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ABSTRACT 

The investigation focused on differences in judgments of individuals 

experienced with breathlessness (due to chronic pulmonary disease, n=30) 

and those without chronic experience (normal lung function, n=30). The 

research had three major aims. The first tested whether symptomatic 

individuals made decisions based in logic and probability or some other 

means, such as natural assessment strategies. Participants were asked to judge 

the probability that certain symptom and activity descriptions would be 

associated with an episode of breathlessness. The results indicated 

symptomatic judgments based on individualized descriptors are subject to 

errors in logic and probability. Additionally, the results support the premise 

that experience with a symptom alters an individual's judgments concerning 

it. 

The second aim focused on cognitive representations and their 

associated influence on the perceptual analysis of breathlessness intensity by 

testing if the use of a typical cognitive symptom pattern (prototype) or specific 

remembered symptom instance (exemplar) of breathlessness influenced the 

determination of symptom intensity or response sensitivity (RS). Magnitude 

estimation techniques were used to evaluate judgments based on different 

(prototypes and exemplars) cognitive representations of intensity, using 

airflow resistance as a stimulus for breathlessness. The results demonstrated 

a decrease in sensitivity with a prototype and increased RS with an exemplar. 

This supports that judgments of breathlessness RS vary according to the 

cognitive representation used. 
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The final aim tested whether cognitive prototypes of symptoms are 

present with breathlessness and whether these produce different patterns of 

response. Assuming the existence of a symptom prototype for breathlessness, 

the study tested whether the responses to two different but symmetrical 

statements about breathing status differed based· on amount of experience 

with the symptom. The results demonstrated asyrr..metrical differences 

between groups and stimuli used supporting the existence and influence of a 

symptom prototype. 

Taken together the results suggest individuals make rational 

(experience-based judgments) versus logical (probability based) decisions 

concerning their symptoms. Cognitive representations of the symptomatic 

experience were found to influence judgments of intensity. Cognitive 

information about symptoms exists in the form of a symptom prototype. 



Chapter 1 

INTRODUCTION 

"With a bad one, believe me, you're thinking about it. 
It's the only thing on your mind at the moment, 

there is no way you can concentrate on anything else. " 

(Client's description of a breathless episode, Meek, 1990) 

1 6 

Breathing is a fundamental process in all oxygen consuming creatures. 

The rhythmic, essential routine of breathing typicaiiy goes unnoticed. The 

customary absence of conscious awareness of normal breathing has 

contributed to the idea that minimal cognitive processing occurs. However, 

some have suggested that a continuum of conscious awareness may exist, 

ranging from a detached mindfulness of sufficient breath to an inability to 

think of anything but breathing (Harver & Mahler, 1990; Meek, 1990). 

Breathlessness occurs on the latter end of this continuum, at the point where 

deficient breath moves the breathing process to conscious awareness 

(Cockroft, & Adams, 1986). The purpose of this research was to explore the 

cognitive dimension associated with conscious awareness of breathlessness. 

Breathlessness and its Multiple Dimensions 

At some point, every individual experiences breathlessness, the 

conscious awareness of deficient breath. Healthy individuals may experience 

breathlessness in association with the effort required by physical activities 

such as walking up a flight of stairs or running to catch a bus. Physical 

changes of the ventilatory system as a result of chronic pulmonary disease can 

also result in breathlessness. Breathlessness from exertion is only partly 

analogous to pathologic breathlessness or dyspnea of chronic pulmonary 
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disease (BurId, 1980). Breathlessness that is pathologic moves beyond mere 

awareness of deficient breath to a prolonged seemingly unreliable breathing 

state. The perceived unreliable nature of a routine physiologic process like 

breathing can trigger strong emotions such as fear and anxiety. Emotions 

coupled with this sense of unreliability can overwhelm an individual's sense 

of vitality resulting in a feeling of impending death (Meek, 1990). 

Breathlessness of this magnitude creates physical limitations that decrease the 

quality of life for millions of Americans diagnosed with chronic pulmonary 

disease, lung cancer or congestive heart failure (Brown, Carrieri, Janson

Bjerklie & Dodd, 1986; Carrieri & Janson-Bjerklie, 1986; Gift, 1990; Mahler, 

1990). 

Since breathlessness is a shared human experience, everyone has an 

intuitive understanding of it. However, it remains ill-defined (Carrieri, et al., 

1986; Harver & Mahler, 1990; Tobin, 1990). Tachypnea, hyperventilation, 

wheezing or hyperpnea are related medical signs, but complete definition of 

breathlessness goes beyond these objective measures. An individual's 

subjective assessment becomes the hallmark for identifying breathlessness. 

For example, an individual may exhibit an increased respiratory rate, 

auxiliary respiratory muscle contraction and mild ausculatory wheezing, but, 

when asked about their breathing, may not identify breathlessness. In other 

situations, no visible signs of change in respiratory rate or breathing pattern 

may be present, despite the individual's subjective assessment of insufficient 

breath and complaint of breathlessness. The subjective aspect makes 

definition a complex process, because breathlessness is fully apparent only to 

the individual experiencing it (Mahler, 1990, Carrieri, Janson-Berklie & 
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Jacobs,1984). Hence, a universally accepted definition of breathlessness does 

not exist. 

In this study, breathlessness was defined as the point at which the 

unconscious process of breathing moves to a conscious awareness of deficient 

breath. Pathologic breathlessness was defined as amplification or continuance 

of the conscious awareness of deficient breath, accompanied by a sense of 

impending doom. These definitions dictate viewing breathlessness as a 

continuum, with the experience of momentary exertional breathlessness and 

severe pathologic breathlessness anchoring the ends. 

Recently, the American Thoracic Society (ATS) published an official 

statement identifying breathlessness as a research priority in respiratory 

nursing (Larsen, Gift, Hanley, Janson-Bjerklie, Kim, Openbrier & Stone, 1990). 

Also within this statement, breathlessness was identified as 

multidimensional. The dimensions identified were sensory, affective and 

cognitive. The A TS statement noted the dearth of investigations addressing 

the multidimensional nature of breathlessness. Further it was suggested that 

complete understanding of breathlessness will remain elusive until all the 

dimensions are fully examined. 

