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Introduction to thesis 
 

Dysfunctional breathing (DB) is an overarching term used to describe a cluster of chronic 

breathing disorders that can occur either in excess or in the absence of other cardiopulmonary 

pathologies (Barker & Everard, 2015). Dyspnoea is the most common symptom associated 

with DB, however many non-respiratory symptoms may also occur (Boulding, Stacey, Niven, 

& Fowler, 2016). Though there is increasing awareness of DB amongst most medical 

fraternities, it still lacks a consensus-based definition (Boulding et al., 2016). Recent research 

has focused on improving the diagnostic tools available for the detection of DB, however, 

unlike many common pathologies, few resources have been dedicated to developing tools 

that could be useful to help people with DB manage their symptoms.  

 

Self-efficacy is well-known as a strong predictor of behaviour and drive. For people with 

chronic diseases such as DB, self-efficacy offers a cost-effective method with which to 

monitor and improve treatment response and adherence to self-care (Belil, Alhani, & Ebadi, 

2018). The Rowley Breathing Self-efficacy (RoBE) scale was developed by New Zealand 

physiotherapists Janet Rowley and David Nicholls in 2006 to measure the self-efficacy of 

people with DB. Due to a lack of psychometric evaluation, the quality of the RoBE is largely 

unknown.  

 

This thesis is arranged into four main chapters: Chapter 1 is a literature review that outlines 

the definitions of DB and the different physiological domains that it influences, as well as a 

discussion of self-efficacy, how it relates to healthcare and the development of the RoBE 

scale. Chapter 2 contains a methodology segment that explores some pragmatic approaches 

on how to best measure the psychometric properties of the RoBE. Chapter 3 contains a 

manuscript reporting an investigation into the psychometric properties of the RoBE and is 

intended for submission to the Journal of Bodywork and Movement Therapies. The aim of the 

study reported in this manuscript was to determine the test-retest reliability, construct validity 

and internal consistency of the RoBE, and to determine the presence of any floor or ceiling 

effects. Finally, Chapter 4 contains Appendices in support of the thesis.  
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1. Introduction to literature review 

 

Dysfunctional breathing (DB) is an umbrella term that refers to a group of breathing 

disorders where chronic changes in breathing patterns result in dyspnoea and other non-

respiratory symptoms (Boulding et al., 2016). Due to a long-standing lack of consensus on its 

definition and the relative paucity of validated and reliable tools to identify DB, it is routinely 

underdiagnosed and misdiagnosed. Nevertheless, much of the activity in the DB topic area 

over the last 10 years has focused on improving consensus with regard to its definition and 

advancing the quality of tools available for its successful diagnosis. Despite these advances, 

DB still lacks many of the management tools available to other chronic diseases, such as self-

efficacy measures. In 2006, New Zealand physiotherapists developed the Rowley Breathing 

Self-Efficacy (RoBE) questionnaire with the intention of providing a measure of self-efficacy 

applied to DB that could be used to help manage people with the disorder. However, due to 

the relatively small sample size in the pilot study, and absence of other investigation of the 

RoBE, the psychometric properties of the RoBE have not been well-established.  

 

This literature review is divided into three major sections. The first section is concerned with 

exploring the epidemiology of DB, as well as the three major approaches being taken with 

regard to its definition and categorisation. Also included in this section is an exploration of 

DB pathophysiology which, in reflection of its relative complexity, will be divided up into 

three dimensions: the biomechanical, the biochemical, and the psychophysiological. The 

second section will explore the suite of diagnostic and management tools currently available 

for DB and their reliability. The final section of this literature review will examine self-

efficacy and its role as a management tool in healthcare. It will also provide a critical 

appraisal of the RoBE scale and its viability as a management tool for DB.  
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Part 1: Definitions, epidemiology and aetiology of Dysfunctional Breathing 

 

2.1 Epidemiology of dysfunctional breathing 

The epidemiological picture of DB is still relatively unclear; the reasons for this are complex, 

however the lack of a clear consensus-based definition that is continually evolving is partially 

to blame, as is the general lack of epidemiological studies conducted on DB to date 

(Dixhoorn & Folgering, 2015; Ogilvie, 2017; Vidotto, Ricardo, & Carvalho, 2019). Most of 

the epidemiological information available for DB has focused largely on hyperventilation 

syndrome, which is arguably the most well-known of all of its various subtypes. However, 

even these figures are incomplete and often conflicting. Some sources suggest that 

hyperventilation syndrome is present in around 6-10% of the general population, and up to 

34% of people with asthma (Dixhoorn & Folgering, 2015), whilst another suggests that the 

overall prevalence of DB in people with anxiety is estimated to be as high as 83% (Courtney, 

2009). Given that the prevalence of anxiety in New Zealand is 19.8%, or an estimated 

778,000 adults (Ministry of Health, 2019), it is possible that there is a significant proportion 

of the population who experience DB that are as yet undiagnosed. An accurate picture of the 

true global prevalence of DB will become clearer as a more concise definition of DB is 

constructed and the diagnostic tools used for its detection improve. 

  

2.2 Defining dysfunctional breathing 

The difficulties with establishing a clear diagnosis of DB are complex and varied, though 

arguably one of the primary causes has been an historic lack of research (Boulding et al., 

2016; Courtney, 2011; Vidotto, Bigliassi, Jones, Harvey, & Carvalho, 2018). This paucity of 

research has led to a number of short comings with regard to understandings surrounding the 

categorisation, symptomatic picture and pathophysiology of DB (Barker & Everard, 2015; 

Vidotto et al., 2019). As a result, DB lacks a clear, consensus-based, definition. That said, the 

last decade has seen a concerted effort to try and better categorise and define what has for a 

long time been a poorly described selection of breathing-related disorders. This has been 

principally driven by the work of a small number of researchers including Jones et al. (2015), 

Barker and Everard (2015), Boulding et al. (2016) and Courtney (2009). As a result, there are 

now three main approaches in categorising DB. 
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Dysfunctional breathing has historically been classified by its association with organic 

cardiopulmonary disease – that is, whether it has occurred as an accessory to it, or in the 

absence of disease. This approach was formalised by Jones et al. (2015), who suggested that 

DB be divided into two groups, labelled as primary and secondary DB. The term primary DB 

was applied to abnormal breathing patterns that occurred in the absence of organic disease, 

and secondary DB applied to breathing disorders that occurred secondary to organic causes – 

that is, where the physiological adaptations due to the organic pathology were insufficient to 

explain the apparent symptoms (Jones et al., 2015; Vidotto et al., 2019).  

 

A literature review conducted by Barker and Everard (2015) suggested an alternative 

approach to the classification of DB, predominantly in an attempt to include forms of DB that 

affected the upper airways such as vocal cord dystonia. In this classification system, DB was 

divided between thoracic and non-thoracic causes (Barker & Everard, 2015). DB that was 

shown to have a thoracic association was labelled ‘thoracic DB’, and DB that was associated 

with dysfunction external to the thorax, such as vocal cord dysfunction, was labelled ‘extra-

thoracic DB’. These sub-groups were further divided to indicate whether they were 

‘functional’, meaning they were not linked with any discernible pathology, or ‘structural’, 

which indicated that the DB present had a pathological origin such as asthma or emphysema 

(Barker & Everard, 2015).  

 

Lastly, a recent literature review conducted by Boulding et al. (2016) sought to clarify the 

various different forms of DB that had been identified and subsequently labelled. Through it, 

they identified five distinct sub-categories investigated by various research groups; these 

were: hyperventilation syndrome, periodic deep sighing, thoracic dominant breathing, forced 

abdominal expiration and thoraco-abdominal breathing (Boulding et al., 2016). These sub-

categories are further explored below. 

 

2.2.1 Hyperventilation syndrome 

Hyperventilation syndrome (HVS) is the most well-researched and most commonly-

described form of DB (Courtney, 2011). Diagnostic criteria for HVS initially required the 

presence of hypocapnia and respiratory alkalosis to be present for the label of HVS to be 

applied, however, subsequent research by Gardner (1996) and Han, Stegan and simkens et al. 

(1997) suggested that the presence or otherwise of biochemical changes such as a drop in 
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pCO2 has a poor correlation with HVS (Boulding et al., 2016). Because of this, HVS can be 

difficult to distinguish from asthma, other forms of DB and various anxiety disorders, so it is 

therefore suggested that clinicians use multiple detection tools when attempting to diagnose it  

(Courtney, 2017).  An additional form of HVS, named exercise-induced hyperventilation or 

exercise-induced dyspnoea, has also been proposed (Depiazzi & Everard, 2016), which is 

described as the development of breathlessness or abnormal breathing patterns during 

exercise that is not associated with the reaching of one’s physiological limit (Depiazzi & 

Everard, 2016).  

 

2.2.2 Periodic deep sighing 

As the name identifies, periodic deep sighing is characterised by frequent sighing and 

irregular breathing patterns, which may sometimes overlap with periods of hyperventilation 

(Boulding et al., 2016). A single deep breath can induce a substantial reduction in pCO2, so it 

is entirely possible to achieve a state of hypercapnic alkalosis through the action of sighing, 

which can contain up to the three times the volume of a standard breath (Hormbrey, Jacobi, 

Patil, & Saunders, 1988). Sighing regularly occurs in both healthy individuals and asthmatics 

but is generally more frequent in those with DB and is commonly associated with dyspnoea 

(Boulding et al., 2016).  

 

2.2.3 Thoracic dominant breathing 

This type of dysfunctional breathing is distinguished by its distinct action, which is described 

as a lifting of the upper sternum, an excessive use of the upper rib cage and a corresponding 

lack of lateral costal expansion or engagement of the diaphragm (Bradley & Esformes, 2014; 

Courtney, 2011). Thoracic dominant breathing is commonly observed in people with cardiac 

disease and the morbidly obese (Boulding et al., 2016).  

 

2.2.4 Thoraco-abdominal asynchrony 

Thoraco-abdominal asynchrony refers to a loss of synchronisation of the contraction between 

the rib cage and the abdomen during inspiration that results in an inefficient breathing action 

(Boulding et al., 2016; Lum, 1975); in severe cases, the movement of these two structures 

may oppose one another (Lum, 1975; Pereira et al., 2017). Thoraco-abdominal asynchrony is 

commonly seen in diseases involving upper airway obstruction such as chronic obstructive 
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pulmonary disease (COPD), certain neuromuscular disorders and those with acute respiratory 

failure. However, it is also seen in patients with no organic disease (Boulding et al., 2016).  

