a measure of stress; physical activity will affect 

HRV readings. 

Sharpley et al. (2000, p. 143) supported HRV as a diagnostic tool, identifying 

that “Resting heart rate variability can be an index of sympathetic or parasympathetic 

dominance, according to the frequency of the variability studied.” Their research aimed 

to determine the relationship between Heart Rate Reactivity (HRR), and resting Heart 

Rate Variability (HRV); both measures being related to cardiovascular disease (CVD), 

therefore, identifying the relationship allows more accurate diagnosis of likelihood for 

onset of CVD. Their hypothesis was that “subjects with HRV indicative of sympathetic 

dominance/parasympathetic withdrawal during rest would be more likely to show 

significant increases in HRR during the mental arithmetic stressor.” (p. 145). Their 

findings supported their hypothesis, but only with regard sympathetic activation, not 

with parasympathetic activity. They suggest this is evidence that the two systems are 

interrelated, but also respond individually. Another interesting finding was that these 

results were evident only for females, not males. This suggests that gender is implicated 

in HRV responses. This is useful to consider in relation to the concept of 

psychophysiological coherence, which suggests a balance of sympathetic and 

parasympathetic activity. That the hypothesis was not supported for males is explained 

by Sharpley et al. (2000, p. 151) by the ‘young and healthy’ sample, suggesting that 

excessive increases in HRR needs to be over a prolonged time period to affect resting 

HRV.  

Ode, Hilmert, Zielke, and Robinson (2010) conducted a study to determine if 

high resting HRV indicates greater self-regulation to stressful events, or greater 

flexibility to react to stressful events in the context of trait neuroticism and daily 

outcomes. With respect to decision-making, self-regulation allows a person to control 

‘task-irrelevant’ thoughts, and negative emotions. From a flexibility perspective, high 

HRV should pre-dispose a person to exhibit state-like tendencies more than trait-like 

tendencies (p. 537), suggesting less inclination to emotionally react to a situation. 

Additionally, flexibility could support self-regulation. Ode et al’s findings identified 

that people with high HRV are not ‘protected’ from daily stressors, as would be the case 

for the theory of self-regulation; rather, moderate responses to daily experiences for 

people with high HRV, as opposed to high or low responses for people with low HRV, 
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supports HRV as an indicator of a person’s capacity for flexibility to cope with the 

effects of stress events (2010, p. 541). 

Cribbet, Williams, Gunn, and Rau (2011) identified that Respiratory Sinus 

Arrhythmia (RSA), measured as HRV, is a suitable measure of physiological states. 

Their research looked at the effect tonic (resting) RSA had on phasic (change) RSA. 

Research to date suggests that people with higher tonic RSA are less likely to 

experience negative emotions relating to a stressful encounter. Their research found 

“that individual differences in resting physiology inform the interpretation of phasic 

RSA in stressful circumstances.” (p. 191). Again, physiological markers are indicators 

of a person’s ability to reduce the negative impacts of stress. Importantly, RSA, as 

measured by HRV, is suitable as a measurement of these physiological states (Cribbet et 

al., 2011; Thayer & Lane, 2009). Cribbet et al. (2011) ground their research on 

Polyvagal theory (Porges, 2007) and the neurovisceral integration model (Thayer & 

Lane, 2009), identifying the role the prefrontal cortex and the anterior cingulated cortex 

play in emotional regulation.  

Biofeedback 

A key element of the Coherence Advantage Program is the use of HRV bio-

feedback tools. “Biofeedback instruments provide a gateway to understanding the ANS 

by documenting physiologic activity...” (Tantia, 2012, p. 62). Biofeedback tools 

measure ‘body signals’ that can be used as indicators of emotional experience. 

Measurement of changes of the ANS are used to determine the body’s emotional 

response, and are considered indicators of psychological disorders (Tantia, 2012). 

Tantia (2012) used biofeedback to investigate the link between physiological activity 

during Authentic Movement. Authentic movement can be considered a similar therapy 

to mindfulness; Somatic Experiencing and Sensorimotor Psychotherapy. Tantia 

identified that such practices address activation and relaxation, the main visceral 

activities that regulate the ANS (p. 55). Whilst Tantia identified that her study “leaves 

more questions than answers,” (p. 70), it did demonstrate a balance between the 

sympathetic and parasympathetic branches of the ANS during the practice of authentic 

movement (p. 70). The therapeutic benefits of authentic movement and biofeedback 
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require further exploration, however, Tantia’s paper supported HRV biofeedback as a 

measure of balance of the ANS. 

Several studies, for example Stevenson and Harper (2006) support the use of 

bio-feedback to train individuals to control autonomous body responses. Sze, Gyurak, 

Yuan, and Levenson (2010, p. 803) identified that “the coherence between subjective 

and cardiac aspects of emotion is greater in those who have specialized training that 

promotes greater body awareness”; an awareness that is made possible with biofeedback 

training. Chandler, Bodenhamer-Davis, Holder, Evenson, and Bratton (2001, p. 1) 

found that weekly ‘biofeedback-assisted relaxation training’ was ‘an effective stress-

reducing intervention for counsellor trainees’.  

Vaschillo, Vaschillo, and Lehrer (2006, p. 129) identified additional benefits of 

HRV biofeedback training, where “resonant frequency heart rate variability biofeedback 

increases baroreflex gain and peak expiratory flow in healthy individuals and has 

positive effects in treatment of asthma patients.”. Such results suggested that such 

interventions do have a profound effect on a person’s physiology. The 

psychophysiological aspect is quite fundamental to this research, and Lacey and Lacey 

(1978, p. 99) identified that the source of influence over the heart’s rhythm consists of 

“both neural and humoral factors. The heart is slowed and speeded by the vagal and 

sympathetic cardiac efferents. But action at the effector organ does not end the process: 

Sensitive interoceptors feed back to the central nervous system information about the 

timing, force, volume, and pressure of each, heartbeat. This feedback loop provides an 

oscillatory input to the central nervous system.” This ‘feedback loop” supports theory 

that hormonal and neural influences both affect and are affected by the heart’s rhythm – 

lending support for an intervention that stabilises heart rhythms to improve cognitive 

functioning (Riganello, Garbarino, & Sannita, 2012). 

Zucker, Samuelson, Muench, Greenberg, and Gevirtz (2009, p. 135) identified 

“support for the efficacy of RSA biofeedback in improving physiological and 

psychological health for individuals with PTSD”. Biofeedback, in this instance, 

supported the application of a practice to influence RSA by paced breathing (six 

breaths-per-minute) to achieve ‘resonance’ between respiratory and baroreflex rhythms 

(p. 136). The study by Zucker et al. (2009) provides evidence for controlled breathing to 

modify HRV, and that increased HRV is related to reduced depression symptoms.  
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The benefits of ‘resonance’ and a focus on RSA is further supported by Russian 

research. Of particular note is the findings by Vaschillo (1984, cited in, Lehrer, 

Vaschillo, & Vaschillo, 2000, p. 179) “ When people breathe at rates corresponding to 

baroreflex effects, resonance occurs between these two sources of heart rate oscillations, 

which greatly increases the amplitude of these oscillations. In turn, Vaschillo theorized, 

the increased amplitude of baroreflex stimulation (caused by higher-amplitude 

oscillations in blood pressure as well as heart rate) produce greater exercise of the 

baroreflexes, ultimately yielding greater reflex efficiency, and, hence,  greater 

modulation of autonomic activity.” The analogy is one of fitness for autonomic activity, 

where exercise results in a greater capacity and greater ability to respond to challenge. 

The work by Vaschillo (1984, cited in, Lehrer et al., 2000, p. 179) is a good example of 

biofeedback facilitating the learning of a particular physiological response: the 

biofeedback allowed participants to create resonance between the two sources of heart 

rate oscillation. This supports the concept that HRV biofeedback will assist a person to 

develop improved, that is increased, HRV.   

Whilst there is much research for biofeedback to improve the results of emotion 

and physical, regulation techniques, Wells, Outhred, Heathers, Quintana, and Kemp 

(2012) identified that ‘a single session of slow breathing’ was sufficient to control 

physiological arousal for musicians ‘regardless of biofeedback’ (p. 1). This suggests 

that interventions that use biofeedback are not necessary; however, a study by Prinsloo, 

Derman, Lambert, and Rauch (2013) suggested that biofeedback interventions, in 

particular interventions using HRV biofeedback, result in greater improvement than 

those that do not. The study by (Prinsloo et al., 2013) utilised an experimental group 

that participated in an intervention using HRV biofeedback training, pacing their 

breathing to feedback related to their HRV, and a control group that underwent the same 

process, however the feedback presented was a predetermined rate. The findings of their 

study identified a ‘large’ decrease in state anxiety for the biofeedback group, and a 

‘moderate’ decrease in the control group. Of particular significance for the military 

decision-making environment, the control group felt sleepy after the intervention, whilst 

the HRV biofeedback group felt alert. It would seem then, that HRV biofeedback 

training provides greater results, and that the ability for a person to control stress, whilst 

remaining alert is of particular benefit.  
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Summary Of Decision-making In A Military Context 

The contemporary operating environment for the modern soldier is strategically, 

politically, and culturally complex. A prime example of how this complexity is realised 

by the soldier on the ground is presented by Krulak (1999): junior commanders will be 

operating independently of senior command, and will be required to make decisions that 

will ultimately affect the outcomes of a multi-National humanitarian mission. Krulak 

presents a vignette: a young US Marine finds himself in a situation where a routine 

humanitarian assistance mission has deteriorated to a point of potential disaster as a 

result of incidents occurring over the preceding three-hour period. ‘CPL Hernandez’ is 

commanding a small unit of US Marines and is being challenged by an angry group of 

locals, spurred on by armed local militia. He has a facial injury from a thrown missile, 

that is bleeding profusely, and he has seen a US Helicopter shot down by the local 

militia. His Rules of Engagement (ROE) are quite clear that anyone carrying a weapon 

is considered hostile: he is well within his right to engage, shoot at, the militia 

threatening his position. He also knows that his next decision will significantly affect 

the humanitarian mission he is supporting: this next decision needs to be made in a very 

short space of time. Krulak (1999) identifies some key factors associated with this 

decision situation. The modern day soldier will “operate far ‘from the flagpole’ without 

direct supervision of senior leadership”, and they will be required to “confidently make 

well-reasoned and independent decisions” (p. 16). Krulak’s ‘three-block war’ (Krulak, 

1999, 2013) concept identifies the challenges of the modern soldier and junior leader. 

They may be expected to engage in the full spectrum of military conflict, conduct full 

scale military action, peacekeeping operations and distribute humanitarian aid and they 

may do this all within the space of three contiguous city blocks.  

Krulak’s concept of the three-block war is enduring, and shaped the 

development of the military in some countries  (Dorn & Varey, 2009); however, the 

validity of the concept is being increasingly challenged. Much of this criticism suggests 

that the modern battlespace is far more complex than Krulak’s model. Broekhuizen 

(2010) suggests that the simplicity of the concept was both a strength and weakness. It’s 

simplicity allowed the layperson to appreciate the complexity of modern soldiering, but 

conversely, this simplicity fails to fully describe the modern battle field. Broekhuizen 

(2010) goes on to state that more blocks need to be added, one such block being the 
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“psychological or information operations aspects” (p. 35) facing the modern soldier: a 

sentiment echoed by Marine Corps Lieutenant General James N. Mattis and Lieutenant 

Colonel Frank G. Hoffman who have called for “a ‘block’ to cover the psychological 

and informational aspects of modern missions” (Dorn & Varey, 2009, p. 40). 

Broekhuizen (2010, p. 37), having suggested that the three block war is too 

simplistic, presents a four dimensional model, underpinned by the ideas of kinetic and 

non-kinetic effects, and symmetric and asymmetric warfare. Interestingly, the ‘whole of 

government approach’ and the involvement of non-State actors in this model does 

illustrate that even a four-dimensional model doesn’t fully illustrate the complexity of 

the modern battlespace.  

From a decision-making perspective (figure 2.2) Broekhuizen (2010) attempts to 

simplify the decision-making process for the soldier on the ground: “The main purpose 

of a four-dimensional warfare construct would be to prompt our young leaders to ask 

two key questions – how can the enemy attack me (kinetically or non-kinetically, 

symmetrically or asymmetrically), and how can I attack the enemy (kinetically or non-

kinetically, symmetrically or asymmetrically)?” (p. 38). 

Broekhuizen’s (2010) attempt at simplifying the decision process for the soldier 

on the ground is commendable, and useful; however, the two questions suggested 

require the decision maker to focus on the military response to a situation – how can I 

be attacked and how can I attack?  Dorn and Varey (2009) discuss the ‘demise’ of the 

three-block war on the basis that it suggests ‘war’ as the aim, rather than achieving the 

overall goal of peace. Much of their criticism in the concept is their belief that soldiers 

should not be employed as warfighters and also as humanitarians; these two roles 

should be separated, and  carried out by different organisations. In support of their 

criticism of the three-block war concept they cite incidents where Canadian soldiers act 

as warfighters and humanitarians against the same people: “Canadian soldiers found 

themselves distributing aid immediately after combat, they were, in some cases, feeding 

those who they had just fought” (p. 42). It would seem that Dorn and Vary’s concerns 

are not that the situation that Krulak proposes doesn’t occur, rather they feel that it 

shouldn’t: soldiers should not be expected to work as peacekeepers, humanitarian 

workers and warfighters all at the same time (.p 44). The reality for the modern soldier 

is that they will be required to perform a range of tasks, from humanitarian to lethal 

combat; and they are likely to do so in the midst of a civilian population.  
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    Figure 2.2. Four-dimensional warfare  

    (Broekhuizen, 2010, p. 37). 

Krulak’s three-block war gave rise to the notion of the ‘strategic corporal’ 

(Kinney, 2012; Krulak, 2013), the realisation that the actions and decisions of leaders at 

the lowest level of the military command structure will be making tactical decisions that 

have strategic implications (Ruffa, Dandeker, & Vennesson, 2013). The critical point 

here is that the decision maker is heavily influenced by factors external to the situation 

they face. Myers (2017) suggests that the critical command element in 

counterinsurgency warfare is that of the ‘strategic lieutenant’, the platoon commander 

plans the missions that his subordinates undertake “The strategic corporal is only 
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effective if he has a strategic lieutenant actually doing the planning required to win” (p. 

33). Foster (2016) also states the importance of the relationship between senior and 

junior commanders, “Marines must understand not only the procedures of their 

profession but must also understand how the tactics they employ work to execute tasks 

based on commander’s intent to accomplish the mission” (p. 52, italics added).  

Ultimately, the military decision maker, the soldier on the ground, is making 

strategic decisions when faced with life threatening situations, and they are enacting the 

orders of senior commanders that aren’t present at that time. Broekhuizen (2010) 

suggests that ‘scholars’ have any number of ways to describing the modern battlespace. 

One such example is the ‘Nightmare battlespace’ (O'Neill, 2015). It’s worth leaving the 

final comments on the role of the modern soldier to an experienced strategic corporal:  

The thought process of reacting to contact must change. Before we react, 
we must understand our environment and respond. It will take an 
enormous amount of courageous restraint and understanding to win, for 
every shot fired, every bomb dropped is a step back in the war to win the 
favor of the population, and the population is the key to success. The 
most effective weapon in today’s operational environment is the shot not 
fired. (Mitchell, 2012, p. 64).  

Mitchell (2012) makes an interesting point, in the contemporary operating 

environment, a decision not to shoot is often the correct decision. He goes on to quote 

Robert Steele “… shooting is the last thing you want a soldier to do, and thinking is the 

only thing you will want every soldier to be doing 24/7.” (p. 60). However, ‘thinking 

time’ may not be available to the soldier. Added to this is the stress of the environment. 

There is an inherent risk that shooting may well be the correct decision in some 

instances. Foster (2016) highlights the particular challenge for the military decision 

maker ‘on the ground’ “Warfare is not an exercise of calculated and orderly response. 

Warfare is action” (p. 53). The aim of this thesis, is to investigate the possibility that an 

intervention that removes, or reduces, one element in this complex decision-making 

environment, improves these decisions. The element the intervention seeks to remove is 

the adverse effects of stress, by training a person to mediate their response to stress. 

Three quasi-experimental studies will test the research thesis: the first of which is 

presented in the following chapter. 
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Abstract 

The purpose of this study was to validate the emWave2 Heart Rate Variability 

monitor (emW) as an acceptable tool for use in research investigating decision-making 

under stress. The emW uses photoplethysmography (PPG) to capture HRV data. Fifteen 

participants were recruited from the staff and students at the School of Exercise Science, 

Sport & Health, Faculty of Science, Charles Sturt University (age range: 22-56 years 

old; M = 31 years old; SD = 10 years: Males = 9, Females = 6). Five minutes of resting 

HRV data were collected simultaneously using both the ECG and emW. ECG R-R 

Interval data and time measures, and emW R-R Interval data were imported into 

Graphpad Prism software (version 7) for R-R Interval overlay plots, Bland-Altman 

analysis, Linear Regression Analysis and t-test analysis. Mean HR data were processed 

for both devices in Kubios HRV software. Bland-Altman analysis identified a generally 

good agreement between the ECG and emW R-R interval data. Eleven data sets showed 

good agreement: four data sets showed a bias of <.0001 ms, and a further nine data sets 

were <.01ms. A paired-samples t-test identified no significant difference in the ECG 

Mean R-R (M=911.5, SD=159.9) and emW Mean R-R (M=907.5, SD=151.71), t (10) = 

1.777, p = < 0.106. There was no significant difference in the ECG Mean HR 

(M=67.96, SD=11.73) and emW Mean HR (M=68.13, SD=11.44), t (10) =-1.388, p = < 

0.195. The findings of this study suggest that the emW can be used in HRV research 

applications. A future study with a larger sample should be conducted to further validate 

these results.  
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Title 

Validation of emWave2 Heart Rate Variability Monitor 

Introduction 

This study is the first in a series of studies investigating the potential to improve 

decision-making in the military operational context. A decision in this environment may 

be complex, or it may be a simple decision; however, the consequences of any decision 

will have significant, often fatal consequences. Stress is an inherent factor for the 

military decision maker: the environment is stressful, lethal, and the consequences of 

any decision adds to this stress. Time constraint will always be a factor where decision 

time will be measured in seconds, and perhaps at times measured to millisecond 

durations. To improve military decision-making we need to first understand the nature 

of decisions made in this context, and also the influence of stress on decision-making.  

Both decision-making and stress are complex phenomenon, and when combined 

they present a much more complex range of factors to consider; particularly for research 

purposes. A promising line of inquiry is the use of Heart Rate Variability (HRV) as a 

measure of both stress (Hollenstein, McNeely, Eastabrook, Mackey, & Flynn, 2012) 

and cognitive function (Luque-Casado, Perales, Cárdenas, & Sanabria, 2016). The 

human heart does not beat as a metronome, as the timing of each heart beat differs from 

the previous beat and to the next beat (Shaffer et al., 2014). HRV involves the study and 

quantification of the time variation between successive heart beats across a specific 

period of time. There are a number of methods to obtain and measure HRV; two of 

which are the Electrocardiogram (ECG), and the blood pressure or pulse wave signal 

derived from a photoplethysmograph (PPG). Whilst the ECG is the criterion method for 

heart rate and HRV detection, it has a number of constraints. The equipment can be 

expensive, and it often requires complex, multi-lead attachment via means of electrode 

pads connected to lead wires. As a consequence ECG is generally less portable than 

other means of gathering HRV data such as photoplethysmography. 

The ease of collection of HRV data is becoming much easier as portable 

technology evolves. Wearable, portable, individual heart rate and heart rate variability 

devices are becoming popular for personal use in a range of lifestyle and fitness 



Chapter Three – Validation of emWave2 Heart Rate Variability monitor  

 

   98 

applications. Heathers (2013) discussed a smartphone application using an optical pulse 

sensor (PPG), and Xin et al. (2014) presented a prototype of a pulse and respiration 

sensor using polyvinylidene fluoride (PVDF) piezoelectric films as sensor materials, 

providing lightweight, wearable biofeedback technology. The increasing abundance of 

lightweight, portable and cheap biofeedback sensors provides exciting potential for 

research on physiological and psychological phenomenon such as stress. Portable HRV 

devices allow us to consider opportunities to acquire HRV data in increasingly varied 

research contexts. Importantly research can move into real life settings, a constraint with 

many established methods (e.g. ECG) of obtaining HRV data for research purposes. 

emWave2 HRV monitor 

The emWave2 HRV (emW) monitor is used in a range of Institute of Heartmath 

programs and techniques aimed at reducing stress (Bradley et al., 2010; Edwards, 2014; 

Reich, 2009; Shaffer et al., 2014). One such program is the Coherence Advantage 

Program. This program will be used as an intervention in a later study seeking to 

determine if we can improve military decision-making by teaching a person to mediate 

their physiological stress responses. Described as a bio-feedback tool, a particular 

feature of the emW is that it indicates the level of ‘psychophysiological coherence’ the 

user is experiencing: low, medium, or high coherence. Psychophysiological coherence 

is described as a mode of functioning whereby the body experiences “increased 

synchronization and entrainment between multiple bodily systems” (McCraty et al., 

2009, p. 2). The program trains a person to improve their psychophysiological 

coherence. Heart rhythm coherence is a marker of psychophysiological coherence, and 

is determined by heart rate variability data (p. 23). It is calculated using HRV frequency 

data (Peak Power / (Total Power − Peak Power)) (Childre & Martin, 1999, cited in, 

McCraty et al., 2009, p. 23). The emW is integral to the Heartmath Coherence 

Advantage Program, a program that uses HRV biofeedback to facilitate a person to 

improve their psychophysiological coherence. There is a complex, though well-

established relationship between HRV and stress (Wood, Maraj, Lee, & Reyes, 2002), 

and between cognition and HRV (Hansen, Johnsen, & Thayer, 2003; Ottaviani et al., 

2016). As such the emW presents as a tool with exciting potential in research 

applications.  
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Photoplethysmography 

The emW uses PPG to acquire heart rate data, as many of the mobile HRV 

monitors do. A PPG measures ‘pulse rate variability’ (PRV) rather than true HRV; and 

there is some debate about the ability of PRV to accurately represent HRV  (Constant, 

Laude, Murat, & Elghozi, 1999). Constant et al. (1999) suggested that PRV is more 

influenced by respiration than is apparent in HRV data, and a study by Lu and Yang 

(2009) identified that PPG was a viable alternative to ECG; however, accuracy is 

decreased by motion artefacts. A study by Ho et al. (2014) investigated the collection of 

heart rate data using a number of Smartphone Apps. The phones use the camera flash 

function to transmit the light for PPG function. They found that obtaining heart rate data 

using Smartphone Apps had some good correlation to ECG derived data, however, was 

less reliable under some conditions; such as for conditions where heart rate was >120 

bpm. They also found that greater accuracy was found using the earlobe to collect data, 

as opposed to the finger or toes. It should be noted that their study looked simply at 

heart rate as a measure. Also, the study was with children and data collection was 

extremely short. Each recording of heart rate data was 20 seconds. In another small, 

pilot study, Bolanos, Nazeran, and Haltiwanger (2006) found good agreement between 

ECG data and a PDA application they had developed. Selvarak, Jaryal, Santhosh, 

Deepak, and Anand (2008) found good correlation between PPG and ECG using a 

finger sensor. Peng, Zhou, Lin, and Zhang (2015) found that PPG using a Smartphone 

“might be useful” (p. 1) for HRV measurement, and found good correlation with some 

measures, but ‘acceptable’ results in others. In particular they found less reliability for 

short term HRV measures.  

A review of studies comparing ECG and PPG by Schäfer and Vagedes (2013) 

identified some good accuracy for resting collection of data, however, short term 

measures tended to be less accurate, possibly influenced by respiration and movement. 

Stress was another factor that reduced accuracy. Schäfer and Vagedes (2013) also noted 

that the results are hard to compare because of different study methods and different 

equipment. The increasing proliferation of PPG devices, such as the Fitbit health and 

fitness tracker, in common use today suggests that PPG data is becoming readily 

available, and as such should be considered a useful data source for research 

investigating phenomenon such as stress, or many other  physiological factors. A 
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number of studies are addressing concerns associated with the physiological factors 

such as movement by using algorithms to filter out changes to HRV that result from 

metabolic demand such as movement. Commonly these studies utilise accelerometer 

data in conjunction with the HRV data capture device (Tomita & Mitsukura, 2018; 

Verkuil, Brosschot, Tollenaar, Lane, & Thayer, 2016; Wijshoff, Mischi, & Aarts, 2017). 

Another approach is to measure HRV, or collect HRV data, prior to a task that requires 

movement or imposes stress, and use this as predictor for performance or the 

physiological response (Laborde, Mosley, & Thayer, 2017). Given the current 

discrepancy in research using PPG data, and the challenges with addressing issues such 

as motion, or other artefacts, it prudent that research seeking to use PPG to collect and 

analyse HRV data should first validate the data collection instrument prior to using it 

and reporting the data. Purpose of this study 

The purpose of this study was to validate the emW as an acceptable tool for use 

in research investigating decision-making under stress. The emW uses a PPG sensor, 

attached to the finger or earlobe, to acquire times for each cardiac cycle, from which 

heart rate variability data is computed. The emW stores R-R Intervals which can be 

downloaded for subsequent analysis. This study validated this data against an ECG to 

determine if it is suitable for research purposes.  

Hypothesis 

The emW measures of R-R interval time data are valid alternative to ECG data, 

as determined by a Bland-Altman analysis ratio <0.1.  

Questions 

The following questions will be addressed the hypothesis: 

• Can the emW validly measure and collect R-R interval data during rest seated 

conditions as determined by statistical analysis demonstrating a Bland-Altman 

ratio of < 0.1? 
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Methods 

Participants 

Fifteen participants were recruited from the staff and students at the School of 

Exercise Science, Sport & Health, Faculty of Science, Charles Sturt University (age 

range: 22-56 years old; M = 31 years old; SD = 10 years: Males = 9, Females = 6). One 

female participant was pregnant. Participants were recruited by means of an email 

asking for volunteers. No incentives were offered for participation in the study. 

Participants were informed that no exercise was to be undertaken and no food or 

caffeine consumed in the three hours leading up to their participation.  

The study was approved by the Charles Sturt University Human Research Ethics 

Committee (Protocol number: 2016/038). The study was conducted in a research 

laboratory at the School of Exercise Science, Sport & Health, Charles Sturt University, 

Bathurst campus. On arrival participants were provided the information sheet and asked 

if they had any questions or concerns. Participants then signed an informed consent 

form before the beginning of the experimental session. They were informed that they 

had the right to leave the experiment at any time. All data were analysed and reported 

anonymously.  

Apparatus and materials 

Electrocardiography (ECG). Electrocardiography (ECG) was recorded using 

disposable Ag/AgCI electrodes from a 5 electrode configuration (Lead II was 

continuously acquired at 1,000 Hz) through a commercial 16 channel data acquisition 

system (National Instruments, Austin, TX) operated from custom software (LabVIEW, 

National Instruments, Austin, TX). Five ECG electrode pads were placed on the 

participant: chest (V5), left and right hip, and left and right scapula. The area of 

attachment was cleaned with methylated spirits, and male participants had the area 

shaved as necessary, to ensure clean contact and good adherence. When cleaning with 

the methylated spirits, the area was rubbed to promote minor irritation to the skin and to 

promote blood flow. 
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emWave2 HRV monitor (emW). The emW utilises a Photoplethysmograph 

sensor attached to the participant’s earlobe. Participant’s earlobes were cleaned with 

methylated spirits to promote good contact for the sensor. The sensor had a sampling 

rate of 128 Hz. The emW has an indicator LED that shows when HRV data is being 

collected. This LED indicates if a poor connection is present and HRV data is not being 

acquired. The device records HRV data to allow for download using Heartmath 

software, and exported as R-R Intervals for further analysis. The emW is designed 

predominantly to facilitate a person’s practice of resilience techniques. As such it has 

both visual and sound feedback options. The sound feedback was set to silent during 

data collection, so as not to distract the participants. The placement of the device, to the 

side of the participant, ensured that they did not focus on the visual feedback features.  

Procedure 

Participants were prepared for ECG data collection in a room adjoining the 

research laboratory. Height, weight, age, and gender were recorded for each participant. 

The ECG electrodes were then attached. On entering the research laboratory participants 

were asked to sit in a chair at a standard office type table and the ECG leads were 

connected to the electrodes attached to the participant. The ECG signal was checked to 

see if a good signal with no noise/artefact was being acquired. The participants were 

then asked to attach the emW sensor to their earlobe and turn the device on for a short 

time to ensure good contact with the earlobe was allowing the device to acquire HRV 

data. Once a good connection and data collection was confirmed, the device was turned 

off. Both devices were placed on a table to the side of the participant to ensure they 

didn’t cause any distraction. The temperature if the experimental laboratory was 21-

22°C, with a relative humidity of 44-45%. Participants indicated that the temperature 

and room conditions were comfortable. Once the examiner was happy that both devices 

were acquiring data, the participants were asked if they were sitting comfortably. The 

examiner then commenced the experimental schedule.  

ECG and emW synchronisation. The emW HRV monitor has a start up routine 

that it carries out each time it is switched on; whereas, commencing ECG data recording 

simply required the examiner to press the start recording function for the software 

collecting the ECG data. To ensure that the emW data collection was synchronised with 
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the ECG, the ECG was first checked to confirm the signal was being acquired, and then 

the emW device was switched on. The ECG data recording was started at the moment 

the emW commenced data collection. This point in time is apparent with the emW 

breathing pacer starting to operate. At the completion of the activity participants were 

thanked for their participation.  

HRV data collection 

Five minutes of resting HRV data were taken whilst participants were sitting 

upright at a desk in front of a laptop which would be used for a following study. No 

visual or auditory stimulation was present, and the researcher remained quiet during this 

process. Participants were asked to simply relax and ensure they were not thinking 

about their work, study or other such tasks.  

Data analysis 

Initial analysis of HRV data was a visual look through the ECG signals for any 

gross errors in data collection and/or the presence of frequent arrhythmias. The ECG 

signal was then processed using custom software (LabVIEW, National Instruments, 

Austin, TX) to identify the time of each R wave from lead II, from which R-R intervals 

were computed. The processed ECG R-R interval data was exported with time interval 

measures and R-R Intervals as a .txt file. 

The emW data were downloaded onto a laptop containing the Heartmath 

emWave Pro software. emW data can then be downloaded as a .json file, or as a .txt file 

containing R-R interval data. For the purposes of data analysis in this study, the R-R 

interval data were downloaded as .txt format.  

The initial analysis of both the ECG and emW data revealed very clean data, 

with few obvious artefacts for either device. Given the nature of this study was to 

validate the emW using ECG data as the comparison, no data were eliminated from the 

study.  

The ECG R-R Interval data and time interval measures, and emW R-R Interval 

.txt files were imported into Graphpad Prism software (version 7) for R-R Interval 
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overlay plots, Bland-Altman analysis (Bland & Altman, 1986) and Linear Regression 

Analysis.  

ECG and emW R-R Interval data were also imported into Kubios HRV software 

(version 2.1; University of Eastern Finland) for processing. Kubios computes all 

commonly used time and frequency domain measures and some non-linear parameters 

of HRV. An example Kubios analysis output is included in the appendices of this thesis. 

Mean Heart Rate (HR) data, processed in Kubios, for both the ECG and emW were 

imported into Graphpad Prism for t-test analysis.  