The multidimensional nature of breathlessness was the basic framework 

of this investigation and will shape the remaining discussion. The sensory 

and cognitive dimensions of breathlessness will be briefly reviewed by 

identifying the key information and issues raised that directed the present 

research. Significant discussion of the affective dimension will not occur as it 

is not the focus of this investigation. The sensory dimension will be reviewed 

first as it has historically received the most intense study. The basis for 
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discussion of the cognitive dimension, which was the focus of this research, 

will be based on the review of the sensory dimension. The review of the 

cognitive dimension is draw upon information from cognitive science, given 

the lack of research on the cognitive dimension of breathlessness. 

Sensory Dimension 

The sensory dimension can be defined as the physiologic portion of 

breathlessness. Investigations emphasizing sensory physiology have 

dominated breathlessness exploration in recent years and circumscribe the 

current view. Killian (1985) explains that traditional inquiry has embraced 

investigation of the breathlessness sensory dimension in isolation and 

neglected the "integrated interaction" (p. 845). Discovering the underlying 

sensory mechanisms separated from other breathlessness dimensions is the 

purpose of the sensory physiologic focus. Killian (1985) has proposed a 

theoretical model that depicts the underlying sensory mechanisms. 

The model (Killian, 1985) outlines the sensory physiological steps to an 

evoked sense of breathlessness. According to Killian, the sensory physiologic 

path to breathlessness begins with stimuli. Once stimuli are present, the 

signal is "transduced" or converted to a nerve impulse and excitation of the 

afferent sensory nerves results. The afferent sensory input is integrated in the 

central nervous system and results in sensation formation. Perception occurs 

with the transcription or deciphering of the formed sensation and results in 

the evoked sense of breathlessness. The stimulus to impression path 

components are sensory stimulation, reception, excitation, integration, 

sensation formation, translation and perception of the sensory impulses 

which lead to an evoked sense (Figure 1). Killian's model typifies the sensory 
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physiologic perspective that views breathlessness as raw output of the basic 

sensory apparatus. Killian's model, which has been slightly adapted, will be 

used to frame the discussion in this and following chapters. 

Sensation Path 
Reception and Transcription 

SENSORY 
STIMULI 

Perception Path 

Figure 1. Physiologic breathlessness sensation-perception model 
(Adapted hom Killian, 1985; Killian &CampbeU, 1990). 

Within the prevailing physiologic perspective, sensation and 

perception traditionally are seen as the key components of the sensory 

dimension. Sensation is a result of the basic sensory processes that deliver 

information. The activation of a receptor by stimuli and the resulting 

nervous excitation and integration is the succession of sensory events that 

culminate in sensation. The sensation comp,onent is similar to a coded 

message that is received and transcribed but not deciphered. Perception is a 

sensory impression formed from sensation. It is viewed as pure sensory 

apprehension devoid of previous learning, experience, attention, and 

consciousness (Killian,1985; Killian & Campbell, 1990). Perception is the 

deciphered message. The view that presides in sensory physiology defines the 
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deciphered message (perception) as pure information transformed from the 

original message (sensation) into a form which is later interpreted through 

experience and training. The critical point is that the influence of an 

individual's experience and training is brought to bear post formation of the 

breathlessness perception. 

Investigations (Adams, Chronos, Lane & Guz, 1986; Adams, Chronos, 

Lane & Guz, 1985) have clearly identified that healthy individuals show wide 

variability in their sensory scaling for a particular grade of ventilatory 

stimulus. The variability cannot be explained by physical characteristics, 

ventilatory sensitivity, or pattern of breathing. In other words, many key 

sensory components (stimuli, excitation fluctuation, receptor variation) do 

not account for individu'll variability shown in the awareness of 

breathlessness. Experimental laboratory methods have established "that 

within certain limits of precision, man [sic] can make an accurate quantitative 

ii"iterpretation of his sensory experience" (Killian, 1985, p. 84S). But, as Adams 

and colleagues (1986) demonstrated, the variability within and between 

subjects makes comparison of these 'accurate' quantitative interpretations 

extremely difficult. For example, again using the analogy of a coded message, 

it is disconcerting that activation, transmission and integration of a message 

varies from recipient to recipient and time to time. The message sent may be 

consistent but the message received varies. The source of the variability is 

unclear but is believed to be the result of the perceptual contribution or the 

deciphering of the sensation of breathlessness (Mahler, 1990; Burki, Tobin, 

Guz, Sharp, Banzett & Mahler, 1988; Altose, Cherinack & Fishman, 1985a). 
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Perception 

Perception is defined as the process of deciphering the coded message 

(sensation) following its formation. Investigations of perception have used 

psychophysiologic methods to explore this process. Psychophysical methods 

are based in sensory physiology and designed to quantify the received 

sensation (Stevens, 1975). Typical psychophysical methods evaluate the 

relationship between a stimulus and the resulting perception. Given a coded 

message, what are the key factors in deciphering the message and forming a 

perception of breathlessness? Specifically the following questions are 

addressed: 

1) Is there something there? (Detection); 

2) Is this something different from other things? (Discrimination); 

3) What is it? (Recognition); and 

4) How big is it? (Intensity) (Killian, 1985; Luce & Green, 1974; 

Nield, Kim, & Patel, 1989). 

Detection, discrimination, recognition and intensity are the sensory 

indicators used to further decipher the sensation and form a breathlessness 

perception. Traditionally it is assumed that the individual's ability to 

perform experimental techniques translates into use of the techniques outside 

of the laboratory. It is beyond the scope of this discussion to elaborate on this 

point other than to say that the truth of this assumption remains uncertain. 

The sensory indicators for the purposes of this investigation were considered 

the tools and techniques used by the individual to decipher the message. 

Studies using psychophysical methodological techniques to examine 

breathlessness in healthy individuals, asthmatics and those with chronic 
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airway obstruction (CAO) have identified important differences in perception 

among groups (Altose, Leithner & Cherinack, 1985b; Gottenfried; Altose, 

Kelsen, & Cherniack, 1981; Nield, et al., 1989). In the Gottenfried and 

colleagues (1981) investigation, changes in airflow resistance were used as the 

stimuli from which perceptions of breathlessness were formed. Individuals 

with CAO required greater changes in airflow resistance to detect and 

discriminate differences as compared to asthmatics and healthy individuals. 