 

2.2.5 Forced abdominal expiration 

People with forced abdominal expiration are often observed employing an excessive and 

inappropriate use of their abdominal musculature to aid expiration (Alves et al., 2013). It is 

strongly associated with COPD and pulmonary hyperinflation and is sometimes present in the 

morbidly obese, in which cases it is an expected physiological adaptation (Boulding et al., 

2016). However, it is also sometimes observed occurring in people with no contributing 

organic disease, in which case it would be recognised as DB (Boulding et al., 2016).  

 

Though a consensus-based definition remains elusive, the recent work of a number of 

researchers both in researching the pathophysiology of DB and reviewing the current 

literature has helped to identify a number of distinct disorders that fit within the DB lexicon. 

It is hoped that continued research in this area will help to further the development of a more 

concise and cohesive definition.  

 

2.3 The aetiology and pathophysiology of dysfunctional breathing 

The aetiological and pathophysiological mechanisms that underpin DB are complex and 

highly variable (Courtney, 2011). The act of respiration is such an important role for the 

ongoing function of every system in the body that any real or perceived threat to its ongoing 

normal operation can cause surprising and often unexpected symptoms (Chaitow, Bradley, & 

Gilbert, 2014). In instances where the cardiopulmonary system is already compromised due 

to pathology, it is understandable that there should be the production of various signs and 

symptoms of some sort (Boulding et al., 2016). Unsurprisingly, dysfunctional breathing is 

commonly observed in conjunction with respiratory diseases such as asthma, COPD and 

interstitial lung disease (Barker & Everard, 2015), however, the observed adaptations in 

breathing patterns are typically independent or in excess of the pathology (Boulding et al., 

2016; Hagman, Janson, & Emtner, 2008). The nature of the relationship between DB and 

cardiopulmonary pathologies and whether they are causal or coincidental remains unclear 

(Barker & Everard, 2015).  
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Though DB is commonly associated with a range of cardiopulmonary pathologies, it is also 

possible for it to occur in the absence of pathology altogether (Barker & Everard, 2015). 

Despite the lack of a diagnosed respiratory disease, DB may be accompanied by many of the 

pathophysiological changes associated with them such as thoracic hyperinflation, hypocapnia 

and irregularities in respiratory rate and volume (Barker & Everard, 2015). In other instances, 

DB has been recorded as being present with little or no observable anatomical or 

physiological abnormalities at all (Vidotto et al., 2018). In such instances, situational triggers 

such as stress, anxiety, anger and grief as well as a range of panic disorders appear to have a 

strong influence (Barker & Everard, 2015; Vidotto et al., 2018). Such occurrences suggest a 

psychophysiological genesis (Vidotto et al., 2018).  

 

In a bid to better map out the various aetiological influences that appear to be at play with 

DB, researchers such as Courtney (2009) and Boulding et al. (2015) have organised them into 

three dimensions, these are: the biomechanical dimension, the biochemical dimension, and 

the psychophysiological dimension. A similar approach has been employed here in the 

following review in an attempt to describe how each dimension can affect, or be affected by, 

DB. 

 

2.4 The biomechanical dimension 

The physical act of breathing involves the biomechanical action of the respiratory pump, 

which is tasked with moving air into and out of the lungs (Lyon, 2012). This ‘pumping’ is 

performed primarily by the diaphragm, external intercostal and scalene muscles and is 

supported by a number of accessory respiratory muscles including pectoralis major and 

minor, serratus anterior, serratus posterior superior and latissimus dorsi (Lyon, 2012). The 

actions of these muscles produce changes in the dimensions of the chest wall which in turn 

produces pressure changes within the intrapleural and alveolar spaces of the lungs. In 

response, air is moved either into or out of the lungs, allowing the core processes of 

ventilation and perfusion to occur. Although the primary role of the respiratory musculature 

is to drive the continuous action of the lungs, these muscles also perform an important 

secondary role in the maintenance of normal posture (Bradley & Esformes, 2014). 

Furthermore, normal breathing is widely seen as performing a fundamental role in the 

execution of all movement patterns and is important for performing everything from the basic 
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functions of living to competing in elite-level sport (Bradley & Esformes, 2014; Kiesel, 

Rhodes, Mueller, & Waninger, 2017). 

 

When DB occurs, the function, resting tone, strength, efficiency and coordination of the 

respiratory musculature can be altered dramatically (Chaitow, 2004; Courtney, 2017). The 

increased tone and activity of the respiratory musculature can promote dyspnoea and 

hyperinflation of the lungs, particularly in people with asthma, as well as contribute to the 

development of dysfunctional breathing patterns such as thoracic, apical and paradoxical 

breathing (Courtney, 2017; Kiesel et al., 2017). The development of conditions such as 

hyperinflation further contributes to these biomechanical changes by potentially leading to 

the loss of the zone of apposition, which refers to the vertical area of the diaphragm where 

the diaphragmatic tendon attaches to the rib cage and gives the normally functioning 

diaphragm its characteristic dome shape (Miranda, Malaguti, & Corso, 2011). Without an 

adequate zone of apposition, the ability for the diaphragm to produce sufficient inspiratory 

force is reduced, which in turn results in greater recruitment of accessory respiratory muscles 

in the upper thorax and cervical spine (Miranda et al., 2011).  

 

When respiratory muscles become shortened, tense and mechanically disadvantaged, their 

ability to respond to central motor commands is compromised, leading to neuromechanical 

dysfunction (Chaitow et al., 2014; Courtney, 2017). This further promotes the adoption of 

asynchronous breathing patterns, and can result in a raft of musculoskeletal dysfunction 

including compromised stability of the lumbar spine, even when performing relatively simple 

actions of daily life (Kiesel et al., 2017), including: inefficient postural responses, particularly 

when using the upper limbs; scapular dyskinesis (Chaitow et al., 2014); reduced exercise 

capacity, and an increase in reported rates of chronic pain in various regions of the body, 

including the cervical spine, the temporomandibular joints, the sacroiliac joints and the lower 

back (Kiesel et al., 2017).  

 

2.5 The biochemical dimension 

The biochemical function of breathing is to regulate the levels of O2 and CO2 and to regulate 

acid-base balance in the body depending on its metabolic needs (Courtney, 2016). This role is 

performed primarily by the lungs under direct control of the central nervous system, in 

conjunction with the circulatory system and the kidneys (Bordoni, Purgol, Bizzarri, Modica, 
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& Morabito, 2018; Clar et al., 2014; Courtney, 2016; Pal & Chen, 2014). The nervous system 

reacts to even small changes in the balance of chemicals in the blood; these changes are 

detected by peripheral chemoreceptors, which are located in the aortic and carotid arteries 

and are innervated by the glossopharyngeal nerve (Pal & Chen, 2014). Any changes in O2, 

CO2 or pH are communicated via the glossopharyngeal nerve to the involuntary breathing 

centres of the brain, which are primarily located in the medulla oblongata and pons in the 

brain stem (Bordoni et al., 2018). The brainstem also contains chemoreceptors that monitor 

pH levels in the cerebrospinal fluid. The breathing centres of the brainstem are primarily 

responsible for involuntary breathing control and it is also these centres that are thought to be 

responsible for feelings of breathlessness (Pal & Chen, 2014). Voluntary control of breathing 

is influenced by the forebrain, which communicates with the diaphragm via the descending 

corticospinal tract, and influences activities such as breath-holding and the rhythmic 

alterations in ventilatory pattern observed in activities such as speech, laughing and crying 

(Pal & Chen, 2014).  

 

Biochemical changes such as fluctuations in pCO2 in people with DB are a common feature 

and are responsible for a number of associated symptoms (Chaitow et al., 2014). ‘Over-

breathing’ is common in many people with DB, either through hyperventilation syndrome, 

where patterned breathing of rapid short breaths is observable, particularly in acute cases, or 

in other alterations in breathing patterns such as apical breathing, disproportionate 

breathlessness or periodic deep sighing, where the mechanisms that bring about the 

development of a hypoxic state may be less obvious (Boulding et al., 2016; Prys-picard, 

Kellett, & Niven, 2006). Such over-breathing serves to remove excessive amounts of CO2 

from the body, lowering the blood’s bicarbonate content and disrupting its delicate O2 – CO2 

balance (Kern, 2016). This biochemical change is associated with a range of potentially 

frightening symptoms, including chest pains, poor concentration and memory lapses, tunnel 

vision, tinnitus and migraine-type headaches (Chaitow, 2004). This state of alkalosis can also 

cause a number of flow-on effects such as bronchoconstriction, whereby the diameter of the 

larger airways diminishes, leading to asthma-like symptoms such as wheezing, coughing and 

shortness of breath (Chaitow, 2004). In chronic cases of DB, even though symptoms can be 

just as severe, the biochemical changes may be more subtle. For example, people with 

chronic cases of DB may exhibit accentuated blood-gas responses to physical movement 
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(Malmberg, Tamminen, & Sovijärvi, 2000), and it may take longer for pCO2 levels to return 

to normal than in people without DB, which may serve to prolong symptoms (Kern, 2016).  
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2.6 The psychophysiological dimension 

The final dimension is associated with psychological, cognitive or emotional factors and their 

relationship with breathing patterns. Factors such as stress, fear and anxiety and the increased 

rates of respiratory drive that accompany them are key contributors to dysfunctional 

breathing mechanisms (Courtney, 2017; Vidotto et al., 2018). For example, in times of stress 

or fear, when ‘fight or flight’ responses may be initiated, the projected need for extra oxygen 

to accommodate rapid action activates the accessory respiratory musculature to allow for 

increased rates of respiration (Chaitow et al., 2014). Such responses can sometimes become 

linked with certain emotions or memories, which when revisited, can trigger that same fight 

or flight response and the accompanying physiological reactions that come with it. These 

cognitive and emotional occurrences can interact with the biomechanical and biochemical 

aspects of breathing regulation to propagate and perpetuate dysfunctional breathing 

behaviours and symptoms (Chaitow et al., 2014; Courtney, 2017). For example, Ritz et al. 

(2010) found that strong negative emotions such as fear and anger were associated with 

sympathetic activation and could lead to bronchoconstriction in some people, particularly 

asthmatics, mimicking the symptoms of an asthmatic episode. In other studies, a reduced 

sense of control, an excessive focus on breathing sensations and fearful beliefs and 

behaviours related to the anticipation of not being able to breathe effectively were showed to 

condition some people towards inappropriate and excessive increases in respiration and 

sensitisation to somatic symptoms (Barker & Everard, 2015; Han, Zhu, Li, Luo, & Hu, 2004).  