Results 

Visual analysis of R-R Interval overlay plots. A visual analysis of the 

ECG/emW R-R Interval overlay plots of the five minutes of resting data for all 

participants identified good agreement for eleven participants’ data, and poor agreement 

for four participants’ data. Figure 3.1 is an example of an overlay trace showing good 

agreement between ECG and emW R-R Interval data (Participant 1 data). Figure 3.2 

shows the R-R Interval overlay plots for the four participant data that shows poor 

agreement (Participants 3, 5, 12, and 14).  Poor agreement was evaluated to ascertain 

the suitability of the participant data for further analyses. The four subjects with poor 

data were based on either too frequent arrhythmias as documented from the ECG raw 

data files, poor signal from the emW, and/or a combination of both. Consequently, the 

data from participants 3, 5, 12 and 14 were not included in the subsequent data 

processing and statistical analyses. 
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          Figure 3.1. R-R Interval overlay plot, ECG/emW, Participant 1 data. 
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Figure 3.2. R-R Interval overlay plots showing poor agreement between ECG and emW R-R Interval data 

  .    (a) Participant 3, (b) Participant 5, (c) Participant 12, and (d) participant 14.
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Bland-Altman analysis. Bland-Altman analyses were used to determine the 

agreement between ECG and emW R-R Interval data identified good agreement for 

eleven participants, and poor agreement for four participants. Figure 3.3 is an example 

of a Bland-Altman plot showing good agreement between ECG and emW R-R Interval 

data. Table 3.1 presents Bland-Altman results for the eleven participant data showing 

good agreement. The Bland-Altman analysis results confirm the visual inspection of R-

R Interval overlay plots. Four participant data sets showed a level of bias of > .015ms. 

Table 3.2 presents the Bland-Altman analysis of these four participants.  

 

      Figure 3.3. Bland-Altman analysis plot, ECG/emW R-R Interval, Participant 1. 
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Table 3.1. Bland-Altman, Bias and Agreement, R-R Interval data points ECG/ 
emWave2 Five minutes resting HRV 

Participant Bias (s) SD 

95% Limits of Agreement (s) 

Lower Upper 

Validation 1 -0.00052 0.01576 -0.03141 0.03038 

Validation 2 0.000672 0.06318 -0.1232 0.1245 

Validation 4 -0.00245 0.03493 -0.07091 0.06601 

Validation 6 0.001186 0.09521 -0.1854 0.1878 

Validation 7 -0.00024 0.02864 -0.05638 0.05589 

Validation 8 0.008863 0.08597 -0.1596 0.1774 

Validation 9 0.00088 0.09317 -0.1817 0.1835 

Validation 10 0.009881 0.09365 -0.1737 0.1934 

Validation 11 0.000343 0.04902 -0.09573 0.09641 

Validation 13 -0.00041 0.03148 -0.06212 0.06129 

Validation 15 0.00769 0.06612 -0.1219 0.1373 
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Table 3.2. Bland-Altman, Bias and Agreement, R-R Interval data points ECG/ 
emWave2 Five minutes resting HRV, showing poor agreement 

Participant Bias (s) SD 

95% Limits of Agreement (s) 

Lower Upper 

Validation 3 -0.02428 0.06868 -0.1589 0.1103 

Validation 5 0.05078 0.1661 -0.2748 0.3764 

Validation 12 0.03042 0.1341 -0.2325 0.2933 

Validation 14 0.02543 0.09322 -0.1573 0.2081 

 

Bland & Altman (1999, p. 139) state that the decision about what is an 

acceptable agreement is a clinical one, and this question cannot be answered by 

statistics alone. Given the wide range of HRV measures reported across many studies 

(for example see, Nunan et al., 2010); a clinical determination of the above results is not 

readily available. To allow for the absence of a clear clinical baseline a Bland-Altman 

ratio analysis was conducted, as recommended by Wong et al. (2012; also see, 

Weinschenk, Beise, & Lorenz, 2016). The Bland-Altman ratio is calculated as “the ratio 

of half the range of limits of agreement (LA) to the mean of the pairwise means of the 

measurements” (Weinschenk, Beise, & Lorenz, 2016, p. 1529): a good agreement is 

defined as a Bland-Altman ratio of ≤ 0.1 (p. 1529). Table 3.3 presents the results of the 

Bland-Altman ratio analysis. The results clearly show that for all the eleven participant 

data sets the ratio is < 0.1.  
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Table 3.3. Bland-Altman ratio data.  

Participant Mean R-R ECG Mean R-R emW 

MPM Range of Limit of 
Agreement 

Ratio 

Validation 1 1842.697 1842.288 1842.4925 0.06179 1.6768 x 10-5 

Validation 2 1871.385 1842.89 1857.1375 0.2477 6.66887 x 10-5 

Validation 4 1583.186 1590.846 3174.032 0.13692 2.15688 x 10-5 

Validation 6 1871.41 1855.092 1863.251 0.3732 0.000100148 

Validation 7 2034.873 1945.225 1990.049 0.11227 2.82078 x 10-5 

Validation 8 1829.01 1887.097 1858.0535 0.337 9.06863 x 10-5 

Validation 9 1930.69 1889.657 1910.1735 0.3652 9.55934 x 10-5 

Validation 10 1402.782 1827.211 1614.9965 0.3671 0.000113653 

Validation 11 1983.81 1987.077 1985.4435 0.19214 4.83872 x 10-5 

Validation 13 1854.775 1850.649 1852.712 0.12341 3.33052 x 10-5 

Validation 15 1471.495 1529.939 1500.717 0.2592 8.63587 x 10-5 

Notes. MPM, Mean of pairwise means. Ratio = 0.5 x (Range of Limits of Agreement/MPM).  
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Linear Regression analysis. The R-R Interval data for both the ECG and emW 

were imported into the GraphPad Prism (version 7) software, and a Linear Regression 

analysis conducted. Figure 3.4 shows a Linear Regression plot for one participant’s 

data. Table 3.4 shows the results of the Linear Regression analysis for eleven 

participants. On the whole the results are quite poor, only Participant 1 and Participant 7 

indicate an acceptable R2 value. This is contrary to the visual analysis and Bland-

Altman results and is likely due to the narrow R-R interval range of each data set.  

 

Figure 3.4. Linear Regression, ECG/emW R-R Intervals, Participant 1 data. 
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Table 3.4  Linear Regression analysis, R-R Interval data points ECG/ emW, Five 
minutes resting HRV 

Participant 95% Confidence Intervals 

Goodness of Fit 

R square Sy.x 

1 0.8451 to 0.952 0.7813 0.01544 

2 0.4702 to 0.6117 0.3662 0.05316 

4 0.4313 to 0.5528 0.3846 0.02709 

6 -0.3384 to -0.1804 0.08208 0.05406 

7 0.7437 to 0.8553 0.6545 0.02711 

8 0.2753 to 0.4883 0.1497 0.07123 

9 0.2074 to 0.3775 0.1046 0.07189 

10 0.1678 to 0.3803 0.07302 0.07528 

11 0.5574 to 0.7258 0.4251 0.04426 

13 0.6242 to 0.7447 0.577 0.02776 

15 0.2729 to 0.4933 0.1252 0.05655 

Notes. 

Paired samples t-test. A paired-samples t-test was conducted to compare ECG 

Mean RR against emW Mean RR. There was no significant difference in the ECG Mean 

RR (M=911.5, SD=159.9) and emW Mean RR (M=907.5, SD=151.71), t (10) = 1.777, p 

= < 0.106. A paired-samples t-test was conducted to compare ECG Mean HR against 

emW Mean HR. There was no significant difference in the ECG Mean HR (M=67.96, 

SD=11.73) and emW Mean HR (M=68.13, SD=11.44), t (10)=-1.388, p = < 0.195.  
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Discussion 

The results above suggest that HRV data collected by the emW can closely 

replicate HRV data collected by an ECG: Bland-Altman analysis identified a R-R 

interval bias of <.001ms for six participants. In five cases the Bland-Altman analysis 

reports a bias of < .01ms, which is also a good match. A troubling finding at this stage 

of analysis was that four data sets were of poor agreement with the ECG data.  

The purpose of this study is to investigate the suitability of the emW for research 

purposes in the absence of ECG data. Eleven of 15 participants show a very good match 

between the emW and the ECG; the data is sufficiently well-matched to the ECG to 

allow the emW to be considered a suitable replacement for an ECG in appropriate 

research studies. However, the four data sets that do not match are cause for concern, 

reducing the validity of the emW for research purposes. Using Bland-Altman analysis, 

and the R-R Interval overlay enables clear identification of data sets that are unsuitable; 

however, if an ECG were available, there is little value in using an alternative method. 

A method of data processing, or screening, in the absence of some comparison would 

allow for confidence in using emW data for research purposes.  

Analysis of the four data sets that do not provide an adequate match were 

reviewed to determine if criteria that would allow emW data to be excluded from 

analysis in the absence of ECG data for comparison. Two of the four data sets reviewed 

allowed for removal in the absence of ECG data, the other two did not.  

The first data set that can be removed is the data for participant 3; this 

participant was a pregnant female. It is well established that the cardiovascular system 

undergoes considerable change during pregnancy (Hall, George, & Granger, 2011). 

DiPietro, Mendelson, Williams, and Costigan (2012) identified that a lower sympathetic 

to parasympathetic ratio in the early stages of pregnancy, followed by enhanced 

sympathetic activation later in the pregnancy (p. 14). Abbas, Lester, and Connolly 

(2005) identified cardiovascular pregnancy as a “low-resistance state characterized by a 

22% increase in cardiac output by 8 weeks… increasing to a maximum of 30-40% by 

the third trimester” heart rate  increases by 10–15 beats per minute (p. 179). Figure 3.5 

shows the R-R Interval overlay plot for Participant 3. The emW R-R Intervals for this 

subject were visually very exaggerated. This would seem to agree with an increase in 
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cardiac output identified by Abbas et al. (2005). Also Hall et al. (2011) identified that 

one of the cardiovascular changes during pregnancy is a “reduction in systemic vascular 

resistance” (p. 1046); and, particularly peripheral vascular resistance and vasodilation 

(Ward, Bushnell, & James, 2007). These changes are likely to affect HRV data 

collected by the emW. The emW uses Photoplethysmography; Alian and Shelley (2014) 

describe a Photoplethysmogram as “a light source on one side of the tissue bed and a 

light detector on the other”(p. 396). An increased cardiac output and changes in vascular 

resistance is apparent in the R-R Intervals acquired by the emW. Carlin and Alfirevic 

(2008) explicitly identify the limitations of pulse oximetry for pregnant females, due to 

‘poor peripheral blood flow’, and “pulsatile flows with low reading in the ear probes” 

(p. 811). The data provided by participant 3 support the literature that a 

Photoplethysmograph is unlikely to align with ECG data for a pregnant female.   

 

Figure 3.5. R-R Interval overlay plot, ECG/emW, Participant 3 data, Pregnant female. 
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This is a promising line of research. If we consider the complex factors 

underlying pregnancy: Ward et al. (2007) identified the requirement for “an 

interdisciplinary team including neurologists, cardiologists, surgeons, and obstetricians” 

to manage pregnant patients with medical complications, all of whom “must understand 

the complicated medical and emotional issues” associated with pregnancy (p. 134). The 

level of care and monitoring required suggests an array of, often, technical medical 

equipment. If less complex equipment can facilitate patient self-care, the management 

of a pregnant patient becomes more robust. An example of potential use for devices 

such as the emW is the management of the emotional factor of pregnancy. DiPietro et 

al. (2012) identified a ‘blunted’ stress response for pregnant women, and Christian 

(2012) identified that “cardiovascular and neuroendocrine responses to acute stressors 

are attenuated during healthy human pregnancy” (p. 113). Debate remains as to why this 

phenomenon exists, though some authors suggest it as a protective mechanism for the 

mother and baby. However, Braeken et al. (2015) suggested this reduced stress 

responsiveness is not as dominant for anxious females, and as such potentially harmful 

to the mother and/or the infant. Klinkenberg et al. (2009) identified that HF and LF 

values for pregnant women were ‘generally lower’ than for non-pregnant women at 

baseline, and any decrease in these measures during a psychosocial stress test was not 

significantly different between pregnant and non-pregnant women (p. 81). Christian 

(2012) further elaborated to suggest that this area of research should be explored, 

especially with a focus on measures of sympathetic nervous system activity. HRV is an 

accepted measure of sympathetic nervous system activity, and would inform such 

research. Given that photoplethysmography is less invasive than an ECG, and 

potentially employable in a wider range of situations such as the home, the use of 

devices such as the emW to support clinical, and/or psychosocial interventions for 

pregnant females is worthy of further investigation. For example: DiPietro et al. (2012) 

investigated the effects of a relaxation program for pregnant women, reporting that 

“responsivity was attenuated for all physiological measures except RP [respiratory 

period] in pregnant women, despite no difference in self-reported psychological 

relaxation” (p. 14). There is a clear difference in a self-report measure, and a 

physiological measure. The emW provides real time bio-feedback to the user; 

potentially improving relaxation, and other, activities for pregnant females.  
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The data from one other participant could be easily removed from the data set 

based on observed data collection problems during conduct of the study. The researcher 

noted the pulse indicator on the emW was showing poor pulse acquisition at one stage 

during data collection. The ear sensor was realigned and the pulse indicator light then 

showed a good pulse, however, some discrepancy clearly resulted during this period of 

poor connection. Analysis of the emW R-R Intervals show some discrepancy for this 

participant. Schäfer and Vagedes (2013) identified that pulse intervals can deviate from 

ECG R-R intervals due to a couple of reasons, one of which is “inaccurate detection of 

pulse cycle boundaries due to hardware limitations, artefacts and/or noise” (p. 17) In the 

case of participant 5, the clear difference between the ECG R-R Intervals and those 

obtained by the emW were caused by the hardware failing to acquire data at some stage, 

or stages, of the study. The remedy for this, in future studies, is to investigate more 

secure attachment of the ear sensor; possibly taping it in place much the same as many 

sports referees do for their earphones.  

The data indicate that for all but a few HRV measures correlation between the 

emW and the ECG data is acceptable for the five minutes resting condition. Also, for 

natural logarithm measures, all are acceptable for full session data. Giavarina (2015), 

suggested that correlation should not be favoured to determine the level of agreement 

between two instruments measuring the same phenomenon: “Correlation quantifies the 

degree to which two variables are related. But a high correlation does not automatically 

imply that there is good agreement between the two methods” (p. 142). Whilst 

correlation is not the gold standard for determining level of agreement, the data from 

this study indicated a direct association between the visual analysis of the RR Interval 

overlays and the Bland Altman analysis: association is good for all but a couple of 

measures once four participants are removed; correlation with two participants removed 

is improved when compared with all 15 participants. 

The combination of the Bland Altman, Bland-Altman ratio analysis, and R-R 

Interval overlay analysis and the overlayed data agreement allow for acceptance of 

emW to be used to acquire HRV data for research purposes during rest conditions, with 

the following caveats: further research into the suitability of the emW to collect HRV 

data for pregnant females should be conducted before the emW is used for research with 

this population; and, care should be taken with regard attachment of the sensor to ensure 
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good data collection. A visual review of all emW data traces should be included in all 

analysis to enable poor data collection to be identified.  

A further limitation is that the emW should not be considered suitable of 

research on individual participants without prior calibration with an ECG (or other 

suitable device).  

The use of photoplethysmography to obtain pulse data for clinical interventions 

or monitoring, or for research purposes as a replacement for ECG data is a lively area of 

research currently. The limitation of the ECG, expense and requirement for the 

attachment of electrodes are commonly identified as limitations with the use of ECG. 

Chuang, Ye, Lin, Lee, and Tai (2015) conducted a study to determine if pulse rate 

variability obtained by Photoplethysmography was a good surrogate for HRV obtained 

by ECG in elderly patients with chronic pain. Elderly patients, particularly those with 

chronic conditions, are regularly subjected to clinical assessment and monitoring. The 

attachment of electrodes for ECG can be uncomfortable, particularly for long periods of 

time. The study by Chuang et al. (2015) comprised 30 participants sitting in a resting 

position with a finger sensor. Data collection was for ten minutes. Analysis was by both 

correlation and Bland Altman methods. They reported that “our study suggests that 

HRV in the elderly with chronic pain can also be reliably estimated using the PPG-

based PPI method” (p. 805). 

Russoniello, Pougtachev, Zhirnov, and Mahar (2010) conducted a study to 

compare the accuracy of PPG and ECG to enable health practitioners to use PPG as a 

health monitoring technology and also for bio-feedback interventions. Their study, 

again using correlation analysis, found a good match. The PPG in this instance utilised a 

thumb sensor, and the ECG data collected by wrist bands (one on each wrist). Again 

this is a small study, and the findings are limited to obese children in the resting, supine 

position. The study is useful in that it confirms the potential application of PPG for 

health monitoring and health interventions.  

Selvarak et al. (2008) investigated finger-tip photoplethysmography in 

comparison to ECG data. Their study found good correlation between HRV measures, 

and good agreement using Bland-Altman analysis. The sample size was quite small; 

though they did make the statement “The correspondence between the ECG and PPG 
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derived HRV parameters suggests that PPG based method can be used for estimation of 

short term HRV and long term monitoring of patients for diagnostic and prognostic 

purposes” (p. 479). Lu et al. (2008) found a good correlation between 

Photoplethysmography and an ECG recording. It is worth noting the very small sample 

size, and the use of correlation of measures in their methods. They do note the reduced 

correlation in the standing position.  

The technology behind photoplethysmography allows it to be readily integrated 

into common electrical devices; such as mobile phones and PDAs. This is another lively 

area of research into the validity of pulse rate variability to replicate HRV. Bolanos et 

al. (2006) conducted a pilot study to investigate the ability of a PDA based 

photoplethysmograph to replicate an ECG R-R interval signal. They report “that PPG 

signals are not only a useful supplement but also potentially a practical replacement for 

ECG-derived HRV signals in ambulatory cardiac monitoring in healthy individuals and 

athletes” (Bolanos et al., 2006, p. 4292). There are some limitations to this pilot study: 

the sample was extremely small, two participants, and the statistical analysis was 

correlation as opposed to Bland-Altman or other methods to determine agreement 

between the two methods. Also, there was no indication as to the placement of the 

sensor, and the data were collected in only one condition, the resting state. Matsumura 

and Yamakoshi (2013) conducted a study to investigate the potential for a Smartphone 

application (iPhysioMeter )using a finger pulse sensor. They found good match for 

absolute HR, however, natural logarithm of pulse rate was varied. They surmised that 

the amount of pressure the participant applied to the sensor with their finger was a 

factor that contributed to the varied pulse rates measured. They did conclude, however, 

that the iPhysioMeter “can provide researchers with a measurement environment for 

accurate absolute-level HR and relative-change-level ln NPV” (p. 1277). 

Whilst the weight of the literature supports the acceptance of pulse rate 

variability obtained by photoplethysmography as a replacement for HRV acquired by 

ECG, there remains some concern about this widespread acceptance. Wong et al. (2012) 

investigated whether the potential for PPV obtained at the finger tip of each hand could 

be a substitute of HRV, noting that nursing staff routinely take HRV measures at the 

finger pulse. They found that only MeanHR and ultra-low frequency were comparable 

to HRV in healthy patients. They also found that very few measures matched from the 
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left hand to the right hand. Ho et al. (2014) conducted a study to investigate the 

accuracy of Smartphone HR apps to measure HR. They had mixed findings, and 

suggested that Smartphones should not be considered accurate for taking HR in 

paediatric applications – reliability decreased with a HR ≥ 120 bpm (180 bpm is 

common for young children). They did note that the ear lobe is most likely a better site 

to obtain PPG readings. Another, practical, limitation of the Smartphone is the need for 

the user to cover the flashlight and camera at the same time – something that is difficult 

for young children purely because of the size of their fingers and toes. 

Ultimately, PRV ‘can’ be a reliable substitute for HRV; however, this isn’t the 

case for all instruments or situations. Schäfer and Vagedes (2013), in a recent 

comprehensive review of the suitability of pulse rate variability to replace or replicate 

heart rate variability, also found mixed results and differing levels of agreement 

reported. They also note that “the various findings are almost never comparable directly, 

since a variety of devices, analytical methods, experimental conditions etc. have been 

used” (p. 17). It remains prudent that any collection of PRV data using 

photoplethysmography should be assessed against ECG data before that device, or 

protocol, is considered a reliable alternative to HRV obtained by ECG.  

Conclusion 

The aim of this study was to validate the emW against ECG acquired HRV in 

order to support the use of the emW as a reliable tool for HRV research applications 

The findings of this study suggest that the emW can be used in HRV research 

applications. During resting conditions the emW showed good agreement with HRV 

data collected by an ECG for most participants. The agreement for four participants was 

extremely close; however, four participants showed poor agreement. A limitation of this 

study was the sample size; and a further study with a much larger group of participants 

should be conducted to further validate the emWave2 as a suitable tool to collect data 

for research purposes. HRV is a complex phenomenon that can inform a range of 

complex psychophysiological phenomena, influenced by a wide range of factors: 

environmental and within the person. HRV research should establish a baseline for all 

discrete research activity in the absence of standard measure of reliability. Further 
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research is needed before the emW can be considered reliable for field based research. 

These findings inform the research community interested in HRV interventions and 

analysis. 

In addition to the findings related to the emW device specifically, the data 

analysis using both R-R Interval overlays and Bland Altman analysis and then 

compared with the correlation analysis, suggest that research studies reporting only 

correlation should be treated with caution. Bland Altman analysis remains the most 

valid approach to measure agreement, and should remain the preferred statistical 

method for determining agreement between two instruments.  
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Abstract 

The aim of this study was to validate the emWave2 HRV monitor (emW) as a suitable 

instrument to detect the difference in two different cognitive tasks as measured by 

HRV. Fifteen participants were recruited from the staff and students at the School of 

Exercise Science, Sport & Health, Faculty of Science, Charles Sturt University. HRV 

data were collected simultaneously by means of an ECG recorded using disposable 

Ag/AgCI electrodes from a 5 electrode configuration, and the emW by means of the 

photoplethysmograph sensor attached to the participant’s earlobe. The experimental 

procedure comprised two experimental conditions. Condition A was a Go/NoGo 

working memory task, and Condition B was a sustained attention Spatial Reasoning 

task. Statistical analysis identified no significant difference for device across HRV 

measures. Significant effect was found for two HRV measures when analysing resting 

HRV, Condition A, and Condition B tasks. Subsequent analysis of HRV when 

analysing resting HRV, the Condition A task practice session and Condition B 

identified significant difference in six HRV measures between resting HRV, the 

Condition A practice condition, and Condition B. The results of this study suggest that 

the emW can differentiate between a person’s resting HRV and an intuitive decision 

task, and between an intuitive decision task and a deliberate problem solving task. The 

results also suggest that HRV is susceptible to changes in cognitive approach during 

task conduct. The different results for Condition A and Condition A practice suggest 

task familiarity changes the cognitive approach of a participant.  
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Title 

Measures of Heart Rate Variability for both intuitive and deliberate decision-

making using ECG and emWave2 acquired HRV data.  

Introduction 

This study was the second in a series of studies investigating the potential to 

improve performance and decision-making in the military operational context: with a 

particular focus on decisions made by soldiers walking the ground on a peacekeeping or 

combat patrol mission. To improve military decision-making we need to first 

understand the nature of decisions made in this context. Understanding the decision-

making process allows us to develop interventions to target areas of potential 

improvement.  

Decision-making is a complex field of study, with a rich research history. Much 

of the early decision research focussed on rational models of decision-making. The 

decision maker assessed all possible alternatives with a view to identifying the best 

option (Highhouse et al., 2013). Researchers in the mid-20th Century started to question 

the premise on which these decision-making models were developed. Preston and 

Baratta (1948) noted that their research participants constantly failed to apply 

mathematically correct decisions in their decision-making studies. They suggested that 

decisions may also have a ‘psychological value’ attached (p. 184). Subsequently they 

investigated the possibility of developing a psychological scale of possibilities. The idea 

of such a scale was quickly challenged by Edwards (1954), who, in his seminal work on 

decision-making, suggested that there were too many psychological factors inherent in 

decision-making for any subjective scale of probability to be meaningful. W. Edwards 

(1954) work was influential because it brought the psychological and behavioural, 

factors associated with decision-making to attention of the field of decision-making 

research. 

The next significant milestone in decision-making research that is particularly 

relevant to military decision-making happened in the late 1980s and early 1990s, with 

the development of the field of Naturalistic Decision-making (NDM). NDM research 
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challenged the popular definition of a decision at the time “a process by which a person, 

group, or organisation identifies a choice or judgement to be made, gathers and 

evaluates information about alternatives, and selects from among the alternatives” 

(Carroll & Johnson, 1990, p. 19). NDM research was conducted in field environments; 

with a view to describing how people made decisions rather than apply decision-making 

model to a person’s actions. In doing so this field of research challenged the idea that 

decision makers in such situations evaluated a range of options: NDM research 

identified that decision makers would assess options sequentially, and select the first 

‘suitable’ option (Carroll & Johnson, 1990; Lipshitz, 1993). The underlying reason for 

this originates from the human evolutionary response to danger: ‘the fear response’ 

(also known as the ‘stress’ response), a primitive survival response that shortcuts some 

cognitive processes: thinking becomes more instinctive, or intuitive (Scheber, 2011).  

The concept of intuition features prominently in NDM research. The difference 

between a rational decision and a decision described by an NDM researcher, is the 

process of intuition for an NDM decision, rather than analysis for a rational decision. It 

is widely accepted that there are (at least) two approaches to thinking, more commonly 

termed ‘dual process theory’ (Bakken, 2008; Evans, 2003). These two processes align 

with the idea of intuition or rational analysis. There is an important relationship between 

the two areas of the brain, the limbic system and the cerebral cortex and the dual 

process theory of cognition: intuitive thought is influenced by sub-conscious, instinctive 

processes and the limbic system; analytical thought involves higher levels of cognitive 

function and is associated with the cerebral cortex.  

Dual process theory allows us to view decision-making as a psychophysiological 

phenomenon; subsequently, understanding the psychophysiological nature of a 

particular decision-making situation allows us to consider a psychophysiological 

approach to improving decision-making.  

Heart Rate Variability and cognition 

Heart rate variability (HRV) is a physiological phenomenon that has a well 

established relationship with cognition (Fairclough, Venables, & Tattersall, 2005; 

Riganello et al., 2012). At a fundamental level, this physiological relationship is evident 
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in the fear (or stress) response: a physiological response that affects how we think. 

Starcke and Brand (2012) conducted a review of stress and decision-making, identifying 

that stress did affect decision-making; however, contrary to a popular misconception 

that the effect was always debilitated decision-making, the effect could be debilitating 

or beneficial depending on the particular situation or context.  

The relationship between HRV and performance on different cognitive tasks has 

been explored in a wide range of settings. Backs, Navidzadeh, and Xu (2000) identified 

parasympathetic withdrawal, as determined by High Frequency HRV (HF HRV) 

measures, during high and medium workload tasks (simulated air traffic control 

task),with an associated reduction in performance when compared to a lower workload 

task. They suggested a reciprocal sympathetic activation with the parasympathetic 

inhibition, however, they didn’t report LF HRV measures. Heart rate, as measured by 

R-R intervals, was also faster during the high workload task.  

Chang and Huang (2012) investigated the influence of attention levels on 

physiological measures, identifying a reduction in Low Frequency HRV and the Low 

Frequency to High Frequency ratio as attention level for tasks increased: suggesting a 

reduction sympathetic activity as attention increases. They also noted that their data 

indicated no significant change in HF HRV; suggesting that the HF band is influenced 

with initiating attention, rather than sustaining attention. An interesting note with the 

study by Chang and Huang (2012) is the use of the ‘mid-frequency band; a range that is 

rarely reported in the literature. Chang and Huang (2012) use the following frequency 

ranges: LF 0.02 – 0.06, MF 0.07 – 0.14, and HF 0.15 – 0.5. The frequency ranges used 

in this study are: VLF 0 – 0.04, LF 0.04 – 0.15, and HF 0.15 – 04. These frequencies are 

more closely aligned with the majority of the literature on HRV. The selection of 

different bands is likely to influence results, and whilst the findings agree with the 

weight of the literature, a precise correlation is difficult: however, the frequency ranges 

used by the majority of the literature and that of Chang and Huang, suggest that their 

‘mid-frequency’ can be considered low frequency.  

The findings by Backs et al. (2000), of parasympathetic inhibition and 

sympathetic activation as task demands increase, and that of Chang and Huang (2012) 

that sympathetic activity decreases with an increase in attention suggests that HRV is 

sensitive to the differences in cognitive attention and cognitive demand. Fairclough et 
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al. (2005) investigated the effect  of ‘time on task’ to HRV frequency, in order to 

examine the potential of a learning effect and how this was reflected in physiological 

markers of cognitive activity. They found that both HF and LF HRV measures had a 

significant effect for time on task and vagal tone (HF HRV) declined from baseline 

during task activity and significantly so for high task demand, as is to be expected. LF 

HRV was significantly suppressed during high task demand. They note the potential for 

HRV frequency analysis to inform research into cognitive tasks and skill acquisition. 

Their data showed the 0.1Hz component significantly suppressed in the early stages of 

the high workload activity, however, this was not the case for the latter section of the 

high workload activity. Fairclough et al. (2005) identify that this result was peculiar to 

this component of HRV frequency spectrum, as such they suggest that this may 

represent a physiological measure that can measure the effect of learning (p. 181). 

Fairclough et al. (2005) also suggested that heart rate was significant to task demand, 

but not to a learning effect. 

Luque-Casado, Zabala, Morales, Mateo-March, and Sanabria (2013) 

investigated the relationship between fitness level, HRV and cognitive performance, 

using three cognitive tests in their study. They found that the high fitness group 

performed better on a sustained attention task, and their HRV decrement was lower than 

the less fit group for this task. Two other tasks, a temporal orienting task and a duration 

discrimination task, showed no significant effect between the two groups. HRV is then 

susceptible to cognitive function; in this study “the perceptual demands” (p. 6) showed 

greater effect than sustained attention. ‘Time on task’ also affected HRV, suggesting 

that extended attention influences HRV. A later study by Luque-Casado et al. (2016), 

found similar results; again  identifying the effect of sustained attention., their study 

demonstrated a gradual  decrement to HRV over time on task. The decrement was 

greater for the low-fitness group. Luque-Casado et al. (2013), make the 

recommendation that future research should investigate the effect of sustained attention 

on HRV. Study design needs to account for the duration of any experimental task. The 

relevance of attention, and its relation to HRV, is an important consideration when 

selecting tasks for investigating the ability for HRV to differentiate between cognitive 

function. A study by Ramírez, Ortega, and Reyes Del Paso (2015) showed that high HF 

HRV (resting) moderated the influence of anxiety on an attentional control task for 
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anxious individuals. There is a tendency for highly anxious people to focus on negative 

information, and find it difficult to disengage from threatening information (p. 490).  

Di Bernardi Luft, Takase, and Darby (2009) investigated the influence of 

exercise on HRV and cognitive tasks, pre and post- exercise. They found that HRV is 

influenced by cognitive performance; HRV indices differentiate between executive and 

non-executive tasks. Post-exercise HRV showed an increase in sympathetic modulation; 

however, HRV indices across the different tasks showed similar results to the pre-

exercise condition. Intense exercise did not influence performance on the cognitive 

tasks in this study. Interestingly, the correlation between HRV and cognitive 

performance was stronger post-exercise. An important comment by Di Bernardi Luft et 

al. (2009) is the reporting of HRV indices. Often studies report one, or only a few, HRV 

measures. They found that time-domain and frequency domain measures did not 

correlate in their study, and suggest that research incorporating HRV measures should 

report multiple HRV indices in order to fully inform future research. 