During lifting small weights, there were no differences between the same 

groups in perceived heaviness of the weights. This finding suggests no 

general decrease in perceptual ability among individuals with CAO. But the 

evaluation of perceived breathlessness intensity, via changes in airflow 

resistance, demonstrated significant reduction in assigned intensity level by 

those with CAO. Hence the literature supports the existence of general 

differences in perceptual ability for individuals with CAO to detect, 

discriminate and determine intensity of breathlessness (Gottenfried, et al., 

1981; Wiley & Zechman, 1966; Burki, Mitchell, Chaudhary, & Zechman 1978). 

The influence of age has also been investigated using the 

psychophysiological techniques. Using a breathlessness perception based on 

airflow resistance changes, studies have demonstrated decreased perception of 

intensity with increased age (Tack, Altose & Cherniack, 1982; Altose, Leitner, 

& Cherniack, 1985b). Alterations that occur over time through life experiences 

(via age and disease) may be a modulating factor that influence perception of 

breathlessness. Hence age and disease process may help account for 

individual variations. It is clear that patterns of sensory input (coded 
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messages) that are in part attributable to life experiences. 
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A recent investigation of breathlessness sensory stimuli again using 

modified psychophysical techniques separated an affective dimension 

(distress) from a 'purely' sensory (effort) one. These findings validated the 

interactive nature of the affective and sensory dimensions (Steele, 1991). The 

investigation also demonstrated an affective dimension which appeared to 

perform in a similar manner to the sensory dimension. The findings lend 

tentative support to the possibility that the affective dimension (feeling of 

distress) can influence the sensory one and demonstrate the 

multidimensionality of breathlessness. 

Summary. Extensive divergence in the perceptual and sensory 

measurement of breathlessness exists, yet each individual tends to behave 

'characteristically' (Burld, et al., 1988). Individual differences presumably 

result from modulating the sensors or, in other words, from variations in the 

deciphering process forming the perception. These two points suggest a 

pattern of responses and modulation that may determine the individually 

characteristic perceptions. Life experiences gained through the passage of 

time and presence of disease emerge as factors that contribute to the 

variability in a breathlessness perception. Finally, breathlessness perception 

or the ability to decipher the coded message appears interactive with othel' 

dimensions and must be investigated multi dimensionally . 

Cognitive Dimension 

The cognitive dimension of breathlessness is grossly under 

investigated. While it is uniformly agreed that cognitive process plays a 
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major role in breathlessness, the impact of cognition on breathlessness has 

received inadequate consideration or is painstakingly omitted from 

examination (Altose, et al., 1985a; BurId, et al., 1988; Carrieri, et al., 1984; 

Killian,1985; Killian & Campbell, 1990, Larsen, et al., 1990; Mahler, 1990). This 

neglect is due in part to the overwhelming focuS on the sensory dimension. 

The scope and complexity of human cognitive processes, such as thinking, 

remembering, categorizing, judging, choosing, reasoning, and problem 

solving are imposing (Osherson & Smith, 1990; Flavell, 1985). Investigations 

neglecting the integrated interactions of human cognitive processes with the 

dimensions of breathlessness will not lead to complete comprehension of the 

phenomenon. Intentional control of breathing mandates conscious 

awareness of breathing and supports investigation of breathlessness from a 

multidimensional perspective. 

None of the cognitive processes have received formal investigation 

within the general context of symptomatology (Ben-Zeev & Strauss, 1984; 

Mechanic, 1986; Pennebaker & Skelton, 1978), or breathlessness in particular 

(Burki, et al.,1988, Altose, et al., 1985b). Cognitive processes are part of any 

transition to consciousness associated with symptomatology and 

breathlessness. For example, for an individual to remember how breathing 

typically is requires memory and categorization to determine a prototypical 

sensory pattern. Also, judgments are central to perceptual determinations of 

the sensory dimension (detection, discrimination, recognition, and intensity) 

and require exploration within the breathlessness cognitive dimension. The 

following sections will briefly explore current information concerning 
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symptomatology and judgment as they may relate to breathlessness in order 

to establish a foundation for inquiry. 

Symptomatology and Tudgment 

Health care providers and individuals experiencing sensations and 

perceptions make judgments daily on the bases of objective and subjective 

symptomatology. Individuals identify and interpret symptoms thereby 

making cognitive judgments in the process. Presumably, symptom 

evaluation is subject to the same influences as other human judgments, 

although this has never been tested with symptomatic individuals. 

Specifically, several individual and social features reportedly influence 

cognitive judgments of symptoms (Table 1). Particularly pertinent to this 

Table 1 Influences on symptom related cognitive judgments 
Feature Variable Reference 
Social Gender ~ecahrUc(1982, 1986) 

Socioeconomic Status 
Social Comparisons 
~a.,s ~edia 
Social Learning 

Individual Age Leventhal, Nerenz, 
Personal History Straus (1982) 
Beliefs Pennebaker (1982) 
Verbal acuity 
Tolerance of Discomfort 
Psychological 
Orientation 
Sensitivity & reactions 
to internal changes 

discussion are beliefs, symptomatic personal history, sensitivity and reactions 

of individuals to internal changes. Any or all of these influences on 

symptom evaluation could promote individual variation in the judgments 
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made. Age and disease pattern (which reflect personal history as well as 

sensitivity and reaction to internal changes) produce differences in detection, 

discrimination and intensity of breathlessness responses. These differences 

provide tentative support for the idea that cognitive judgments are 

interactive with other dimensions of breathlessness, particularly the sensory 

(Altose, et al., 1985b; BurId, et al., 1978; Gottenfried, et al., 1981). 

A recent grounded theory investigation of asthmatic individuals 

provides more evidence of breathlessness cognitive judgments (Meek, 1991). 

Individuals reported cognitive assessments of their breathing and 

breathlessness using strategies that involved similarity comparisons. Self 

comparisons were made between past/present, before/after, and well/not 

well. Additionally, all individuals reported beliefs (expectations) concerning 

their disease and breathless episodes. These initial results support two 

important ideas about the cognitive judgments associated with 

symptomatology and breathlessness. First, symptomatology evaluation and 

breathlessness judgments show that cognitive assessments are made 

throughout the breathing continuum. For example individuals had a dear 

idea of how they breath typically and in episodes of severe breathlessness. 

Second, breathlessness symptomatology judgments reportedly are based on 

representativeness, with the individual's personal history serving as the 

standard of comparison. All of the asthmatic individuals reported using a 

standard breathing representation in comparing and evaluating changes. 