 

Building a consensus on the definition of DB is an important step in improving our 

understanding of the disorders that fit within its parameters. Having a clear picture of the 

aetiological and pathophysiological elements at play within DB is an essential objective in 

achieving this task. In order to do so, it is crucial to have a range of diagnostic and 

measurement tools available to clinicians that are of sufficient quality to ensure accurate 

results. In the proceeding section, a review of the currently available diagnostic and 

management tools and their quality will be performed.  
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Part 2: Diagnosis and measurement of dysfunctional breathing 

 

3.1 Diagnosis and measurement of dysfunctional breathing  

The primary role of any diagnostic or measurement tools is ultimately to improve the quality 

and of care available to patients. Therefore, the utility of measurement tools available to 

clinicians is paramount (Sox, Stern, Owens, & Abrams, 1989). A number of tools are 

available for the diagnosis of DB, ranging from manual palpation techniques to 

questionnaires, and diagnostic equipment such as capnographs and blood gas measures 

(Chaitow et al., 2014; Courtney, 2011). Presently, there is no one ‘gold standard’ test or 

procedure to confirm the presence of DB, nor is there a standard screening protocol (Barker 

& Everard, 2015; Boulding et al., 2016). However, recent research by Kiesel et al. (2017) has 

aimed to produce a screening protocol based on the breath hold test (BHT), which will be 

discussed later in this section. The current process of diagnosing DB involves ruling out the 

presence of any organic cardiopulmonary pathology before then testing for the presence of 

DB (Boulding et al., 2016; Hagman et al., 2008). Much of the most recent research on DB 

has been dedicated to improving the range of diagnostic tools available for its detection 

(Courtney, Cohen, & Reece, 2009; Ludwig, 2013; Mitchell, 2011; Ogilvie, 2017), or devising 

methods with which they can be combined in an attempt to account for its potentially 

multidimensional presentation (Kiesel et al., 2017). At present, most tools are for diagnostic 

purposes only and few have been specifically developed for the management of DB (Rowley 

& Nicholls, 2006). The following section will review the measurement tools currently 

available for each of the three dimensions of DB, providing a brief assessment of their 

quality, accessibility and useability.  

 

3.2 Biomechanical measures 

There are a number of biomechanical measures available for assessing breathing patterns and 

aiding in making a diagnosis of DB that include both manual approaches as well as the use of 

equipment such as ultrasound imaging of the diaphragm.  
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3.2.1 Manual assessment of respiratory motion 

Manual assessment of respiratory motion (MARM) is an assessment based on manually 

measuring the movement of the upper and lower rib cage (Chaitow et al., 2014). A clinician 

can perform it by placing his or her hands on the posterior aspect of a person’s ribs, with the 

thumbs resting parallel to the spine, and the fingers spread out across the ribcage and upper 

section of the abdomen (Chaitow et al., 2014). The clinician should then be able to measure 

the amount of movement coming from different parts of the thorax. The results are then 

plotted on a circular graph that can be used to indicate the relative amounts of movement 

from each sector (Courtney, 2011). Ideally, people with a healthy breathing pattern should 

have a relatively equal amount of movement in all sectors of the rib cage. For people with 

respiratory pathologies or DB, there will likely be an imbalance towards one part of the rib 

cage compared to the other (Chaitow et al., 2014). For example, people with an apical 

breathing pattern will likely see a larger measure of volume in the upper part of the MARM 

graph, whilst paradoxical breathers might record disproportionate movement of the abdomen 

(Chaitow et al., 2014; Kiesel et al., 2017). The validity and reliability of the MARM in 

successfully identifying DB is unclear (Ludwig, 2013); a number of studies produced 

conflicting results related to the inter-rater reliability of the MARM. Whilst Courtney (2011) 

argued that the MARM had excellent inter-rater reliability, a later study by Ludwig (2013) 

presented data that suggested it was only accurate when used by clinicians with extensive 

experience in breathing retraining (Ludwig, 2013), suggesting its inter-rater reliability was 

not as exact as previously reported. 

 

3.2.2 Breath hold time  

Breath hold time (BHT) is a relatively simple method with which to detect the possible 

presence of DB. It is administered by asking the person being tested to exhale and hold their 

breath. The time between the start of their breath-hold and the first involuntary contraction of 

their diaphragm is then measured (Courtney & Cohen, 2008; Kiesel et al., 2017). Courtney 

and Cohen (2008) suggested that those with a BHT of <20 seconds had a high likelihood of 

having DB. Kiesel et al. (2017) expanded on the BHT method developed by Courtney and 

Cohen (2008) by adding four questions derived from two breathing questionnaires: the Self-

Evaluated Breathing Questionnaire (SEBQ) and the Nijmegen Questionnaire (NQ). The 

purpose of this was to develop an easy-to-use DB screening protocol. They found that with 

the addition of the four questions, the BHT measure was highly sensitive towards people with 
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DB. Though this study was relatively small, with proper reliability and validation testing, this 

BHT screening protocol appears to be promising.  

 

3.2.3 Ultrasound measures of respiratory muscle structure and function 

Using ultrasound imaging to measure the activity, resting tone and thickness of various 

respiratory muscles is a convenient and accurate method for detecting muscle dysfunction 

that may be associated with DB (Dubé & Dres, 2016; Giles, 2018). For example, measuring 

the excursion, thickness and contractility of the diaphragm can give a strong indication of its 

level of involvement in regular respiration and whether excessive work by accessory 

respiratory muscles is being performed (Dubé & Dres, 2016). Similar studies focusing on the 

oblique muscles have found that resting tone is increased in people with DB. Ultrasound is 

becoming increasingly used by both sonographers and non-sonographers (such as 

physiotherapists and osteopaths) to assist in testing for DB signs (Giles, 2018).  

 

3.3 Biochemical measures 

There are a range of objective and instrumented measures available for the measurement of 

DB, including direct blood measures and capnography.  

 

3.3.1 Blood gas measurement 

The procurement of a blood sample is currently seen as the most accurate method for the 

diagnosis of respiratory alkalosis and hyperventilation, as it provides an accurate picture of 

the levels of different gases in the blood (Gardner, 1996). However, the approach has been 

criticised for being overly invasive due to the need for an arterial puncture and processing by 

a laboratory (Chaitow et al., 2014). Moreover, it only provides an idea of the blood gas 

composition at any one time, making it difficult to measure the effects of certain types of DB 

such as transient or situational hyperventilation (Chaitow et al., 2014; Gardner, 1996). 

 

3.3.2 Capnography 

Capnographs function by measuring the partial pressure of end tidal CO2 (ETCO2) contained 

in exhaled breath (Chaitow et al., 2014). This is done with the use of infrared sensors, as CO2 

is capable of absorbing infrared light (Chaitow et al., 2014; Raemer & Calalang, 1991). Its 

primary application is for use during the administration of anaesthesia and in intensive care, 

however it is also a useful tool in detecting DB (Levitsky, 2012; Raemer & Calalang, 1991). 
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People with fluctuating CO2 levels or CO2 levels that drop below 32mmHg have a strong 

likelihood of having chronic hyperventilation (Timmons & Ley, 1994). Though blood gas 

measures are regarded as the most accurate method when testing for the presence of 

hypocapnia or respiratory alkalosis, because capnographs can give a moment-to-moment 

impression of a person’s respiration, they are far more accurate when observing DB that may 

be transient or situation-specific (Chaitow et al., 2014).  

 

3.4 The psychophysiological dimension 

A number of subjective self-reported questionnaires were developed in an attempt to measure 

the degree to which psychophysiological involvement is at play in patients with DB. The 

majority of research involving DB in recent years has focused on improving tools in this area 

(Dixhoorn & Folgering, 2015; Guyatt, Charlson, & Mitchell, 1989; Ogilvie, 2017).  

 

3.4.1 The Nijmegen questionnaire 

The Nijmegen questionnaire has been in use for over 30 years and was initially developed to 

detect the presence of HVS (Dixhoorn & Folgering, 2015). More recently, it has been used to 

evaluate symptoms connected to psychological and emotional stress that show connection 

with hypocapnia (Chaitow et al., 2014). The Nijmegen questionnaire consists of 16 items to 

be answered on a 5-point scale ranging from 0, which counts as ‘never’ to 4, which counts as 

‘very often’. The possible overall score ranges from a minimum of 0 points to a maximum of 

64 (Chaitow et al., 2014). A score of >19 on the NQ is indicative of DB; it is expected that 

people with a higher score will likely exhibit more distress (Dixhoorn & Folgering, 2015). 

There has been some criticism of the NQ in its ability to detect the presence of HVS, with 

several authors arguing that it was incapable of distinguishing between HVS-specific 

symptoms and generalised reactions to anxiety and stress (Courtney & Greenwood, 2009). 

However, Dixhoorn and Folgering (2015), the creators of the NQ, have suggested that this 

argument simply reinforces the need to view DB as a multidimensional construct. Subsequent 

analysis of the NQ suggested that, whilst it is fairly representative of many of the likely 

symptoms experienced by people with DB, there are still some limitations in certain 

dimensions, meaning it may not be entirely accurate in some instances (Ogilvie, 2017).  
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3.4.2 Self-Evaluated Breathing Questionnaire 

Another more recently developed questionnaire is the Self-Evaluation of Breathing 

Questionnaire (SEBQ). The SEBQ measures 25 items each based on a three-point scale 

ranging from ‘never’, which counts as zero, to ‘very frequently/very true’, which counts as 3 

points (Chaitow et al., 2014). There is a maximum possible score of 75, with scores >11 

indicating the possible presence of DB (Mitchell, 2011). In comparison to the NQ, the SEBQ 

has a slightly larger number of items and a more complex item structure, allowing it to 

explore different symptomatic presentations in more depth. For example, both the NQ and 

SEBQ appear to be capable of detecting air hunger, however the SEBQ also contains 

questions that may point to the presence of restricted or inappropriate breathing, which 

suggests a pathogenesis more closely related to the impaired function of respiratory muscles 

or hyperinflation (Lougheed, Donnell, & Fisher, 2006). Recent studies investigating the 

psychometric properties of the SEBQ have found it to be both a valid and reliable tool for the 

measurement of DB (Courtney, 2009; Mitchell, 2011). 