Electrocardiogram (ECG) and photoplethysmography (PPG) 

The ‘gold-standard’ for capturing heart rate data, R-R Intervals, for subsequent 

HRV analysis is the ECG; however, the use of photoplethysmography to obtain pulse 

data for clinical interventions or monitoring, or for research purposes as a replacement 

for ECG data is a lively area of current research. A PPG measures ‘pulse rate 

variability’ (PRV) rather than true HRV; and there is some debate about the ability of 

PRV to accurately represent HRV (Schäfer & Vagedes, 2013). The variable results of 

previous studies using PRV to replace HRV make it prudent that research using PRV 

should validate the instrument being used prior to conducting research activities.  

This study will compare HRV results obtained by processing R-R Interval data 

acquired by an emWave2 HRV monitor (emW) against HRV results obtained by 

processing R-R Interval data acquired by an ECG. Study One of this thesis validated the 

emW R-R Interval data against ECG acquired R-R Interval data. R-R Interval overlay 

plots (ECG R-R/emW R-R), showed good agreement for eleven of 15 study 

participants. Bland-Altman analysis confirmed these results, with eleven data R-R 

Interval data sets showing a bias of <.01. Three were <.001. Four data sets were >.15. 
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The results from Study One validate the emW as a suitable tool for obtaining R-R 

Interval data.  

Aim of this study 

The aim of this study was to validate the emWave2 HRV monitor (emW) as a 

suitable instrument to detect the difference in two different cognitive processes 

associated with two different cognitive tasks as measured by HRV.  

The results of this study will inform research and interventions seeking to 

improve decision-making under time constrained conditions. To improve decision-

making in these situations, we need to understand the cognitive processes the decision 

maker is using. Johnson and Payne (1985) identify “that an individual uses many 

different cognitive processes (strategies) in making a decision, contingent on task 

demands” (p. 395). Kahneman (2003) presented a two-system model of decision-

making: intuition and reasoning, identifying that one of the roles of reasoning is to 

monitor intuition. The implication is that a decision maker will transition from intuition 

to reasoning, and perhaps the transition can reverse if the situation changes. The results 

of this study will inform research exploring cognitive function and HRV as measured 

using Photoplethysmography.  

Hypothesis 

HRV data collected by the emW is sufficiently accurate to detect the difference 

in HRV measures associated with two different cognitive tasks, as validated by ECG 

acquired HRV data.  

Questions 

The following questions will address the hypothesis: 

• Can HRV data obtained by the emW identify differences in HRV measures 

associated with an intuitive cognitive task and a deliberate problem solving task.  
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• Does HRV data collected by the emW differ to the HRV data collected by an 

ECG for an intuitive cognitive task and a deliberate problem solving task? 

Methods 

Participants 

Participants from the previous study, Validation of emWave2 Heart Rate 

Variability Monitor remained to participate in this study.  

Apparatus and materials 

The apparatus and materials were the same as per the previous study.  

Decision-making tasks 

The cognitive tasks used in this study were selected on the basis that they 

broadly simulate the two distinct cognitive processes associated with dual-process 

theory. The first task was a Go/NoGo task that simulated immediate and intuitive 

decision-making, or system 1 thinking; the second task required the application of more 

analytical, system 2, cognitive processes.  

Procedure 

The ‘Procedure’ for this study were the same as for the previous study. 

 Resting HRV data collection. Five minutes of resting HRV data were taken 

whilst participants were sitting in front of the laptop which would be used for the 

cognitive tasks. No visual or auditory stimulation was present, and the researcher 

remained quiet during this process. Participants were asked to simply relax and ensure 

they were not thinking about their work, study or other such tasks. It was explained to 

them that because the study was analysing HRV associated with cognitive responses, 
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any concentration on such tasks during resting HRV collection would affect study 

results. The acquisition of baseline data in the sitting position, the same position for the 

completion of the cognitive tasks, was important because body posture affects HRV 

(Muehlhan, Marxen, Landsiedel, Malberg, & Zaunseder, 2014).  

At the completion of five minutes, the time was noted and participants were then 

asked to complete the cognitive tasks. 

Cognitive task A - Go/NoGo task. The Go/NoGo task selected was the 

Policeman’s dilemma task from the Inquisitlab5 Millisecond test library 

(http://www.millisecond.com/). This task was developed by Correll, Park, Judd, and 

Wittenbrink (2002) to investigate the dilemma of racial bias, or the “stereotypic 

association between African Americans and violence” (p. 1314), influencing the 

decision by police officers to shoot an unarmed West African immigrant during an 

incident in the Bronx, New York, during February 1999. Whilst racial bias is not a 

factor under consideration for the purposes of this study; the incident that was the 

catalyst for the study by Correll et al. (2002) is similar in nature to the police shooting 

of the unarmed civilian at the Stockwell Underground station in July 2005 (Jenkins, 

Salmon, et al., 2010), and the Australian commando shooting of an innocent Afghani 

civilian in February 2009 (Masters, 2012). These incidents being the catalyst for the 

overall research program in which this study resides; therefore the Police Officer’s 

Dilemma task was determined as the most ecologically valid Go/NoGo task for this 

study.  

The task is a ‘Shoot/Don’t Shoot’ task. Participants see a series of men, either 

White or Black, that either hold harmless objects or guns, and have to decide -within a 

short timeframe- whether to 'shoot' (if there is a gun) or ‘not to shoot' (no gun present). 

The ‘shoot’ function was pressing the ‘A’ key on the laptop keyboard, the ‘not shoot’ 

was pressing the ‘L’ key. The game comprised 20 trials for a practice session, and 80 

trials for the actual test. The 20 practice trials took three minutes to complete, and the 80 

trials for the test took approximately 8 minutes to complete.  

Each trial comprised a fixation target (presented for 500ms), followed by a 

series of empty backgrounds, and finally the ‘target’ frame. The number of empty 

backgrounds ranged from one to four, and was randomly presented. This ensured 
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participants were not able to count backgrounds and be prepared to respond to the target 

background. The empty backgrounds were displayed for a duration of between 500 -

1000ms; again this was random to ensure participants could not anticipate the display of 

the next background (being an empty frame or the target frame). The target frame 

showed a man (white or black) holding an object. The objects were either a silver gun, a 

black gun, silver soft drink can, black wallet, white camera, or a black mobile phone. 

The man holding the object was shown in a number of different poses. Participants had 

a short timeframe (850ms) to either shoot (press the ‘A’ Key), or not shoot (press the 

‘L’ Key). Across the 80 trials equal presentations of both gun or no gun were presented 

in a random order.  

The task is scored according to the response, or no response, provided by the 

participant:  

• correctly shooting a person holding a gun is 10 points 

• correctly not shooting a person not holding a gun is 5 points 

• shooting a person not holding a gun resulted in a loss of 20 points 

• not shooting a person holding a gun was a loss of 40 points 

• no response resulted in a loss of 10 points 

Feedback (for 300ms) was provided immediately following each target image. 

The allocation of score, or loss of points, was designed to replicate the relative 

importance of the actions in a real situation: with the consequences of not shooting a 

person holding a gun resulting in the loss of life of a police officer, determined as the 

least desirable outcome (Correll et al., 2002, p. 1317). For the purposes of this study, 

participants were advised that a score of 300 points was considered a good result. This 

goal was set to encourage engagement in the task by participants. The score of 300 was 

determined after multiple trials of the task by the Chief Investigator was found to be a 

challenging but achievable score.  

Cognitive Task B - Spatial reasoning task. The Spatial Relations Task from the 

Inquisitlab5 Millisecond test library was used as Cognitive Task B. The task comprises 

a pattern which can be folded to create a three dimensional shape. The pattern has a 

number of shaded panels, white panels and panels containing a shape. Below the pattern 
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four three dimensional figures are shown. Only one of the four figures will match both 

the shape of the object, and have shading, white panels, and panels with a shape in the 

correct place. The participant is to select the correct figure. An example of a spatial 

reasoning task problem is presented in Figure 4.1. 

 

Figure 4.1. Example of spatial reasoning task problem.  

                   Note: the third 3D shape is the correct response in this example. 

The task has a detailed explanation of its conduct, followed by a couple of 

example problems. Participants are then required to correctly answer 20 presentations of 

a pattern, with a time limit of ten minutes. Ten minutes is ample time to complete the 20 

questions with sufficient time for careful analysis of each problem. Participants were 

briefed that the ten minute time limit was sufficient time, and that they should focus on 

accuracy rather than speed. They were informed that in trials of the study, an average 

score was 19 correct responses. The setting of a target was done to encourage 

participants to focus on accuracy rather than speed: to use deliberate decision-making 

and problem solving. A secondary reason for briefing the students to focus on accuracy 

rather than speed was to ensure the task took more than five minutes. This ensured a 

suitable length of HRV data were captured for analysis. The task could be completed 

with deliberate decisions in between six to ten minutes. Participants were informed 

about the number of correct responses at the completion of the activity.  
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The order of the Condition A and Condition B tasks was counterbalanced across 

participants by alternating the order in which each successive participant completed the 

Condition A and Condition B tasks. 

At the completion of the activity participants were thanked for their 

participation.  

Data analysis 

Initial analysis of the ECG HRV data was a visual look at the ECG trace for any 

gross errors in data collection. The ECG signal was then processed using custom 

software (LabVIEW, National Instruments, Austin, TX) to identify the time of each R 

wave from lead II, from which R-R intervals were computed. The processed ECG R-R 

interval data were exported with time measures and R-R Intervals as a .txt file.  

emW data were downloaded onto a laptop containing the emWavePro software. 

A visual check of the data collected was conducted to see if the data were clean enough 

for further analysis. The data files for each participant were very clean and useable. 

Once each emW data file was checked for suitability, the data were exported as R-R 

Intervals in a .txt format. Validation of the emW R-R Interval data against ECG RR 

Interval data was conducted with a Bland-Altman analysis in Graphpad Prism software 

(version 7). Four participant data sets showed a level of bias of > .015; these data sets 

were excluded from further analysis.  

Standards of measurement, physiological interpretation, and clinical use for 

HRV identified by the Task Force of The European Society of Cardiology and The 

North American Society of Pacing and Electrophysiology suggest that HRV data 

analysis should compare data-sets of the same length of time, and five minutes of data is 

recommended as a standard time length (Malik et al., 1996). To achieve this in a study 

with different task durations the first five minutes of data for each participants 

Condition A task and Condition B task were utilised in the data analysis. The Condition 

A practice task was only three minutes long: to allow for five minutes of data for 

analysis, the first two minutes of the Condition A task were included for analysis.  



Chapter Four - Measures of Heart Rate Variability for both intuitive and deliberate decision-
making using ECG and emWave2 acquired HRV data 

 

   134 

Data Processing with Kubios HRV software. Each R-R interval file, ECG and 

emWave2, were imported into Kubios HRV software (version 2.1; University of 

Eastern Finland) for processing. Kubios HRV accepts a number of data formats for 

input of HRV data, one of which is a txt file with RR intervals. The software computes 

all commonly used time and frequency domain measures and some non-linear 

parameters (Tarvainen et al., 2014).  

Kubios provides a .txt file of analysis results. The .txt file for each data set were 

imported into Excel to allow the HRV measures to be then imported into SPSS 

Statistics Software. Kubios HRV software produces time domain, frequency domain 

and non-linear HRV measures. Table 4.1 details the HRV measures used in analysis for 

this study. 
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Table 4.1. HRV measures used for analysis. 

HRV Measure Comments 

Mean RR1 [ms] The mean value of RR intervals. 

STD RR (SDNN) [ms] The standard deviation or RR intervals. The SDNN 
reflects the overall (both short and long term) 

variation within the RR interval series2. 

Mean HR1 [1/min] Mean Heart Rate (HR) 

STD HR [1/min] Standard Deviation of instantaneous heart rate values 

RMSSD2 [ms] The square root of the mean squared differences of 
successive RR intervals. 

VLFAbsolute [ms2]  

LFAbsolute [ms2]  

HFAbsolute [ms2]  

LF/HF ratio [ms2]  

SD1 [ms]3  

SD2 [ms]3  

Notes: 1 Nunan, Sandercock, and Brodie (2010) identify the reciprocal nature of 
heart rate and the RR interval, mean heart rate influences the variability: a 
shorter mean heart rate restricts overall variability. As such it is important to 
consider mean heart rate when analysing variability, both measures should be 
reported in HRV analysis discussion.  
2 RMSSD is considered to measure vagally mediated HRV, and is associated 
with respiratory sinus arrhythmia (RSA), the frequent changes in heart rate due 
to respiration. It is commonly associated with the HF band of frequency 
analysis and, as such, is considered an indicator of parasympathetic activity 
(Berntson, Lozano, & Yun-Ju, 2005; DeGiorgio et al., 2010). RMSSD is 
considered a measure of short-term variation, reflecting vagal tone and is not 
influenced by long term trends (Berntson et al., 2005; Stein, Bosner, Kleiger, & 
Conger, 1994; Sztajzel, 2004). 
3  The Poincaré plot is an example of a geometric analysis of R-R intervals; 
where each R-R interval is plotted as a function of the previous interval. The 
plot provides the measures SD1 identified perpendicular to the line of inquiry 
and SD2 is identified along the line of identity. SD1 is considered to measure 
short term variability and SD2 represents long term variability (Mourot, 
Bouhaddi, Perrey, Rouillon, & Regnard, 2004).  
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Statistical analysis is SPSS 

 2 x 3 mixed-design ANOVAs were used to investigate influence of a go/no go 

decision-making task and a deliberate decision-making task: device 

[ECG/emW]/Condition [Resting/CondtionA/ConditionB]. The ‘ConditionA’timesstamp 

commenced at the start of the test activity for the shoot/no shoot task. Sphericity was 

tested by means of Mauchly’s test of sphericity and the Green-House Geisser correction 

was applied when violation of this assumption occurred: corrected values are reported. 

Results 

The results of the ANOVA for  Mean RR showed no significant effect for 

Condition F(2, 20) = 2.973, p = 074. There was no significant effect for Device F(1, 10) 

= 1.145, p = .310; or for the Interaction between Condition/Device F(2, 20) = 1.232, p = 

.313. 

The results of the ANOVA for STD RR showed no significant effect for 

Condition F(2, 20) = 2.122, p = .146. There was no significant effect for Device F(1, 

10) = .960, p = .350; or for the Interaction between Condition/Device F(2, 20) = .920, p 

=  .415. 

The results of the ANOVA for Mean HR showed no significant effect for 

Condition F(2, 20) = 2.304, p = .126. There was no significant effect for Device F(1, 

10) = .008, p = .931; or for the Interaction between Condition/Device F(2, 20) = 1.652, 

p = .217. 

The results of the ANOVA for STDHR revealed a significant effect for 

Condition F(2, 20) = 5.273, p = .014. There was no significant effect for Device F(1, 

10) = .865, p = .374; or for the Interaction between Condition/Device F(2, 20) = .623, p 

= .546. Contrasts were performed to compare each level of Condition 

[Resting/Condition A/Condition B]. These revealed significant difference between 

Resting STDHR and Condition A STDHR measures F(1, 10) = 6.567, p = .028. 

Analysis of estimated marginal means identifies that Resting STDHR (M = 4.636, SE = 

.520) is lower than Condition A STDHR (M = 6.000, SE = .728). Difference between 

Resting STDHR and Condition B STDHR F(1, 10) 4.625, p = .057 is non-significant. 
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These results suggest that STDHR is significantly different in the Resting and Condition 

A conditions, and that this is indicated by both the ECG and emW. An ANOVA plot for 

this analysis is shown at Figure 4.2. There was no significant effect for Device F(1, 10) 

= .865, p = .374; or for the Interaction between Condition/Device F(2, 20) = .623, p = 

.546. 

The results of the ANOVA for RMSSD showed no significant effect for 

Condition F(2, 20) = .850, p = .442. There was no significant effect for Device F(1, 10) 

= .149, p = .708; or for the Interaction between Condition/Device F(2, 20) = .189, p = 

.830. 

The results of the ANOVA for VLF revealed a significant effect for Condition 

F(2, 20) = 4.085, p = .033. There was no significant effect for Device F(1, 10) = .020, p 

= .891; or for the Interaction between Condition/Device F(2, 20) = .491, p = .619. 

Contrasts were performed to compare each level of Condition [Resting/Condition 

A/Condition B]. These revealed significant difference between Condition A VLF and 

Condition B VLF measures F(1, 10) = 7.002, p = .24. Analysis of estimated marginal 

means identifies that Condition A VLF (M = 1313.523, SE = 227.860) was higher than 

Condition B VLF (M = 803.802, SE = 114.833). These results suggest that VLF was 

significantly different in the Condition A and Condition B conditions, and that this is 

indicated by both the ECG and emW. An ANOVA plot for this analysis is shown at 

Figure 4.2.  

There was no significant effect for Device F(1, 10) = .020, p = .891; or for the 

Interaction between Condition/Device F(2, 20) = .491, p = .619. 

The results of the ANOVA for LF showed no significant effect for Condition 

F(2, 20) = .139, p = .871. There was no significant effect for Device F(1, 10) = 2.113, p 

= .177; or for the Interaction between Condition/Device F(2, 20) = 3.091, p = .068. 

The results of the ANOVA for HF showed no significant effect for Condition 

F(2, 20) = .781, p = .472. There was no significant effect for Device F(1, 10) = 3.252, p 

= .101; or for the Interaction between Condition/Device F(2, 20) = .859, p = .439. 

The results of the ANOVA for LF/HF showed no significant effect for 

Condition F(2, 20) = .660, p = .528. There was no significant effect for Device F(1, 10) 
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= .794, p = .394; or for the Interaction between Condition/Device F(2, 20) = 1.672, p = 

.213. 

The results of the ANOVA for SD1 showed no significant effect for Condition 

F(2, 20) = .849, p = .443. There was no significant effect for Device F(1, 10) = .149, p = 

.708; or for the Interaction between Condition/Device F(2, 20) = .189, p = .830. 

The results of the ANOVA for SD2 showed no significant effect for Condition 

F(2, 20) = 1.607, p = .225. There was no significant effect for Device F(1, 10) = 1.207, 

p = .298; or for the Interaction between Condition/Device F(2, 20) = .924, p = .413. 
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Figure 4.2. 2 x 3 ANOVA Plots [ECG/emW]/[Resting/Condition A/Condition B]  
 (a) STDHR, (b) VLF 
Note: Resting = 5 minutes resting HRV collection; Condition A = Go/No Go task; 
Condition B = Spatial Reasoning task.  
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Condition A Practice results 

Whilst supervising the conduct of the study tasks, the researcher noted that 

participants appeared initially quite challenged by the Condition A Shoot/No Shoot 

task; however, they became more comfortable with the task as the time progressed. The 

task included a reasonably long practice session prior to participants undertaking the 

actual scored test. To investigate the possibility that a person (the participants) became 

comfortable with the task once the initial intensity of the task had passed, a second 

series of 2x3 ANOVAs was conducted ([ECG/emW] / [Resting/Condition A 

Practice/Condition B]) using the practice session for the Shoot/No shoot task as 

‘Condition A Practice’. 

The results of the ANOVA for  Mean RR showed no significant effect for 

Condition F(2, 20) = .378, p = .690. There was no significant effect for Device F(1, 10) 

= 1.791, p = .210; or for the Interaction between Condition/Device F(2, 20) = .822, p = 

.454. 

The results of the ANOVA for STDRR revealed a significant effect for 

Condition F(2, 20) = 7.583, p = .004. There was no significant effect for Device F(1, 

10) = 1.350, p = .272; or for the Interaction between Condition/Device F(2, 20) = .395, 

p = .679. Contrasts were performed to compare each level of Condition 

[Resting/Condition A Practice/Condition B]. These revealed significant difference 

between Resting STDRR and Condition A Practice STDRR measures F(1, 10) = 

16.483, p = .002; and significant difference between STDRR Condition A Practice and 

Condition B F(1, 10) = 5.572, p = .040. Analysis of estimated marginal means identified 

that Resting STDRR (M = 58.181, SE = 5.394) was lower than Condition A Practice 

STDRR (M = 71.183, SE = 6.383): Condition A Practice STDRR is higher than 

Condition B STDRR (M = 62.617, SE = 5.354). The difference between Resting 

STDRR and Condition B STDRR was non-significant F(1, 10) = 2.780, p = .126. These 

results suggest that STDRR is significantly different in the Resting and Condition A 

Practice conditions, and Condition A Practice and Condition B; and that this is indicated 

by both the ECG and emW. An ANOVA plot for this analysis is shown at Figure 4.3.  

The results of the ANOVA for Mean HR showed no significant effect for 

Condition F(2, 20) = .648, p = .533. There was no significant effect for Device F(1, 10) 



Chapter Four - Measures of Heart Rate Variability for both intuitive and deliberate decision-
making using ECG and emWave2 acquired HRV data 

 

   141 

= .003, p = .960; or for the Interaction between Condition/Device F(2, 20) = 1.650, p = 

.217. 

The results of the ANOVA for STDHR revealed a significant effect for 

Condition F(2, 20) = 7.783, p = .003. There was no significant effect for Device F(1, 

10) = 1.185, p = .302; or for the Interaction between Condition/Device F(2, 20) = 1.173, 

p -= 330. Contrasts were performed to compare each level of Condition 

[Resting/Condition A Practice/Condition B]. These revealed significant difference 

between Resting STDHR and Condition A Practice STDHR measures F(1, 10) = 

11.305, p = .007; and significant difference between STDHR Condition A Practice and 

STDHR Condition B F(1, 10) = 5.265, p = .045. Analysis of estimated marginal means 

identified that Resting STDHR (M = 4.636, SE = .520) was lower than Condition A 

Practice STDHR (M = 6.141, SE = .728): Condition A Practice STDHR is higher than 

Condition B STDHR (M = 5.441, SE = .593). The difference between Resting STDHR 

and Condition B STDHR was non-significant F(1, 10) = 4.625, p = .057. These results 

suggest that STDHR is significantly different in the Resting and Condition A Practice 

conditions, and Condition A Practice and Condition B; and that this is indicated by both 

the ECG and emW. An ANOVA plot for this analysis is shown at Figure 4.3.  

The results of the ANOVA for RMSSD showed no significant effect for 

Condition F(2, 20) = 2.194, p = .138. There was no significant effect for Device F(1, 

10) = .597, p = .458; or for the Interaction between Condition/Device F(2, 20) = .304, p 

= .741. 

The results of the ANOVA for HF showed no significant effect for Condition 

F(2, 20) = 2.194, p = .138. There was no significant effect for Device F(1, 10) = .597, p 

= .458; or for the Interaction between Condition/Device F(2, 20) = .304, p = .741. 

The results of the ANOVA for VLF revealed a significant effect for Condition 

F(2, 20) = 11.021, p = .001. There was no significant effect for Device F(1, 10) = .767, 

p = .402; or for the Interaction between Condition/Device F(2, 20) = .411, p = .669. 

Contrasts were performed to compare each level of Condition [Resting/Condition A 

Practice/Condition B]. These revealed significant difference between Resting VLF and 

Condition A Practice VLF measures F(1, 10) = 9.928, p = .010; and significant 

difference between VLF Condition A Practice and VLF Condition B F(1, 10) = 11.433, 
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p = .007. Analysis of estimated marginal means identifies that Resting VLF (M = 

966.126, SE = 144.302) is lower than Condition A Practice VLF (M = 2120.044, SE = 

404.601). Condition A Practice VLF is higher than Condition B VLF (M = 866.340, SE 

= 131.138). Difference between Resting VLF and Condition B VLF, and between 

Condition A is non-significant F(1, 10) = .587, p = .461. These results suggest that VLF 

is significantly different in the Resting and Condition A Practice conditions, and 

Condition A Practice and Condition B; and that this is indicated by both the ECG and 

emW. An ANOVA plot for this analysis is shown at Figure 4.3. 

The results of the ANOVA for LF showed no significant effect for Condition 

F(2, 20) = .662, p .527. There was a significant effect for Device F(1, 10) = 5.379, p = 

.043. Analysis of estimated marginal means identifies that the emW (M = 1194.397, SE 

= 215.440) was lower than the ECG data (M = 1491.754, SE = 293.712). There was no 

significant interaction between Condition/Device F(2, 20) = .152, p = .860. 

The results of the ANOVA for HF showed no significant effect for Condition 

F(2, 20) = .746, p = .487. There was no significant effect for Device F(1, 10) = 1.743, p 

= .216; or for the Interaction between Condition/Device F(2, 20) = .452, IpI = .643. 

The results of the ANOVA for LF/HF showed no significant effect for 

Condition F(2, 20) = .227, p =.799. There was no significant effect for Device F(1, 10) 

= .829, p =.384; or for the Interaction between Condition/Device F(2, 20) = 1.178, p = 

.328. 

The results of the ANOVA for SD1 revealed a significant effect for Condition 

F(2, 20) = 5.344, p = .014. There was no significant effect for Device, or for the 

Interaction between Condition/Device. Contrasts were performed to compare each level 

of Condition [Resting/Condition A Practice/Condition B]. These revealed significant 

difference between Resting SD1 and Condition A Practice SD1 measures F(1, 10) = 

7.511, p = .021; and significant difference between SD1 Condition A Practice and SD1 

Condition B F(1, 10) = 6.581, p = .028. Analysis of estimated marginal means identifies 

that Resting SD1 (M = 34.274, SE = 4.448) is lower than Condition A Practice SD1 (M 

= 43.576, SE = 5.734): Condition A Practice SD1 is higher than Condition B SD1 (M = 

38.409, SE = 5.668). Difference between Resting SD1 and Condition B SD1, and 

between Condition is N/S. These results suggest that SD1is significantly different in the 
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Resting and Condition A Practice conditions, and Condition A Practice and Condition 

B; and that this is indicated by both the ECG and emW. An ANOVA plot for this 

analysis is shown at Figure 4.3. 

The results of the ANOVA for SD2 revealed a significant effect for Condition 

F(2, 20) = 6.483, p = .007. There was no significant effect for Device, or for the 

Interaction between Condition/Device. Contrasts were performed to compare each level 

of Condition [Resting/Condition A Practice/Condition B]. These revealed significant 

difference between Resting SD2 and Condition A Practice SD2 measures F(1, 10) = 

14.700, p = .003. Analysis of estimated marginal means identifies that Resting SD2 (M 

= 73.667, SE = 6.420) is lower than Condition A Practice SD2 (M = 90.7.876, SE = 

7.876). Difference between Resting SD2 and Condition B SD2, and between Condition 

A SD2 and Condition B SD2 is N/S. These results suggest that SD2 is significantly 

different in the Resting and Condition A Practice conditions; and that this is indicated 

by both the ECG and emW.  

An ANOVA plot for the significant results is shown at Figure 4.3. 
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 Figure 4.3. 2 x 3 ANOVA Plots [ECG/emW]/[Resting/Condition A Practice/Condition B]  

   (a) STD R-R, (b) STD HR, (c) VLF, (d) SD1, (e) SD2 

Notes: Note: Resting = 5 minutes resting HRV collection; Condition A Practice = Go/No Go task practice session; Condition B = Spatial 
Reasoning task.  
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Discussion 

The aim of this study was to validate the emWave2 HRV monitor for the 

purpose of research investigating the difference in cognitive processes associated with 

decision-making in time constrained situations in comparison to cognitive processes 

associated with deliberate decision making. The first question posed to address the 

study hypothesis was “Can HRV data obtained by the emWave2 HRV monitor identify 

differences in HRV measures associated with an intuitive cognitive task and a deliberate 

problem solving task?” The results suggest that the answer to this question are 

promising. Significant effect for condition was found for two HRV measures when 

using the data for timestamp Condition A task: STDHR and VLF Absolute. When using 

the timestamp Condition A Practice, five of the eleven HRV measures identified a 

significant effect for condition: STDRR, STDHR, RMSD, VLF, SD1, and SD2. 

Analysis for the Condition A Practice timestamp showed a significant difference 

between both resting HRV and the Condition A task, and between the Condition A and 

Condition B tasks. These results suggest that HRV data acquired by the emW can 

differentiate between a person’s resting state, undertaking an intuitive decision-making 

task, and completing a deliberate problem solving task. The results also suggest that 

HRV is susceptible to changes in cognitive approach during task conduct. The different 

results for Condition A and Condition A practice suggest task familiarity changes the 

cognitive approach of a participant; possibly due to a learning effect as suggested by 

Fairclough et al. (2005).  

The second question to address the hypothesis was, “Does HRV data collected 

by the emWave2 align sufficiently with HRV data collected by an ECG for an intuitive 

cognitive task and a deliberate problem solving task?” The results of the 2 x 3 ANOVAs 

(device [emWave2/ECG] / condition [Resting/Condition A/Condtion B], and, device 

[emWave2/ECG] /condition [Resting/ConditionA Practice/Condtion B]) identified that 

there is no significant difference for device across all HRV measures. These results are 

in line with the findings of Teng and Zhang (2003), Shi, Hu, and Zhu (2008), and 

Selvarak et al. (2008), and suggest that data acquired by the emW can align sufficiently 
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with an ECG as a useful approach to investigating cognitive function as measured by 

HRV 

The two tasks utilised in this study were selected to allow the researcher to 

investigate the ability for the emW to identify the difference in cognitive processing 

associated with a system 1 task and a system 2 task (Kahneman, 2003), as measured by 

HRV. The premise of this approach was to validate the emW for research in naturalistic 

decision-making situations. Intuition is a key component of such decision-making, 

allowing the decision maker to make quick, often appropriate, decisions in a time-

constrained situation (Klein, 2008; Todd & Gigerenzer, 2001). The results of this study 

show that HRV data acquired by the emW can distinguish between different cognitive 

tasks. The results also suggest that the delineation between intuitive and rational 

cognitive process may not be as discrete as it has previously been portrayed. The 

difference in results between the Condition A condition, and the Condition A Practice 

condition demonstrates that the psychophysiological response to a task may differ 

dependant on factors associated with task conditions, rather than simply on the nature of 

this task itself. In this study participants would appear to become familiar with the 

Go/NoGo task, and as such their cognitive process adjusts accordingly. This finding 

replicates the findings by Fairclough et al. (2005), who identified similar results when 

investigating the notion that a learning effect occurs as participants spend more time on 

any given task, cognitive workload decreases as task familiarity develops. 

Implications for decision research 

The aim of this study was to validate a methodology that would enable decision 

research to be conducted in more ecologically valid environments: in particular 

decision-making associated with the military decision-making environment. Much of 

the research investigating such decision-making environments presents the ‘intuitive 

versus analytical’ decision processes (Jenkins, Stanton, Salmon, Walker, & Rafferty, 

2010; Klein, 2008). The two cognitive tasks used in this study were informative with 

regard the potential for a relatively cheap, easy to use and portable HRV instrument to 

inform decision making using HRV as a measure of cognitive performance. The results 

are also quite informative with regard the cognitive processes underlying decision-
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making. The notably different results for the Condition A task and the Condition A task 

practice session allow us to identify that task difference alone does not determine 

cognitive process. The results suggest that a decision approach cannot be simply defined 

as an intuitive or analytical process. 

Evans (2008) presented a comprehensive review of dual process theories; 

interestingly he favours the term of System 1 and System 2 processes (p. 256) at the 

start of his discussion, yet concludes his paper by suggesting that a more accurate 

approach may be to “talk about type 1 and type 2 processes” (p. 270). Evans (2008) 

concludes that whilst there is much ‘empirical support’ for dual-process theories, the 

diverse nature of these theories also suggests that the two are not distinctly separate 

processes: rather he states that “It is perfectly possible that one system operates entirely 

with type 1 processes and that the other includes a mixture of type 1 and type 2 

processes…” (p. 271). 

We can see a similar idea presented in one of the more influential dual process 

theories presented by Kahneman (2003), who suggests that System 1 and System 2 are 

separated by process but content can be processed intuitively or with reasoning. 