The results of this preliminary investigation and the information from 

the literature suggest that human judgments play a role in breathlessness 

determinations. The results of the investigation suggest breathlessness 



28 

symptomatology judgments exist and are based on a typical representation of 

some kind. 

Human Iudgments 

Human judgments mainly exist in two forms; bayesian and non

bayesian (Tversky, 1977; Tversky & Kahneman, 1983; Tan, 1982). Simply 

defined, bayseian judgments are those based in logic and probability, 

characterized as a 'Mr. Spock' type determination. Bayesian judgments are 

more likely to be correct (Osherson, 1990). Non-bayesian judgments do not 

hold to strict logic and probability theory, but are based in alternate forms of 

reasoning. 

Despite the potential for greater success with Bayesian judgments, 

Tversky and Kahneman (1974, 1981, 1982, 1983) have demonstrated that 

human judgments are influenced by previous information, which can result 

in non-bayesian determinations (Tversky, et al., 1974). Framing effects, 

considered to be the view or context in which a decision is considered, can 

also alter a judgment (Kahneman & Tversky, 1979). Human judgments are 

subject to a variety of influences and situations that can preclude Bayesian 

judgments. Consequently, individuals do not always make the most logical 

judgments and hence make errors. Errors in human judgment are typically 

the result of non-adherence to logic rules. Errors can occur with any human 

judgment. 

Errors in Symptomatology Iudgments 

Symptomatology judgments are also subject to errors in logic or 

probability rules. For example, studies of physicians' symptomatology 

judgments, detected a specific error in probability theory, the conjunction 
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fallacy (Tversky, et al., 1983). The conjunction rule states that the probability 

(P) of two events occurring [P( a & b)] is less than the probability of either 

event occurring alone [P(a) or P(b)]. Violation of the rule constitutes the 

fallacy. As an example of the conjunction rule, the chance of a car breaking 

down while being driven in the desert when it is over 100 degrees is less (pa 

& Pb) than either the chance of it being over 100 degrees in the desert (Pa), or 

the chance of a car breaking down while it is being driven (Pb). 

Practicing physicians when asked to make intuitive predictions 

(probability estimates) on the basis of clinical evidence consistently violated 

the conjunction rule. The fallacy also occurred despite considerable 

individual knowledge about probability and logic. The results substantiate 

tv.ro important points. Despite expertise and knowledge, individuals still 

make judgment errors that violate logic or probability rules. Secondly, 

symptomatology judgments made by health care providers are subject to logic 

and probability errors. Alternative forms of reasoning must exist that account 

for the systematic errors in judgment. The next section will review judgment 

heuristics as one alternative form of reasoning that may account for the 

systematic errors. 

Judgment Heuristics 

Heuristics are defined as self-teaching strategies. Judgment heuristics 

are systematic means of alternative reasoning and may account for the non

bayesian judgments seen in the conjunction fallacy (Tversky, et al., 1983). 

Using natural assessment of representativeness and availability to produce an 

estimation or prediction, is an example of judgment heuristics. Judgment 

heuristics can lead to a predictive typicality bias of a sample (instance) to a 
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population (categorical representation). A breathlessness example would be 

the similarity comparisons reported by the individuals with CAO (Meek, 

1990). Individuals liken their current breathlessness episode (sample

instance) to previous episodes (population-categorical representation), and as 

a comparison of how they feel now with how they felt before diagnosis and 

treatment (Meek, 1990). It is suggested that uncertainty promotes use of a 

judgment heuristics strategy versus logic rules (Tversky, et al., 1983). Episodes 

of breathles~,.ness create uncertainty and thereby lend themselves to 

determinations made through judgment heuristics. Natural assessment of 

representativeness would set up comparisons that are not symmetrical or 

equivalent, the specifics of which will be reviewed in the next segment. 

Asymmetric relations. Tversky (1977) posited natural assessment of 

representativeness has an asymmetrical relation. With asymmetric relations, 

" a is like b" is not necessarily equivalent to "b is like a. n For example, the 

representativeness of North Korea to Red China is not the same as Red China 

to North Korea. Red China serves as a typical example of an Asian 

communist country or a prototype to which North Korea can be easily 

compared. North Korea, while an Asian communist country, is in some 

measure less representative and consequently not as clear a standard to which 

Red China can be compared. A similarity comparison of each statement 

would demonstrate an asymmetrical relationship or greater similarity of 

North Korea to Red China than vise versa. 

The influence of asymmetric relations in human adult judgments was 

documented by Rips (1975, 1989, 1990). Rips found patterns of 

representativeness were present in categorization determinations. From 
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these findings evolve the questions: a) does personal breathlessness history 

influence symptomatology judgments by creating a typical pattern (prototype 

of a population) from which specific episodes (instances) are evaluated and b) 

are these evaluations asymmetric. 

Cognitive judgments. breathlessness and symptomatology 

Though the nature of the relationship between cognitive judgments 

and breathlessness is unclear, three initial findings provide direction for 

additional research on breathlessness cognitive judgments. First, despite the 

lack of focus in psychophysical testing, cognitive judgment processes playa 

role in individual perception of breathlessness as seen in detection, 

discrimination, recognition and intensity, (Killian, 1985, Killian & Campbell, 

1990). Second, age, symptomatic personal history, as well as sensitivity and 

reaction to internal changes influence perception of breathlessness (Altose, et 

aI., 1985b; BurId, et al.,1978; Gottenfried, et, al., 1981; Meek, 1991) and 

symptomatology (Leventhal, Nerenz & Straus, 1982; Mechanic, 1982). Third, 

qualitative analysis (Meek,1991) provides support for judgment heuristics as 

part of the determining breathlessness process. Further exploration is needed 

to clarify the relationships between judgment heuristics and the cognitive 

process associated with symptomatic evaluation of breathlessness. The 

following specific questions are central to elucidation of these relationships. 

1) Do conjunction fallacies occur in symptomatic judgments of 

breathlessness made by the individual experiencing it? 

2) To what extent do judgment heuristics affect individual perceptions of 

breathlessness? 



3) Do symptomatic personal history, sensitivity and reactions of 

individuals to internal changes represent essential breathlessness 

knowledge or a typical pattern (prototype of a population) that may 

produce asymmetric relations when specifiC episodes (instance) are 

evaluated? 
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In summary, it appears clear that as Campbell and Howell (1963, p. 288) 

prophetically cautioned, " a respiratory physiologist offering a unitary 

explanation for breathlessness should arouse the same suspicion as a tattooed 

archbishop offering a free ticket to heaven." Complete understanding of 

breathlessness cannot occur from a purely physiologic perspective which 

promotes neglecting the intergrated interaction of the breathlessness 

dimensions. Simply stated, it is desirable to look for a pattern of responding 

rather than observing a response to a singular sensory stimulus. 