 

3.4.3 The Rowley Breathing Self-Efficacy Scale 

The Rowley Breathing Self-Efficacy (RoBE) scale was developed by New Zealand 

physiotherapists Rowley and Nicholls in 2006 (Rowley & Nicholls, 2006). Unlike the NQ 

and the SEBQ, the RoBE is a measurement and management tool rather than a diagnostic 

tool (Chaitow et al., 2014; Rowley & Nicholls, 2006). The purpose of the RoBE is to assess 

patients’ self-efficacy and how it relates to their perceived ability to manage their respiratory 

function (Rowley & Nicholls, 2006). Despite a proliferation of self-efficacy tools for a range 

of common pathologies such as coronary heart disease (Allahverdipour, Asgharijafarabadi, & 

Heshmati, 2013), diabetes (Messina, Rucci, Sturt, Mancini, & Fantini, 2018), chronic pain 

(Anderson, Dowds, Pelletz, Edwards, & Peeters-Asdourian, 1995) and arthritis (Ases, Ases-, 

& Brady, 2011) to name a few, the RoBE is the only known self-efficacy tool developed 

specifically for use in patients with DB. To date, there have been no studies conducted to 

investigate the validity or reliability of the RoBE, other than the original pilot study (Rowley 

& Nicholls, 2006).  

 

As can be seen, the majority of tools available for use with DB are largely diagnostic 

(Chaitow et al., 2014; Courtney, 2011). Moreover, most of the research that has been 

conducted on DB over the last decade has focused on improving the validity of the diagnostic 
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tools available to clinicians, such as the NQ (Dixhoorn & Folgering, 2015; Ogilvie, 2017), 

the SEBQ (Courtney & Greenwood, 2009; Mitchell, 2011), the MARM (Courtney et al., 

2009; Ludwig, 2013), and the BHT (Courtney & Cohen, 2008; Kiesel et al., 2017). Whilst the 

importance of diagnostic tools is undisputed in identifying those with DB, tools specifically 

developed to aid in patient management and the improvement of patient outcomes is also an 

important component, as they form a key part of the medical intervention process (Farrell, 

Wicks, & Martin, 2004). To date, the RoBE is the only tool that has been developed 

specifically for use in DB management.  

 

Part 3: Self-efficacy and the Rowley Breathing Self-Efficacy Scale 

 

The final section of this literature review explores the theory of self-efficacy and the intrinsic 

role it plays in the delivery of most conventional healthcare systems (Farrell et al., 2004). It 

also contains a critical appraisal of the RoBE scale. The purpose of this is to explore its 

psychometric properties and thus gain a better understanding of its quality and accuracy as a 

measure of DB. 

 

4.1 Self-efficacy 

The theory of self-efficacy was first proposed by Albert Bandura (1977), who described it as 

a person’s perceived ability to perform a certain task or exercise a certain skill. Bandura 

(1977) argued that self-efficacy was a situation-specific phenomenon that operated amongst 

different domains or influence in one’s life. For example, a person who performed 

exceedingly well in one domain might have relative difficulty achieving success in another. 

Schwarzer (1992) suggested that individuals with a strong sense of self-efficacy in a 

particular domain generally have a greater likelihood to achieve goals they set for 

themselves, are more likely to stay committed to achieving a task despite possible setbacks, 

and are generally more active and determined in the face of adversity (R. Schwarzer, 1992). 

It was argued that this was due to self-efficacy being strongly associated with cognitive and 

academic faculties, as the ability to achieve a goal required judicious forethought and 

planning (R. Schwarzer, 1992). The opposite is also true, however; individuals with a lower 

degree of self-efficacy displayed less motivation, were less likely to attempt difficult tasks 

and were more likely to exhibit poor commitment to task completion in the face of adversity 
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(Bandura, 1982, 1989). Moreover, low self-efficacy has also been associated with feelings of 

depression, anxiety and helplessness (R. Schwarzer, 1992). 

 

Rather than being immutable, levels of self-efficacy have the potential to be changed, 

meaning that someone with poor self-efficacy in a particular domain can improve it. 

According to self-efficacy theory, there are four factors that can be used to do so (Chaitow et 

al., 2014; R. Schwarzer, 1992). These are: (1) mastery experience – which refers to a 

person’s experience of success when completing a task; (2) vicarious experience, which is 

drawn from observing others’ success in achieving tasks similar to their own; (3) verbal 

persuasion, which refers to the encouragement received from others, particularly if they come 

from someone perceived to be creditable source; and (4) physiological information taken 

from observing one’s own body and using that information to make an assessment of one’s 

own achievement (Chaitow et al., 2014; Ralf Schwarzer, 1997).  

 

4.2 Self-efficacy and healthcare 

Due to their persistent nature, chronic diseases and disorders such as DB have the potential to 

substantially alter people’s roles and lifestyles and negatively affect their sense of identity 

and self-esteem (Belil et al., 2018). In such instances, the presence of self-efficacy, or lack 

thereof, has been found to have a substantial influence on peoples’ willingness and ability to 

manage their symptoms as well as their likelihood to adhere to disease management plans or 

engage in self-management (Belil et al., 2018; Farrell et al., 2004; Tan, 2016). Therefore, the 

inclusion of tools to improve perceived self-efficacy alongside conventional medical care and 

education is now standard practice for the management and treatment of many diseases, as it 

has been shown to improve patient outcomes and prognoses (Farrell et al., 2004). Self-

efficacy measurement tools are routinely deployed using a self-administered questionnaire 

format due to their relative convenience and cost-effectiveness (Farrell et al., 2004; Nicholas, 

1989; Vasconcelos et al., 2018). The use of a Likert or semantic differential scale is a 

standardised and convenient method with which scales can be constructed, offering a 

relatively reliable tool with which to collect relevant information about patients (Louangrath 

& Sutanapong, 2018).  

 

Recognising the lack of assessment tools for DB, and the usefulness of self-efficacy as a 

healthcare outcome measure, in 2006, New Zealand physiotherapists Janet Rowley and David 
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Nicholls developed the Rowley Breathing Self-Efficacy (RoBE) scale, which was specifically 

designed to measure the self-efficacy of people with DB. Whilst the study was able to 

demonstrate that the RoBE’s basic design was relatively sound, the relatively small sample 

size (n= 26) meant that the psychometric properties of the RoBE could not be effectively 

tested (Rowley & Nicholls, 2006). Therefore, the usefulness of the RoBE as a self-efficacy 

measurement tool for the DB population remains unclear.  

 

4.3 Gauging the effectiveness of health status questionnaires such as the Rowley 

Breathing Self-Efficacy scale 

For health status questionnaires such as the RoBE, there has been considerable discussion 

about how best to gauge their accuracy, and whether they have been well-enough designed to 

effectively measure their intended area of interest (Terwee et al., 2007). In 2002 the Scientific 

Advisory Committee (SAC), in response to the growing number of instruments developed to 

measure self-efficacy and other quality of life factors, developed criteria that could be 

assessed when determining the quality of health status questionnaires (Scientific Advisory 

Committee of the Medical Outcomes Trust, 2002); this research was further refined by 

Terwee et al. in 2007. Through this process, a range of eight attributes that could be used to 

measure the effectiveness and accuracy of health status questionnaires were identified. The 

following measurement criteria were suggested by Terwee et al.: (1) content validity, (2) 

internal consistency, (3) criterion validity, (4) construct validity, (5) reproducibility, (6) 

responsiveness, (7) floor and ceiling effects and (8) interpretability. The quality criteria set 

out in these studies provides a useful method with which to measure the accuracy and 

effectiveness of the RoBE.  

  

Further scrutiny of the pilot study conducted by Rowley and Nicholls (2006) revealed that of 

the eight criteria outlined by Terwee et al. (2007), the RoBE was investigated for three of 

these. These were criterion validity, internal consistency and test-retest reliability. Of the 

three investigated criteria, there were mixed findings. For example, the RoBE was found to 

have excellent internal consistency, however Rowley and Nicholls (2006) questioned whether 

this may have been due to a relatively large control group in comparison to the overall 

sample size (Rowley & Nicholls, 2006). Similarly, the results for test-retest reliability 

showed the RoBE to be relatively stable over time, though this was associated with a broad 

confidence interval, making it difficult to generalise the results. Lastly, tests measuring 



26 

 

correlation of the RoBE scores in comparison to the Hospital Anxiety and Depression scale 

and the Nijmegen questionnaire were found to be largely inconclusive, making it difficult to 

draw any solid conclusions from the results. In all instances, a larger sample size would have 

helped considerably in clarifying the psychometric properties of the RoBE (Rowley & 

Nicholls, 2006).  

 

Based on the findings of this critical review, the small sample size of the original study 

conducted by Rowley and Nicholls (2007) has resulted in the quality of the RoBE scale being 

largely unknown. Therefore, it is advisable that any future studies investigating the 

psychometric properties of the RoBE should consider reassessing the 3 criteria investigated 

in the pilot study in addition to the remaining 5 criteria outlined by Terwee et al. (2007).  

 

4.4 Conclusion 

In summary, though DB lacks a formal consensus-based definition, the efforts of a small 

number of researchers have assisted in clarifying how the various different forms and sub-

types of DB are identified and categorised (Barker & Everard, 2015; Boulding et al., 2016). 

Similarly, significant effort has been invested into improving the quality of the diagnostic 

tools available for DB’s successful diagnosis (Courtney et al., 2009; Guyatt et al., 1989; 

Kiesel et al., 2017; Ludwig, 2013; Ogilvie, 2017). Despite these improvements in the 

definition and diagnosis of DB, tools available for its management are few, and to date, the 

RoBE scale is the only known tool expressly developed for this purpose (Rowley & Nicholls, 

2006). Moreover, due to a lack of psychometric testing, the utility of the RoBE remains 

largely unknown. Self-efficacy has been shown to be an important component in the 

successful management of people with chronic diseases and disorders such as DB (Farrell et 

al., 2004), therefore, it is important that the psychometric properties of the RoBE are 

explored more thoroughly. A study investigating the reliability and validity of the RoBE will 

provide the necessary first step towards understanding its utility in a clinical setting. 
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1. Overview 

In order to effectively study the psychometric properties of the RoBE, an applicable 

methodology for this study must first be established. As outlined by the Scientific Advisory 

Committee (2002) and Terwee et al. (2007), there are clear guidelines for assessing the 

quality of health status questionnaires, with some of the most important criteria being 

validity, responsiveness, and interpretability. In order to effectively investigate the 

measurement properties of a health questionnaire, an actionable and reproducible study 

design method must be employed. There are several different parameters that need to be 

assessed in order to investigate measurement properties, these include: the number of 

participants required to produce a statistically robust sample, and the setting in which the 

study will be carried out to ensure the sample is sufficiently diverse. In addition, it is 

imperative that the methods used to measure the validity and reliability of the RoBE are 

properly implemented. In the following section, various methodological issues considered in 

the course of designing the study will be discussed, including: Participants and setting, 

reliability (including test-retest and internal consistency), validity (including consideration of 

content, criterion, and construct validity), and floor and ceiling effects. 