Glöckner (2010, p. 280) also challenges the ‘either or’ approach to dual process theory: 

suggesting that intuition and analysis ‘share labor’, and that analytical processes are 

initiated only “if necessary” (p. 280). Glöckner (2010) suggests that information 

‘coherence’ is a factor that influences decision processes. The less coherent the 

information, the longer the decision time: no doubt due to the increased need for 

analysis; a concept closely aligned to NDM research (Klein, 2008). It is entirely 

possible that as participants became familiar with the Condition A task the information 

became more coherent, and as such decision time reduced allowing analytical processes 

to activate. The decision consequences remained the same, it would therefore seem 

appropriate to devote more effort to analysis.  

The Condition A task was an inhibition control task. Ridderinkhof, van den 

Wildenberg, Segalowitz, and Carter (2004) identify that “The ability to monitor and 

compare ongoing actions and performance outcomes with internal goals and standards 

is critical for optimizing decision-making” (p. 135); and that specific areas of the brain 

are responsible to monitor “unfavourable outcomes, response errors…” (p. 135), 

allowing more cognitive control to be activated as necessary, such as to increase 
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rewards. Hare (2014) supports the idea that the brain monitors decisions, and the results 

of such decisions, from a neurobiological perspective: reporting that fMRI studies show 

activity in specific brain areas monitor success of current strategies, and particular brain 

areas are activated when a current strategy ceased to be effective. Such evidence 

supports the concept that the brain constantly monitors performance, and changes 

approach as necessary. Any change requires different cognitive process, and likely 

effort. This study used a Go/No Go task (Condition A) that maintained the same 

parameters throughout. As such, it is likely that participants established a successful 

strategy, and no further need to invoke analytical processes was required. Bakken 

(2008) also supports the concept that a person’s cognitive processing changes as task 

familiarity increases “One must assume that as subjects get more experience in a given 

experiment, the little bit of analytical processing that existed initially will fade away” 

(p. 497). Bakken (2008) goes on to suggest that system 1 or system two processes are 

“linked or nested” (p. 497), and that intuitive processes tend to override other 

processing. The results of this study suggest that intuitive processing was the immediate 

response to the Condition A task requirements; however, this was for a short period of 

time before reverting to a more analytical or monitoring approach. The results of this 

study do support and further inform the literature identifying that a person switches 

processing style according to both task demands, and subsequent familiarity with the 

task. The results also support that HRV as acquired by photoplethysmography (i.e. 

PRV) can measure these changes in cognitive process.  

The importance of these results to decision-making is the potential for PRV 

acquired HRV data to inform a person about their cognitive processes during decision-

making; subsequently allowing interventions that target the appropriate 

psychophysiological phenomenon associated with a particular decision-making task. 

Marcum (2012) proposes a metacognitive approach to improving clinical decision-

making; whereby, a person consciously uses system 2 thinking to monitor system 1 

thinking. The challenge with this is that whilst many researchers suggest that system 2 

thinking is a conscious process Evans (2011) suggests that Type 2 processing 

“invariably depends upon a number of rapid, unconscious support systems…” (p. 88). 

The ‘sub-conscious’ nature of underlying cognitive processes requires other solutions 

that allow a person to monitor the underlying cognitive processes to facilitate such a 
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metacognitive approach. This is particularly the case if we consider that physical fitness 

has some affect (Luque-Casado et al., 2013), and emotion also influences decision-

making (Mather & Lighthall, 2012; Mikels, Maglio, Reed, & Kaplowitz, 2011; Schulz 

et al., 2007): physical fitness and emotion are also influenced by and influence HRV. 

Biofeedback tools such as the emW provide such feedback.  

The potential for VLF to inform decision research in naturalistic 

settings  

The purpose of this study was to determine if PRV as acquired by the emW is a 

valid measure of different cognitive processes associated with decision-making; 

potentially in field environments. Thayer, Åhs, Fredrikson, Sollers Iii, and Wager 

(2012) discuss their neurovisceral integration model, a system within the human body 

that allows it to adapt and cope with environmental challenges: “adaptations to 

environmental challenges are shaped by influences from many sources: physiological, 

behavioural, affective, cognitive, social, and environmental” (p. 747). At the 

fundamental level, this can be seen as the stress response, the ‘fight or flight’ response. 

Importantly, for this study, the model proposes the integration of the cardiac system and 

cognition. This allows us to consider HRV as a measure of cognitive function, 

particularly the capacity to adapt to changing environmental demands: “HRV may serve 

as an easily measured output of this neural network that may provide valuable 

information about the capacity of the organism to effectively function in a complex 

environment” (p. 748).  The complexity of the environment is critical to researching 

decision-making in the military context: Thayer et al. (2012) note the ‘bi-directional’ 

nature of the heart and the brain “Efferent outflow from the brain affects the heart and 

afferent outflow from the heart affects the brain” (p. 749). In a laboratory, experimental 

setting, it is difficult to replicate the diverse range of environmental influences 

associated with decisions made in real situations (hence the purpose of this research). 

PRV, as acquired by the emWave2 may be a solution, and the results support this; 

however, there remains some discrepancy in some HRV parameters. In particular, High 

and low frequency do not present as significant effect between each condition. Perhaps 

more concerning is that emW LFHRV and LF/HFHRV are in disagreement with ECG 
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LFHRV and LF/HFHRV; though this is not significant. emW HFHRV does align with 

ECG HFHRV, however, this is also not significant.  

Previous research does identify some concerns with PRV as an alternative to 

HRV Constant et al. (1999) suggest that PRV is more influenced by respiration than is 

apparent in HRV data, and a study by Lu and Yang (2009) identified that PRV accuracy 

is decreased by motion artefacts. It is generally accepted that HF frequency is 

predominately parasympathetically mediated, and as such affected by respiration (J.F. 

Thayer et al., 2012): LF frequency is reported to represent either a balance between 

sympathetic activity, or represents sympathetic activity (Xhyheri, Manfrini, Mazzolini, 

Pizzi, & Bugiardini, 2012). The ‘default’ response to stress or threat is an increase in 

sympathetic activity and an associated reduction in parasympathetic activity. Given the 

link between intuitive and analytical cognitive processes (associated with decsion 

making) in uncertain environments, the ability to meaure such changes in HRV 

frequency measures is central to future research using HRV and decision-making. The 

VLF component of frequency domain HRV measures remains a relatively unexplored 

component of HRV analysis (Shaffer et al., 2014), with some authors suggesting that 

for the VLF range the “role remains uncertain” (Xhyheri et al., 2012, p. 323). The 

results of this study identified that the VLF component shows good agreement between 

the ECG and emW data. 

VLF has until recently been a frequency domain measure that was less reported 

than HF and LF frequency ranges; however, Blood et al. (2015) investigated the 

predictive value of VLF HRV for depression in adolescent participants, finding that 

“VLF HRV showed a strong positive association with depressive symptoms, stronger 

than HF HRV” (p. 123) Tantia (2012) identifies that “... very low frequency 

corresponds to SNS activation... low frequency indicates balance between the SNS and 

PNS... high frequency is indicated by high PNS activity” (p. 63). The results of this 

study identified that VLF HRV shows significant effect for condition; in particular 

identifying a significant effect.  

The increased interest in the VLF component of frequency domain analysis is 

confirmed by Bilgin, Çolak, Polat, and Koklukaya (2010), who suggest that “LF/VLF 

exhibited better sensitivity and accuracy that the ratio of the LF/HF power spectral 

densities” (p. 156).  
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The aim of this study was to validate the emWave2 HRV monitor to 

Weinschenk, Beise, and Lorenz (2016) support the use of photoplethysmography (PPG) 

in clinical applications in place of ECG data “when appropriate parameters are used” (p. 

1527). Weinschenk et al. (2016) note that the ECG measures the electric activity of the 

heart, and PPG measures “the mechanic propagation of the pulse wave in the periphery” 

(p. 1528). PPG is more influenced by respiration and orthostatic effects (p. 1528), which 

has posed a concern with the use of PPG in situations where the person is ambulatory – 

as is the case for decision makers in field environments. Shaffer et al. (2014) identify 

that “the VLF rhythm is generated from intrinsic sources and cannot be explained by 

sources such as movement” (p. 11). Shaffer et al. (2014) also suggest the VLF 

component as a robust measure, and that VLF power peaks before waking, suggesting a 

correlation with the morning cortisol peak. Given that cortisol is associated with the 

stress response, and the link between fight or flight and decision-making styles; further 

investigation of the VLF component and cognitive processes during decision-making in 

field environments is warranted.  

Significance of this study 

This results of this study contribute to the body of literature on decision-making 

research by providing a methodology that provides opportunities for research to be 

conducted in a more diverse range of environments. Decision-making is a complex 

phenomenon, both in terms of the process of decision-making, and the diversity of 

decision-making situations.  

Limitations 

This study has a number of limitations. The first is the relatively small sample 

size; and it is recommended that this study be followed with a similar study with a much 

larger number of participants. A second limitation is the inability to control the 

cognitive processes of participants during the collection of resting HRV data. It is 

possible that participants weren’t completed relaxed during the entire five minutes of 

data collection, and this may have some effect on the study results. A third limitation is 
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the selection of decision-making, or other cognitive tasks. Investigating decision-

making is therefore complex, more complex than assigning categories such as ‘a choice 

task’ or a problem solving task. Much research uses discrete tasks designed to represent 

or measure particular cognitive functions, elements of decision-making or other 

cognitive process. This study utilised two such tasks. Whilst informative, some 

limitations remain with such research studies. Salthouse (2005) conducted a review of 

several studies purporting to assess executive functioning. His findings suggest that 

some confusion remains about what actually constitutes executive function “The 

diversity of variables used to assess executive functioning suggests that there is not yet 

much agreement about the nature of this construct and even less about how it is best 

assessed” (Salthouse, 2005, p. 532). Salthouse makes this comment, in part because the 

review he conducted noted that “there are seldom one-to-one relations between 

variables and theoretical constructs and hence that few variables can be considered to be 

pure, either with respect to processes or to abilities” (Salthouse, 2005, p. 543). 

Measuring discrete elements of a complex process is informative and useful, but the 

limitations of this approach need to be acknowledged. 
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Abstract 

Previous studies have shown that higher levels of resting HRV are associated with 

greater self-regulation and the ability to maintain higher levels cognitive function under 

conditions of stress. This study examined an intervention that trains a person to mediate 

their HRV; to investigate if any improvement in resting HRV is associated with 

improved performance in a decision-making task under conditions of no stress and mild 

stress. Using a pre-test/post test design, participants (Intervention group n = 18/12, and 

Control group n = 17/10) completed a simulated  military tactical decision-making task 

under conditions of no stress and mild stress. The intervention group then participated 

in the Heartmath Coherence Program. Post-test activities repeated the same decision-

making tasks. Statistical testing identified no significant effect for group 

(Intervention/Control) for any HRV measures, or for decision-making task results. This 

may be as a result of minimal engagement with the program, and as such is worth 

investigating this further with another study. Significant effect for condition (no 

stress/mild stress) was shown for some HRV measures and for decision-making task 

results. Results for the no stress condition (M = 38.54, SE = 4.33) were significantly 

higher than results for the mild stress condition (M = 22.98, SE = 2.38). Post Hoc 

analysis of decision-making results and participants with higher resting HRV, compared 

with participants with lower resting HRV showed better results for the higher resting 

HRV participants. The results of this study support previous research that decision-

making is degraded under conditions of mild stress, and that a person’s resting HRV 

influences their performance in a decision-making task with mild stress. 
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Title 

Investigation into the Heartmath Coherence Advantage Program and improving 

performance in a simulated military tactical decision-making task. 

Introduction 

Military decision-making is characterised by situations of complexity, time-

constraint, risk and stress, with significant and immediate negative, potentially fatal, 

consequences. To improve decision-making in this context we would need to account 

for all of these factors; however, it should be immediately obvious that a number of 

these factors cannot be controlled. Complexity, time-constraint and risk are enduring 

features of the modern battlespace. The implications of a soldier’s decision on the 

ground will always have the potential for immediate and fatal consequences; even 

simple decisions have fatal consequences. Improvement to decision-making in this 

environment requires us to enhance a soldier’s ability to deal with these factors 

associated with decision-making that are inherent in the environment they operate in.  

Much research has suggested that decisions made in such environments conform 

to Naturalistic Decision-making (NDM) models (Fan, McNeese, & Yen, 2010; Klein, 

2008). Whilst there are a  number of different NDM models, a common theme is the 

role of intuition in the decision-making process (Klein, 2008). In situations of time 

constraint, the decision maker has insufficient time for rational decision-making 

processes, intuition provides the decision maker with readily available options to solve 

the decision problem. Glöckner (2010) identified that “Intuitive processes operate 

autonomously and automatically” and that “they can process multiple pieces of 

information in parallel” (p. 280). Analytical processes, by contrast, process each piece 

of information in sequence. A more deliberate and time-consuming process. Intuition, 

however, requires the decision maker to have a significant depth of experience from 

which to draw upon; experience provides these readily available, ‘intuitive’ options 

(Dane, Rockmann, & Pratt, 2012; Glöckner, 2010; Pretz & Folse, 2011). Unfortunately, 

the contemporary operating environment for the modern soldier is very likely to place 

an inexperienced soldier in an unfamiliar decision-making situation. Ericsson and 

Lehmann (1996) suggested that it takes about ten years to develop the level of 
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performance in any given domain to be considered an expert. A junior soldier could 

quite conceivably be deployed with twelve to eighteen months military experience, yet 

they could potentially be placed in a stressful situation requiring a timely and correct 

decision. The issue of experience cannot be fully addressed; however well trained a 

soldier is, training cannot replicate every conceivable situation they are likely to 

encounter. The wealth of experience required for an ‘intuitive’ decision will be absent. 

Given that it is unlikely that a junior soldier will have sufficient experience to facilitate 

intuitive decisions, it becomes necessary to investigate possibilities that will improve 

the cognitive processes associated with both intuitive and deliberate decision-making.  

One factor that can, potentially, be addressed is that of stress; or the soldier’s 

response to the stress inherent in the environment they operate within. Stress has been 

shown to adversely affect a person’s performance (Schoofs, Wolf, & Smeets, 2009), 

and  as such a person’s decision-making ability (van den Bos et al., 2009; Youssef et al., 

2012). Decision-making is a cognitive process and stress affects cognition (Arnsten, 

2009; Duncko, Johnson, Merikangas, & Grillon, 2009; Hammel et al., 2011). Stress is 

an emotional response, and there is some evidences to suggest that emotion precedes 

cognition (for one of the early commentators on this concept see, Zajonc, 1980). If a 

soldier can mediate their stress response, the negative effect of stress on decision-

making can potentially be reduced or removed. Folkman (1984) presented a cognitive 

theory of stress and coping that is described as both ‘relational and process oriented’ (p. 

840). For Folkman (1984) the ‘relational process-oriented’ approach is important 

because it requires us to see control [of stress] in the context of the person to 

environment relationship. The environment, and the person’s appraisal of the 

environment and the events within that environment, is constantly changing. A person’s 

appraisal of the event, as harm or loss, threat or challenge, informs their perception of 

their ability to cope with or control the situation.  

Whilst the relationship between coping and appraisal is complex (Gaudreau et 

al., 2002), an intervention that allows a soldier to mediate their stress response, and 

reappraise their emotional response has the potential facilitate greater control and 

coping. The ‘relational and process’ oriented approach proposed by Folkman (1984) 

differs from the concept of stress wherby stress is a stimulus applied to the person. 

Approaching stress as a phenomenon that is ‘perceived’ by the person allows us to 

consider approaches that allow a person to reframe this appraisal. This study 
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investigates the potential for an intervention that teaches a person to mediate their stress 

response also improves decision-making in both a deliberate and intuitive situation. 

Arnsten (2009) investigated the effect of stress on the prefrontal cortex area of the brain 

and identified that a person’s appraisal of being able to cope mediates the impairment of 

the prefrontal cortex associated with stress.  

Naturalistic Decision-making models describe how people actually make 

decisions in the real world, and the decision-making processes are shaped by the 

strengths and weaknesses in the human individual. Many of these strengths and 

weaknesses can be explained by evolutionary psychology, the human has adapted to 

survive. 

Survival in primitive times required rapid decision-making, and strategies for 

such decision-making are identified  by NDM; strategies that, generally, involve the use 

of short cuts: short cuts such as ‘satisficing’ - looking for the first workable option 

rather than trying to find the best possible option’ (Herbert, 1957, as cited in, Collyer & 

Malecki, 1998). Glöckner (2010, p. 280) tie the concept of ‘satisficing’ to intuition; 

stating “Our basic claim is that intuition is capable of dealing with complex tasks 

through extensive information processing without noticeable effort.” They go on to 

identify that intuition relies on prior knowledge; though they acknowledge that intuition 

does not always require prior knowledge to operate, however, prior knowledge will 

always be used if intuition is activated. Experience allows a person to more readily 

select a satisfactory solution quickly. An example of an NDM is the ‘Recognition-

Primed Decision Model’ (RPD), a decision-making model that is “a blend of intuition 

and analysis” (Klein, 2008, p. 458). Klein (2008) suggests that relying on intuition alone 

would be too risky, and overreliance on analysis too slow. The level of analysis is 

dependent on the level of ambiguity and uncertainty; more uncertainty requires more 

mental simulation to ‘explain’ the situation and derive the solution (Boyes & O'Hare, 

2011). Time is, then, clearly a factor to be considered when investigating decision-

making; short time-frames lend themselves to intuitive decisions, longer time-frames 

permit analysis.  

An example of intuition in a military decision-making situation is described by 

Lehrer (2009). A British Naval Officer was faced with a decision as to whether or not to 

fire at a radar blip, a blip that could have been either an enemy missile, or a returning 

friendly fighter aircraft. The radar signature of both the missile and the fighter were the 
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same, as was the approach path. The Officer chose to fire at the blip, destroying the 

incoming enemy missile (a fact that became available only after the missile was 

destroyed). The success of this decision appeared on the surface to be more luck than a 

good decision; however, Klein was able to determine that rather than luck, intuition (or 

gut feeling) is what allowed a correct decision to be made (J. Lehrer, 2009). There was 

an extremely subtle difference between the tracking of a returning friendly fighter 

aircraft and that of an enemy missile, a difference over a split second that occurred 

precisely at the moment the blip appeared on the radar screen: Klein identified this 

difference after reviewing the radar transcripts repeatedly over many hours, a luxury of 

time not available to the Officer needing to make the split-second decision. The 

Officer’s significant experience allowed him to intuitively make the correct decision. 

Analysis could not help the Naval Officer in this incident – success was due to many 

years of experience in that domain. Larkin, McDermott, Simon, and Simon (1980) 

suggest that expertise is achieved by the repetition of patterns (of knowledge or 

behaviour) that forms a complex schemata, allowing the person to quickly retrieve the 

relevant knowledge for the decision – this rapid access to the knowledge is what we call 

intuition. The concept of intuition and analysis is supported by Nobel Prize Laureate 

Daniel Kahneman, who uses the terms System 1 (intuition) and System 2 (deliberative 

thinking) to describe the two systems of human decision-making (Moxley et al., 2012). 

Military simulation game 

The approach to decision-making research by NDM researchers was to analyse 

how people actually made decisions in the real world (Klein, 2008). Klein (2008) states 

that whilst this may seem an obvious approach, prior decision-making research had 

measured decision-making against “optimal judgments as defined by the laws of 

probability, the axioms of expected utility theory, and Bayesian statistics” (p. 456). 

NDM researchers quickly found that decision makers in such environments as 

encountered by a soldier during military operations did not use such decision-making 

models. Rather they used decision-making shortcuts, or ‘heuristics’. The use of 

heuristics is considered an appropriate strategy for decision-making in ‘fast-paced and 

demanding environments’ (Fenton-O'Creevy et al., 2011, p. 1046). Gigerenzer & 

Brighton (2009, cited in, Chan, Paletz, & Schunn, 2012, p. 1353) identify that “under 

certain conditions, heuristics are not only more efficient than logical or statistically 
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normative methods, but also more accurate. Chan et al. (2012) focus on analogy as a 

strategy for resolving uncertainty in decision-making; identifying that, whilst it doesn’t 

provide the solution, it ‘narrows the space of possibilities’ (p. 1362), thus facilitating 

quick decision-making.  

Todd and Gigerenzer (2001, p. 381) identified that “The study of bounded 

rationality is accordingly the analysis of the heuristics people use, the analysis of the 

structures of environments in which people make decisions, and the match between the 

two.” This provides us two important considerations: the environment, and the use of 

heuristics. The environment introduces the concept of ecological rationality, “the 

interaction of cognition and the environment” (Rieskamp & Reimer, n.d., p. 1). 

Heuristics establishes processes that both aid rapid decision-making, but also introduce 

potential biases. Pachur, Todd, Gigerenzer, Schooler, and Goldstein (2011, p. 1) 

supported the use of heuristics to facilitate efficient decision-making “The recognition 

heuristic is a prime example of how, by exploiting a match between mind and 

environment, a simple mental strategy can lead to efficient decision-making.” Of 

interest is the mention of the environment, again suggesting that such methods that 

underlie Naturalistic Decision-making Models are ecologically rational.  

The concept of ecological rationality of decisions sits well with some theories of 

consciousness (and supports a logical flow of discussion to the role of emotion in 

decision-making). As an example Damasio (1999, cited in, Ressler, 2004) identified that 

the ‘organism’ has subjective experiences with the environment, and that leads to 

consciousness. The concept if ecological rationality is important when studying 

decision-making; the further the study conditions are away from the actual environment, 

the less reliable the research activity findings become. The environment influences ‘pre-

decision’ tasks such as situation appreciation.  Plous (1993) identified that information 

is perceived, appreciated, according to the context in which it is presented; a particular 

piece of information presented in one situation may be perceived differently in a 

different situation. As such, discrete laboratory decision-making tasks are less 

ecologically valid. The challenge for the military decision-making researcher is that the 

environment soldiers operate in is inherently dangerous, and this precludes worthwhile 

research ‘in the environment.’ This factor also presents itself for any military 

organisation seeking to provide realistic decision-making opportunities to personnel 

during training. Large scale ‘live’ field exercises provide such opportunities; however, 
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they are extremely expensive, time-consuming and actual decision-making 

opportunities are not readily observable by a researcher. Only a very small percentage 

of the numerous personnel on the ground are making decisions. For this reason many 

military organisations rely on simulation to augment field training exercises. Simulation 

can be cost effective, and present many more training opportunities for each individual 

soldier. 

DeFoor (2007), identified that while the intuitive element of decision-making is 

understood, much decision-making training for soldiers focuses on analytical decision-

making. DeFoor (2007) identifies the challenge associated with training for intuitive 

decision-making “intuition is best developed through relevant real-world experience and 

feedback” (p. 61). Such experience can be developed at the tactical level by the use of 

tactical decision-making simulation (DeFoor suggested the practice can and should be 

extended to strategic decision-making training). Simulation provides a reasonable 

facsimile of the real world situation, it is as ecologically sound as is feasible. The use of 

a military simulation game provides an ecologically sound experimental environment. 

The military simulation game selected, Combat Mission – Beyond Overlord, has been 

deliberately selected because it is simple to use, and yet provides an accurate 

representation of military tactical combat. As such it is considered a valid military 

decision-making task, whilst minimising the likely effect of gaming experience.  

There is much evidence to support that people utilise NDM models in time-

constrained and stressful situations; and much evidence to suggest that an expert in the 

decision-making domain is better equipped to benefit from ‘intuition’ in such situations: 

an expert will make better and quicker decisions. A study be Moxley et al. (2012), 

whilst acknowledging the evidence that experts are likely to make better decisions under 

time-constraint, sought to investigate whether or not an experts first decision is their 

‘best’ decision. Using chess players in their research, Moxley et al. conducted an 

experiment to assess a chess players initial decision against a ‘chosen’ decision after a 

time of analysis. Their results identified that an expert gained no significant benefit 

from extended analysis of an ‘easy’ chess move (their first response was far superior 

than the less experienced player, but their chosen move after analysis was not much 

stronger than their initial choice), however, as the level of difficulty of the ‘decision’ 

(chess move) increased, the benefits of deliberation increased. Klein (2008) 

acknowledges that naturalistic decisions are a blend of intuition and analysis, and that 
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more analysis is needed the less familiar the decision situation: this explains the benefit 

of deliberation for the more difficult chess moves, they are more difficult because they 

are less familiar. The Recognition Primed Decision (RPD) model has been introduced 

into a deliberate military planning process with some success (Ross et al., 2004). The 

military decision-making simulation selected for this study is a turn-based simulation. 

This allows the researcher to manipulate the time permitted for decision-making. As 

such, the influence of the intervention on both intuitive and more deliberate decisions 

can be investigated.  

“Music is most sovereign because rhythm and harmony find their way to the 

inmost soul and take strongest hold upon it, imparting grace, in one is rightly trained” 

(Plato, in “The Republic”, cited in, Cervellin & Lippi, 2011, p. 371). The physiological 

effect of music on people has long been known, if not scientifically understood; 

however,  Cervellin and Lippi (2011) identify that  “Growing experimental evidence 

now attests that some kind of music might indeed modulate several cardiac and 

neurological functions, as well as trigger biochemical measurable stress-reducing effects 

in certain individuals, mostly depending on their subjective musical education.” (p. 

371). Cervellin and Lippi (2011) go on to identify the use of music as a therapeutic tool. 

Yamasaki et al. (2012), also discuss the established use of music for therapy, and 

support the growing evidence of the physiological mechanisms “... underlying the 

effects of music and, more recently, the suggested role of music in modulating 

metabolic responses.” (p. 1075) and that music regulates the “hypothalamic–pituitary 

axis, the sympathetic nervous system, and the immune system, which have key 

functions in the regulation of metabolism and energy balance. “ (p. 1075).  Short, 

Ahern, Holdgate, Morris, and Sidhu (2010) identify that emergency department noise is 

a stressor for patients, but this could be removed by giving the patients headphones with 

music  – noise is a stressor. Banis and Lorist (2012) use white noise as a stressor, 

identifying that noise has been shown to it “activate the hypothalamic-pituitary-adrenal 

axis and the sympathetic nervous system, leading to increases of stress hormones 

including epinephrine, norepinephrine and cortisol “ (Babish, 2003, cited in, Banis & 

Lorist, 2012, p. 163). The growing body of evidence for the body’s physiological 

response to music (Dyck et al., 2011) makes the use of load heavy metal music as a 

mild stressor an appropriate experimental tool. 
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This study investigates the potential for the Heartmath Coherence Advantage 

program to improve decision-making in a simulated military tactical decision game 

under conditions that allow deliberate decision-making, and time-constrained decision-

making with noise as an additional mild stressor. This second condition allows us to 

consider more intuitive decision-making processes.  

Heart rate variability 

HRV is well established as an indicator of psychological resiliency, and also of 

cognitive performance. In particular higher resting HRV is associated with improved 

performance on executive function cognitive tasks (Shaffer, McCraty, & Zerr, 2014). 

Whilst the physiological and neural influences on HRV are complex (McCraty & 

Shaffer, 2015); time-domain and frequency domain measures allow for more considered 

interpretation of HRV data as it relates to challenge, both psychological and cognitive, 

and stress. Heart rate variability allows identification of the branch of the autonomic 

nervous system that is mediating heart rate (Malik et al., 1996). STDRR (often reported 

as SDNN) is the standard deviation of the R-R intervals. In short- term resting 

recordings, the primary source of the variation is parasympathetically-mediated 

respiratory sinus arrhythmia (RSA), especially with slow, paced breathing protocols. 

STDRR values are highly correlated with the LF values. Reduced STDRR is associated 

with stress, and depression. RMSSD is the root mean square of successive differences 

between normal heartbeats. It reflects the short-term variance in HRV and is an estimate 

of the parasympathetic regulation of the heart. RMSSD is correlated with HF power, 

and is reported as being less affected by respiratory influences. Reduced RMSSD has 

been shown during cognitive challenge tasks. The low-frequency (LF) band ranges 

between 0.04 and 0.15 Hz. It reflects a mix between sympathetic and vagal influences 

that shows an influence of both sympathetic and parasympathetic branches. Increased 

LF band activity is associated with stress. The High Frequency (HF) band ranges 

between 0.15 to 0.4 Hz. This band reflects parasympathetic or vagal activity and is 

frequently called the respiratory band because it corresponds to the HR variations 

related to the respiratory cycle. Reduced parasympathetic (high frequency) activity has 

been found in a number of cardiac pathologies and in patients under stress or suffering 

from panic, anxiety, or worry (Laborde, Raab, & Kinrade, 2014; Wood, Maraj, Lee, & 

Reyes, 2002).  
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Aim 

The aim of the study was to investigate the potential for an intervention that 

teaches a person to mediate their HRV, can also improve resting HRV over a period of 

four weeks: and if that improvement in resting HRV also results in improved 

performance in a simulated military tactical decision-making task. 

Hypothesis 

The Heartmath ‘Coherence Advantage’ program results in increased ability for a 

person to achieve and maintain psychophysiological coherence, and this results in 

improved performance in a simulated military tactical decision-making task under 

conditions of deliberate decision-making and intuitive decision-making with a mild 

stressor imposed.  

Questions 

The following questions were addressed from the hypothesis: 

• Does the Coherence Advantage program result in improved physiological stress 

response control: 

− Can the participant achieve coherence quicker? and 

− Can the participant sustain coherence?  

• Does the Coherence Advantage program influence a person’s performance in a 

simulated military tactical decision-making task under conditions allowing 

deliberate decision-making?  

• Does the Coherence Advantage program influence a person’s performance in a 

simulated military tactical decision-making task under conditions imposing 

intuitive decsion making and a mild stressor?  
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Method 

Participants 

Participants were recruited from the Army Recruit Training Centre, 1st Recruit 

Training Battalion and the Army Adventurous Training Wing, all located at Kapooka, 

near Wagga Wagga, New South Wales. Recruitment was by means of an announcement 

and request for volunteers during routine command briefings across the three 

organisations. Participants were provided information sheets and a pre-activity brief 

prior to attending the activity. This study was approved by the Charles Sturt University 

Ethics in Human Research Committee (Protocol 2014/216) and the Australian Defence 

Human Research Ethics Committee (Protocol 772 -14).  

The intended sample was forty participants; however, only thirty-five volunteers 

were available. Thirty-two males and three females commenced the study. Age of 

participants ranged from 23 years to 49 years (M = 32, SD = 7). Military experience 

ranged from 2 years to 26 years (M = 11, SD = 6). A broad spread of military rank was 

present: Private soldier, 3; Corporal/Bombardier, 18; Sergeant, 7; Warrant Officer Class 

Two, 1; Lieutenant, 2; Captain, 3; and, Major, 1.  

The request for forty participants in a single session would constitute a big 

burden from the three organisations. To mediate this, the study was conducted over four 

consecutive days, allowing for ten participants each day. Participants were allocated to 

either the control group or intervention group. Allocation was determined by random 

attendance and the practical necessity of research equipment available. The researcher 

had only 25 emWave2 heart rate variability monitors available, and these were needed 

for the initial activity, and for the experimental group to use during the four-week trial 

period. For this reason, participants were allocated to the control group if they attended 

for either of the first two days, and to the experimental group if they attended in the 

third or fourth day sessions. The nature of research with volunteers affected the intent of 

ten participants each day. The first day saw only three participants attend, and the third 

and fourth day had more than ten participants arrive. These numbers were managed as 

they occurred, and a balance between the control and experimental group was achieved. 