Although perception of breathlessness is related to the amount of 

physiologic impairment, the relationship between objective sensory measures 

and the more subjective affective and cognitive dimensions is not clearly 

understood. Breathlessness remains a major debilitating factor in the lifes of 

millions of Americans with chronic pulmonary disease. Breathlessness 

frequently presents an assessment dilemma for health-care providers due in 

part to the lack of information about the cognitive processes associated with 

breathlessness. Additionally, the impact of pathological breathlessness on the 

lives of those affected exceeds the comprehension of most health care 

providers. The consequence of breathlessness for the individual centers on 



33 

alterations in life style patterns. These include modifying activities of daily 

living, avoiding particular social or personal situations, and changing 

occupational pursuits. Health care providers frequently view the 

consequences of breathlessness as an inevitable and negligible corollary of 

chronic pulmonary disease. The discrepant link between health-care 

providers' observations of the breathlessness experienced by individuals 

remains, in part, due to lack of information about how individuals decide 

they are breathless. 

Multidimensional investigation of breathlessness is essential for 

several reasons. The primary reason centers on the fact that breathlessness is 

the aggregate of all dimensions that collectively identify danger and prompt 

seeking of medical attention. The breathlessness cognitive dimension, which 

is a central constituent of that aggregate, has been under-investigated and is 

poorly understood. Hence investigation of anyone breathlessness dimension 

to the neglect of others will not promote understanding of the phenomenon, 

but limit it. 

STATEMENT OF PURPOSE 

The traditional focus on the sensory dimension has perpetuated a 

philosophical base which relegates breathlessness to the domain of necessary 

objective features. Yet it fails to identify sufficient subjective features to 

explain the clinical presentation. A more probabilistic theoretical approach 

aimed at understanding the complete multidimensional experience of 

breathlessness is needed. The probabilistic approach would seek to treat 

breathlessness as a symptom (or in other words a sensory experience) , which 

cannot be experienced in isolation (Angel, & Thotis, 1987; Benner & Wrubel, 



34 

1989; Mechanic, 1972, 1982, 1986). The purpose of this research was to 

contribute to the understanding of the multidimensional nature of 

breathlessness by exploring the associated cognitive judgments. The specific 

aims of the research were to: 

1) Describe the relationship of the conjunction rule to judgments 

associated with the determination of breathlessness. 

2) Describe and contrast the relationship of judgment heuristics to the 

judgments associated with the determination of breathlessness. 

3) Describe and contrast the typical patterns (prototype from the 

population of breathlessness episode) to a) an individual's sensitivity 

and reactions to internal changes and b) symptomatic personal history, 

in influencing breathlessness evaluation. 

SUMMARY 

Breathlessness is a frequently experienced human sensation. While 

most people experience breathlessness as a transient discomfort that occurs as 

a result of physical exertion, those with various chronic conditions, such as 

CAO, experience substantial distress and discomfort. Although the 

experience of breathlessness is related to the amount of physiologic 

impairment, the relationship of objective measures to the total breathlessness 

event is poorly described. Clinically, the individual's breathlessness 

experience is more than unidimensional. To date, attempts to investigate 
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breathlessness have fallen short, in part due to lack of acknowledging the 

multidimensionality of breathlessness. The breathlessness cognitive 

dimension clearly has been under investigated, a deficit directly related to 

traditional emphasis on the sensory dimension. This investigation explored 

the breathlessness cognitive dimension from a new theoretical and 

methodological perspective. 
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Chapter 2 

SENSATION, PERCEPTION AND COGNITION IN BREATHLESSNESS: 

FRAMING THE INVESTIGATION 

Introduction 

Deliberation over an individual's ability to sense the world and the 

accuracy of those sensations has ancient roots. Aristotle referred to senses as 

the doorways and windows of the mind, and to perceptual experience as the 

transformation of sensation through memory and imagination. Hippocrates 

similarly argued that sensation is an abstraction, not a replication, of the real 

world. Despite the ongoing discussion, sensation, perception and cognition 

lack universally accepted definitions. The nature of the interaction of 

cognition with the sensation and perception of breathlessness also lacks 

accepted explanations. Due to the multidimensional nature of 

breathlessness, concept clarification of sensation, perception and cognition as 

they relate to the cognitive and sensory dimensions of breathlessness is 

needed. This chapter will discuss these concepts and associated theoretical 

perspectives to establish a base for this investigation. 

Sensation and perception are the critical components of the 

breathlessness sensory dimension. Sensation is the raw output of the basic 

sensory apparatus or in other words a coded message that has been received 

and transcribed, but not as yet deciphered. Perception is formed from 

sensation and is the deciphered message. The cognitive portion of the 

process involves evaluating the deciphered message in light of previous 

experience and learning. 
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For t-he purpose of this discussion cognition is defLlled as a complex 

system of interacting processes that generates, codes, transforms and 

otherwise manipulates information of diverse types (Favell, 1985; Keil, 1991). 

Cognition includes organizational and hierarchical manipulation of 

information, as well as reasoning, problem solving and judgement. 

Cognition, the cognitive dimension of breathlessness and the associated 

processes require further definition. These definitions will provide the basis 

to further clarify the concepts and establish a framework from which to 

investigate. 

To organize both the discussion and research, a new theoretical 

framework for the dimensions of breathlessness and the concepts of 

sensation, perception and cognition will be outlined. The theoretical 

framework was developed through synthesis of information from several 

sources, including psychophysiology and cognitive science. The 

psychophysiologic perspective of breathlessness provides the substantive 

base for the theoretical framework developed. Information from cognitive 

science was integrated to expand the theoretical perspective and further 

explain the concepts and interrelationships. Explication of the framework 

allows for hypothesis generation. Discussion of sensation, perception and 

cognition from the psychophysical and cognitive science perspectives is 

necessary to develop the theoretical and empirical support for the new 

framework. An evolution of models depicting the expansion of the 

framework will be presented, culminating in the final model depicting the 

theoretical framework which drove this investigation. 
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Sensation, Perception, Cognition and Psychophysics 

The discussion of sensation, perception and cognition from the 

psychophysiologic viewpoint will begin with a brief review of the historical 

development of psychophysics. The basic model which depicts the 

psychophysical perspective of breathlessness will be reviewed in detail, 

discussing each component of the model. Relevant investigations will be 

reviewed throughout this section as they contribute to understanding the 

model and its components. Finally, the section will conclude with a critique 

of the psychophysical perspective and model. 