 

2. Participants and setting 

A study design that employs a large and demographically diverse sample would give the 

clearest, most generalisable picture of the RoBE measurement properties. A large and diverse 

sample would make the study statistically robust and would help a reader to gauge how 

generalisable the questionnaire is to their own setting. Moreover, the inclusion of a broad and 

inclusive demographic would give a strong indication as to the prevalence of DB in different 

communities. One method to achieve the collection of a large and purposefully 

heterogeneous sample would be to distribute questionnaire booklets in multiple health centres 

and clinics throughout New Zealand using a stratified proportional random sampling 

approach to improve the representativeness, and diversity of the study. However, collections 

on a large scale carry a number of significant ethical, logistical and financial hurdles. For 

example, ensuring the secure collection and storage of questionnaires at multiple clinics 

would require effective storage devices which may be expensive or impractical to install on 

such a scale. Likewise, the distribution and collection of questionnaires from multiple clinics 

would likely incur a significant financial burden on researchers and would therefore require 

adequate funding. 
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With these points in mind, and for the purpose of the thesis, the student osteopathy clinic at 

Unitec’s Mt Albert campus offers an accessible location for administering data collection. 

Patients who attend the clinic are well-accustomed to taking part in student-led research 

projects and are likely to engage with invitations to consider participating in the intended 

study of the RoBE. Further, because the student osteopathy clinic has been regularly used for 

research projects in the past (Clarke, 2010; Crawford, 2016; Dillon, 2017), the clinic has well 

established systems for the dissemination and secure storage of completed questionnaires as 

it has a secure storage box installed onsite. One major drawback of data collection through 

the clinic, however, is the likelihood of a more homogenous sample than might be achieved 

by targeting recruitment from randomly selected clinics across NZ. Nonetheless, within the 

funding and logistical constraints of the thesis, the student teaching clinic is a pragmatic 

option. 

 

3. Reliability 

The purpose of reliability measurement is to understand the degree to which the measurement 

instrument is stable over time, is able to identify individual participants, and lastly is free 

from measurement error (Mokkink & Terwee, 2010). There are a number of accepted quality 

assessments that can be used to assess a measurement tool’s reliability, these are test-retest 

reliability, and internal consistency (Mokkink & Terwee, 2010; Scholtes, Terwee, & 

Poolman, 2011; Terwee et al., 2007).  

 

3.1 Test-retest reliability 

Test-retest reliability is used to assess the stability of a scale over time and to see whether it is 

able to discriminate between people with different degrees of disease severity (Scientific 

Advisory Committee of the Medical Outcomes Trust, 2002). In order to assess test-retest 

reliability, repeated measures are taken on two or more occasions to observe any changes in 

scoring. Ideally, a well-designed measurement tool should be relatively stable when 

measured over multiple tests (Scholtes et al., 2011). There are a number of variables to be 

considered when designing a test-retest reliability study. The first variable is the interval 

between tests; this interval needs to be long enough for participants to not be able to recall 

their original answers, but not so long that change occurs in the participants’ health status 

(Mokkink & Terwee, 2010). There is some debate as to the most appropriate interval between 
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measures, for example, Scholtes et al. (2011) suggested 2 to 4 weeks, whilst Terwee (2007) 

suggested 1 to 2 weeks. In the case of our study investigating the RoBE, an interval of 2 

weeks, which strikes a balance between the two sources, seems appropriate. 

 

With regard to the number of retests to perform, there is again some debate around the most 

appropriate number to administer (Walter, Eliasziw, & Donner, 1998). From a theoretical 

perspective, increasing the number of retests allows for more accurate reliability and 

decreases the sample size needed to collect the required data (Walter et al., 1998). However, 

from a practical perspective, as the number of retests increases, the chances for participant 

fatigue and associated drop-out also increases significantly per retest, which has the potential 

to substantially increase the time required to collect the desired number of submissions 

(Walter et al., 1998). A reasonable solution to this is to employ a smaller number of retests 

but collect a higher number of samples to increase the accuracy of the study (Walter et al., 

1998). Chinn (1991) suggested that an acceptable reliability coefficient for repeated study 

designs in respiratory measurements was an ICC > 0.6. According to Walter (1998), an 

estimated sample size of at least 39 participants would be required to achieve this. Based on 

these findings, we plan to recruit a total of 40 participants who would perform two tests of 

the RoBE.  

 

3.2 Internal consistency 

Internal consistency is the extent to which the items in a questionnaire are correlated and are 

measuring the same underlying concept (Barchard, 2012). This helps to define whether all the 

items in a questionnaire are necessary and are producing consistent responses, and at the 

same time are not producing redundant information by having too many questions measuring 

the same concept (Barchard, 2012; Scholtes et al., 2011). The preferred method to ensure 

internal consistency is to calculate the Cronbach’s α; values of > 0.70 and < 0.95 are 

considered to be representative of acceptable internal consistency (Barchard, 2012; Scholtes 

et al., 2011). With regard to the RoBE, the Cronbach’s α scores of the original study 

produced an acceptable level of internal consistency (Rowley & Nicholls, 2006), however, 

due to the small size of the study and a relatively large cohort of non-DB participants 

amongst them, these results may be poorly reflective of the RoBE’s performance when 

administered in a larger sample. Therefore, it was necessary to calculate internal consistency 

in the study. 
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4. Validity 

The primary purpose of assessing a health measurement tool for validity is to evaluate 

whether it measures the construct it claims to be measuring (Gushta & Rupp, 2010; Terwee et 

al., 2007). The three major measurement properties of interest within the validity taxonomy 

are content, criterion, and construct validity (Mokkink & Terwee, 2010). Floor and ceiling 

effects are included within this taxonomy as well (Mokkink & Terwee, 2010).  

 

4.1 Content validity 

Content validity seeks to examine the extent to which the field of interest is comprehensively 

measured (Barchard, 2012). This is typically performed by a panel of experts with extensive 

knowledge on the subject who are capable of assessing whether the questionnaire is specific 

enough (Scholtes et al., 2011). Whilst this is also an important area of inquiry, it requires too 

many resources to be adequately tested in the context of a thesis. Criterion validity requires 

the questionnaire or scale in question to be measured against a comparable scale with a ‘gold 

standard’ (Borneman, 2012). There are as yet no gold standard tools that can be used to 

investigate criterion validity in the DB area, so it will therefore not be assessed in relation to 

the RoBE in this study. The previous study by Rowley and Nicholls (2007) assessed 

concurrent and parallel validity, which are related to criterion validity, however the results 

they produced across two different measures – the Hospital Anxiety and Depression (HAD) 

scale and the Nijmegen questionnaire (NQ) – were largely insignificant, due in part to a small 

sample size and to various assumptions made regarding the predicted correlation between 

scales. Conversely, construct validity, and floor and ceiling effects are both able to be 

assessed using a simple questionnaire format, and both have not been tested previously so 

represent a good opportunity to improve the validity of the RoBE.  

 

4.2 Construct validity 

Construct validity, though similar to criterion validity, is largely concerned with whether the 

hypotheses being explored share similar external and internal relationships with comparable 

measurement tools (Strauss & Smith, 2009). A measurement tool is said to have good 

construct validity if at least 75% of the results of a given measurement tool are in agreeance 

with comparable measures based on a pre-specified hypothesis (Scholtes et al., 2011; Terwee 

et al., 2007). The original pilot study (Rowley & Nicholls, 2006) argued that there would be a 
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strong correlation between the RoBE and both the NQ and the HAD scales. If a patient with 

DB scored highly on the NQ, which is a test designed to detect hyperventilation syndrome 

(Ogilvie, 2017), then there should be corresponding low scores on the RoBE. It was similarly 

hypothesised that if high scores were recorded on the HAD, which was designed to detect the 

presence of anxiety and depression (Bjelland, Dahl, Tangen, & Neckelmann, 2002), then 

RoBE scores would again be seen to adjust accordingly. However, their results across the 

three measurement criteria were largely inconclusive. As they stated, this was likely due to 

the small sample size. For the current investigation, construct validity was selected over 

concurrent or parallel validity, as it is a simpler test and should produce a more concise 

outcome. With regard to comparable scales with which to assess the RoBE, we view the 

HAD as an acceptable measure of anxiety and depression (Bjelland et al., 2002), so will re-

use it in this study. However, instead of using the NQ to measure the RoBE’s measurement 

of DB symptoms, we have instead chosen the Self-Evaluated Breathing Questionnaire 

(SEBQ) as it more soundly validated and is capable of detecting a broader range of DB 

symptoms in comparison to the NQ (Chaitow et al., 2014; Courtney & Greenwood, 2009; 

Mitchell, 2011; Ogilvie, 2017). Lastly, the original study did not include a comparable 

measure to investigate self-efficacy. Therefore, we propose to include the New General Self-

Efficacy (NGSE) questionnaire (Chen, Gully, & Eden, 2001) to assess the RoBE’s ability to 

measure this domain. The NGSE has been validated in previous studies and has been shown 

to be a robust tool for the measurement of general self-efficacy with high levels of internal 

consistency and construct validity and test-retest reliability (Chen et al., 2001).  

 

4.3 Floor and ceiling effects 

Testing for floor and ceiling effects is a relatively simple process involving the calculation of 

whether 15% or more respondents have achieved either the highest or lowest possible scores 

when using a measurement scale (Terwee et al., 2007). If a scale does possess either floor or 

ceiling effects, it suggests that there may be a lack of extreme items either at the top or 

bottom of the scale, indicating poor content validity (Ward, Guthrie, & Alba, 2014). This 

inability to discern individual participants with the highest and lowest scores has the follow-

on effect of reducing the scale’s reliability (Terwee et al., 2007). Whilst testing for floor and 

ceiling effects is a relatively simple process, it is an important measure to take in order to 

understand a tool’s overall quality; therefore, we consider it an important inclusion in the 

overall investigation of the RoBE. 
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6. Conclusion 

In summary, there are a number of different psychometric properties that require further 

investigation to evaluate the overall validity of the RoBE. The intention of this study is to 

investigate in particular its test-retest reliability, internal consistency, construct validity, and 

the presence of any floor and ceiling effects. These psychometric properties can be assessed 

with relative ease using a simple questionnaire format. The Unitec osteopathy clinic offers a 

convenient location in which to conduct this research. And while it may not provide as 

diverse a demographic as might be desired, does allow the study to be produced in a cost-

effective and timely manner.  
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Abstract 

 

Background: Dysfunctional breathing (DB) is characterised by an abnormal breathing 

pattern leading to various respiratory and non-respiratory symptoms and can become a 

chronic condition in some patients. Self-efficacy tools are known to be effective in the 

management of many chronic conditions and have been developed for a range of pathologies. 