Characteristics of the experimental and control groups are presented at table 5.1.  
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Table 5.1  Intervention and control groups participant characteristics 

Characteristic Experimental Control 

n 18 17 

Male/female 16/2 16/1 
Age 
     Max 
     Min 
     M 
     SD 

 
42 
25 
31 
5 

 
49 
23 
33 
8 

Military experience 
     Max 
     Min 
     M 
     SD 

 
20 
2 
10 
5 

 
26 
4 
11 
7 

Procedure 

Overview. The study was conducted at one of the training rooms located in the 

Charles Sturt University, Wagga Wagga Campus, Library. The room layout was 

configured with rows of desks, three or four desks in each row. Each participant sat at a 

desk and had access to a computer with a single screen. A screen was at the front of the 

room to allow for activity briefings and to project the time clocks for the time-

constrained activity. The room had a built-in sound system with speakers at regular 

intervals in the ceiling. The temperature was set to approximately 20 -21 degrees 

Celsius.  

On arrival participants were provided an initial brief on the purpose of the study 

and what would be expected of them if they participated. They were then asked to read 

the study information sheet and sign the consent form if they were willing to participate 

in the study. Once they had signed the consent form they were asked to complete a 

participant information sheet containing some personal data required for analysis: age, 

military experience, rank and gaming experience. Once the participants had signed the 

consent form and information sheet, the study activities were conducted. The Study 

design is presented in figure 5.1. 
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Figure 5.1 Experimental Design 

  

Emails to all ARTC members and 
follow up announcements and call for 

volunteers at Command Briefings. 
Assessed for eligibility (n ≈ 1,000)1 

Analysed  (n = 12) 

Lost to follow-up, duty precluded attendance 
(n = 6) 

♦ Resting HRV data collected  
♦ Simulation scenario no stress 
♦ Simulation Scenario with stress 
 

Allocated to intervention (n = 18)3 
♦ Participants attending day three and day 

four of the study 
♦ Resting HRV data collected 
♦ Simulation Tutorial 
♦ Simulation scenario no stress 
♦ Simulation Scenario with stress 
♦ Heartmath Coherence Advantage 

program 
 

Lost to follow-up, duty precluded 
attendance (n = 7) 

♦ Resting HRV data collected 
♦ Simulation scenario no stress 
♦ Simulation Scenario with stress 
 

Allocated to control (n = 17)3 
♦ Participants attending day one and day 

two of the study 
♦ Resting HRV data collected 
♦ Simulation Tutorial 
♦ Simulation scenario no stress 
♦ Simulation Scenario with stress 

Analysed  (n = 10) 

Analysis 

Follow-Up 

Randomized (n= 35)2 

Recruitment 

Allocation 

Weeks one through to four 
♦ Heartmath Coherence Advantage 

program practice  
♦ Resting HRV data collected 
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Notes. 1 Recruitment targeted all members of the Army Recruit Training Centre. 2 The 
target number of participants was 40, however, only 35 volunteers attended and 
participated. 3 To allow for the intervention group to keep the emWave2 HRV monitors 
to allow them or practice the intervention techniques: participants were allocated to the 
control group if they attended for either of the first two days, and to the experimental 
group if they attended in the third or fourth day sessions. This allocation process was 
not disclosed to participants in the call for volunteers. 

 

Collect resting HRV data. Participants were instructed to sit and relax for five 

minutes, to allow for resting HRV data to be collected. Relaxation music was played 

during this data collection period. HRV data were collected with the emWave 2 (emW) 

heart rate variability monitors attached to the ear lobes of the participants.  

Tactical military decision-making task. The simulation activities were 

conducted as follows:  

• Introduction to Combat Mission Beyond Overlord (CMBO) simulation. A 

presentation of the CMBO simulation was presented to participants. The 

researcher demonstrated the basic functions of the game, and explained the game 

score screen to participants. 

• CMBO tutorial. The participants played the CMBO mission titled ‘Grosshau 

Ridge’ as a tutorial activity. This scenario is a simple mission, and is ten turns in 

length. The researcher moved around providing assistance on how to play the 

game to each participant as needed. Participants were permitted as much time as 

needed to become familiar with the game. Game scores and time playing was 

recorded for each player.  

• CMBO ‘no stress’. Participants played the CMBO scenario titled ‘A Ranger 

Challenge’. Participants were instructed to wear their emWave® 2 HRV monitors 

for the duration of their game time. No time limit was imposed. Game scores 

and time spent playing was recorded for each participant.  

• CMBO ‘stress’. Participants played the CMBO scenario titled ‘A quick visit - 

Bruneval’. Participants were instructed to wear their emWave® 2 HRV monitors 

for the duration of their game time. A time limit for of one minute for initial 

planning and 30 seconds for each turn planning phase was imposed. Loud heavy 

metal music was played for the duration of this activity, the song changing at the 
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start of each planning turn. Game scores and time spent playing was recorded for 

each participant.  

At the completion of the CMBO stress activity, control group participants were 

briefed on the requirement to attend a second session in four weeks time and thanked 

for their attendance.  

Experimental group participants were then provided the Heartmath Coherence 

Advantage Program.  

Heartmath Coherence Advantage Program. Experimental group participants 

were provided the Heartmath Coherence Program.   The Heartmath Coherence 

Advantage Program is a classroom-based resilience program that seeks to train a person 

to mediate their stress response. The program includes a number of Heartmath Self-

regulation techniques, and has been adapted from existing Heartmath programs for use 

in the military context (McCraty, personal communication, December 4, 2012). The 

development of these self-regulation techniques is informed by research conducted by 

the Institute of Heartmath that identifies that Heart Rate Variability (HRV) is sensitive 

to emotional states. Positive and negative emotional states are distinguishable by 

differences in HRV patterns. Sustained positive emotion results in a mode of 

functioning termed physiological coherence, a state that is shown as a smooth sine-

wave like HRV pattern (Bradley et al., 2010). Physiological coherence is a state 

associated with benefits including increased emotional stability and improved cognition 

(McCraty & Tomasino, 2004).  

The Coherence Advantage program is supported by biofeedback tools: HRV 

monitors. The HRV monitors, such as the emWave2, provide visual feedback to the 

person on the status of their HRV data. In particular for the Heartmath technique, the 

emWave2 provides feedback on the physiological coherence level of the user. This 

feedback helps a person to train their physiological state to achieve the state of 

physiological coherence. With sustained practice, the Heartmath techniques have been 

shown to increase a person’s resting HRV (McCraty, Anderson, Lipsenthal, and 

Argulles (2003). The relationship between a person’s resting HRV and their ability to 

cope with stress; a higher resting HRV is associated with a greater ability for a person to 

cope with challenging situations (McCraty & Atkinson, 2012). The Heartmath 

techniques, supported by the use of HRV monitors (such as the emWave2), are the 
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foundations of the Coherence Advantage Program. In the military context, the program 

objectives are to: 

• Leverage your ability to think clearly under pressure and discern appropriate 

solutions to problems. 

• Increase your ability to maintain situational awareness.  

• Diminish symptoms of combat operational stress such as sleep disturbance and 

fatigue.  

• Improve reaction times and coordination.  

• Increase personal resilience and stress tolerance (The Institute of Heartmath, nd).  

The program provides participants with some theory to support the techniques 

and technology that they will be using. The theory component of the program includes: 

• Stress 

o the effects of stress 

 manageable levels of stress or challenge 

 debilitative stress 

o the stress continuum 

o stress ‘First Aid’ 

• Resilience: 

o Physical resilience 

o Emotional resilience 

o Mental resilience 

o Spiritual resilience 

o Depletion or renewal of resilience 

• Emotions 

o positive emotions 

o negative emotions 

• Heart Rate Variability 



Chapter Five - Investigation into the Heartmath Coherence Advantage Program and improving 
performance in a simulated military tactical decision-making task. 

- 170 - 

o Heart/Brain communication 

o heart rhythm patterns. 

• emWave2 HRV monitor 

The classroom based activities include practice sessions using the various 

Heartmath techniques, supported with the use of the emWave2 HRV monitor. 

Participants are then provided a practice plan to encourage them to practice and refine 

the techniques. 

The ‘Coherence Advantage’ program - Practice Plan 

The key to building resilience, and improving performance under stress, is to establish 
good practice habits with the Coherence Advantage techniques; in doing so you will 
build physiological resilience and promote a more positive response mechanism for 
challenging situations.  

The principles for improved resilience and performance are:  

• PREP to be more coherent and reduce stress reactions before upcoming events 
(perhaps attending a meeting with a supervisor).  

• Sustain your coherence throughout the day by establishing regular practices and 
using the appropriate technique, in the moment, whenever challenging events 
occur.  

• Shift & Reset as soon as possible after a stress reaction or after a duty shift so 
you minimize the energy drains and before resting or hitting the rack to insure 
you get the maximum benefits from rest or sleep. 

The following practice plan will assist you to implement the principles above: 

• Sustain. Establish a regular practice routine that will build physiological 
coherence and strengthen your ability to apply the techniques when challenged. 
To do this practice the ‘Inner Ease’ technique twice a day:  

Lunch/midday. Practice the Inner Ease technique and try to maintain medium to high 
coherence for five minutes. 

Evening. Practice the Inner Ease technique and try to maintain medium to high 
coherence for five minutes.  

• Prep. Practice the Prep technique prior to any challenging, or potentially 
challenging, events during the day. 

• Shift and reset. Practice ‘resetting’ to a coherent state immediately following a 
challenging, or stressful, situation. To achieve this: 



Chapter Five - Investigation into the Heartmath Coherence Advantage Program and improving 
performance in a simulated military tactical decision-making task. 

- 171 - 

Practice the Quick Coherence technique immediately following the challenge, if you are 
‘time-poor’ (that is you will immediately be moving onto another task); or 

Practice the Freeze Frame technique immediately following the challenge if you have 
more time to reset. 

Set achievable goals. The ability to self-regulate is a skill that can be learnt, like any 
other skill. Like all skills, though, it does take time and practice (and there will most 
likely be days, times, when it doesn’t seem to be working). You have two broad goals to 
achieve: obtain coherence, and sustain coherence. During the six-week program aim for 
the following: 

Week one. Focus on the ability to quickly get coherent. Start with the challenge level 
set to one, and practice getting coherent. As you succeed with this, aim to maintain a 
medium to high coherence during your lunch and evening sustain sessions.  

Week two. Establishing a routine to using the emWave2 and Coherence Advantage 
techniques will help you set a new coherence baseline, this facilitates use of the 
techniques when you are stressed, or challenged. During this period you should focus on 
maintaining medium to high coherence for 80-90% of your sustainment sessions 
(remember to adjust your challenge level to assist with this, see Tips for Getting Into 
and Sustaining Coherence below).  

Start to engage with the Prep technique and Freeze Frame to prepare for challenge, and 
to ‘reset’ after a challenge.   

Weeks three/four. Continue to build ‘sustain’ practice sessions; increase challenge 
levels and maintain coherence over the duration of a sustain session. Practice employing 
the Prep technique prior to challenging events, and the Quick Coherence and Freeze 
Frame techniques immediately after challenging events.  

Tips for Getting Into and Sustaining Coherence 

• The best way to shift into a coherent state is to use the Quick Coherence 
Technique. Start on Challenge level 1 and increase the Challenge level when 
you achieve 80-90% high coherence in your sessions. 

• Create presence. The coherent state is different than relaxation. Coherence is 
alert and engaged, as well as calm and poised at the same time. This is the 
feeling/state that you want to create. 

• Low coherence can be normal when first using the emWave2. It doesn't mean 
something's wrong or that you're highly stressed. However, when you are 
stressed or distracted, it may take a deeper heart focus to shift into a coherent 
state. 

• The best Challenge level is one where you're not always in low or high 
coherence. You may find that you need to raise or lower the Challenge level at 
different times and that’s fine. You will gain benefits at any Challenge level.  

• Once a week, add a 15 minute session to build your coherence baseline and 
resilience. 
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Post-test activity. A ‘post-test’ phase was conducted four weeks after the initial 

activities. Conduct of the post-test followed the same format as for the initial activities, 

less the CMBO tutorial activity. 

Measures 

Heart rate variability (HRV). HRV was used as a measure of participant’s 

response to stress.  

HRV data were captured using the emW heart rate variability monitor. The 

emW utilises a Photoplethysmograph sensor attached to the participant’s earlobe. The 

sensor has a sampling rate of 128Hz. Participants were instructed to place the sensor to 

their earlobe, and ensure a good connection by checking that the pulse indicator light 

was showing that a strong pulse signal was being detected. HRV analysis can be done 

by time-domain or frequency-domain; the nonlinear analysis, Poincaré plot is another 

method, though one reported much less frequently.  

Time domain measures. Time domain measures are generally accepted as 

being the simplest measure of HRV. “Heart rate (HR) is usually calculated from the 

time elapsed between two ventricular contractions; in other words, the time between 

two consecutive R-waves on the ECG (R±R interval)” (Constant et al., 1999, p. 391), 

commonly referred to as the ‘R-R interval’. Malik et al. (1996) identifed that the 

simplest time-domain measures include the R-R interval, the mean heart rate and the 

difference in the shortest and longest RR interval. It is worth noting that the term R-R 

interval and the NN interval are often used interchangeably: Tarvainen (2014) identifies 

that strictly speaking, the NN interval is the interval between successive QRS 

complexes resulting from SA-node depolarization, whilst the R-R interval is the 

difference between successive ‘R-waves’; however, in practice they are the same. In 

general this paper will use the term R-R interval, simply because of the use of the 

Kubios HRV analysis software presents data using this term.  

Frequency domain measures. Frequency domain measures, or power spectral 

density analysis, provides information on how power is distributed as a function of 

frequency. Frequency domain measures indicate autonomic activity, and are therefore 

useful to analyse interventions that mediate a person’s autonomic balance: interventions 
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such as the Heartmath Coherence Advantage program. Table 5.2 shows the HRV 

measures used in this study. 

Table 5.2 HRV measures 

MeanRR1 [ms] The mean value of RR intervals.  

STDRR (SDNN) [ms] The standard deviation or RR intervals. The SDNN 
reflects the overall (both short and long term) variation 
within the RR interval series2. 

MeanHR1 [1/min] Mean Heart Rate (HR) 

STD HR1  [1/min] Standard Deviation of instantaneous heart rate values 

RMSSD3,4 [ms] The square root of the mean squared differences of 
successive RR intervals. 

LFabsolute [ms2] Absolute powers of LF band 

HFabsolute [ms2] Absolute powers of HF band 

LFtoHFratio Ratio between LF and HF band powers. 

Notes: 1 Nunan et al. (2010) identify the reciprocal nature of heart rate and the 
RR interval, mean heart rate influences the variability: a shorter mean heart rate 
restricts overall variability. As such it is important to consider mean heart rate 
when analysing variability, both measures should be reported in HRV analysis 
discussion.  
2 Malik et al. (1996) identify that the total variance of HRV increases with the 
length of the recording. To remove this influence, all recordings are 5 minutes in 
length. Where a particular activity takes a recording over a longer time, the 
recording is first separated into five-minute segments, and the mean of each 
measure is used for further analysis.  
3 RMSSD is considered to measure vagally mediated HRV, and is associated 
with respiratory sinus arrhythmia (RSA), the frequent changes in heart rate due to 
respiration. It is commonly associated with the HF band of frequency analysis 
and, as such, is considered an indicator of parasympathetic activity (Berntson et 
al., 2005; DeGiorgio et al., 2010).  
4 Both RMSSD and pNN50 are considered measures of short-term variation, 
reflecting vagal tone and are not influenced by long term trends (Berntson et al., 
2005; Stein et al., 1994; Sztajzel, 2004). 
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Heart rhythm coherence. The emWave2 HRV monitor is central to Heartmath 

programs, providing bio-feedback to participants to assist them practice the various 

techniques in the program. One element of the emW feedback is an indication of 

psychophysiological coherence, or heart rhythm coherence:  

A coherent heart rhythm can therefore be defined as a relatively 
harmonic (sine-wave-like) signal with a very narrow, high-amplitude 
peak in the LF region of the HRV power spectrum and no major peaks in 
the VFL or HF regions. Coherence thus approximates the LF/(VLF + 
HF) ratio. (McCraty et al., 2009, p. 23).  

The emWave2 indicates ‘coherence level’ by means of a series of lights: red = 

low coherence, blue = medium coherence, and green = high coherence.  

Decision-making. The measure for decision-making was game scores for a 

military tactical computer game. The game selected was Combat Mission Beyond 

Overlord (CMBO). ‘Combat Mission’ is  a 1-2 player, turn-based, simultaneous-

execution 3D simulation of WWII tactical warfare.” A number of features make it 

suitable for the purposes of the study:  

• It is relatively simple, intuitive, to learn and use. This reduces the variable of 

‘gamer expertise’ in the experiments. It is also worth noting that it is a 

reasonably old game, and as such it is quite unlikely that many participants will 

be familiar with the game.  

• It provides realistic modelling of warfare (albeit, set in the World War II 

era). This is important for experiments that include military personnel as 

participants – unrealistic ‘gameplay’ will, potentially, result in a lack of 

engagement with the activity.  

• It is a ‘turn-based’ simulation. The turn based gameplay allows for deliberate 

planning, but it also has the excitement of ‘real-time action.’ The format of the 

game allows for the investigation of a participant’s deliberate and intuitive 

decision-making: the ‘planning phase’ of the game is unlimited for time; 

however, in an experimental setting, this time can be manipulated to add or 

reduce time stress. The manipulation of planning time allows manipulation of 

decision-making processes: deliberate or intuitive.  
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Data analysis 

Initial analysis of participant HRV data was a visual look at the emWave® Pro 

HRV trace to identify the quality of the recording. The second stage of data analysis 

was to export each suitable recording of R-R intervals, as a .txt file. Each .txt file was 

then opened within Microsoft Excel. Once opened in Excel the header row was deleted 

and a line graph of the R-R intervals was created. The line graph was analysed for data 

spikes, indicating significant discrepancies or artefacts. Data spikes were deleted from 

the data set. The corrected .txt file was then imported into Kubios HRV (version 2.1; 

University of Eastern Finland) for analysis. 

Data pre-processing 

The Kubios HRV software allows for pre-processing of HRV data to remove 

artefacts; however, no pre-processing to remove artefacts was conducted within the 

Kubios HRV software. Kubios HRV processing settings were maintained at the default 

settings.  

Length of HRV data recording for analysis. The Task Force of The European 

Society of Cardiology and The North American Society of Pacing and 

Electrophysiology identifies that a consistent recording length should be used for all 

HRV data analysis (Malik et al., 1996). The recording length of resting HRV data was 

in the vicinity of five minutes, though there were some discrepancies due to participants 

manually starting the recording of HRV data. To account for this resting HRV data 

collection was taken over a period slightly in excess of five minutes, and the subsequent 

data recording was trimmed to five minutes for analysis once imported into the Kubios 

HRV software.  

HRV data capture during the decision-making tasks resulted in a wide 

discrepancy of data lengths: each participant took a different length of time to complete 

the scenarios. In order to analyse a standard recording length, HRV data from decision-

making tasks was first imported into the Kubios HRV software, and then analysed in 

successive five minute intervals. The results of each five minute interval were then 

added together and divided by the number of segments to arrive the mean for a five-

minute data recording block. The final segment for each recording was rarely a precise 
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five minutes. To allow capture of the final minutes of data, whilst maintaining a five 

minute segment, a five minute block that captured some data from the previous five 

minute segment was analysed. This creates some overlap with the previous segment, 

however, it was considered acceptable in order to capture the entire recording. An 

example of a Kubios HRV output is provided in the annexes to this thesis.  

Results 

Resting HRV Pre-test. The first analysis of the HRV data was to produce 

descriptive statistics of the Pre-test resting HRV data for all participants. This data is 

presented at Table 5.3. Given the nature of HRV data, and a wide range of each HRV 

measure across studies involving HRV, the HRV data for this study was compared to 

HRV data from a number of other studies. Table 5.4 presents a comparison of resting 

HRV data for ARTC study participants in the pretest activity (n = 35) with HRV data 

from a number of other studies. A rudimentary comparison of resting HRV data for the 

ARTC study compared with the studies presented in Table 5.5 shows that the data 

correlates reasonably well with some studies for some measures; however, there is also 

a large discrepancy for some measures compared with some of the previous studies. The 

large discrepancy can be explained to some degree by looking at a review of ‘normal 

values’ for measures of HRV, recommended by the Task Force of The European 

Society of Cardiology and The North American Society of Pacing and 

Electrophysiology, conducted by Nunan et al. (2010). Nunan et al. (2010) identified a 

large range in values across the studies they review. The range was less for time domain 

measures than for frequency domain measures; and this is replicated in the ARTC 

study. The ARTC study is beyond the suggested range for a number of frequency 

domain measures, in particular low-frequency measures. Nunan et al. (2010) suggest 

that the large discrepancy is due to a number of reasons, these include a lack of 

standarised procedures across the studies (such as variations in recording lengths of 

HRV data), and that many studies involving clinical measures do not provide data for 

healthy participants. Table 5.6 shows ARTC study data compared with the data 

presented by Nunan et al. (2010); the bold text highlights where the ARTC data is 

beyond the range suggested by Nunan et al. (2010).  
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Table 5.3 Resting1 HRV Pretest. ARTC study: all participants pre (n = 35) 

 
Min Max M SD Variance 

MeanRR [ms] 657 1172 835 121 14534 

SDNN [ms] 24 1212 70 21 456 

MeanHR [1/min] 52 92 74 10 105 

STD HR  [1/min] 2.8 11.3 6.5 2.2 4.8 

RMSSD [ms] 19.5 87.3 53.3 22.0 484.6 

LFabsolute [ms2] 207 6006 1990 1371 18804531 

HFabsolute [ms2] 108 2430 804 633 400326 

LFtoHFratio 0.3 8.4 3.4 2.2 4.8 

Notes: 1 Five minutes resting HRV data capture using emW.  
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Table 5.4 Resting HRV Pretest ARTC (n = 35) compared to previous studies investigating age, health and gender.  

HRV Measure 
ARTC 
study1 Stein et al. (1994)2 

Dishman et al. 
(2000)3 Sztajzel (2004)4 Zhang (2007) 

 

Mean 

(SD) 
Normal 
Subject 

CHF 
Patient 

Men 

(n = 52) 

Women 

(n = 40) 

Healthy 
subjects 

(n = 274) 

Recent MI 

(n = 684) 

One year 
after MI 

(N = 278) 

Male 

(n = 167) 

Female 

(n = 303) 

Mean R-R 834.96 
(120.56) 

734 637 1135 
(159) 

1002 
(162) 

   826 
(127) 

799 
(122) 

SDNN [ms] 
(STD RR) 

70 
(21) 

170 38 73 
(32) 

 

56 
(25) 

141 
(± 39) 

81 
(± 30) 

112 
(± 40) 

  

RMSSD [ms] 53.25 
(22.38) 

28 14   27 
(± 12) 

23 
(± 12) 

28 
(± 15) 

39 
(29) 

44 
(45) 

VLFabsolute 
[ms2] 

1941 
(2033) 

1723 86      274 
(351) 

255 
(425) 

LFabsolute 
[ms2] 

1990 
(1371) 

834 13 746 
(757) 

 

376 
(308) 

791 
(± 563) 

277 
(± 335) 

511 
(± 538) 

291 
(472) 

259 
(339) 

HFabsolute 
[ms2] 

805 
(633) 

240 10 737 
(920) 

 

600 
(668) 

229 
(± 282) 

129 
(± 203) 

201 
(± 324) 

132 
(225) 

191 
(333) 
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LFtoHFratio 3.4 
(2.2) 

  1.6 
(1.4) 

 

1.1 
(1.0) 

4.6 
(± 2.3) 

2.8 
(± 2.1) 

3.6 
(± 2.4) 

4.4 
(5.9) 

2.8 
(3.3) 

Notes: 1 Five minutes resting HRV data capture using emWave2 HRV monitor, 2 24 hour holter recording; normal 42 year-old subject and 
Congestive Heart Failure patient, 3 Heart rate variability, trait anxiety, and perceived stress among physically fit men and women. Baseline for 
all participants in their study (n = 92), 4 Reference values form measurement of HRV values in healthy middle-aged subjects and in patients after 
myocardial infarction. 
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Table 5.5 Overall Mean and Range in Values for Approved Task Force Measures of Short-Term HRV compared with ARTC 
participant data.  

HRV Measure Nunan et al. (2010) ARTC study 

No. 
Studies 

M SD Range M SD Range 

Mean RR [ms] 30 926 90 785-1,160 835 121 659-1172 

SDNN [ms] 
(STD RR) 

27 50 16 32-93 70.439 21 24-122 

rMSSD [ms] 15 42 15 19-75 53 22 19-87 

LFabsolute [ms2] 35 519 291 193-1,009 1990 1371 207-6005 

HFabsolute [ms2] 36 657 777 82-3,630 804.77 633 108-2430 

LFtoHFratio 25 2.8 2.6 1.1-11.6 3.39 2.2 0.3-8.3 

SD = standard deviation; MeanRR = mean RR interval; SDNN = standard deviation of normal-to-normal intervals; rMSSD = 
root mean square of successive differences; LF = low-frequency spectral power; HF = high-frequency spectral power; LF:HF = 
ratio of low-frequency power to high-frequency power;  
Mean and Range in Values for Approved Task Force Measures of Short-Term HRV data is taken from Nunan et al. (2010, p. 
1408). 
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The following tables show descriptive statistics for Coherence data: Table 5.6 for all participants, Table 5.7 for Control Group 

participants, and Table 5.8 for Intervention Group participants. 
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Table 5.6  Descriptive statistics – Coherence data, All participants 

Participant Average coherence % low coherence % medium 
coherence 

% high 
coherence 

 Pre Post Pre Post pre Post Pre Post 

ARTC 1 0.8 0.9 34 30 34 25 32 45 

ARTC 2 1.3 1.3 14 21 26 21 60 58 

ARTC 7 1.2 0.7 27 30 28 38 45 32 

ARTC 8 1.7 1.1 9 26 21 28 70 46 

ARTC 9 1.2 2.9 35 12 21 11 44 77 

ARTC 10 0.7 0.5 40 41 36 52 24 7 

ARTC 11 0.6 1.2 50 36 27 22 23 42 

ARTC 12 1.1 1.1 13 16 36 24 51 60 

ARTC 13 1.3 1.5 20 31 34 17 46 52 

ARTC 14 0.9 0.6 37 58 22 21 41 21 

ARTC 18 1.0 0.4 31 73 25 22 44 5 

ARTC 22 1.1 1.9 39 10 10 23 51 67 

ARTC 23 1.0 0.6 23 42 37 43 40 15 

ARTC 24 1.9 1.5 12 3 10 22 78 75 

ARTC 26 0.9 0.9 36 30 24 23 40 47 

ARTC 27 0.7 0.7 33 42 54 27 13 31 

ARTC 30 1.4 2.2 17 4 24 14 59 82 

ARTC 31 0.6 1.2 44 19 36 25 20 56 

ARTC 32 0.8 3.0 39 15 26 4 35 81 

ARTC 33 0.6 1.0 47 23 29 30 24 47 

ARTC 35 0.9 0.7 32 44 34 29 34 27 

ARTC 36 1.6 1.0 20 22 20 29 60 49 

Average 1.1 1.2 30 29 28 25 42 47 
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Table 5.7  Descriptive statistics – Coherence data, Control Group participants 

Participant Average coherence % low coherence % medium 
coherence 

% high 
coherence 

 Pre Post Pre Post pre Post Pre Post 

ARTC 1 0.8 0.9 34 30 34 25 32 45 

ARTC 2 1.3 1.3 14 21 26 21 60 58 

ARTC 7 1.2 0.7 27 30 28 38 45 32 

ARTC 10 0.7 0.5 40 41 36 52 24 7 

ARTC 11 0.6 1.2 50 36 27 22 23 42 

ARTC 12 1.1 1.1 13 16 36 24 51 60 

ARTC 13 1.3 1.5 20 31 34 17 46 52 

ARTC 14 0.9 0.6 37 58 22 21 41 21 

ARTC 22 1.1 1.9 39 10 10 23 51 67 

ARTC 27 0.7 0.7 33 42 54 27 13 31 

Average 1.0 1.0 31 32 31 27 39 42 
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Table 5.8  Descriptive statistics – Coherence data, Experimental group participants 

Participant1 
Average 

coherence 
% low coherence % medium 

coherence 
% high 

coherence 

 
Pre Post Pre Post pre Post Pre Post 

ARTC 8 1.7 1.1 9 26 21 28 70 46 

ARTC 9 1.2 2.9 35 12 21 11 44 77 

ARTC 18 1.0 0.4 31 73 25 22 44 5 

ARTC 23 1.0 0.6 23 42 37 43 40 15 

ARTC 24 1.9 1.5 12 3 10 22 78 75 

ARTC 26 0.9 0.9 36 30 24 23 40 47 

ARTC 30 1.4 2.2 17 4 24 14 59 82 

ARTC 31 0.6 1.2 44 19 36 25 20 56 

ARTC 32 0.8 3.0 39 15 26 4 35 81 

ARTC 33 0.6 1.0 47 23 29 30 24 47 

ARTC 35 0.9 0.7 32 44 34 29 34 27 

ARTC 36 1.6 1.0 20 22 20 29 60 49 

Average 1.13 1.38 28.75 26.08 25.58 23.33 45.67 50.58 

 

 

Table 5.9 shows the number of practice sessions undertaken by each participant 

in the intervention group, and the corresponding influence on HRV measures. 
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Table 5.9 Intervention Group Heartmath Coherence Advantage Practice sessions and HRV 

Participant 
Practice 

sessions (n) 
STDRR 

Pre 
STDRR 

Post 
STDRR 

+/- 
Total Power 

Pre 
Total Power 

Post 
Total Power 

+/- 

23 1 57.09 61.68 4.59 3439.57 2689.47 -750.1 

9 5 69.01 112.93 43.92 6941.86 11730.48 4788.62 

26 5 83.54 84.92 1.38 4850.49 5155.56 305.07 

30 6 64.49 56.88 -7.61 1877.98 2426.28 548.3 

32 6 89.23 48.64 -40.59 11641.39 1806.8 -9834.59 

8 7 63.14 45.52 -17.62 2183.59 2002.56 -181.03 

33 8 81.28 62.55 -18.73 5976.52 3177.39 -2799.13 

36 10 73.73 82.69 8.96 4043.01 8174.56 4131.55 

35 19 68.29 66.19 -2.1 3104.22 3104.58 0.36 

18 22* 43.02 71.21 28.19 1928.25 3224.47 1296.22 

24 23* 43.98 73.85 29.87 1692.08 4593.91 2901.83 

31 24* 91.25 117.56 26.31 5773.95 15550.79 9776.84 

  * > 20 practice sessions  
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Statistical analysis 

A 2 x 3 x 2 mixed-design ANOVA was used to investigate the influence of the 

intervention on a range of HRV measures: MeanHR, STDHR, MeanRR, STDRR, 

RMSSD, VLF, LF, HF, LFtoHF. Group [intervention/control] was the between-subjects 

factor, condition [resting/no stress/stress] and time [pre/post] as within-subjects factors. 

Sphericity was tested by means of Mauchly’s test of sphericity and the Green-House 

Geisser correction was applied when violation of this assumption occurred: corrected 

values are reported. 

MeanHR. There was no significant effect for group (between subjects). There 

was a significant effect of condition, F(2, 40) = 5.89, p = < .006. Contrasts revealed that 

resting MeanHR values (M = 76.69, SE = 2.10) were significantly lower than for 

MeanHR values (M = 79.12, SE = 2.01) in the no stress condition F(1, 20) = 6.72, p = 

<.017. Analysis of estimated marginal means reveal the difference lies within the 

Control group; MeanHR resting (M = 77.46, SE = 3.10), MeanHR no stress (M = 81.03, 

SE = 2.97). Intervention group MeanHR resting (M = 75.92, SE = 2.84), MeanHR no 

stress (M = 77.21, SE = 2.71). There was also a significant interaction between 

condition and time, F(2, 40) = 3.90, p = . 028. This indicates that the MeanHR values 

for condition differed at pre and post test [pre/post]. Contrasts were performed to 

compare each level of condition pre and post test.  This revealed significant interaction 

between pre and post test values resting MeanHR compared to pre and post test values 

no stress condition MeanHR F(1, 20) = 7.64, p = .012. Analysis of estimated marginal 

means identifies that difference lies within the control group MeanHR pretest  (M = 

74.10, SE = 2.21) and MeanHR posttest (M = 78.23, SE = 2.15). Intervention group 

MeanHR pretest (M = 79.28, SE = 2.24), MeanHR postest (M = 80.02, SE = 2.24). 