Psychophysics Historical Development 

Psychophysics arose from the struggle to measure sensory experiences, 

particularly vision (Stevens, 1975). In the introduction of his book on 

psychophysics, Stevens (1975, pl.) states "I clearly can now think about 

quantitative relations among sensations that were scarcely conceivable four 

decades ago ... relations that were deemed quite beyond imagining." 

Stevens' work to quantify the sensation of vision created more than just a 

new methodological approach; a theoretical perspective combining 

physiology and psychology was born. 

Central to psychophysics is the claim of direct subjective sensation 

measurement, particularly, magnitude estimation or the relationship 

between stimulus and response intensity. The task of scaling subjective 

sensation from the psychophysical perspective requires an individual to 

make judgments concerning the stimulus present by discriminating it from 

others and assigning a number to it. Although it was originally believed that 

direct measurement of a sensation occurred, it is now clear psychophysical 
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techniques quantify a perception of a sensation (deciphered message) not the 

actual sensation (original message) (Gescheider, 1988). Consequently the 

evaluation of breathlessness within psychophysics once viewed as a 

seemingJy simple task is really a complex interaction of the cognitive and 

sensory dimensions. 

Sensory and cognitive scientists struggle with the complex 

interactions, each coming from different perspectives (Gescheider, 1988). 

The sensory physiologist attempts to measure pure sensory processes which 

are unbiased or minimally influenced by any particular individual 

experience (Gescheider, 1988). In other words the sensory physiologist 

strives for disconnection of interactions. Cognitive scientists struggle to 

understand the judgment processes involved in subjective sensations and 

they find individual differences and interactions intriguing (Gescheider, 

1988). Cognitive scientists struggle to understand the associated judgments 

by coordinating sensory functions with brain action, while sensory 

physiologists focus on separating function and action. Both vantage points 

are important but different, focusing on alternate views of sensation and 

perception judgments. The sensory physiologic perspective and model are 

based on psychophysics and will be discussed in the following section. 

Psychophysics Framework and Model 

Psychophysics is now the predominate theoretical perspective and 

methodological approach to the investigation of the breathlessness sensation 

and perception ( Altose, Leiter & Chemiack, 1985b; Gottenfried, Altose, 

Kelson & Cherniack, 1981; Killian, 1985; Nield, Kim & Patel, 1989; Tack, 

Altose & Chemiack, 1982). Within this perspective, breathlessness is viewed 
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from the sensory physiology vantage point, focusing heavily on the sensory 

elements involved. The elements of the theory describe a unidirectional 

flow from stimulus through nerves to the central nervous system, even

tually raising the attention and consciousness of the individual (figure 2). 

SENSORY 
STIMULI 

Perception Path 

PERCEPTION 

Figure 2. Modified physiologic breathlessnes sensation-perception 
model (Adapted from Killian, 1985; Killian & Campbell,1990). 

The breathlessness psychophysical model presented here is 

adapted from Killian (1985). This model describes the 

neurophysiological path to form a sensory impression or the evoked 

sensation of breathlessness. The elements of the neurophysiological 

path are sensory stimuli, reception, excitation, integration, sensation, 
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translation and perception of the sensory impulses, which lead to an 

evoked response. The depiction of perception is expanded beyond that 

presented in chapter one (Figure 1) to accommodate the theoretical 

discussion. Review of the theoretical model precedes discussion of 

the associated underpinnings and the inherent limitations. Each 

element and the associated interactions will be outlined. 

The basic elements of the framework are sensory stimuli, 

reception, excitation, integration, sensation, translation and 

perception of the sensory impulses, which lead to an evoked sense. of 

breathlessness. In this framework the sensation path includes the 

sensory stimuli through integration elements. The perception process 

is the last identified path prior to the formation of a evoked sense 

(Figure 2). Cognition is not clearly identified in the model and is 

presumed to follow formation of a perception. From a psychophysical 

perspective, cognition waits for the message to be received, transcribed 

(sensation) and deciphered (perception) to engage. The current 

discussion will focus on the psychophysics' conceptualization of 

sensation and perception. 

The key to the psychophysical view of sensation and perception 

is the distinct serial nature of each element (Ben-Zeev & Strauss, 

1984). Each element is staged and demonstrates sequential 

interactions. Hence with the psychophysical theoretical framework of 

breathlessness, there is a unidirectional sensory flow through 

sensation and perception to the evoked sense of breathlessness at 

which point cognition occurs. 
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Sensation Path 

The sensation path consists of nervous activation, transmission 

and integration. Sensation is the raw sensory output of the path. 

Initiation of breathlessness is through the presence of sensory stimuli 

which activate the receptor bringing on excitation of and transmission 

along the sensory path (Figure 2). The integration of the nervous 

excitation is related to message transcription. A brief review of 

sensory stimuli, reception, excitation and integration aspects of the 

path to sensation follows. 

Sensory Stimuli. Sensory stimuli are the initial factors which 

result in nervous activation and precipate the entire process. The 

sensory stimuli for breathlessness which have received the most 

controlled investigation are factors which influence mechanical 

function and ventilatory drive, such as hypercapnia, hypoxemia, or 

physical exertion (Campbell & Howell, 1963; Guz, Adams, Minty, & 

Murphy, 1981; Killian & Campbell, 1983). Although there is wide 

individual variability in the sensory scaling of breathlessness, there 

are characteristic patterns of breathlessness that exist "irrespective of 

the type of stimulus" (Budd, Tobin, Guz, Sharp, Banzett, & Mahler, 

1988, p.1040). Furthermore, because breathlessness can exist post-lung 

and heart transplantation, it is probable that the sensory stimuli arise 

from the consequences of altered ventilation (Killian & Jones, 1988). 

Oearly, there is support for the concept that "type of stimulus" is not 

as critical as the breathlessness perceptual differentiation process. 
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Reception and Excitation Excitation is the nervous activation 

resulting from reception of the sensory stimuli. Excitation requires a 

nerve receptor, which, once activated, results in an energy change or 

nervous impulse, or in other words, reception of a stimulus. 