The Rowley Breathing Self-Efficacy Scale (RoBE) was developed to measure self-efficacy in 

patients with DB, but the reliability and validity of the scale has not been extensively 

investigated. Objectives: To determine the test-retest reliability, internal consistency, 

construct validity and the presence of any floor or ceiling effects of the RoBE. Method: A 

heterogeneous sample of participants (n=249) completed the RoBE questionnaire, the 

Hospital anxiety and Depression (HAD) scale, the New General Self-Efficacy (NGSE) scale 

and the Self-Evaluated Breathing Questionnaire (SEBQ). To establish test-retest reliability, a 

sample of 37 participants completed the RoBE scale a second time two weeks after the initial 

administration. Results: The test-retest reliability of the RoBE was moderate (ICC = 0.61; 

95% CI = 0.36 to 0.78); and the internal reliability of the RoBE was excellent (Cronbach’s α 

= 0.91). Correlation between the RoBE and each of the other scales included in the study, 

which were the HAD (r = -0.35), (r = -0.33), the NGSE scale (r = 0.4), and the SEBQ (r = -

0.5) provided evidence in support of acceptable construct validity (r = -0.33). There was no 

evidence of floor or ceiling effects. Conclusions: The RoBE has moderate test-retest 

reliability and excellent internal reliability. The RoBE exhibited acceptable construct validity 

when assessed against the NGSE, HAD and SEBQ scales. Further validation studies of the 

RoBE are required to better clarify its utility as an aid in clinical settings for the effective 

management of people with DB. 

 

 

Keywords: Breathing Dysfunction, Self-Efficacy, Psychometric Properties, Respiration 
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1. Introduction 

 

Dysfunctional breathing (DB) is a term used to describe a group of breathing disorders that 

result in chronic changes in breathing pattern in the absence of, or in addition to 

cardiopulmonary pathology (Boulding et al., 2016; Vidotto et al., 2019). Although there is 

increasing awareness of the presence of DB amongst both the general population and those 

with pre-existing cardiopulmonary pathologies, DB still lacks a formal definition as well as 

no gold standard diagnostic method (Boulding et al., 2016; Vidotto et al., 2019). The most 

common symptoms associated with DB are breathlessness, hyperventilation and tingling or 

numbness in the extremities (Barker & Everard, 2015). Other commonly reported symptoms 

of DB are anxiety and depression, particularly when associated with breathlessness (Barker & 

Everard, 2015; Courtney & Greenwood, 2009).  

 

A lack of validated measurement tools for DB has recently drawn increased focus to this area 

of research, and as a result, work has been done to assess the quality of measurement and 

screening tools such as the Self-Evaluated Breathing questionnaire (SEBQ) (Courtney & 

Greenwood, 2009; Mitchell, 2011) and the Nijmegen questionnaire (NQ) (Ogilvie, 2017), as 

well as biomechanical assessment tools including the manual assessment of respiratory 

motion (MARM) and the breath hold test (BHT) (Kiesel et al., 2017; Mitchell, 2011; Ogilvie, 

2017). However, there remains a lack of measures to help patients who have been 

successfully diagnosed to effectively manage their DB symptoms. 

 

Self-efficacy is well-known to be a strong predictor of behaviour and motivation (Farrell et 

al., 2004), and offers an inexpensive, convenient, and accurate measure of a person’s 

likelihood to engage in positive health behaviours such as adherence to management plans 

and engagement in self-management (Jackson, Wang, Wang, & Fan, 2014). As a result, there 

are now numerous self-efficacy measures for a range of common health conditions (Frei, 

Svarin, Steurer-stey, & Puhan, 2009). In 2007, New Zealand physiotherapists Janet Rowley 

and David Nicholls developed the Rowley Breathing Self-Efficacy (RoBE) scale with the 

intention of producing a tool that could be used to measure the self-efficacy of patients 

specifically with DB(Rowley & Nicholls, 2006). Of the eight quality criteria outlined by 

Terwee et al. (2007) for measurement properties essential for accurate health quality of life 

questionnaires, the RoBE has, to date, only been subject to evaluation of three of these 
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criteria. Therefore, the purpose of this study was to investigate the RoBE and assess the 

quality of its measurement properties; specifically, its reliability, construct validity, internal 

consistency, as well as for the presence of any floor or ceiling effects. 

 

2. Methods 

 

2.1 Design, participants and setting 

This study was a repeated measures cross-sectional reliability design. All new and returning 

patients attending Unitec’s osteopathy teaching clinic (Clinic 41) in Auckland, New Zealand, 

were invited to consider voluntary participation in the study. An a priori target sample size of 

40 participants was planned, as this number was found to be the minimum required when 

performing two replicates for the purpose of test-retest reliability, assuming α = 0.05, the 

minimum acceptable reliability of ICC ~ 0.6 (Chinn, 1991), and an expected reliability 

coefficient not less than ICC ~ 0.7 (Walter, Eliasziw and Donner, 1998). In order to capture 

the minimum required number, it was estimated that 600 questionnaires in total would need 

to be distributed. This figure was based on the assumption that 75% (450) of respondents 

would complete a valid return, and of those, 20% (90) would accept an invite for a follow-up 

study, and of those 90, approximately 70% would return a valid questionnaire. Based on the 

number of patients attending Clinic 41, total data collection was estimated to take between 8-

10 weeks. 

 

2.2 Procedures 

A paper-based questionnaire was presented to all patients attending Unitec’s student 

osteopathy clinic and was designed to be completed either before, or after, their appointment 

as was convenient to the routine operation of patients’ schedules. Patients were notified that 

participation was optional and that all questionnaires, whether completed or otherwise, were 

to be returned to the supplied drop-box in reception. This approach was designed to reduce 

the potential for perceived coercion, where a potential participant may have felt pressured 

into completing the questionnaire booklet because of embarrassment in declining the initial 

invitation at the reception desk. Using this design, a patient presenting at reception could take 

a questionnaire, read the information sheet and decline to participate without anyone knowing 

simply by returning the uncompleted questionnaire to the drop-box. The booklet contained a 

brief demographic section surveying the age, gender and ethnicity of each participant. These 
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were based on the template used by Statistics New Zealand for the collection of census data. 

This was followed by the administration of a paper-based questionnaire composed of four 

existing questionnaires (see Appendix 1): a Self-Evaluated Breathing Questionnaire (SEBQ) 

(Courtney & Greenwood, 2009), the Rowley Breathing Self-Efficacy (RoBE) Questionnaire 

(Rowley & Nicholls, 2006), the Hospital Anxiety and Depression (HAD) questionnaire 

(Stern, 2014) and the New General Self-efficacy (NGSE) scale (Chen et al., 2001).  

 

The SEBQ was intended to function as a screening tool, whereby only those who reached a 

score of at least 11 out of a possible 75 (Courtney & Greenwood, 2009) (and were thus by 

definition potentially experiencing dysfunctional breathing) were included in the follow-up 

study. Any response that did not produce a threshold score on the SEBQ were excluded from 

the main analysis. All questionnaires were numbered consecutively to account for any forms 

that were not returned to calculate response rates. Participants were invited to consent to be 

contacted by email for a two-week follow-up re-test of the RoBE questionnaire. Consent to 

do so was based upon the participants’ submission of their email address. In total, the 

questionnaire took approximately10 minutes to complete, whilst the follow-up online 

questionnaire took just under 2 minutes to complete. On every second day of the week (either 

a Tuesday or Thursday) of the data collection, all eligible questionnaires were retrieved from 

the drop-box and data extracted from the paper questionnaire to a spreadsheet (Excel, 

Microsoft Corp. Seattle, WA) and then imported into statistical software for analysis (v25, 

SPSS IBM, Armonk, NY). 

 

2.3 Retesting 

For the test-retest reliability portion of this study, participants who consented to be contacted 

a second time were followed up by email two weeks after submitting their initial 

questionnaire. The email contained a link to a survey web page (SurveyMonkey, CA) where 

participants were asked to complete the RoBE questionnaire.  

 

2.4 Data Analysis 

Descriptive statistics were generated to produce respondent characteristics, including 

participants’ age, gender and ethnicity. Internal consistency was measured using exploratory 

factor analysis and Cronbach’s α coefficient (Terwee et al., 2007). Construct validity was 

measured by comparing the RoBE scores individually against both the HAD and the NGSE. 
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An a priori correlation between 0.6 and 0.8 was defined as being acceptable in accordance 

with the recommendations of Terwee et al. (2007). Floor and ceiling effects were measured 

through statistical analysis of the distribution of scores to assess the number of respondents 

who achieved the highest or lowest possible score. A threshold of 15% of the total 

respondents in either group indicated inadequacies in either the questionnaire design or the 

research method (Terwee et al., 2007). Retest reliability was measured by correlating the 

results from the first and second measurements of the RoBE scale using intraclass correlation 

coefficients and interpreted using Hopkins’ correlation descriptors (Hopkins, 2002). An a 

priori correlation (ICC) of 0.6 was interpreted as the minimum acceptable level of reliability 

(Chinn, 1991). 

 

2.5 Ethics 

The study was approved by the Unitec Research Ethics Committee (UREC 2018-1067). Each 

consecutive patient presenting to the clinic was invited to participate in this research project, 

however, participation was voluntary. This was clearly outlined on the initial information 

page of the questionnaire. If a patient chose not to participate, they were invited to simply 

fold their questionnaire in half (to conceal non-completion from reception staff) without 

completing it and return it in the clinic drop-box. Completion and return of the questionnaire 

was interpreted as implied informed consent to be a part of the research project. Anonymity 

(in the case that a participant did not identify themselves by providing an email address), or 

confidentiality (in the case an email was provided) was upheld by the researcher returning 

their forms to a locked drop-box. No data or information was handled by any clinic staff or 

students other than the researcher. For those who wished to be a part of the follow-up study, 

the only form of identification required was an email address by which the researcher could 

contact the participant. The contact details of the researcher and supervisor were listed on the 

information sheet of the questionnaire, so participants could contact the researcher if they 

required further information about the study. 