Descriptive statistics reveal Control group MeanHR resting pre (M = 73.99, SD = 8.99) 

and MeanHR resting post (M = 80.93, SD = 8.54). Intervention group MeanHR resting 

pre (M = 74.21, SD = 11.28), MeanHR resting post (M = 77.63, SD = 11.80).  

STDHR. There was no significant effect for group (between subjects). 

Mauchly’s test indicated the assumption of sphericity had been violated for ‘condition’, 

therefore degrees of freedom were corrected using Greenhouse-Geisser estimates of 

sphericity (ɛ = .218). There was a significant effect of condition, F(1.46, 29.20) = 5.57, 

p =  .015. Contrasts revealed that resting  STDHR values (M = 6.76, SE = .32) were 
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significantly higher than for STDHR values (M = 6.03, SE = .30) in the no stress 

condition F(1, 20) = 4.86, p = .039, and that STDHR values for no stress were 

significantly lower  than STDHR values (M = 6.84, SE = .29) in the stress condition, 

F(1, 20) = 19.98, p = <.001.  

There was also a significant effect of time [pre/post] (Mauchly’s test was not 

significant for this interaction), F(1, 20) = 5.88, p = .025. Estimated marginal means 

revealed that  STDHR pretest (M = 6.26, SE = .31) were significantly lower than 

STDHR posttest (M = 6.83, SE = .26).  

MeanR-R. There was no significant effect for group (between subjects). 

Mauchly’s test indicated the assumption of sphericity had been violated for ‘condition’, 

therefore degrees of freedom were corrected using Greenhouse-Geisser estimates of 

sphericity (ɛ = .236). There was a significant effect of condition, F(1.57, 31.44) = 6.18, 

p = .009. Contrasts revealed that resting R-R intervals (M = 803.36, SE = 23.69) were 

significantly higher than for R-R intervals in the no stress condition (M = 775.85, SE = 

20.08), F(1, 20) = 6.421, p = .02. There was also a significant interaction between 

condition and time, F(2, 40) = 5.64, p = . 007 (Mauchly’s test was not significant for 

this interaction). This indicates that the R-R intervals for condition  differed at pre and 

post test [pre/post]. Contrasts were performed to compare each level of condition pre 

and post test. This revealed significant interaction between resting HRV pre and post 

test values compared to pre and post test values no stress condition F(1, 20) = 9.10, p = 

.007. Looking at the interaction graph suggests that the difference lies with the control 

group resting pre (M = 827.77, SD = 99.58) and resting post (M = 755.08, SD = 82.88).  

STDR-R. There was no significant effect for group (between subjects). There 

was a significant effect of condition, F(2, 40) = 9.20, p = .001. Contrasts revealed that 

resting STDRR values (M = 69.02, SE = 3.10) were significantly higher than for 

STDRR values in the no stress condition (M = 58.17, SE = 3.96), F(1, 20) = 14.90, p = 

.001, and STDRR values in the no stress condition were significantly lower than for 

STDRR values in the stress condition, (M = 64.02, SE = 3.42), F(1, 20) = 9.86, p = .005. 

RMSSD and HRV Frequency domain measures (VLF, LF, HF, and LFtoHF) 

showed no significant effects.  
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       Figure 5.2 MeanHR pre (a), and post (b) 
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        Figure 5.3 STDHR pre (a), and post (b) 
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        Figure 5.4 MeanR-R pre (a), and post (b) 
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       Figure 5.5 STDR-R pre (a), and post (b) 
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A 2 x 2 x 2 mixed-design ANOVA with condition [no stress/stress] and time 

[pre/post] and as within-subjects factors, and group [intervention/control] as between-

subjects factors was used to investigate the influence of the intervention on a simulated 

decision-making task; with the game score as the dependent variable. There was a 

significant effect of condition, F(1, 20) = 12.15, p = .002, r  = .6; game scores for the no 

stress condition (M = 38.54, SE = 4.33) were significantly higher than game scores for 

the stress condition  (M = 22.98, SE = 2.38). There was also a significant interaction of 

condition and time [pre/post] F(1, 20) = 7.55, p = .012. Analysis of estimated marginal 

means identifies that no stress scores pretest (M = 42.54, SE = 5.51) were significantly 

higher than the no stress post-test scores (M = 34.53, SE = 4.97); and that the stress 

condition scores pretest (M = 18.92, SE = 2.28), were significantly lower than the stress 

conditions scores post-test (M = 27.05, SE = 4.26).  

Resting HRV is reported to influence a person’s performance on a range of 

cognitive tasks, with higher resting HRV resulting in superior performance in some 

cognitive tests (Hansen, Johnsen, Sollers, Stenvik, & Thayer, 2004; Hansen, Johnsen, & 

Thayer, 2003). To investigate this with participants during the pre-test phase of the 

study, the R-R Interval for participants’ resting HRV in the pretest phase was analysed 

to determine the median R-R Interval, and participants were then separated into a 

LowHRV group for participants with a resting R-R Interval below the median, and 

HighHRV for participants with a resting R-R Interval above the median. This allowed 

analysis of resting HRV influence on the decision-making task prior to any intervention. 

A 2 x 2 repeated measures ANOVA with condition [stress/no stress] as the within-

subjects factor, and group [LowHRV/HighHRV] as the between-subjects factor was 

used to investigate the effect of a person’s resting HRV on performance in the simulated 

decision-making task. The ANOVA was conducted twice: once with all participant data 

(n = 35), and a second time with only the participants that attended both sessions (n = 

22).  

With all participants, median R-R Interval = 815.454. There was a significant 

effect of condition F(1, 32) = 28.26, p = <.001. Game scores for the no stress condition 

(M = 37.66, SE = 3.91) were significantly higher than game scores for the stress 

condition (M = 17.30, SE = 1.79). There was also a significant interaction of condition 

and Group [lowHRV/highHRV] F(1, 32) = 10.14, p =.003. Analysis of estimated 

marginal means identifies that the no stress scores for the highHRV group (M = 47.94, 
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SE = 5.69) were significantly higher than the no stress scores for the lowHRV group (M 

= 27.39, SE = 5.37). Stress scores for the highHRV group (M = 15.38, SE = 2.61) were 

lower than the lowHRV group, however, not significant (M = 19.22, SE = 2.46).  

With 22 participants, median R-R Interval = 809.999. There was a significant 

effect of condition F(1, 32) = 23.77, p = <.001. Game scores for the no stress condition 

(M = 42.55, SE = 4.81) were significantly higher than game scores for the stress 

condition (M = 18.82, SE = 2.28). There was also a significant interaction of condition 

and Group [lowHRV/highHRV] F(1, 32) = 6.65, p =.018. Analysis of estimated 

marginal means identifies that the no stress scores for the highHRV group (M = 54.36, 

SE = 6.80) were significantly higher than the no stress scores for the lowHRV group (M 

= 30.73, SE = 6.80). Stress scores for the highHRV group (M = 18.09, SE = 3.22) were 

lower than the lowHRV group, however, not significant (M = 19.56, SE = 3.22).  

These results are presented in Figure 5.6. 

A further 2 x 2 repeated measures ANOVA with condition [stress/no stress] as 

the within-subjects factor, and group [LowHRV/HighHRV] as the between-subjects 

factor was used to the investigate the influence of a participant’s resting HRV post-test 

on the simulated decision-making tasks post-test (n = 22). This ANOVA showed no 

significant results for any condition. These results are presented in Figure 5.7. 
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      Figure 5.6 HRV influence on Game scores pretest n = 35 (a), and n = 22 (b) 
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      Figure 5.7 HRV influence on Game scores postest n = 22 

Coherence Advantage Program Practice 

Analysis of the number of practice sessions per participant shows that all 

participants that completed > 20 practice sessions showed increased HRV measures in 

both STDRR and HRV Total Power (Table 5.9). Figures 5.8 and 5.9 show STD R-R 

and Total Power HRV measures for all participants that attended the post-test session. 

Whilst certainly not conclusive, the Intervention Group show more improvement than 

the Control Group in both HRV measures. 
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             Figure 5.8 Resting HRV STD R-R Pre and Post  

             Intervention Group (a) and Control Group (b) 



Chapter Five - Investigation into the Heartmath Coherence Advantage Program and improving 
performance in a simulated military tactical decision-making task. 

- 197 - 

 

         Figure 5.9 Resting HRV Total Power Pre and Post 

         Intervention Group (a) and Control Group (b) 
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Discussion 

The purpose of this study was to test the hypothesis that “The Heartmath 

‘Coherence Advantage’ program results in increased ability for a person to achieve and 

maintain psychophysiological coherence, and this results in improved performance in a 

simulated military tactical decision-making task under conditions of deliberate decision-

making and intuitive decision-making with a mild stressor imposed.” The results do not 

support the hypothesis: there was no significant difference for ‘group’ 

[intervention/control] for any of the HRV measures.  

These results are contrary to the literature supporting the conduct of the activity. 

A study by (Lewis et al., 2015) found that a similar intervention using HRV bio-

feedback assisted relaxation training as a stress inoculation approach (PRESINT), 

showed improved HRV, that is less arousal, during an emotional combat simulation 

activity for the intervention group as compared to a control group that received only a 

briefing on the signs and symptoms of the stress reaction. The study by Lewis et al. was 

investigating the influence of the intervention and PTSD, however, participants were at 

a stage of completing training prior to going on deployment. A study by Tan, Dao, 

Farmer, Sutherland, and Gevirtz (2011) demonstrated improved (i.e. a reduction) in 

PTSD symptoms for Veterans diagnosed with PTSD control group as a result of an 

eight week HRV bio-feedback controlled breathing intervention. The intervention 

followed the protocols established by Lehrer et al. (2000). Unfortunately Tan et al. 

(2011) only reported HRV as a pre-test measure, showing reduced HRV for the PTSD 

group; so, these results support the psychological potential of HRV Bio-feedback 

interventions comparable to the Heartmath Coherence Advantage Program, however, 

the absence of pre and post HRV data allows us to compare psychological results not 

physiological results.  

The use of HRV Bio-feedback interventions remains a rich area of current 

research, for example Gevirtz (2013, see also Lehrer and Gervitz, 2014) presented a 

review of current HRV Bio-feedback interventions, titled “The Promise of heart rate 

variability biofeedback: Evidence-based applications”, identifying improvement in a 

range of physiological conditions, from asthma through to fibromyalia; and for 

psychophysiological conditions such as depression and anxiety. Gevirtz offers 

“tentative support for the effectiveness [of HRV biofeedback] for a wide range of 
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medical and emotional disorders” (2013, p. 117), and for performance in a range of 

sporting activities.  

A study by Clamor, Koenig, Thayer, and Lincoln (2016) shows comparable 

results to the results suggested by the data in this study. They investigated the potential 

for a HRV bio-feedback intervention to improve perceived control, paranoid symptoms, 

subjective stress and HRV in comparison to an active relaxation protocol and a control 

group. Their data showed improved perception of control for the HRV bio-feedback 

group, but no improvement in paranoid symptoms, subjective stress, or HRV measures. 

Investigating their data further, they found that when they separated the participants that 

were applying the HRV bio-feedback protocol correctly (not all participants did comply 

with the protocol), then HRV bio-feedback participants did exhibit an increase in 

overall HRV, as measured by HRV Total Power. To a large extent participants in the 

current study didn’t commit to the intervention practice program. Adherence to the 

program would have seen in the vicinity of 90 practice sessions; however, the number 

of practice sessions was much less for all participants. It is likely that more engagement 

with the program would have provided different results. All participants that completed 

more than 20 practice sessions did show improvement in resting HRV measures: 

STDRR and HRV Total Power in particular. Lehrer et al. (2013) provide a detailed 

account of a HRV bio-feedback protocol developed for treating asthma and other 

conditions such as “pain, anxiety, depression, and other psychophysiological disorders 

(p. 98). This protocol requires five sessions of instruction and regular practice. They 

identify the importance of two 20 minute sessions a day for a couple of months to 

develop the protocol techniques, and then regular practice every couple of days to 

maintain the benefits.  

Windthorst et al. (2017) evaluated a HRV-biofeedback program as a treatment 

for Chronic fatigue syndrome (CFS), and compared it with graded exercise training 

(GET). They found that both treatments improved fatigue in CFS patients; and the 

HRV-biofeedback intervention also had a positive influence on cognitive elements of 

physical quality of life and depression, a result not demonstrated in the GET group. The 

HRV-biofeedback intervention used by Windthorst et al. (2017) required two sessions 

lasting 5-10 minutes each day (p. 8).  

The importance of the amount of practice, with a biofeedback intervention is 

identified by Huang, Gevirtz, Onton, and Criado (2017), in their study investigating the 
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potential to assess vagal afferent activity by comparing changes in the Heartbeat Event-

Related Potential (HERP) as a result of HRV biofeedback training. For comparison a 

control group participated in a Progressive Muscle Relaxation (PMR) intervention that 

had facial Electromyography (EMG) feedback. Their study did show significant 

difference in HRV measures between the two groups, from session three onwards. 

Other results did not show significance, suggesting that HRV is not necessarily related 

to HERP, or perhaps the relationship is more complex than is currently understood. 

Huang, et al. suggested that this may be due in part to the group sizes, and also the 

brevity of their HRV-biofeedback intervention; their protocol was four sessions and the 

average clinical intervention is eight weeks (2017, p. 9). Huang et al. (2017) identified 

that their study provides ‘initial support’ to HRV-feedback resulting in vagal afferent 

activity that is longer lasting than the effects of short term breathing (p. 1); and 

suggested that their protocols be replicated with larger groups and a longer intervention. 

The results of the current study, regarding improved HRV as a result of the Heartmath 

Coherence Advantage Program are inconclusive; however, this may be attributed to the 

minimal engagement with the intervention protocols by participants. A future study 

should seek to encourage full participation in the intervention. This would provide a 

greater understanding of the complex relationship between HRV and bio-feedback 

intervention protocols. Whilst the evidence suggests that the a longer HRV bio-

feedback intervention provides the best opportunity for improvement, the study by 

Lewis et al. (2015) did not include a long period of training in the intervention; 

however, their results showed improved HRV during a combat simulation activity for 

the intervention group as compared to a control group.  

Analysis of the different HRV measures presented some interesting findings. 

The interaction graph for both MeanHR and MeanR-R intervals identifies a trend 

towards increasing HR from resting to no stress, and a further increase for the stress 

condition; with the inverse for R-R intervals, decreasing from resting to no stress and 

further to the stress condition. This is to be expected according to the general literature 

surrounding HR and HRV. The expectation is for increased HR as both physical and 

cognitive challenge levels increase, with a corresponding decrease in R-R intervals. The 

inverse relationship is in part due to a faster overall heart rate simply providing less time 

for variance. 
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Analysis of time domain measures of HRV indicated suppressed HRV in the no 

stress condition compared to the resting HRV and the stress condition. This is indicated 

in most HRV measures, but is statistically significant for STDR-R. STDR-R, reflects 

the overall, short and long term, variation in the R-R interval, of HRV, and is generally 

accepted to reflect vagal tone (Backs & Seljos, 1994) and influenced by cognitive 

demand (Middleton, Sharma, Agouzoul, Sahakian, & Robbins, 1999). This data seems 

counter- intuitive at first glance, the expectation would be that HRV is increasingly 

suppressed as task intensity increases; therefore, it would be anticipated that the stress 

condition would present as lower STDR-R. The interaction of cognition, task demand, 

and HRV is more complex than would be represented by a simple linear relationship. 

Previous studies suggest that the nature of the task influences the psychophysiological 

response, and how this is reflected in measures of HRV. Middleton et al. (1999) found 

changes in HRV for ‘attentional tasks’ but not planning tasks, using R-R interval as the 

measure of HRV.  

Hansen et al. (2004) investigated the relationship between physical fitness, HRV 

and cognitive function. Their study manipulated physical fitness by training participants 

and then ‘detraining’ one group. Their results demonstrated improvement in 

performance in an executive function task on retest for the trained group, which 

maintained higher levels of resting HRV than the detrained group. The improved 

performance was not present for the detrained group. This superior function in the 

executive function task was as expected according the literature surrounding cognitive 

function and HRV; however, they also found that the detrained group performed better 

on a simple reaction task in the post-test condition, whilst the performance for the 

trained group remained the same. Hansen et al. (2004, p. 269) suggest that the detrained 

group were likely to have perceived the post-test situation as stressful, and therefore 

improved performance on the reaction task. These findings are coherent with the 

findings of Broadbent (1971), who found that stress decreased performance on complex 

tasks, but improved performance on some simple tasks. The results of this study are 

comparable to to those by Hansen et al. (2004) and Broadbent (1971), when analysing 

the results of the low resting HRV and high resting HRV groups both pre-test and post-

test. In the pre-test condition, a higher resting HRV resulted in improved performance in 

the deliberate decision-making task (sustained attention), and there was no difference in 

the stress condition between groups. In the post-test condition, there was no significant 

between group decision-making task results in the no stress, or the stress condition; 
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however, as is suggested below, this is likely to a familiarity with the task scenario 

resulting in the participants taking a more intuitive approach to the more deliberate task 

in the post-test condition.  

Porges (1992, cited in, Hansen et al., 2003, p. 271) suggests that under sustained 

attention “there is a marked withdrawal of vagal tone to the periphery.” This could 

explain the suppressed HRV measures of STDHR in the no stress condition. The 

deliberate nature of this task could have evoked a high level of sustained concentration 

for participants. The nature of the stress condition was a markedly different type of task, 

a task more akin to a reaction task. The results of the ANOVA comparing pretest 

lowHRV group with the highHRV group for both decision-making tasks shows that the 

highHRV group performed significantly better in the no stress task. There was no 

significant difference between groups for the stress condition task. These results are 

congruent with the findings of Middleton et al. (1999), Hansen et al. (2003), and 

Hansen et al. (2004). The findings from this study support that HRV is predictive of 

cognitive ability in certain cognitive tasks, but not for other tasks. The findings also 

suggest that the decision-making task utilised in this study discriminates between 

deliberate decision-making and instinctive or intuitive decision-making.  

The confounding finding is that increase in vagal tone and the sympathetic 

branch of the autonomic nervous system in the resting HRV condition. It would be 

expected that the participants were relaxed during this activity, so this result is 

somewhat surprising; however Hansen et al. (2003) had a similar finding in their study 

investigating the relationship of HRV, in particular vagal tone, and performance on a 

working memory and continuous performance task. Whilst their findings showed a 

relationship between HRV and performance, notably improved performance for 

executive function tasks for the high HRV group over the low HRV group, their data 

showed a main effect for condition in that rMSSD (the HRV measure they used in their 

study) was suppressed for all conditions except recovery. In their study ‘baseline’ HRV 

was suppressed, as it was for both cognitive tasks. Hansen et al. (2003) suggest that 

suppressed HRV during baseline was likely to be due to ‘nervous anticipation’, a 

finding also realised by Gronich (1995, cited in, Hansen et al., 2003, p. 271). It is quite 

feasible that the participants were in state of nervous anticipation of the upcoming 

decision-making tasks. 
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Decision-making task results 

The pre-test results for both decision-making conditions were almost the same 

for both groups, which is to be expected because the Heartmath Coherence Advantage 

Program had not been delivered to the intervention group at this stage. The no stress 

condition: (M = 42.50, SE = 8.15) for the control group and  (M = 42.58, SE = 7.43) for 

the intervention group. For the stress condition: (M = 20.00, SE = 3.36) for the control 

group and  (M = 17.83, SE = 3.07) for the intervention group. The lower score for the 

stress condition was to be expected, the time constraint and minor stressor made this 

increased the difficulty of the task. Both groups showed a reduction in scores in the no 

stress condition post-test compared to pretest, and an increase in stress condition scores 

post-test compared to pretest. The reduced scores in the no stress condition were 

unexpected, it would seem more likely to see an improvement, such as occurred in the 

stress condition scores: given that the same mission scenarios were used, some learning 

effect would be normal. The unanticipated lower scores in the no stress condition post 

test have a possible explanation. Analysis of the average time taken for the no stress 

condition provides a potential answer. The average time taken for the no stress 

condition pre-test was 31.22 minutes, compared with an average time taken of 25.19 

minutes post-test for the no stress condition. The reduced time commitment suggests 

reduced analysis by participants, possibly because they were familiar with the scenario: 

suggesting a more intuitive approach for their second attempt at this scenario.  

Importance of the study 

The results of this study provide an interesting insight to the relationship 

between HRV and decision-making in the simulated military environment. There is 

much evidence to support the hypothesis for this study that the Heartmath ‘Coherence 

Advantage’ program would result in increased ability for a person to achieve and 

maintain psychophysiological coherence, and this results in improved performance in a 

simulated military tactical decision-making task under conditions of deliberate decision-

making and intuitive decision-making with a mild stressor imposed: however, the 

results do not support the hypothesis, this is likely due to minimal engagement with the 

program protocols prohibiting any benefits of the program being realised. The data does 

show that a higher resting HRV results in better results in a deliberate decision-making 
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task, when compared to a low resting HRV. Interestingly resting HRV showed no 

influence on the results of an intuitive decision-making task combined with a mild 

stressor. these results are initially counter-intuitive, the weight of evidence in the 

literature suggests that higher resting HRV allows a person better ability to cope with 

challenge, particularly risk or danger; and this is the decision-making situation that this 

research aimed to improve. However, if we consider that the military decision-making 

situation is a combination of deliberate decision-making, with constant environmental 

feedback from the immediate environment, and from other external actors such as 

orders and information conveyed over radio or other devices, and the sudden threat of 

physical harm or death, and that intuitive decisions are heavily influenced by experience 

and immediate environmental cues, then perhaps an approach to improving military 

decsion making in a field environment is to use a HRV bio-feedback intervention to 

improve a person’s resting HRV with the aim of improving deliberate decision-making 

on the ground. The soldier will then be better informed to make the correct decision 

when the perceived threat occurs: their preceding thoughts will be biased towards not 

shooting, or biased towards shooting as a result of the deliberate decision-making 

process whilst on the ground.  

Hansen et al. (2003) discuss the importance of ecological validity when studying 

HRV and cognitive function, which is why they conducted their study in a military 

combat training centre (p. 265). Given the varying results across HRV measures, for 

different cognitive tasks – the task being used for studying decision-making should be 

ecologically valid. The decision-making task used in this study has been shown to be a 

valid tool for studying decision-making under a range of conditions. The main effect of 

condition across a range of HRV measures, and the clear difference in decision-making 

scores allows this. The findings by Middleton et al. (1999) identified “task-related 

differences in some but not all of a number of cardiovascular variables obtained by 

continuous monitoring during performance of four psychologically distinct tasks” (p. 

615). Middleton et al. (1999) find that executive function tasks that relate to attention 

result in different cardiovascular response than planning and working memory tasks. 

Also, different measures of visual attention was a factor. Given the nature of military 

decision-making, research involving interventions to improve decision-making in this 

context needs to be ecologically valid; it needs to model the decision-making 

environment as accurately as possible. The decision-making task used in this study 

allowed for both deliberate and immediate decision-making during a simulated military 
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tactical decision-making task. The different results for each condition, deliberate and 

immediate, suggest that two different decision-making conditions can be imposed on 

the research participants.  

The reduced HRV during the deliberate decision-making condition is 

particularly interesting, and is a finding that is not readily available in the literature – 

with much decision-making research using short duration tasks that target specific 

executive function. Given the complexity of decision-making, it is suggested that the 

more holistic task is informative for military decision-making. 

Whilst the results of this study don’t support the use of HRV biofeedback 

training to improve a person’s resting HRV, it is probable that the lack of significant 

results is more to do with engagement with the intervention, than the intervention itself. 

Lehrer, et al. (2000) present a protocol of resonant frequency biofeedback training that 

suggests two 20 minute practice sessions a day over a period of weeks. Most of the 

study participants committed to much less practice time, therefore it is not surprising the 

intervention presented no significant results.  

The study by Clamor et al. (2016) investigating the potential for a HRV bio-

feedback intervention to improve the ability to adapt to environmental demands people 

with attenuated psychotic symptoms, found that both the HRV bio-feedback group and 

the active relaxation group demonstrated improved perception of control compared to 

the control group. HRV and other measures did not support this perception; therefore, 

Clamor et al. (2016) suggested that this may be due to “interventions effects in general” 

(p. 213). The protocols used this study allow the research to investigate the effect of an 

intervention on decision-making in a simulated environment, without the reliance on 

participant self-report measures. Given the potential inaccuracy of self-report measures, 

these protocols remove an area of potential bias.  

Future research 

The use of simulation, decision-making games, for developing both deliberate 

and intuitive decision-making for soldiers remains a valid and fruitful line of research. 

The findings in this study suggest that a person’s psychophysiological responses can be 

afforded some degree of analysis in such research activities: both the decision-making 
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quality by way of game scores can be quantified, as can the physiological responses of 

the person.  

Further to this, naturalistic decision-making research seeks to investigate 

decisions made in real life settings. The fidelity of emerging tactical decision-making 

simulations is approaching ‘real-life’ experiences. The challenge to acquire valid 

physiological data remains if this is part of a research aim. Bio-feedback data capture 

can be costly; however, the findings of this study, when compared with the first two 

studies supporting this thesis suggest that technology such as the emWave2 provides 

cost effective solutions that are readily employed in decision-making research. The 

value of tools such as the emW is its benefit as a tool a person can use to mediate their 

physiological stress response, whilst also capturing HRV data for future analysis. 

It would also be useful to replicate this study, however, ensure that participants 

fully engage with the Heartmath Coherence Advantage Program. The results of the high 

resting HRV group in comparison to the low resting HRV group with regard the no 

stress decision-making condition suggest that a higher resting HRV is related to 

improved performance in some decision-making contexts. So, there should have been 

an improvement in the intervention group in the post-test decision-making tasks. The 

absence of significant improvement may be on account of the minimal engagement with 

the intervention protocols. This would allow for a more robust analysis of the benefits 

of the protocol. The study also informs research into the relationship of HRV, decision-

making and the potential for such interventions to improve both phenomenon. HRV is a 

current area of lively research, however, studies often report observable improvements 

in psychological, or performance measures, without reporting HRV data pre and post-

test. The protocols used in this study allow us to see the results for both HRV and 

performance (decision-making) measures.  

On a final note: this study shows the importance of HRV as a measure of 

cognitive function, and performance in a simulated military decision-making task. 

Importantly, the relationship is complex, and it is not simply a case of higher resting 

HRV will improve military decision-making for soldiers on the ground, particularly 

with simple shoot or no shoot decisions that involve real risk. Certainly a series of 

studies by Thayer and associates (see, Elliot, Payen, Brisswalter, Cury, & Thayer, 2011; 

Hansen, Johnsen, & Thayer, 2009; J.F. Thayer et al., 2009) shows that increased HRV 

is indicative of improved performance in a range of cognitive tasks; however, lower 
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HRV is associated with faster reactions times. Higher HRV enables a person to control 

their ‘prepotent’ response. When a soldier is suddenly placed with a shoot or don’t 

shoot decision, a reaction task, it is of upmost importance that their response isn’t 

delayed; however, it is equally crucial that the response is the correct one. The decision-

making task results in this study show no difference in game scores as a result of HRV 

in the intuitive task. Given that intuitive decisions are informed by experience and the 

environment, the analysis and environmental inputs informing this continued analysis 

leading up to a decision, and most likely continual decision-making at all times on a 

patrol; future research that investigates HRV and decision-making, with protocols that 

can allow the researcher to analyse sudden response/inhibition responses amongst a 

more deliberate and continual decision-making task, would seem to be a valid way 

forward for military decision-making.  

Limitations 

This study has a number of limitations that should be acknowledged. The first is 

the relatively small sample size for this study. The nature of  cognitive psychology 

research is that large effect sizes as a result of experimental interventions are rare. As 

such, the sample size for this study is likely to influence the results and findings 

reported in this study. A second limitation of this study is that the control group was a 

passive group: therefore, the potential for a placebo-like effect is not controlled for.  

 

. 

 



Chapter Six - Discussion   

- 208 - 

 

 

 

 

 

 

Chapter Six 

Discussion 

 



Chapter Six - Discussion   

- 209 - 

Overview of the Thesis 

The research aims of this thesis were developed to address decision-making in the 

military context. The USS Vincennes incident provides a very useful catalyst for 

investigation of decision-making in the military environment. The incident was the 

focus of a full investigation that has now been ‘declassified’ and is available for public 

review (Crist, 1988; Crowe, 1988; Fogarty, 1988). The incident also prompted the 

implementation of the U.S. Navy Tactical Decision-making Under Stress (TADMUS) 

project (Collyer & Malecki, 1998). It is now close to thirty years since the USS 

Vincennes incident and a couple of recent events suggest that whilst much research has 

been conducted in the intervening years this line of research remains crucial. The 

Australian commandos in Afghanistan causing the loss of life of innocent civilians 

(Masters, 2012), and the Police Stockwell shooting of an innocent person (Jenkins, 

Salmon, Stanton, & Walker, 2010; Jenkins, Salmon, Stanton, Walker, & Rafferty, 2011) 

attest to the continued need to investigate ways to improve decision-making ins such 

situations.  

Crowe (1988) commented that ‘human error’ contributed to decision by the 

Captain of the USS Vincennes to shoot down the Iranian Civilian Airliner; however, a 

review of the literature identified that these human errors are inherent in the human 

decision-making process. Factors such as ‘task fixation’, ‘unconscious distortion of 

data’, ‘scenario fulfilment’, and ‘expectancy bias’ (Fogarty, 1988) can be seen to 

influence decision-making across a large number of studies. The addition of ‘stress’, 

another factor identified by Fogarty (1988), further influences the human decision-

making process.  

This aim of this thesis was to investigate the influence of a resilience 

intervention that teaches a person to mediate their physiological stress response also 

results in improved decision-making in a military decision-making context. Decision-

making is a complex phenomenon (Grisogono & Radenovic, 2011), and as such it is a 

difficult phenomenon to research. The task of the researcher becomes much more 

difficult if the decision-making context is to be taken into account. The issue of 

‘context’ is central to the purpose of this thesis. The decision-making context, 

particularly the environment, significantly influence the decision maker. If we consider 

dominant theories of human interaction with the environment, such as the neurovisceral 

integration model (Park, Van Bavel, Vasey, & Thayer, 2013; Thayer, Hansen, Saus-
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Rose, & Johnsen, 2009; Thayer & Lane, 2000) and the Polyvagal theory (Porges, 2003), 

we identify that the environment affects the decision makers, physiological and 

cognitive responses.  

Research into decision-making generally sits within two broad frameworks. The 

first is the experimental approach that sees discrete cognitive tasks investigated in 

laboratory or other experimental settings. The second is the naturalistic decision-making 

framework where ‘real life’ decisions are investigated by methods such as expert 

observation or self-report measures. The two approaches inform decision-making, but 

there are particular strengths and weaknesses with both approaches. NDM research 

provides critical ecological validity to decision-making research; however, the benefit 

of ecological validity comes at the cost of precision in decision-making results and often 

it is not possible to capture psychophysiological data. Studies conducted with discreet 

experimental tasks provide examinable, quantitative, and precise data, including psycho 

physiological data, yet these studies lack ecological validity. Some experimental 

research does take into account physiological activity and cognition (Luque-Casado, 

Zabala, Morales, Mateo-March, & Sanabria, 2013), informing the research community 

on the close link between physiology and cognition, but again this study is conducted in 

a laboratory setting. 