Reception and excitation are discussed concurrently because receptor 

activation is key to excitation and excitation is the hallmark of 

receptor identification. The receptors of several afferent nerves are 

associated with breathlessness. The stretch receptors of the airways 

(Winning, Hamilton, Shea, Knott, & Guz, 1985), the carotid bodies 

(Vermeire, Backer, van Maele, Bal & van Kerhoven, 1987), and 

receptors in the chest wall and diaphragm are involved in the afferent 

nerve excitation associated with breathlessness (Burke, et al., 1988, 

Killian et al., 1988). 

Once excitation of any or all of these receptors occurs, impulse 

transmission to the central nervous system (eNS) for sensory 

integration results. Thus, excitation is the actual energy change 

resulting from stimulation of various receptors (chemical

chemocreptors, mechanical receptors). The ability to decode the many 

receptor excitations is the next critical stage. 

Integration. Integration is the assimilation of the nervous 

impulses (energy changes) which have been transmitted to the eNS. 

Integration is analogous to the transcription of the coded message. 

Integration is critical to formation of a nerve impression in 

breathlessness. Integration within the model is the final step to 

sensation and requires apposition of both impulse type and number. 
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Integration of the impulses may serve to provide initial ventilatory 

control and requires further investigation (Killian et al., 1988). Burke, 

et al.(1988) point out that reflex stimulation of respiration has a greater 

impact on breathlessness than volitional hyperpnea. Thus, questions 

arise as to the differences between the cerebral cortex and medullary 

centers in integration of the sensory impulses. Specifically, the 

question of what area of the brain may be associated with this sensory 

integration of breathlessness or how cognitive processes may organize 

integration remains unclear. Once the sensory stimulus has reached 

the eNS and integration has occurred, a sensation (transcription 

message) results and the perception path begins. 

Perception Path 

The perception path is the deciphering of Lhe coded message 

received or formation of an evoked sense of breathlessness. 

Perception is the culmination of the process of deciphering the coded 

message. From a psychophysical perspective, perception is believed to 

be the component which accounts for individual variability in the 

sensory expression of breathlessness. Psychophysical techniques focus 

on evaluation of the relationship between stimulus and perception. 

Again, the specific questions that help define this process are: 

1) Is there something there? (detection); 

2) Is this something different from other things? (discrimination); 

3) What is it? (recognition); 

4) How big is it? (intensity) (Nield, Kim, Patel, 1989; Killian, 1985; 

Luce & Green, 1974). 
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Detection, discrimination, recognition and intensity are used as 

sensory indicators to determine the perception of breathlessness and 

the resulting evoked sensation. The inclusion of these psychophysical 

sensory indicators expands both the theoretical basis and 

methodological techniques associated with breathlessness (Figure 2). 

Again it is critical to point out that for the purpose of this 

investigation, the sensory indicators were considered the tools and 

techniques used by the individual to decipher the message both 

within clinical and experimental settings. Each of the sensory 

indicators will be reviewed and discussed in the next segment. 

Detection Sensory detection is discovery of a stimulus presence 

(energy change). Detection of breathlessness requires identification of 

energy changes that have occurred as a result of the stimuli associated 

with breathlessness. Classically, breathlessness stimuli induce energy 

changes which result from mechanical (stretch receptors) and 

chemical (smells, chemoreceptor) stimulation. The minimal 

stimulus amount required for an individual to detect its presence is 

the absolute threshold. Threshold is referred to as the point at which 

sensation is lifted over the borderline of consciousness (Coren, Puroe 

& Ward, 1984; Stevens, 1975). In threshold detection studies, 

individuals are asked whether or not they perceive the existence or 

application of a stimulus. A stimulus level associated with a 50% 

detection rate given repeated trials is said to be the "just noticeable 

difference" or "detection threshold" for that individual. 
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Detection of breathlessness is commonly investigated using 

threshold detection techniques. Perception of breathlessness at the 

point of detection is simple identification of stimuli associated with 

the pulmonary system (eg, low oxygen or high carbon dioxide levels). 

Detection of the breathlessness stimulus can also result from 

'nonsensory' factors (Altose, et al., 1985a). Nonsensory factors such as 

mood, personality and motivation can create a biased response. 

Response bias refers to an individual's tendency to indicate a 

difference when there was no energy change (false positive) or to not 

identify an energy change when one occurred (false negative). The 

tendency of either a false positive or negative occurring is directly 

related to the criterion that the individual establishes. The individual 

criterion relates to motivation and expectancies that accompany the 

associated consequences of false positives or negatives (Coren, et al., 

1984). Motivation and exceptations have been referred to as 

nonsensory factors which can influence basic sensory detection. 

Hence detection of a breathlessness stimulus relies on the individual's 

sensory threshold and established response criterion. The response 

criteria potentially reveal the interplay of previous life experiences 

and judgment. 

Investigations of detection and response criteria associated with 

breathlessness have been conducted (Narbed, Marcer, & Howell, 1982; 

Narbed, Marcer, Howell & Spencer, 1983). Airflow resistance as a 

stimulus to breathlessness was used to evaluate the influence of 

inspiratory flow changes and ribcage expansion on detection and 
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potential response biases. The results of these investigations can be 

used to make two important points. First, detection information is 

gathered within the initial phase of inspiratory flow (Narbed, et al., 

1982). Second, lack of rib cage expansion influences both the sensory 

threshold (decreased detection sensitivity) and response criteria 

(increased willingness to report detection). Detection of breathlessness 

clearly relies on the desire of individuals to establish adequate initial 

inspiratory flow and rib cage expansion. The overriding motivation 

of the individuals in these investigations is clearly the maintenance of 

adequate airflow, which directly relates to the stimulus (airflow 

resistance) given. Hence it is clear detection of breathlessness is 

similar to other evoked senses which are influenced by essential 

'nonsensory' factors. 