 

3. Results 

 

The study sample comprised 249 participants, of whom 62% identified as female, 37% as 

male, and 0.4% identified as other. The mean age of all respondents was 40.8 years. In Round 

1, eight respondents were excluded because returned questionnaires were incomplete. Of the 
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249 participants from Round 1, 133 scored >11 points on the SEBQ and were therefore 

included in the main analysis. Of these, 94 agreed to participate in Round 2 of the study. No 

respondents were excluded from Round 2.  

 

 
Table 1. Descriptive characteristics of respondents. 
Characteristics Overall 

n=249 

(%) of 

n=249 

Subgroup 

SEBQ (>11) 

n=133 

(%) of 

n=133 

Subgroup 

retest n=34 

(%) of n=34 

Gender 

    Female 

    Male 

    Other 

 

156  

92 

1 

 

62.7 

36.9 

0.4 

 

91 

41 

1 

 

68.4 

30.8 

0.8 

 

27 

7 

0 

 

79.4 

20.6 

0 

Age 

    Mean SD 

    Median 

    Min–Max 

 

42.7 

40.8 

0.2–83.3 

 

 

 

16.8 

41.3 

0.2—76.2 

  

14.8 

38.6 

21.1—72.1 

 

Ethnicity 

    Caucasian 

    Maori 

    Samoan 

    Cook Island 

    Niuean 

    Chinese 

    Indian 

    Other 

    Multiple 

 

161 

2 

3 

1 

1 

6 

15 

37 

23 

 

61.5 

0.8 

1.1 

0.4 

0.4 

2.3 

5.7 

14.1 

8.8 

 

95 

2 

2 

 

1 

2 

7 

14 

10 

 

71.4 

1.5 

1.5 

0 

0.8 

1.5 

5.3 

10.5 

7.5 

 

28 

2 

 

 

 

1 

1 

1 

1 

 

82.4 

5.9 

 

 

 

2.9 

 

2.9 

2.9 

Employment Status 

    Employed 

    Unemployed 

    Retired 

    Student (not currently working) 

    Student (employed part-time) 

    Missing 

 

134 

17 

34 

12 

51 

1 

 

54 

6.9 

13.7 

4.8 

20.6 

 

 

 

63 

11 

19 

7 

32 

1 

 

 

47.7 

8.3 

14.4 

5.3 

24.4 

 

15 

1 

4 

3 

11 

 

 

44.1 

2.9 

11.8 

8.8 

32.4 
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3.1 Response rates 

Of the 94 participants who received invitations to participate in Round 2, 32 completed the 

re-test of the RoBE scale. This represented 34% of the total number of participants invited to 

participate in Round 2 of the study.  

 

3.2 Test-retest reliability  

The test-retest reliability of the RoBE was investigated using an intraclass correlation 

coefficient. Systematic error between test and re-test was evaluated using a paired samples t-

test. The magnitude of the ICC was 0.61 (95% CI = 0.36 to 0.78) indicating ‘moderate’ retest 

reliability (Hopkins, 2002). There was no systematic error between test and retest as 

demonstrated by no significant difference between test and retest (mean difference = -1.33 

points; 95% CI of difference -5.47 to 2.81, p= 0.517). 

 

3.3 Internal Consistency 

The internal reliability of the RoBE questionnaire was measured using Cronbach’s α, and 

was calculated as α = 0.91, which indicates excellent internal consistency (Green, Alt, 

Brinkley, Gray, & Cowan, 2017). 

 

3.4 Factor Analysis 

Factor analysis was run on the 10 item RoBE questionnaire (excluding items 11 and 12 which 

are unrelated to self-efficacy) using a sample of 133 participants who met the DB criteria of 

SEBQ score >11 points. The suitability of factor analysis was assessed prior to analysis. 

Inspection of the correlation matrix (Table 2) showed that all variables had at least one 

correlation coefficient greater than 0.3. The Keiser-Meyer-Olkin (KMO) measure of 

sampling adequacy was satisfied (KMO statistic = 0.892), and Barlett’s test of sphericity was 

adequate (chi-square = 794.5, df = 45, p ≤0.001). 

 

Factor analysis revealed one component that had eigenvalues >1 and visual inspection of the 

scree plot indicated that one component should be retained (figure 1). The single component 

solution explained ~57% of the total variance in total scores indicating that the factor 

structure of the RoBE scores was unidimensional (Table 3). 
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Table 2. Factor analysis correlation matrix of the first 10 items of the Rowley Breathing Self-

Efficacy Questionnaire.  
 Q1 Q2 Q3 Q4 Q5 Q6  Q7 Q8 Q9 Q10 

Q1  1.000          

Q2  .628 1.000         

Q3 .738 .566 1.000        

Q4  .522 .451 .553 1.000       

Q5  .375 .437 .361 .412 1.000      

Q6  .625 .541 .617 .653 .553 1.000     

Q7  .602 .507 .604 .523 .364 .675 1.000    

Q8  .596 .422 .642 .534 .425 .572 .653 1.000   

Q9  .545 .460 .461 .380 .223 .575 .592 .486 1.000  

Q10  .416 .409 .479 .486 .273 .625 .643 .597 .673 1.000 

 

 

Table 3. Factor analysis total variance explained 
Component Total % of variance Cumulative % Total % of variance Cumulative % 

1 5.751 57.506 57.506 5.751 57.506 57.506 

2 .960 9.603 67.109    

3 .738 7.375 74.485    

4 .622 6.218 80.703    

5 .513 5.127 85.830    

6 .376 3.757 89.587    

7 .343 3.427 93.014    

8 .295 2.947 95.961    

9 .217 2.172 98.132    

10 .187 1.868 100.00    
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Figure 1. Scree plot to show eigenvalue for component numbers 

 

3.5 Construct Validity 

Correlation between the RoBE and each of the HAD Depression, HAD anxiety, SEBQ and 

NGSE was of a magnitude that provided evidence in support of acceptable construct validity 

(see Table 4). 
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Table 4. Correlation matrix for consideration of construct validity 
 RoBE HAD Depression HAD Anxiety NGSE 

RoBE -    

HAD Depression -.332** 

-.482 to -0.170 

-   

HAD Anxiety -.353** 

-0.54 to -0.187 

.737** 

0.648 to 0.810 

-  

NGSE .407** 

0.248 to 0.540 

-.310** 

-0.466 to -0.132 

-.432** 

-0.567 to -0.271 

- 

SEBQ -.505** 

-0.631 to -0.366 

.303** 

0.144 to 0.449 

.347** 

0.182 to 0.490 

-.264** 

-0.432 to -0.105 

Notes: RoBE = Rowley Breathing Self-Efficacy Scale, HAD = Hospital Anxiety and 

Depression Scale, NGSE = New General Self-Efficacy Questionnaire, SEBQ = Self-

Evaluated Breathing Questionnaire. Values are correlation coefficients along with 95% 

confidence interval for the correlation coefficient. ** = significant at level of p <0.01. 

 

3.6 Floor and ceiling effects 

The minimum possible RoBE score is 9 points and the maximum possible score is 90 points. 

The minimum reported score in the sample was 3, accounting for 8% of the cumulative 

percentage, whilst the highest was 62%, accounting for 30.1% of the total cumulative 

percentage. These results provide evidence of there being no floor or ceiling effects. 

 

4. Discussion 

 

4.1 Overview 

Other than the original pilot study (Rowley & Nicholls, 2006), it appears that no previous 

published research has been conducted into the reliability or validity of the RoBE, and to 

date, no studies have assessed whether it exhibits any floor or ceiling effects. The aim of this 

research was to determine the test-retest reliability, construct validity, internal consistency 

and floor and ceiling effects of the RoBE. Overall, the RoBE scale had acceptable test-retest 

reliability, internal consistency, and construct validity, and exhibited no floor or ceiling 

effects. 

 

At present, DB still lacks a formal definition as well as a formal criterion measure, making it 

difficult to confirm the validity of any items relating to it (Boulding et al., 2016; Prys-picard 
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et al., 2006). However, DB is well-recognised by many healthcare practitioners as having the 

potential to strongly impact the quality of life of those experiencing it through negative 

changes to psychological, physiological, and physical wellbeing (Mitchell, 2011). Self-

efficacy has been well established as an important psychometric measure to assess a person’s 

perception of their ability to overcome health-related obstacles, adhere to therapeutic 

interventions and improve self-care (Tan, 2016). Self-efficacy scales have therefore become a 

commonly-used predictive tool in a range of healthcare settings (Jackson et al., 2014). Self-

efficacy scales can be used to measure patient responses to interventions, improve patient 

self-management and ultimately increase the chances of improved patient wellbeing (Jackson 

et al., 2014). To date, the RoBE is the only known self-efficacy scale developed to aid in the 

management of people with DB (Rowley & Nicholls, 2006).  

 

4.2 Test-retest reliability 

The results of the test-retest reliability demonstrated that the RoBE had moderate reliability 

in this sample. The confidence interval, a reflection of the range of values in which the ‘true’ 

value of the ICC would lie in the whole population, though narrower than the original study 

conducted by Rowley and Nicholls (2006), was relatively broad. The breadth of the 

confidence interval observed here suggests that a larger sample would help improve the 

precision of the reliability estimate. Nevertheless, at least in this sample, the magnitude of 

reliability for RoBE scores were within the range considered to be acceptable for clinical 

measures in respiratory contexts (Chinn, 1991). 

 

4.3 Internal consistency of the RoBE 

This study found that the RoBE had an acceptable level of internal consistency and a 

reasonable degree of intercorrelation when measured using Cronbach’s α amongst all the 

items in the scale. These results were more conservative than the Cronbach’s α = 0.84 for the 

BD group and α = 0.93 for the control group in the original pilot study by Rowley and 

Nicholls (2007). This discrepancy may be due to the smaller sample size used in the original 

study. Based on the findings of this study, the internal consistency of the RoBE, whilst 

acceptable, may benefit from further refinement of item structure to ensure they are 

sufficiently correlated.  
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4.4 Construct validity of the Rowley Breathing Self-efficacy Scale 

The construct validity of the RoBE was measured against three other scales: the SEBQ, 

HAD, and NGSE. In each instance, the correlation between the RoBE and the other 

questionnaires was acceptable, which suggests that the RoBE relates adequately across the 

domains of DB symptoms, self-efficacy and anxiety and depression. These results present a 

more robust picture of the validity of the RoBE in comparison with Rowley and Nicholls’ 

2007 study, which showed no significant correlation with either the HAD or the NQ. 