Krawczyk (2012) in a review of studies investigating relational reasoning, and 

idea closely related to decision-making, found that many studies that provide very 

useful data are conducted using technology such as fMRI (functional magnetic 

resonance imaging) or PET (positron emission tomography), both of which can 

determine particular brain areas associated with relational reasoning; however, 

Krawczyk goes on to suggest that these studies lack ecological validity, and that field 

based studies should complement neuroimaging studies (p. 21). The aim of this thesis 

was to investigate the potential to improve decision-making in the military, field, 

context by using a psychophysiological intervention that allows a person to control their 

response to stress. The intervention uses bio-feedback in the form of Heart Rate 

Variability (HRV) monitors. These monitors can record HRV data, and as such, and as 

such they provide the opportunity to combine the intervention data with a research 

methodology that has the potential to bring together and NDM decision-making 

research.  

The approach taken by this thesis was to use an ecologically valid task that 

combines measures of decision-making with measures of psychophysiological response 
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in the decision maker. As such it is unique in that it provides valid, reliable data for both 

decision-making and stress response during an ecologically valid decision-making task. 

If we revisit the finding of the Fogarty Report (1988) identifying the factors of the 

situation “Captain Rogers made the correct decision to fire given the facts he had 

available to him and the short time to make the decision [emphasis added]” (Crowe, 

1988, p. 3), the approach taken by the studies in addressing this thesis allows for 

decision-making research to investigate such time constrained decisions; simple 

decisions that are effectively a judgement task predicated on a complex array of factors. 

The research model is shown in Figure 6.1. The first study validated the emW as a 

reliable instrument to capture HRV data for research purposes: Study Two then 

validated the ability of the emW to discriminate between two different cognitive tasks 

as measured by HRV and finally Study Three investigated the potential for a psycho-

physiological intervention to improve HRV, and subsequently improve performance in 

a simulated military environment.  
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Figure 6.1. Research model to address the thesis. 

Study Three 
Investigation into the Heartmath Coherence Advantage Program and 

improving performance in a simulated military tactical decision-making 
task. 
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The aim of this thesis is to determine if a psycho-physiological intervention results in increased resting 
HRV and if this coincides with improved decision-making in time-constrained situations 
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Validation of 
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Rate Variability 

monitor HRV data 
against ECG 

acquired HRV data. 
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Measures of HRV for intuitive and deliberate 
decision-making using ECG and emWave2.   
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Overview of the main findings 

Study One: Validation of emWave2 Heart Rate Variability monitor 

HRV data against ECG acquired HRV data 

 The first study of this thesis validated the emWave2 HRV monitor against ECG 

acquired HRV data to determine if the emWave2 was a suitable device to collect HRV 

data for research purposes. The emWave2 is used in the Heartmath Coherence 

Advantage Program, a resilience program designed for the US Military, which is the 

intervention investigated in the third study for this thesis. The emWave2 uses 

Photoplethysmography (PPG), which measures pulse rate variability (PRV) rather than 

HRV, and there remains some discussion regarding the accuracy of PRV to determine 

HRV (Constant, Laude, Murat, & Elghozi, 1999; Naschitz et al., 2004; Wong et al., 

2012). This study showed that emWave2 acquired PRV data is suitable for research 

purposes, as compared to an ECG. The majority of participant data showed good 

agreement with ECG acquired HRV data. Three data sets were extremely close: Bland-

Altman analysis identifies a R-R interval bias of <.0001s, with corresponding R-R 

Interval overlay plots show an almost identical match. A small number of data sets 

showed poor agreement; however, for two of these a clear reason for this was apparent. 

One of these participants was a pregnant female, and pregnancy imparts considerable 

changes to the cardiovascular system (Hall, George, & Granger, 2011). A second data 

set showing poor agreement was due to poor attachment of the emWave2 sensor, and 

discrepancies in data capture were visible in the emWave2 data trace when assessed by 

the emWavePro software.  

The results of this study support the use of the emWave2 HRV monitor for 

research purposes if the researcher is aware of the limitations associated with sensor 

attachment and clinical states such as pregnancy.  
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Study Two: Measures of Heart Rate Variability for both intuitive and 

deliberate decision-making using ECG and emWave2 acquired HRV 

data 

A dominant discourse in the field of decision-making research is the idea that 

decision making can be classified as either analytic or intuitive (Klein, 2008). The dual-

process theory of cognition (Evans, 2011) partially supports such clear delineation, 

though many authors suggest some overlap between system 1 and system 2 processes 

(Kahneman, 2003). Accepting that cognitive process differs according to an analytic or 

an intuitive thought process, and that HRV is a physiological phenomenon that has a 

well-established relationship with cognition (Fairclough, Venables, & Tattersall, 2005; 

Riganello, Garbarino, & Sannita, 2012) this study sought to validate the emWave2 HRV 

monitor as a suitable device to differentiate HRV measures associated with different 

cognitive processes. The results of this study show that PRV data acquired by the 

emWave2 HRV monitor can distinguish between different cognitive tasks. Importantly 

for decision research, the study identified the need to consider factors other than the 

cognitive task used to investigate decision-making or other cognitive processes. The 

results of this study identify that participants can become familiar with a particular task 

in a relatively short timeframe, and will modify their cognitive response accordingly. 

This supports the idea that system 1 and system 2 processes do overlap, with system 2 

potentially monitoring system 1 activity. Importantly, the results of this study support 

the concept that a person’s initial response to an immediate challenge is of a 

psychophysiological nature; therefore, allowing us to consider the potential for a 

psychophysiological intervention to modify, or address, this response.  

An important finding in this study was the potential for the Very Low Frequency 

component of HRV analysis to inform HRV and PRV research. A common finding with 

PRV research is the disagreement between PRV acquired by PPG and HRV acquired by 

ECG in the Low and High Frequency bands. This is due largely to the influence of 

respiration on LF and HF HRV. Data from this study suggest that the VLF component 

of HRV frequency analysis shows good agreement between emWave2 and ECG data. 

Shaffer, McCraty, and Zerr (2014) identified that the VLF component is generated 

directly from the heart, and is therefore less affected by respiration. So, good agreement 

here is a promising line of research: particularly if we consider that a VLF peak can be 

seen at the same time as the morning cortisol peak (Shaffer et al., 2014). Stress and 
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cortisol are intimately related, as such this relationship suggests a profitable line of 

continuing research.  

Study Three: Investigation into the Heartmath Coherence Advantage 

Program and improving performance in a simulated military tactical 

decision-making task 

This study examined the potential for an intervention that trains a person to 

mediate their response to stress using a HRV bio-feedback approach to also improve a 

person’s decision-making in a simulated military tactical decision-making task. The 

intervention used in this study is the Heartmath Coherence Advantage Program (The 

Institue of Heartmath, nd). The program is presented as an introductory workshop, and 

participants are then required to practice the Coherence Advantage techniques a number 

of times a day for a period of up to six weeks (ideally a person continues to adhere to 

the training regime, however, a six week program was delivered for this study). Several 

studies have shown that the Heartmath programs do result in improved outcomes for a 

number of stress related activities (Bradley et al., 2007; McCraty, Atkinson, Lipsenthal, 

& Arguelles, 2009; McCraty, Tomasino, Atkinson, Aasen, & Thurik, nd). 

Unfortunately, participants in this study did not engage with the Heartmath Program 

techniques. As such no improvement in resting HRV was found in the experimental 

group, and no significant improvement in the decision making tasks for the 

experimental group compared to the control group was found.  

A more promising finding was the significant effect for condition in both HRV 

measures and game scores. This supports much earlier research that decision-making is 

degraded under conditions of stress imposed by a time constrained task. Whilst this is 

not a new finding, the nature of the decision-making task used in this study suggests an 

important line of inquiry in the conduct of decision-making under stress research. The 

task was an ecologically valid task for military decision-making.  

Another important finding in this study was the relationship between resting 

HRV and task performance. To investigate this participant data was separated into two 

groups: low resting HRV and high resting HRV. The process for doing this was simply 

to identify the median HRV, and allocate all participants with resting HRV below this 

figure to the low HRV group, and those with a resting HRV above this figure to the 

high HRV group. Results for the pre-test session identified a significant difference in 
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game scores for the no stress condition; with the high resting HRV group being 

significantly better than the low HRV group. There was no significant difference 

between the groups for the stress condition scores. This result is supported by the 

literature that suggests a higher resting HRV allows for improved performance in some 

cognitive tasks (Gillie, Vasey, & Thayer, 2014; Luque-Casado et al., 2013). The same 

analysis for the post-test session identified no significant difference for condition for 

either group. Interestingly, whilst not significant, the low resting HRV group showed 

higher scores in the no stress condition, a reversal of the pre-test session results; and, the 

high resting HRV group showed higher scores in the stress condition. The improvement 

in the post-test stress condition for the high HRV group conforms to much of the 

literature identifying that high HRV allows for improved performance under stress 

(Gillie et al., 2014; Wen-Chin Li, Fa-Chung Chiu, Ying-shin Kuo, & Ka-Jay Wu, 

2013). The improvement in the no stress condition for the low resting HRV group, with 

degradation in the high resting HRV group,  is more perplexing. One possible answer is 

that the average time taken for the no stress condition was markedly shorter during the 

post-test session than the time taken for this task in the pre-test session. It is therefore 

likely that participants took a different approach to this task the second time they were 

faced with it: participants used a more intuitive approach, devoting less time to analysis.  

Discussion on the suitability of the emWave2 and other 

Photoplythsmography devices for research purposes investigating 

decision-making in field environments 

The results of the three studies addressing this thesis support the use of the 

emWave2 HRV monitor, and other PPG devices, for research investigating 

psychophysiological phenomena. The results of the first study identify that under test 

conditions, the emWave2 data shows very good agreement with ECG acquired data. 

Study two suggests some discrepancy when we start examining discrete elements of 

HRV data, in particular the frequency domain HRV indices. If we consider the various 

theories of physiological and cognitive interaction, Polyvagal theory and the 

neurovisceral integration model, we identify the relationship between physiology and 

cognition. The ECG records and reports on the electrical signals of the heart, a measure 

that is less effected by immediate physical interactions. So, perhaps we should start to 

move away from acceptance of the ECG as the ‘gold standard’, and start to establish 
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baseline PRV interactions as a datum for investigation into psychophysiological 

phenomenon?  

The clear relationship between respiration and cardiovascular behaviour can be 

seen in such measures as HF HRV, so, we can start to take this data forward as we look 

to field based research investigating psychophysiological phenomena. A study by 

Karavidas et al. (2007), investigating HRV biofeedback as an intervention to address 

major depression, comments on HRV indices both controlling for respiration, and not 

controlling for respiration:  “respiration rate can systematically affect measures of 

respiratory sinus arrhythmia, independently of autonomic nervous system activity” (p. 

23). Respiration does need to be accounted for in the analysis as it does influence HRV. 

We look to the results of study two for evidence of this; some HRV indices show poor 

alignment between the ECG and emWave2; these measures (HF HRV) are generally 

considered to be influenced by respiration, as is pulse rate more than the electrical 

signal of the heart that informs the ECG. As such, whilst some frequency domain 

measures do not align with the ECG, this should be considered informative, rather than 

incorrect. This may be particularly useful as we seek to extend psychophysiological 

research into field environments. To control for breathing requires the addition of extra 

equipment to achieve this, making it more difficult, perhaps impractical to do. If we can 

establish PPG HRV protocols then valid data capture becomes more available. Given 

that VLF HRV appears to remain closely aligned; a datum point between ECG HRV 

and PPG PRV remains. Thayer (2009) notes that “the physiological origins of the VLF 

band have remained elusive” (p. 1044), though suggests a link to thermoregulation; 

supporting this with a study that cold conditions show greater VLF power. Shaffer et al. 

(2014) support the relationship to thermoregulation and also identify the source of VLF 

rhythm is within the heart itself. Noting this relationship, and that the VLF component 

as acquired by the emWave2 aligns well with the VLF component acquired by the ECG, 

it would seem that the VLF component serves as a useful datum point between the ECG 

and the emWave2, and potentially other photoplethysmogram recordings.  

Chang and Huang (2012) found a decrease in the LF component during an 

attention task, a finding that is similar to the results of study two for the spatial 

reasoning task; a task that required more sustained concentration. Chang and Huang 

used an ECG to acquire their HRV data, and the correlation between their results and 

study two, using the emWave2, allow us to consider the emWave2 as a suitable research 

tool. Chang and Huang (2012) also note that the HF component is related to initiating 
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attention, and this can also be seen in the results of study two, where the HF component 

is higher in the Go/No Go task; a task requiring more instantaneous responses.  

Discussion on the potential for a psychophysiological intervention that 

teaches a person to moderate their HRV to improve decision-making 

in a time constrained environment 

An underlying premise for this thesis was the concept that a person can 

manipulate their HRV by participating in a bio-feedback intervention that targets HRV; 

and that this subsequently results in improved performance during a time constrained 

simulated military decision making task. The findings in the third study are inconclusive 

with regard this premise; however, the data suggests that the reason for this is a lack of 

engagement with the intervention protocols, rather than an inherent weakness in the 

approach. There is much support for such an intervention, and the link between HRV 

and cognition is well established and our understanding of this relationship is 

expanding. Kim et al. (2013) present the results of an informative investigating the 

relationship between HRV biofeedback training and performance during cognitive tasks 

by people with a brain injury. Kim et al. (2013) identify the following as they introduce 

their study “Fundamental to executive functioning is self-regulation, which is a person’s 

ability to inhibit impulses, exercise restraint, adapt as needed and turn passive 

experience into productive activity” (p. 209), and go on to state that this self-regulation 

is associated with brain injury. Their study found an increase in HRV indices (LF/HF 

ratio) as a result of a short HRV bio-feedback program (the program was a Heartmath 

program similar to the one utilised in the study for this thesis). Their study found no 

improvement in neuropsychologica tests associated with the improvement in HRV 

indices; however, they found an association between HRV indices and participants 

emotional control. 

Of particular note, the study protocols of Kim et al. (2013) included a financial 

incentive for participants to practice the Heartmath Intervention, this no doubt improved 

participation rate (a clear link to immediate reward can be also seen), and is a strategy 

that may prove useful for a future repeat of Study Three with a different group. The 

issue of continued engagement with a protocol such as a biofeedback intervention is 

also noted by Karavidas et al. (2007), who note a decreased level of engagement in their 

protocol as participants encountered improvement. Karavidas et al. (2007) note a 
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limitation of their study was a lack of standardised ‘home practice’ protocol: study three 

for this thesis included a protocol,  however, no mechanism to enforce this protocol. 

Administration of a standardised practice routine is an important, though not necessarily 

easy, element of future research investigating biofeedback protocols and autonomic 

change.  

The relationship between neuropsychological testing and behaviour is also 

commented on by Kim et al. (2013); noting that “Standard neuropsychological test 

scores typically show little relation to the behaviours that individuals with neurological 

deficits manifest in their daily routines” (p. 218). Kim et al. (2013) comment that their 

study is ‘novel’ and ‘unprecedented’ in applying a HRV Bio-feedback intervention to 

address performance in people with a brain injury. Again, the relationship between 

behaviour and cognitive performance (in their study neuropsychological tests), 

particularly as measured and influenced by HRV, is an area of research that remains 

relatively unexplored and little understood as a result. The findings of this thesis are in 

agreement with this concept, but also move this line of research forward by providing 

further evidence of the relationship between HRV and cognition, but also presenting 

support to a research methodology that potentially aids this line of inquiry. 

The complexity of the relationship between HRV, behaviour, performance and 

clinical phenomena can also be seen in a study investigating the the effects of heart rate 

variability (HRV) biofeedback on patients with preterm labour (Siepmann et al., 2014). 

Siepmann et al. (2014) found no improvement in HRV as a result of a short HRV 

biofeedback program of six sessions over two weeks, however, preterm births were less 

in the study group as compared with a control group. The perception of chronic stress 

was reported for the study group. We can see here a relationship to the study by Kim et 

al. (2013) presented above – a self-determined outcome can be seen where no 

physiological or cognitive measure shows change. Siepmann et al. (2014) do conclude 

that HRV biofeedback can reduce stress in patients with preterm labour, though the 

effect on preterm birth is unclear. The lack of evidence of improved HRV for this study 

could be attributed to the relatively short duration of the program; and/or the complex 

nature of pregnancy and HRV. HRV is decreased during pregnancy and further so 

during episodes of chronic stress (Christian, 2012; Siepmann et al., 2014). These 

findings, and the data from study two, suggest that HRV research can be significantly 

influenced by the particular cohort under study. Baseline data for particular cohorts 

needs to be established going forward.  
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Much of the research investigating HRV, and/or HRV biofeedback, 

interventions is focussed towards clinical and psychological outcomes; additionally, in 

these contexts the literature is dominated by a range of ‘other’ biofeedback approaches. 

Evidence of this is presented in a review of studies investigating the results biofeedback 

interventions for psychiatric disorders by Schoenberg and David (2014). Their review 

examined 63 studies, condensed from 227 potentially relevant studies identified in the 

initial search. Only ten of these studies used HRV as the biofeedback measure: less than 

one fifth of biofeedback studies in this review use HRV, and many of these do not use 

PRV (preferring ECG). Four studies used HR as the measure. An interesting side note is 

the difference in at least ten years between the most recent HR study and the first HRV 

study reported: the HR studies range between 1975 to 2001, and the HRV studies from 

2001 to 2013. This suggests the relatively recent wider spread of acceptance of HRV. 

Its also worth noting that one of the studies reviewed by Schoenberg and David (2014) 

used a Heartmath intervention for perinatal depression (Beckham, Greene, & Meltzer-

Brody, 2013), showing improvement in three self-report measures, and improvement in 

coherence levels. No other HRV indices were reported. Reiner (2008) found HRV 

biofeedback as a promising intervention for autonomic nervous system disorders, but 

again this study did not report HRV measures. A study by Lande, Williams, Francis, 

Gragnani, and Morin (2010) found no significant improvement in PTSD or depression 

scores in their exploratory study; however, their participants reported satisfaction with 

the biofeedback protocols (a Heartmath program). A number of the studies reviewed by 

Schoenberg and David (2014) are pilot or exploratory studies, which alludes to the 

relatively recent adoption of HRV biofeedback as a potential intervention for a range of 

clinical and psychological phenomena. It remains difficult to compare studies, if we 

consider that some do not report HRV measures, and often HRV results are promising 

but not statistically significant.  

A study by Karavidas et al. (2007), again an exploratory study, does show 

significant improvement in some HRV indices and improvements in measures of 

depression. HRV measures (SDNN in this case) decreased to baseline when measured 

on follow up; however, statistically significant improvement in clinical measures of 

depression persisted. Karavidas et al. (2007) note the exploratory nature of their study, 

and that no control group is involved. They hypothesize the reasons behind large 

autonomic effects early in the program, dissipating later in the program, could be that 

initial vagus nerve stimulation that facilitates the clinical improvement in depression is 
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no longer needed once symptoms improve: “Once depression is reversed, a cascade of 

events prevents its re-emergence when people stop practicing biofeedback: cognitive 

and behavioural changes occur, maybe changes in brain organization” (p. 27). It is 

important to note that they acknowledge that their study cannot make definitive 

conclusions. Whilst the autonomic changes dissipate, Karavidas et al. (2007) note that 

during biofeedback sessions autonomic measures continue to show large changes; 

suggesting that whilst participants reduced their practice sessions and long term change 

had dissipated, they remembered and could continue to practice the techniques to affect 

HRV change. The importance of this finding can be linked to the studies that support 

this thesis, and many other studies investigating HRV biofeedback interventions: the 

link to HRV and psychological phenomena remain useful and relevant, even if HRV 

measures do not show significance. Additionally, with regard the aims of this thesis, the 

study by Karavidas et al. (2007) suggests that we need to consider short-term changes in 

measures of autonomic nervous system activity (such as HRV) as a distinct topic from 

long-term change; and that potentially, whilst long term change is not evident people 

can remember and use techniques that affect short term change. This is an  important 

finding when seeking to address decision-making in the military context; perhaps the 

key is the ability to effect short term control? ECG is less likely to be effective in such 

situations, whereas portable PRV devices such as the emWave2 can provide this 

instantaneous feedback?  

Summary 

The catalyst for this thesis was the realisation that in spite of 30 years of 

decision research post the USS Vincennes review, a review that identified the influence 

of ‘human factors’ (Crowe, 1988) associated with the decision to shoot down the 

civilian Iranian aircraft, recent history shows similar incidents still occur (Jenkins et al., 

2011; Masters, 2012). These human factors are complex, and a number of theories 

attempt to define these factors. At two ends of the spectrum of these theories are 

cognitive theories and emotional theories of human thought and emotion – and how 

these influence decision-making.  

One of the seminal theories of human interaction with the environment, that 

informs how we react to stimuli, is that of William James, who states:  
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 Surprise, curiosity, rapture, fear, anger, lust, greed, and the like, become 
then the names of the mental states with which the person is possessed. 
The bodily disturbances are said to be the " manifestation " of these 
several, emotions, their "expression" or "natural language"; and these 
emotions themselves, being so strongly characterised both from within 
and without, may be called the standard emotions. (1884, p. 189).  

Often termed the James-Lange theory of emotion due to a very similar theory 

put forward by Carl Lange at the same time, the theory suggests that emotion is a 

somatic, not a cognitive, phenomena. Damasio (Bechara & Damasio, 2005; A. R. 

Damasio, 1997; H. Damasio, Bechara, & Damasio, 2002; Rainville, Bechara, Naqvi, & 

Damasio, 2006) who, along with one of his key partners in research Antoine Bechara, 

put forward the somatic marker hypothesis that states that “decision-making is a process 

that is influenced by marker signals that arise in bioregulatory processes, including 

those that express themselves in emotions and feelings” (Bechara & Damasio, 2005, p. 

336). For Damasio, a person’s physiological responses are central to decision-making: 

cognition is influenced by physiology, “… throughout the 20th century, the integrated 

brain and mind have often been discussed with hardly any acknowledgment that 

emotion does exist, let alone that it has an important function and that understanding its 

neural underpinnings is of great advantage” (A. R. Damasio, 2001, p. 101). Damasio 

goes on to identify the role of  emotion in reasoning and complex decision-making – 

from the simple decisions that animals make to avert danger or to endorse an 

advantageous encounter, to the more complex decisions that we humans can consider” 

(p. 102).  

Another noteworthy theory is the Neurovisceral Integration Model, which 

suggests that neural networks associated with emotional and cognitive interaction can 

be measured by HRV indices of cardiac vagal tone (Park & Thayer, 2014). Thayer and 

Lane (2009) identify that their model builds on the pioneering work of Claude Bernard, 

a 19th Century French physiologist, and the ideas of Charles Darwin – who also notes 

the importance of Bernard’s work identifying the link between the heart and the brain. 

Central to the Neurovisceral Integration Model is the Central Autonomic Network, 

which is central to the Central Nervous System (Thayer, 2009). The Central Autonomic 

Network is described as “an integrated component of an internal regulation system 

through which the brain controls visceromotor, neuroendocrine, and behavioral 

responses that are critical for goal-directed behavior and adaptability” (Thayer & Lane, 

2000, p. 204).  
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The Neurovisceral Integration Model shows a clear link between neural circuits 

and autonomic regulation; cognition is influenced by emotion and other psychological 

phenomena (Lane et al., 2009; Thayer, 2009; Thayer & Siegle, 2002). The model has 

been applied to many research settings related to decision-making, such as memory 

retrieval (Gillie et al., 2014), attentional engagement (Park, Van Bavel, et al., 2013), 

selective attention under cogntive load (Park, Vasey, Van Bavel, & Thayer, 2013), 

executive function and panic disorder (Hovland et al., 2012). The study by Hovland et 

al. (2012) shows a clear link between HRV and executive functioning, which is 

particularly relevant to decision-making in the military context. 

Whilst there is strong support for the physiological influence on emotions, a 

competing line of inquiry suggests that for emotion to be felt, it must first be cognitively 

processed. A dominant theory that identifies the role of neural structures, cognition, in 

the experience of emotions is that of Walter Cannon, a theory presented in his critical 

examination of the James-Lange theory (Cannon, 1987). Better known as the Cannon-

Bard theory, due to the collaboration with his PhD student Philip Bard: Cannon 

proposed that the thalamus is central to the feeling, interpretation of stimuli, as emotion 

(Cannon, 1987). The basis for the Cannon-Bard theory lies in experiments, his and 

those of others, that involve the severance of various sensory inputs to the brain, 

including a ‘decorticated’ cat (p. 578), the severance of all bodily structures usually 

associated with emotion, or experiments examining the effect of disease or other 

pathological phenomena that show defective emotional responses, often due to the 

disease or other pathology affecting the thalamus (pp. 579-580). By isolating the source 

of emotional stimuli, according to the James-Lange theory, yet still seeing emotional 

behaviours, Cannon commented that the James-Lange theory did not adequately explain 

the basis for emotion. It’s worth noting that Cannon accepts that “we have no real basis 

for either affirming or denying the presence of "felt emotion" in these reduced animals” 

(p. 571), suggesting that the findings allow us to judge the James-Lange theory. The 

issue becomes one of isolating specific somatic or neural feature that is the cause of 

emotion, and then isolating the person from the environment.  

Phineas Gage, the railroad construction foreman that survived an accident that 

involved a metal spike being driven through is skull destroying much of his frontal lobe, 

is an interesting case study for emotion and neural structures. Many researchers 

comment on the Phineas Gage incident, and his subsequent behavioural change; 

however, Kotowicz (2007) suggests that much of the discussion, about Phineas Gage 
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and the results of his injury are “based on hearsay” (p. 116). Kotowicz (2007) suggests 

that researchers such as Damasio overstate Gage’s post-injury behaviour, and fail to 

consider other factors such as the physical disfigurement such an injury would have 

caused; and the social impact such facial disfigurement would have (pp. 119-125). 

Whilst it is worth noting that authors such as Damasio base their theories on more 

evidence than the case of Phineas Gage (for example see, Bechara & Damasio, 2005), 

Kihlstrom (2010) remarks on the case of Phineas Gage during his discussion on the 

future of social neuroscience, and the risk of neuroscience ignoring the ‘social’ factor – 

Phineas Gage is mentioned because the nature of his injury allows support for theories 

purporting specific function of particular brain regions, and the associated idea that the 

brain may harbour ‘social or cognitive modules’ (p. 770). Kihlstrom (2010) suggests a 

more holistic approach, “psychology without neuroscience is still the science of mental 

life, but neuroscience without psychology is just a science of neurons” (p. 726). When 

investigating neural and/or physiological phenomena, it remains critical that the social 

interaction with the environment is taken into account. The ‘two-factor theory of 

emotion’ presented by Schachter and Singer (1962) states that emotion is derived from 

physiological arousal and cognitive factors associated with the situation at hand; 

cognitive labels inform the emotion if the immediate explanation for the physiological 

arousal is not evident. This, in part, addresses the discrepancy between the James-Lange 

theory and that of Cannon-Bard (LeDoux, 2009). What is clear, however, is that it is not 

feasible to separate somatic phenomena from neural processes, and less valid to separate 

either of these from the context of the environment.  

The relationship between physiology and cognition allows for the field of 

research we call psychophysiology. Porges (2007) identifies that early 

psychophysiologists used biofeedback (the polygraph was an early tool of the 

psychophysiologist) instruments to transform “unobservable psychological or mental 

processes into measurable physiological variables” (p. 117). HRV is a well-established 

indictor of autonomic nervous system behaviour and is applied in many 

psychophysiological research situations, for instance, HRV mental effort in seniors 

(Mukherjee, Yadav, Yung, Zajdel, & Oken, 2011), cognitive challenge in young and 

older adults (Wood, Maraj, Lee, & Reyes, 2002), HRV and cognition under threat of 

shock (Hansen, Johnsen, & Thayer, 2009), executive function for people with panic 

disorder (Hovland et al., 2012). Another tool at the disposal of the psychophysiologists 

is the fMRI (Sato et al., 2013), used to investigate the activity of the response of the 
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amygdala and emotion (Patin & Hurlemann, 2011) and linking cognition and emotion 

(Williams & Clarke, 2010).  

So we have the tools available, but if we consider the importance of the task and 

the task situation (Starcke & Brand, 2012), we need to ensure that our research is 

ecologically valid. The use of the emWave2 allows us to extend HRV research into field 

environments – the ECG is often too expensive or impractical in such environments. 

The studies for this thesis identify some discrepancy between the emWave2 Frequency 

Domain measures and the ECG frequency domain measures. When I started this these 

studies I, perhaps obviously, wanted to see the emWave2 align in all respects with the 

ECG; however, I think the results are more useful and promising than if the emWave2 

simply replicated ECG data. We can’t separate cognition from physiology (Fetterman & 

Robinson, 2013), it is equally important that we don’t takephysiological, or 

psychophysiological, measures in isolation - and we don’t experiment in isolation to the 

decision-making context.  

The results of this thesis suggest that the HRV obtained via PPG is as valid as an 

ECG, and perhaps more so as we seek to take decision research into more ecologically 

valid settings. The apparent differences between the ECG and emWave2 frequency 

domain results are more informative than problematic; they allow us to follow a line of 

inquiry that takes the influence of respiration into account when investigating the 

relationship between stress and cognition, or decision-making in time constrained 

situations involving mild stress.   

Significance of this research 

The completed research within this thesis is significant in that it examined the 

link between decision-making processes and the body’s psychophysiological response 

to stress in simulated decision-making environments. The results have the potential to 

inform the training, and personal development, of military personnel to better prepare 

them for situations during operational deployment that require time-constrained but 

robust decisions to be made. The findings of this thesis are also significant in that they 

start to bridge the gap between rational and intuitive decision-making; both supporting 

the dual-process theory of reasoning, but also suggesting that a person rapidly switches 

between intuition and reasoning as the situation requires; the two processes are mutually 

dependent and supporting.   
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The methodology employed also bridged another important gap in decision-

making research; the gap between carefully controlled discrete laboratory tasks, and 

decisions made in a more ecologically valid environment. The use of a tactical military 

simulation provided decisions that are representative of the real world environment with 

the appropriate consequences tied to these decisions. Decision variables were 

representative of the expected relationship between these variables (Brunswik, 1955), as 

such the decision-making task was more ecologically valid. The use of wearable 

biofeedback technology also allowed for investigation of the psychophysiological 

factors associated with decision-making during a complex decision-making task.  

Further benefits of this research 

This thesis informs decision-making in time constrained situations involving 

mild stress; however, the approach informs decision-making in a much wider context. A 

divide currently exists between decision-making research in laboratory settings, and in 

the field. This divide coincides to a large extent with the dual processing theories of 

cognition (Marcum, 2012), and with research into deliberate/rational decision-making 

and intuitive/NDM decision-making. A critical factor in NDM is the concept of 

ecological validity: laboratory research can investigate discrete decision-making factors, 

however, the more discrete the factor being investigated, the less ecologically valid the 

research becomes. Much NDM research is informed by ‘self-report’ measures, or by 

witnessing expert decision makers. The research of this thesis investigated a potential 

physiological approach to research in the field; providing ecologically valid research 

approaches that can complement self-report or investigator witnessing the decision-

making research.    

The immediate effects of stress on decision-making are important for this thesis; 

however, the longer term effects of stress are an equally important consideration for 

military personnel. Stress can result in long-term impairment (Creamer & Forbes, 

2003). These long-term effects can contribute to ongoing reduced cognitive ability and 

decision-making ability. Morgan et al. (2011) identified reduced performance, in 

particular executive function, in Military Special Operations personnel suffering from 

‘burnout’; burnout caused by repeated exposure to stress over a number of operational 

deployments. There is an obvious dichotomy here: repeated operational deployments 

increase experience and, therefore, (potentially) effectiveness in naturalistic decision-
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making; however, if we don’t mitigate the stress associated with operational 

deployment, decision-making ability declines as a consequence of repeated stress 

exposure. The Heartmath Coherence Advantage Program seeks to improve both 

resiliency and performance. The improved resiliency will potentially result in greater 

long term performance gain as a result of reducing the harmful effects of stress. 

Therefore, this research has the potential to inform longer term health and performance 

benefits to military personnel that are required to deploy on multiple overseas 

operations.  
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Participant Introduction Sheet – Study One 

Participant Information Sheet 

Validation of emWave2 Heart Rate Variability monitor HRV data against ECG 

acquired HRV data. 

Researchers 
Chief Investigator: Mr Daryl South, MEd (EdAdmin), BVocEd&Train.  
Supervisors:   Prof R. Robergs, PhD., M.A., B.Ed. 

Dr M. Hall, PhD, BA.  

Invitation 
You are invited to participate in a research study to validate heart rate variability data collected by a 
photoplethysmograph (an infra-red emitting light source and receiver) with heart rate variability 
data collected by an electrocardiogram (ECG). 
The study is being conducted by Mr Daryl South from the School of Human Movement Studies, 
Faculty of Science at Charles Sturt University. Daryl is a PhD student and this study is one of a 
series of studies being undertaken towards his PhD.  
Before you decide whether or not you wish to participate in this study, it is important for you to 
understand why the research is being done and what it will involve. Please take the time to read the 
following information carefully and discuss it with others if you wish. 

What is the purpose of this study? 
The Chief Investigator is investigating the relationship between a person’s resting Heart Rate 
Variability (HRV) and their response to decision-making tasks under conditions of mild stress.  
A key element in this research is the collection of HRV data from research participants. The tool for 
collecting HRV data is called an emWave2 HRV monitor. This monitor collects heart rate data by 
using an ear sensor that measures pulse rate with a photoplethysmograph (an infra-red emitting light 
source and receiver). Previous literature is not conclusive on the accuracy of these sensors to collect 
heart rate (or HRV) data. The purpose of this study is to validate the emWave2 HRV monitor for 
use in the research study.  
This study will compare HRV data collected by the emWave2 HRV monitor with the data collected 
by an electrocardiogram (ECG).  

Why have I been invited to participate in this study? 
This study is inviting a broad range of participants over the age of 18 years of age.  



Appendices          

250 

What does participation in this study involve? 
If you agree to participate, you will be asked to attend one of the research laboratories at the School 
of Human Movement Studies, Bathurst, where you will asked to complete two experimental trial 
conditions.  

Trial condition A: 

• Baseline - ten minutes rest in the supine position (lying down, face up), no data collection.  

• PC memory task - complete a ten minute working memory task whilst seated, HRV data 
will be collected. 

Trial condition B: 

• Baseline - ten minutes rest in the supine position (lying down, face up), no data collection.  

• Control condition – ten minutes seated rest, HRV data will be collected.  
There will be a period of ten minutes seated rest between each trial condition. 

The study uses a ‘cross-over’ design. This means that the sequence that the trial conditions are 
conducted in will alternate for each successive participant. This means you may do either trial 
condition A or B first, followed by the other trial condition.  

HRV data collection involves: 

• Placement of a ear sensor (photoplethysmograph);  

• Placement of a finger sensor (photoplethysmograph); and 

• Attachment of five ECG electrodes (left and right shoulders, left and right hips, and side of 
chest). 

Working memory task. The working memory task is a PC based task that involves some simple 
arithmetic and use of short term memory. It is designed to activate working memory, therefore, 
replicating the decision-making process.  
You should wear comfortable loose fitting clothes when you attend, this allows for attachment of 
the ECG electrodes. 

Are there risks and benefits to me in taking part in this study? 
The Chief Investigator can identify no risks associated with your participation in this study.  
We cannot promise you any benefit from participating in this research. 
Note: the study will require that you provide ECG data. The ECG trace will be screened by the 
Principle Supervisor who is trained in ECG interpretation. Whilst a medical diagnosis is not 
possible, you will be informed if any irregularities appear in your ECG trace; if this is the case it 
will be strongly recommended that you visit your General Practitioner, or other health professional.  
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What if I don't want to take part in this study? 
Participation in this research is entirely your choice. Only those people who give their informed 
consent will be included in the project. Whether or not you decide to participate, is your decision 
and will not disadvantage you. 

What if I participate and want to withdraw later? 
If you agree to participate, however, decide that you don’t want to participate once you arrive at the 
study location, you are entirely free to withdraw without giving any reason. Additionally, if you 
complete the activity and decide that you don’t want your data to be used; you are free to inform the 
researcher that you do not want you data used, without providing any reason 

How will my confidentiality be protected? 
Data will be stored on a password protected Charles Sturt University laptop. Only the Chief 
Investigator and his supervisors will have access to the data prior to processing.  
Data will be retained for at least 5 years after publications arising from this study within Charles 
Sturt University IT infrastructure, accessible only to the Chief Investigator (password protected).  

What will happen to the information that I give you? 
Information from this study will be published in the Chief Investigator’s PhD thesis, academic 
journals and (potentially) presented at academic conferences.  

What should I do if I want to discuss this study further before I decide? 
If you would like further information please contact: 

Mr Daryl South (02) 6933 2637, dsouth@csu.edu.au, or  
Prof Robert Robergs (02) 6338 4579, rrobergs@csu.edu.au.  

'Who should I contact if I have concerns about the conduct of this study?' 
NOTE: Charles Sturt University’s Human Research Ethics Committee has approved this project. If 
you have any complaints or reservations about the ethical conduct of this project, you may contact 
the Committee through the Executive Officer: 

The Executive Officer 
Human Research Ethics Committee 
Tel: (02) 6338 4628 
Email: ethics@csu.edu.au 
Any issues you raise will be treated in confidence and investigated fully and you will be informed 
of the outcome. 

Thank you for considering this invitation. 
This information sheet is for you to keep. 

 

 

mailto:dsouth@csu.edu.au
mailto:rrobergs@csu.edu.au
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Participant Consent Form – Study One 

Consent Form 
Validation of emWave2 Heart Rate Variability monitor HRV data against ECG acquired 

HRV data. 

Researchers 
Chief Investigator: Mr Daryl South, MEd (EdAdmin), BVocEd&Train. Daryl is a PhD student at 

the School of Human Movement Studies.  
Supervisors:   Prof R. Robergs, PhD., M.A., B.Ed. 
   Dr M. Hall, PhD, BA.  
 

I agree to participate in the above research project and give my consent freely. 

I understand that the project will be conducted as described in the Information Statement, a copy of 
which I have retained. 

I understand I can withdraw from the project at any time and do not have to give any reason for 
withdrawing. 

I consent to: 

Attending one of the research laboratories at the School of Human Movement Studies, Bathurst, and 
participating in the two experimental trial conditions:  

Trial condition A: 

• Baseline - ten minutes rest in the supine position (lying down, face up), no data collection.  

• PC memory task - complete a ten minute working memory task whilst seated, HRV data 
collected. 

Trial condition B: 

• Baseline - ten minutes rest in the supine position (lying down, face up), no data collection.  

• Control condition – ten minutes seated rest, HRV data collection.  
I understand that there will be a period of ten minutes seated rest between each trial condition. 

I understand that the study uses a ‘cross-over’ design which means that I may do trial condition A 
first, followed by trial condition B; or trial condition B followed by trial condition A.  
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I understand that HRV data collection requires: 

• Placement of a ear sensor (photoplethysmograph);  

• Placement of a finger sensor (photoplethysmograph); and 

• Attachment of five ECG electrodes (left and right shoulders, left and right hips, and side of 
chest). 

I understand the working memory task is a PC based task that involves some simple arithmetic and 
use of short term memory. It is designed to activate working memory, therefore, replicating the 
decision-making process.  
I understand that I should wear comfortable loose fitting clothes when I attend to allow for 
attachment of the ECG electrodes.  
I understand that my personal information will remain confidential to the researchers. 
I understand that the purpose of the ECG data being taken is not for purposes of medical diagnosis; 
however, the ECG trace will be screened by the Principle Supervisor who is trained in ECG 
interpretation. If my ECG trace shows any irregularities I will be informed of this and it will be 
recommended that I then visit my General Practitioner or other health professional.  

I have had the opportunity to have questions answered to my satisfaction. 

I, ................................................................………………... give my consent: 

_______________________________Signature of volunteer 

_______________________________Name in full (Print)   _______________________Date 

Contact details for CSU Human Research Ethics Committee 

NOTE: Charles Sturt University’s Human Research Ethics Committee has approved 
this project.  If you have any complaints or reservations about the ethical conduct of 
this project, you may contact the Committee through the Executive Officer: 

The Executive Officer 
Human Research Ethics Committee  
Office of Academic Governance 
Charles Sturt University 
Panorama Avenue 
Bathurst  NSW  2795 
Tel: (02) 6338 4628 
Email: ethics@csu.edu.au 
Any issues you raise will be treated in confidence and investigated fully and you will 
be informed of the outcome. 

  

mailto:ethics@csu.edu.au
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Participant Briefs: Cognitive Tasks 

Study Two 
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Police Officer’s Dilemma task – Brief to participants 

Police Officer’s Dilemma task: Brief 

This task is called the Police Officer’s dilemma task.  

• You will be presented a focus screen followed by a series of screens showing a scene 

without a person in them, and then a final screen will have a man carrying an object.  

• The object will either be a harmless commonplace object, or it will be a gun.  

• Your task is to shoot any man holding a gun, but don’t shoot a man holding a harmless 

object. 

− To ‘shoot’, press the ‘A’ key 

− ‘Don’t shoot’, press the ‘L’ key 

• You have less than one second to make your decision.  

• You will score points for a correct decision, and lose points for an incorrect decision: 

− correctly shooting a person holding a gun is 10 points 

− correctly not shooting a person not holding a gun is 5 points 

− shooting a person not holding a gun is a loss of 20 points 

− not shooting a person holding a gun is a loss of 40 points 

− no response is a loss of 10 points 

• There is a short practice session, followed by a scored session. 

• A score of 300 points is considered a good score.  
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Spatial Relationships task – Brief to participants 

Spatial Relations task: Brief 

This task is Spatial Relationship task.  

• You will be presented a series of screens, each screen has an image of a pattern at the top; 

the pattern can be folded to create a three dimensional shape. 

• Each shape as some shaded panels, some white panels, and some panels may have a shape 

on them. 

• Below the pattern are four images of three dimensional objects.  

• The pattern can be folded to match only one of the objects, by shape and shading.  

• Your task is to select, by use of the mouse, the correct object. 

• There is a detailed explanation of the task before you start.  

• You have ten minutes to complete 20 objects. The timing does not start until after you finish 

the instructions and practice tasks. 

• Ten minutes is plenty of time to complete all 20 objects with enough time to analyse each 

screen to ensure accuracy. You should concentrate on being accurate, not fast. 

• In practice: 19 correct answers is easily achievable.  

• You will be informed of your score at the completion of the activity.  
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Kubios Data Analysis Report 
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Kubios HRV data analysis report (example). 
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Participant Information Briefs and Consent Forms 

Study Three
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Participant Introduction Brief – Study Three 

Investigation into the Heartmath Coherence Advantage Program and improving 
performance in a simulated military tactical decision-making task 

Participant Brief – Introduction brief  
Thank you for volunteering to participate in this research study. You will be informing 

research on decision-making under stress.  

Aim 
The aim of this brief is to provide you the details of your first session in this study.  

Session duration 
This first session will take approximately five hours. It will involve: a presentation, some 

short activities using Heart Rate monitors, you will be asked to complete a short personality 

questionnaire, and then be asked to participate in a number of simulation activities. There will be 

some low level stress during one activity (noise and time pressure).  

The second session will be conducted four weeks after the first session, and will take the 

same format for the first session.  

Venue 
The session will be conducted at in the library training room Charles Sturt University:  

Building 13.  Room, 212. A map and directions are provided below.  

Times 
You are asked to be present at the venue: 

Date: TBA 

Start: 1100h 

Finish: 1630h (approx) 

Participation requirements 
Dress: usual comfortable daily attire is all that is necessary (there is no physical activity). 

Food and drink: it is a requirement of the study that you: 

• Do not consume caffeinated drinks one-hour prior to attending; 
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• Do not over-indulge in alcohol the evening prior to attending; 
• Do not partake in heavy exercise one-hour prior to attending; 
• Do not take stimulants or depressants the day of attending (if you require such medication 

you are unable to participate in this study, and are asked to inform the researcher of your 
withdrawal). 

Note: you will be required to abstain from caffeine for the duration of the activity. Caffeine 

affects heart rate variability; as such will influence results of the study.  

Contact details 
If you have any questions, MAJ Daryl South can be contacted as follows: 

Email: dsouth@csu.edu.au 

Phone: Office – 02 6933 2637: Mobile – 0427 325 803 

 

Getting to the library training room 

Head North over the Gobba Bridge, take the Estella exit. Drive through the two roundabouts at the 
entrance to CSU, use P7 Carpark (marked). Head towards building 13 (marked). You will go up a 
short flight of steps on the corner of building 13, once around the corner the entrance to the building 
is on your left. Immediately inside the building is the cafe counter. Head past this towards the 
library main entrance. To the left of the library main entrance there is a corridor, head down this. 
The second room on the left is room 212.  

 

 

CSU Entry from 
Estella 

mailto:dsouth@csu.edu.au
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ADHREC Guidelines for volunteers – Study Three 

AUSTRALIAN DEFENCE HUMAN RESEARCH ETHICS COMMITTEE  
GUIDELINES FOR VOLUNTEERS 

Thank you for taking part in Defence Research; your involvement is very much appreciated.  This 
pamphlet explains your rights as a volunteer. 

What is the Australian Defence Human Research Ethics Committee? 

• ADHREC is the Australian Defence Human Research Ethics Committee. It was established in 
1988, to make sure that Defence complied with accepted guidelines for research involving 
human beings. 

• After World War II (WWII), there was concern around the world about human 
experimentation. The Declaration of Helsinki was made in 1964, which provided the basic 
principles to be followed wherever humans were used in research projects. 

• The National Health and Medical Research Council (NHMRC) in Australia has published the 
National Statement on Ethical Conduct in Human Research (2007) (the National Statement). 
The National Statement describes how human research should be carried out. 

• ADHREC follows both the Declaration of Helsinki and the National Statement. 

What Australian Defence Human Research Ethics Committee approval means4.3 

• If you are told that the project has ADHREC approval, what that means is that ADHREC has 
reviewed the research proposal and has agreed that the research is ethical. 

• ADHREC approval does not imply any obligation on commanders to order or encourage their 
Service personnel to participate, or to release personnel from their usual workplace to 
participate.  Obviously, the use of any particular personnel must have clearance from their 
commanders but commanders should not use ADHREC approval to pressure personnel into 
volunteering. 

Voluntary participation4.4 

• As you are a volunteer for this research project, you are under no obligation to participate or 
continue to participate.  You may withdraw from the project at any time without detriment to 
your military career or to your medical care. 

• At no time must you feel pressured to participate or to continue if you do not wish to do so. 

• If you do not wish to continue, it would be useful to the researcher to know why, but you are 
under no obligation to give reasons for not wanting to continue. 
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Informed consent4.5 

• Before commencing the project you will have been given an information sheet which explains 
the project, your role in it and any risks to which you may be exposed. 

• You must be sure that you understand the information given to you and that you ask the 
researchers about anything of which you are not sure. 

• Before you participate in the project you should also have been given a consent form to sign. 
You must be happy that the consent form is easy to understand and spells out what you are 
agreeing to. Again, you should keep a copy of the signed consent form.  

Complaints4 

• If at any time during your participation in the project you are worried about how the project is 
being run or how you are being treated, then you should speak to the researchers. 

• If you don’t feel comfortable doing this, you can contact the ADHREC Executive Officer. 
Contact details are: 

 

Executive Officer  

Australian Defence Human Research Ethics Committee 

CP3-6-036 
PO Box 7912 
CANBERRA BC ACT 2610 
AUSTRALIA 

Tel: (02) 6266 3807 

E-mail: ADHREC@defence.gov.au 

More information4.8 

If you would like to read more about ADHREC, please visit the ADHREC website at: 
http://www.defence.gov.au/health/research/adhrec/i-adhrec.htm  

mailto:ADHREC@defence.gov.au
http://www.defence.gov.au/health/research/adhrec/i-adhrec.htm
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Participant Information Sheet and Consent Form – Study Three 

INFORMATION SHEET (Military) 
Deliberate decision-making in a simulated military situation with military and civilian 

participants. 

Decision-making under stress - brief description of the research 
The aim of the research program being conducted by Major Daryl South is investigate 

whether the Heartmath® Coherence Advantage Program can improve military decision-making 

under stress.  

Military decision-making is characterised by situations of complexity, time-constraint, risk 

and stress, with significant and potentially negative immediate consequences. Much research 

suggests that decisions made in such environments conform to ‘Naturalistic Decision-making’ 

models. A consideration for Naturalistic Decision-making is the concept of ‘expert in the 

environment’ – an expert is well placed to make the right decision in such an environment, a novice 

less so. Research also identifies that stress negatively affects performance, this includes decision-

making. Stress is a complex cognitive (brain/mind) and physiological (body/physical) process. The 

Heartmath® Coherence Advantage program is a resilience intervention that seeks to address the 

body’s physiological stress response. The broad research focus seeks to investigate: if a person can 

control their physical response to stress (body), does this negate or reduce the negative effect of 

stress, and does this then improve performance and decision-making. The use of both military 

(expert) and civilian (novice) participants allows the research to inform the benefits of the 

intervention to aid Naturalistic Decision-making for both experts and novices. The potential to 

improve decision-making for novices is important for the military environment. It is widely 

accepted that expertise is developed over many years of experience and practice; a timeframe not 

available for many junior soldiers and commanders prior to operational deployment.  

The research will inform future training in stress management techniques for military 

personnel. This will potentially assist soldiers and junior commanders to make the right decision 

under stress. 

This study is part of a larger research program to meet the requirements of a PhD for Major 

South. 
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Decision-making in a simulated environment 
The research experiment that you are invited to participate in uses a ‘simulated’ combat 

environment; a computer-based tactical combat game. The game provides relatively realistic tactical 

combat simulation, whilst being an easy game to play. The use of this game allows the researcher to 

compare the results of ‘experts in the domain’ (military participants) with novices (civilian 

participants).  The relative simplicity of gameplay, combined with accurate simulation of tactical 

combat, allows for comparison of expert and novice, whilst minimising the effect of ‘gaming 

experience.’  This allows for analysis of decision-making, not gaming expertise.  

Your part in the Study 

You have been asked to participate as an ‘expert in the domain.’ As a military person, you 

should be comfortable with the principles of tactical warfare and should be able to apply these 

principles to a number of tactical tasks using a simulation (the game). Your results will be 

compared to novices undertaking the same activities.  

Participation requirements 

If you choose to participate, you will be asked to do the following: 

Initial activity 

You will receive an initial research activity briefing, have your resting Heart Rate 

Variability data collected, be asked to complete a short personality questionnaire and participate in 

some military type computer games.  

Heart Rate Variability data collection. Collection of Heart Rate Variability requires that 

you use a Heart Rate Variability Monitor. The monitor sensor is attached (clipped on) to an ear lobe 

when gathering data. The measurement period will be for ten minutes, and requires you to simply 

sit and relax during this ten minute period. 

Personality questionnaire. Research suggests that a person’s personality influences their 

response to stress. For this reason you will be asked to complete a short personality questionnaire 

(41 items). Note. The questionnaire is not intended as an assessment of your personality; it simply 

allows the researcher to examine the relationship between a person’s personality, their response to 

the Heartmath® Coherence Advantage Program (for those undertaking this program), and 

performance on the simulation tasks. 

It is anticipated that the questionnaire will take about 15 minutes to complete. 
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Simulation activities/Decision-making tasks. You will be asked to undertake a number of 

simulation activities (computer-based tactical combat game). Participation in the simulation 

activities will involve some measure of low level stress (noise and time pressure). The computer 

game will be conducted as an individual task; however, it will be conducted in a computer room 

with other participants. Your heart rate variability will be monitored during the computer game. 

This will, again, involve the use of a heart rate variability monitor (attached via a clip to the ear 

lobe).  

It is anticipated that the above will be delivered in about five hours.  

Coherence Advantage Program. Half of the people choosing to take part in this research 

activity will participate in the Heartmath® Coherence Advantage Program. Note: allocation to the 

Heartmath® Coherence Advantage Program, or otherwise, will be random once participant numbers 

are confirmed, this allows the researcher to ensure a balanced representation of the participant 

cohort across both groups.  

The Coherence Advantage Program was developed for the United States Navy to improve 

resilience and performance for Sailors on operational deployment. The program teaches a number 

of emotional self-regulation techniques and is supported by heart rate variability monitors. You will 

be provided a pocket-book and practice plan for the techniques.  

It is anticipated that the Heartmath® Coherence Advantage Program will approximately one 

hour to deliver, and it will be delivered after the initial brief and Heart Rate Variability data 

collection.  

Practice of Coherence Advantage Program techniques. Those participants that 

participate in the Heartmath® Coherence Advantage Program will be required to adhere to a defined 

practice plan, and present the emWave2 to the chief researcher on a weekly basis (to allow data 

collection).  

Practice of the Coherence Advantage Program techniques: 15-20 minutes per day (for four 

weeks).  

Second participation activity 

Four weeks after the initial briefing you will be asked to undertake further simulation 

activities (computer-based tactical combat game). Participation in the simulation activities will 

involve some measure of low level stress (noise and time pressure). The decision-making 
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simulation (computer game) will be conducted as an individual task; however, it will be conducted 

in a computer room with other participants. Your heart rate variability will be monitored during the 

computer game. This will, again, involve the use of a heart rate variability monitor (attached via a 

clip to the ear lobe). It is anticipated that the simulation activities will take four hours.  

Coherence Advantage Program. The Heartmath® Coherence Advantage Program will be 

delivered to participants who had not received the program. 

Data collection. You will be asked for your permission to allow the researcher to collect 

and use the following data for research purposes: 

Resting Heart Rate Variability data (during initial briefing); 

Resting Heart Rate Variability data (prior to simulation activities); 

Results from the simulation activities; 

personality questionnaire results; 

Name (To allow for identifying participants during data collection, this information will 

remain confidential and will not appear in any reports or publications. Each participate will be 

allocated a unique numerical identification number, and this number will be used during data 

collection, data analysis and during any discussion in publications.);  

Gender; 

Age;  

Military experience (years); and 

‘gaming’ experience.  

Heart Rate Variability Monitor. Collection of Heart Rate Variability requires that you use 

a Heart Rate Variability Monitor. The monitor sensor is attached to an ear lobe when gathering data. 

Measurement periods will be for ten minutes. You will also use the Heart Rate Variability Monitor 

when practicing the Coherence Advantage Program techniques: practice sessions are usually five to 

ten minutes (note: during these practice sessions you may choose to use the thumb sensor button on 

the Heart Rate Variability Monitor).  

Total time commitment. You will be asked to make the following time commitment to the 

research program: 
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Briefings and simulation activities. Ten hours, includes both simulation sessions and 

delivery of the Heartmath® Coherence Advantage Program.  

Heartmath® Coherence Advantage practice. It is anticipated you will spend 

approximately 10 ½ hours practice time over four weeks.  

Important notes   

• The decision to participate in the research is entirely voluntary. There is no obligation for you 
to participate in this research, or to allow the use of your data for this research.  

• There is no obligation for your continued participation. If, once you commence participation, 
you decide that you don’t want to continue, you are freely able to withdraw from participation at 
any time.  

• On duty. You will be considered ‘on duty’ whilst participating in this study. 

Risks of participating 
The researcher can see no risk to you if you if you agree to participate. You will be exposed to low 
level noise and time stress; however, the level of these stressors be controlled so that they will pose 
no physical or physiological stress.  

Mental Health support 
In the unlikely event that you do feel adverse effects as a result of participating, there are a number 
of Government and voluntary mental health support services available in Australia, and you are 
encouraged to contact one of these services if you do feel any adverse effects. 
Lifeline:   13 11 14  Web: https://www.lifeline.org.au/  
BeyondBlue:  1300 22 4636   Web: http://www.beyondblue.org.au/ 
HealthDirect:   1800 022 222  Web: http://www.healthdirect.gov.au/ 
MindHealthConnect:     Web: http://www.mindhealthconnect.org.au/ 
ADF Mental Health Strategy Support line:  1800 628 036  

Statement of Privacy  
The researcher will be required to collect personal as identified above and simulation results. All 
data will be available only to Major South and his research supervisors.  
Data will be collected on a Charles Sturt University password protected laptop; back-up information 
will be stored on the CSU intranet site (accessible only to the researcher and his supervisors). Data 
will be retained for a period of at least five years in accordance with the Australian Code for the 
Responsible Conduct of Research. 

https://www.lifeline.org.au/
http://www.beyondblue.org.au/
http://www.healthdirect.gov.au/
http://www.mindhealthconnect.org.au/
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Publication 
The research outcomes will be published in a PhD thesis, and also within academic journals. Such 
publication will not identify research participant details.  

Names of the researchers 

Chief Researcher  
MAJ Daryl South  
0427 325 803, dsouth@csu.edu.au 

Primary Supervisor  
Professor Robert Robergs 
rrobergs@csu.edu.au 

Should you have any complaints or concerns about the manner in which this project is conducted, 
please do not hesitate to contact the Australian Defence Human Research Ethics Committee, or the 
Charles Sturt University Ethics in Human Research Committee, at either of the following addresses: 

Executive Officer 
Australian Defence Human Research 
Ethics Committee 
CP6–6-037 
Department of Defence 
CANBERRA ACT 2600 
Telephone: (02) 6266 3837 
Email: ADHREC@defence.gov.au 

Executive Officer 
Ethics in Human Research Committee 
Office of Academic Governance 
Charles Sturt University 
Panorama Ave 
Bathurst NSW 2795 
 
Phone: (02) 6338 4628 
Fax: (02) 6338 4194 

 

NOTE: Charles Sturt University’s Human Research Ethics Committee has approved 
this project.  If you have any complaints or reservations about the ethical conduct of 
this project, you may contact the Committee through the Executive Officer: 

The Executive Officer 
Human Research Ethics Committee  
Office of Academic Governance 
Charles Sturt University 
Panorama Avenue 
Bathurst  NSW  2795 
Tel: (02) 6338 4628 
Email: ethics@csu.edu.au 
Any issues you raise will be treated in confidence and investigated fully and you will 
be informed of the outcome. 

 

mailto:dsouth@csu.edu.au
mailto:rrobergs@csu.edu.au
mailto:ethics@csu.edu.au
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CONSENT FORM (Military) 

Deliberate decision-making in a simulated military situation with military and civilian 
participants. 

 
I, ................................................................………………... give my consent to participate in the 
project mentioned above on the following basis: 
I have had explained to me the aims of this research project, how it will be conducted and my role 
in it. 
I understand the risks involved as described above. 
I am cooperating in this project on condition that: 

• The information I provide will be kept confidential, 
• The information will be used only research informing Major South’s PhD thesis and 

academic journal articles resulting from this thesis, and 

• The research results will be made available to me at my request and any published reports of 
this study will preserve my anonymity. 

I understand that: 

• there is no obligation to take part in this study,  
• if I choose not to participate there will be no detriment to my career or future health care, 

• I am free to withdraw at any time with no detriment to my career or future health care, and   
• I will deemed ‘on duty’ whilst participating in this study. 

I have been given a copy of the information/consent sheet, signed by me and by the principal 
researcher, Major Daryl South. 
I have also been given a copy of ADHREC’s Guidelines for Volunteers. 

 

_______________________________Signature of volunteer 

_______________________________Name in full 

_______________________Date 
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Combat Mission Beyond Overlord Activity Briefs 

Study Three 



Appendices          

272 

CMBO Tutorial Activity Brief 

Grosshau Ridge: Participant reading 

Reading time: One minute 
Planning time: As required 
10 turns:          unlimited each turn 

Situation: After taking Grosshau in a night attack Company F is forbidden to 
call in artillery on German troop movements on a nearby ridge. High command 
insists it’s being held by American troops.  
The next morning, companies F and G are ordered to move up the ‘friendly’ ridge and attack past 
it. Despite all their pleas higher command will not believe the ridge is in enemy hands. 
Company F deploys to the right of a dirt road – company G to the left. There are hit by severe 
German artillery and all of G company’s officers are killed. This leaves only company F to cross 
the open country and take the ‘friendly’ ridge.  
Mission: Move up to Grosshau Ridge and then push forward from there.  
Intelligence: The ridge is in friendly hands, in spite of what you’ve reported. We’ve checked 
everything out and are sure we have troops there – so move up and keep pushing.  

ORBAT 

Red 
PL HQ 
SECT x 3 
MG 
Bazooka 

White 
COY HQ 
60mm mortar x 2 
Spotter 105mm x1  
PL HQ 
SECT x 3 
MG 
Bazooka 

Blue 
PL HQ 
SECT x3 
MG 
60mm mortar 
Bazooka 

CMBO No Stress Activity Brief 

A Ranger Challenge: Participant reading 

Reading time: Three Minutes 

Situation 
General. US Forces on Omaha Beach are being threatened by enemy forces, if US Rangers 

disrupt enemy forces inland of the beachhead it will relieve this pressure.  
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Enemy Forces. Enemy presence immediately inland appears weak, however, it is expected 

that they will reinforce any position in the event of an attack. 

Friendly Forces. US Forces are preparing to break out of Omaha Beach, and are unable to 

provide direct support to your mission.  

Mission 

• Your mission is to seize and hold the road junction immediately West of Vierville sur 
mer.  

Five minutes initial planning 

Unlimited each turn  
ORBAT 

Rifle Platoon 

• Platoon HQ 
• 3 x Airborne 

Squad 
• M1919 MMG 
• Bazooka (anti-

armour) 
• Mortar 60mm 

Rifle Platoon 

• Platoon HQ 
• 2 x Airborne Squad 
• M1919 MMG 
• Bazooka (anti-armour) 
• Mortar 60mm 
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CMBO Stress Activity Brief 

A quick visit - Bruneval: Participant reading 

Reading time: One minute 
Planning time: One minute initial 

15 turns:           30 seconds each turn 

Situation: German radar is picking incoming flights of British bombers and vectoring fighters to decimate them. The British High 
Command desperately needs some of this equipment to analyse and overcome it. 

Mission: As Major John Frost, leader of the raid, your task is to break into the villa and the radar installation. The installation is 
represented by the buildings in the villa in the centre of the map. If you clear all the buildings of enemy troops, it symbolises the 
effective removal of the equipment. 

For this scenario, the flags are not the primary factor. How many squads you exit of the west edge of the map is what will determine how 
well you have done. The point of the battle is to take those buildings, clear them and then remove as many paratroopers as you can from 
the map. 

Intelligence: There are small enemy forces in Bruneval (near the coast), La Presbytre (the villa) and in the installation itself. There exists 
the possibility of armoured reinforcements once the alarm is given.  

Important: remember your objective. You must effectively eliminate all enemy units in the villa, then proceed to 
the beach. 
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ORBAT 

 

PL HQ 
SECT x 3 

 

COY HQ 

 

PL HQ 
SECT x 3 
2” Mortar x2 

 

PL HQ 
SECT x3 
 
 
 
Reinforcements 
PL HQ 
SECT x 3 
2’ mortar 
sniper 
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Coherence Advantage Program  – Study Three 



Appendices          

278 

The ‘Coherence Advantage’ program 
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