 

4.5 Floor and ceiling effects 

An analysis of possible floor and ceiling effects of the RoBE showed that amongst the 133 

participants included in the study, none of the participants achieved the highest or lowest 

possible scores out of a maximum allowable percentage of ≥15%. This clearly shows that, at 

least in this sample, the RoBE did not exhibit any floor or ceiling effects. This negative floor 

and ceiling effects result also reinforces the reliability and internal consistency findings for 

the RoBE included in this study, as it indicates there is acceptable item structure in the upper 

or lower ends of the scale, which in turn minimises the loss of any potentially clinically 

relevant patient information (McHorney & Tarlov, 1995; Ward et al., 2014).  

 

4.6 Methodological Aspects  

There is no formal agreement amongst researchers on what constitutes an appropriate test-

retest interval for reliability studies, however there is a general consensus that a typical 

interval period between tests in health studies should be between 1-2 weeks (Terwee et al., 

2007). Therefore, we selected two weeks between tests – this was reasoned to be long enough 

to ensure participants would not recall their answers from Round 1, but not long enough for 

participants’ health status to change substantially before repeat administration in Round 2. 

 

4.7 Study limitations 

There were two main limitations in this study, these were sample size, and diversity of ethnic 

representation. Though this study was able to achieve larger sample sizes than the original 

pilot study, the retest sample was still relatively small. Whilst the test-retest reliability was 

acceptable, the confidence interval was still broad, most likely as a function of sample size, 

making it difficult to generalise the results to a broader population. Another possible 
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limitation of this study was recruitment bias. As indicated by the demographic results, 

respondents to the questionnaire in all formats of the study were disproportionately 

Caucasian, female and had an average age of ~40 years. This sample closely matched the 

demographic characteristics of patients who routinely attend the student osteopathy clinic at 

Unitec (S. Goodlud, personal communication, February 25th, 2020), but are not 

representative of the overall demography of New Zealand residents, for which, according to 

Statistics New Zealand (2013), at least 15% were Māori, 12% Asian and 7% Pasifika. 

Moreover, considering that Pacific and Māori populations are disproportionately affected by 

respiratory disease (Asthma and Respiratory Foundation New Zealand, 2018), there is a high 

likelihood that Māori and Pacific populations are also over-represented in DB statistics. 

 

In order to rectify both of these limitations, the size and method of sampling collection 

requires more consideration. A larger sample would likely ensure more robust estimates in all 

of the measurement properties assessed, however, improving the representativeness of the 

sample would require not only greater numbers in the sample, but also a more diverse pool of 

respondents. In order to achieve this, employing a sampling design such as stratified random 

sampling may help to ensure a more representative sample of New Zealand’s ethnic 

composition as indicated by Statistics New Zealand (2013) (Thompson, 2012).  

 

4.8 Further Research 

To further evaluate the psychometric properties of the RoBE, intervention studies 

investigating its responsiveness and longitudinal validity would help to determine the ability 

to record clinically relevant change over time (Guyatt et al., 1989; Terwee et al., 2007). 

Comparing the mean and standard deviation of the scale distribution of scores when applied 

to different relevant subgroups (who are expected to differ in score), such as people of 

different ages or genders or patients with different clinical diagnoses (Lydick & Epstein, 

1993) would be useful in determining clinical applicability by helping to define clinical 

meaningfulness (Lydick & Epstein, 1993). Any future studies of this nature would first 

require a definition of minimum important change with regard to the RoBE (Jaeschke, 

Singer, & Guyatt, 1989). In this context, minimum important change would indicate the 

degree of change necessary for people with DB to experience changes in the severity of their 

symptoms and their ability to manage them (Jaeschke et al., 1989; Jayadevappa, Cook, & 

Chhatre, 2017). 
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4.9 Conclusions 

This study found that the RoBE had moderate test-retest reliability, acceptable internal 

validity, an acceptable level of construct validity, and no floor and ceiling effects. The 

improved sample size in this study helped to give more concrete estimates of reliability and 

validity of the RoBE in comparison to the original study conducted by Rowley and Nicholls 

(2007). However, even larger and in particular, more diverse samples are required to improve 

the generalisability of these results. Additionally, intervention studies that focus on clarifying 

the interpretability and responsiveness of the RoBE will help to assess whether the 

questionnaire is suitable for use in a clinical setting. 
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Appendix A: The Rowley Breathing Self-Efficacy Questionnaire 
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Appendix B: Information for Participants 

 

 

 

 

 

 

 

 

 

 

  

By completing this form and returning it to reception you consent for the information 

provided to be used for research  

 

 

 

 

 

 

 

 

 

 

 

If you do not wish to participate in this research, please return blank questionnaire to the 

indicated submission box 

 

 

Please contact the researcher David Good on 021 460 288 or clinic41study@gmail.com if 

you require further clarification 

  

mailto:clinic41study@gmail.com
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Appendix D: Questionnaire (Round 1) 
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Appendix E: Questionnaire (Round 2) 
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	The epidemiological picture of DB is still relatively unclear; the reasons for this are complex, however the lack of a clear consensus-based definition that is continually evolving is partially to blame, as is the general lack of epidemiological studi...
	2.2 Defining dysfunctional breathing

	The difficulties with establishing a clear diagnosis of DB are complex and varied, though arguably one of the primary causes has been an historic lack of research (Boulding et al., 2016; Courtney, 2011; Vidotto, Bigliassi, Jones, Harvey, & Carvalho, 2...
	Dysfunctional breathing has historically been classified by its association with organic cardiopulmonary disease – that is, whether it has occurred as an accessory to it, or in the absence of disease. This approach was formalised by Jones et al. (2015...
	A literature review conducted by Barker and Everard (2015) suggested an alternative approach to the classification of DB, predominantly in an attempt to include forms of DB that affected the upper airways such as vocal cord dystonia. In this classific...
	Lastly, a recent literature review conducted by Boulding et al. (2016) sought to clarify the various different forms of DB that had been identified and subsequently labelled. Through it, they identified five distinct sub-categories investigated by var...
	2.2.1 Hyperventilation syndrome

	Hyperventilation syndrome (HVS) is the most well-researched and most commonly-described form of DB (Courtney, 2011). Diagnostic criteria for HVS initially required the presence of hypocapnia and respiratory alkalosis to be present for the label of HVS...
	2.2.2 Periodic deep sighing

	As the name identifies, periodic deep sighing is characterised by frequent sighing and irregular breathing patterns, which may sometimes overlap with periods of hyperventilation (Boulding et al., 2016). A single deep breath can induce a substantial re...
	2.2.3 Thoracic dominant breathing

	This type of dysfunctional breathing is distinguished by its distinct action, which is described as a lifting of the upper sternum, an excessive use of the upper rib cage and a corresponding lack of lateral costal expansion or engagement of the diaphr...
	2.2.4 Thoraco-abdominal asynchrony

	Thoraco-abdominal asynchrony refers to a loss of synchronisation of the contraction between the rib cage and the abdomen during inspiration that results in an inefficient breathing action (Boulding et al., 2016; Lum, 1975); in severe cases, the moveme...
	2.2.5 Forced abdominal expiration

	People with forced abdominal expiration are often observed employing an excessive and inappropriate use of their abdominal musculature to aid expiration (Alves et al., 2013). It is strongly associated with COPD and pulmonary hyperinflation and is some...
	Though a consensus-based definition remains elusive, the recent work of a number of researchers both in researching the pathophysiology of DB and reviewing the current literature has helped to identify a number of distinct disorders that fit within th...
	2.3 The aetiology and pathophysiology of dysfunctional breathing

	The aetiological and pathophysiological mechanisms that underpin DB are complex and highly variable (Courtney, 2011). The act of respiration is such an important role for the ongoing function of every system in the body that any real or perceived thre...
	Though DB is commonly associated with a range of cardiopulmonary pathologies, it is also possible for it to occur in the absence of pathology altogether (Barker & Everard, 2015). Despite the lack of a diagnosed respiratory disease, DB may be accompani...
	In a bid to better map out the various aetiological influences that appear to be at play with DB, researchers such as Courtney (2009) and Boulding et al. (2015) have organised them into three dimensions, these are: the biomechanical dimension, the bio...
	2.4 The biomechanical dimension

	The physical act of breathing involves the biomechanical action of the respiratory pump, which is tasked with moving air into and out of the lungs (Lyon, 2012). This ‘pumping’ is performed primarily by the diaphragm, external intercostal and scalene m...
	When DB occurs, the function, resting tone, strength, efficiency and coordination of the respiratory musculature can be altered dramatically (Chaitow, 2004; Courtney, 2017). The increased tone and activity of the respiratory musculature can promote dy...
	When respiratory muscles become shortened, tense and mechanically disadvantaged, their ability to respond to central motor commands is compromised, leading to neuromechanical dysfunction (Chaitow et al., 2014; Courtney, 2017). This further promotes th...
	2.5 The biochemical dimension

	The biochemical function of breathing is to regulate the levels of O2 and CO2 and to regulate acid-base balance in the body depending on its metabolic needs (Courtney, 2016). This role is performed primarily by the lungs under direct control of the ce...
	Biochemical changes such as fluctuations in pCO2 in people with DB are a common feature and are responsible for a number of associated symptoms (Chaitow et al., 2014). ‘Over-breathing’ is common in many people with DB, either through hyperventilation ...
	2.6 The psychophysiological dimension

	The final dimension is associated with psychological, cognitive or emotional factors and their relationship with breathing patterns. Factors such as stress, fear and anxiety and the increased rates of respiratory drive that accompany them are key cont...
	Building a consensus on the definition of DB is an important step in improving our understanding of the disorders that fit within its parameters. Having a clear picture of the aetiological and pathophysiological elements at play within DB is an essent...
	Part 2: Diagnosis and measurement of dysfunctional breathing
	3.1 Diagnosis and measurement of dysfunctional breathing

	The primary role of any diagnostic or measurement tools is ultimately to improve the quality and of care available to patients. Therefore, the utility of measurement tools available to clinicians is paramount (Sox, Stern, Owens, & Abrams, 1989). A num...
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	1. Overview
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	2. Participants and setting
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	4.3 Internal consistency of the RoBE
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	To further evaluate the psychometric properties of the RoBE, intervention studies investigating its responsiveness and longitudinal validity would help to determine the ability to record clinically relevant change over time (Guyatt et al., 1989; Terwe...
	4.9 Conclusions
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