Discrimination Discriminatory perception is the ability to 

differentiate among detected stimuli. Independent measurement of 

discrimination is accomplished through signal-detection techniques 

which involve large numbers of stimulus presentations to the 

individual (Altose, et al., 1985a). The method determines a 

proportion of correct to false positive detections to describe an 

individual's sensory discrimination ability. It is clear discrimination 

is intertwined with detection since sensory discrimination capacities 

are required to notice changes in stimuli. In fact, investigations 

commonly evaluate both simultaneously as a single variable 

(Gottenfried, Altose, Kelsen, & Chemiack, 1981, Killian, 1985). 
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Recent investigations of breathlessness combining detection

discrimination evaluated response to changes in airflow resistance in 

healthy individuals, asthmatics and those with chronic airflow 

obstruction (CAO). Gottenfried, et al. (1981) identified important 

differences among these groups in detection-discrimination of 

changes in airflow resistances. Healthy individuals, asthmatics and 

persons with CAO were evaluated using varying levels of resistance 

applied in random order to inspiratory flow. Participants were asked 

to signal by pressing a button the instant they detected any increase in 

resistance. The results demonstrated a significant difference (p<O.Ol) 

among persons with CAO, asthmatics and healthy individuals. The 

persons with CAO required a greater change in airflow resistance 

(49%) to be able to detect-discriminate "just noticeable differences" as 

compared to asthmatics (15%) and healthy individuals (18%). 

The differences identified could not be accounted for on the 

basis of airway resistance associated with the disease process. A 

comparison of "just noticeable differences" in perception of heaviness 

during lifting small weights showed no disparity between groups, 

implying no overall decline in perceprual detection-discrimination 

ability. The results of the study conducted by Gottenfried, et al. (1981) 

were similar to those found by Wiley and Zechman (1966), and BurId, 

et al. (1978). The studies supported the distinction between asthmatics 

and persons with CAO and the detection-discrimination components 

of the perception of breathlessness. The role of 'nonsensory' factors 
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such as disease specific motivation or expectancy, potentially influence 

the response criteria and thus the ability to detect and discriminate. 

Recognition. Recognition is acknowledgement that the 

stimulus detected and discriminated from others is breathlessness 

(Killian, 1985). Recognition is central to any investigation of the 

perception of breathlessness. Recognition of breathlessness is known 

to be associated with many different stimuli such as hypoxemia, 

hypercapnia, physical exertion, or respiratory muscle mechanical 

inappropriateness and is modulated in the CNS (BurId, et al., 1988). 

The number of possible stimulus alternatives and combinations make 

apprehension of breathlessness a difficult recognition task by 

psychophysical standard~ (Coren, et al., 1984; Killian, 1985; Killian & 

Campbell, 1990; Stevens, 1975) 

Response criteria influence perceptual recognition of 

breathlessness. Due to a basic need to recognize a stimulus in order to 

perceive it, recognition of breathlessness is not differentiated from 

detection, discrimination and intensity. It is unclear how 

discrimination is differentiated from recognition. Attempting to 

explain the difference is beyond the scope of this discussion. For the 

purpose of this investigation recognition was considered an inherit 

part of discrimination. 

Intensity. Intensity is the determination of the received stimuli's 

magnitude. Magnitude estimation has been the focus of many 

investigations dealing with the perception of breathlessness (Altose, et al., 

1985a; Gottenfried, Altose, Kelsen, & Chemiack, 1981; Nield, et al., 1989). The 
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relationship between increases in the stimulus and measured increases in 

evoked sense has been shown by Stevens (1975) to be proportional. 

Although this proportion may vary among individuals, the proportion or 

ratio is said to remain constant within the individual for a given sensation. 

The phrase "perception of breathlessness" is frequently used to describe the 

proportionality that occurs between the stimulus magnitude and the sensed 

intensity. 

Mathematically the proportional relationship is described by a power 

function: Y=kXD-

such that Y is the intensity of the response, k is a constant, X is the stimulus 

intensity and n is the exponent. The exponent serves as an expression of 

individual sensitivity (Stevens, 1975; Lodge, 1981). An exponent indicates 

the number' of times a number is multiplied by itself and determines the plot 

curvature between stimulus and response intensity. An exponent of one 

would produce a straight line when the power function is plotted 

appropriately. An exponent below or above one would typify a curvilinear 

relationship. The relationship between the response intensity and stimulus 

intensity can be easily seen using this methodology and does not always 

reflect a linear relationship. 

Gottenfrieds' study (1981) used similar procedures when examini..'g the 

intensity of breathlessness with varying airflow resistances. Again, healthy 

individuals, asthmatics and those with CAO were participants. The 

asthmatics and healthy individuals were similar but the individuals with 

CAO demonstrated significant reduction of perceived breathlessness 
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intensity (p< .01). The results demonstrated a decreased perceptual 

sensitivity for individuals with CAO to determine intensity of airflow 

resistance as a sensory stimulus. Altose, et al. (1985a) studied the effects of 

age on the perception of decreased airflow resistance using magnitude 

estimation. In this study, two groups of healthy individuals of differing ages 

were compared. The young group (age 18 to 30) and the older group (age 63 

to 81) were studied using methods similar to those described by Gottenfried, 

et al. (1981). The older group demonstrated a decreased ability to evaluate 

the intensity of the added resistance loads. The age-related changes in the 

perception of intensity demonstrated in that study are similar to those of 

Tack, et al. (1982). Together these findings strongly suggest the decreased 

ability of CAO individuals to identify changes in airflow resistance in some 

measure may be related to age or life experience. 

Evaluation of the intensity of breathlessness using 

psychophysiological magnitude estimation techniques has theoretical 

ramifications. Procedures used to determine intensity of 

breathlessness must include detection, discrimination and 

recognition. Intensity can not occur separate from the other elements. 

Presumably, determining stimulus intensity or magnitude is the 

culmination of the other perceptual sensory indicators. It is important 

to note that significant cognitive skills such as memory and judgment 

are required by participants. The cognitive skills while not the focus 

of psychophysics do influence the perception of breathlessness. The 

question arises as to what influences memory and judgment have on 
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the perception of breathlessness. The next section will discuss the 

limitations of the current psychophysical perspective. 

Limitations of the Framework and Model 

The psychophysics theoretical framework and the model of 

breathlessness reviewed have many associated assumptions. In the past, 

psychophysics has enabled understanding through assuming stabiJittj, 

reducibility and controllability (Table 2). These assumptions promote an 

Table 2 Psychophysical theoretical assumptions of breathlessness 
Assumption Referen<E 

StalilityofBreaIhlessles:r 
Jklcepiionof~E!$ 
remains ronslant given a~ofdro.tmslanres. 

Reduci1i1ityofBrecJh1eBlE!$ 
Jklceplion ofbeathleBlE!$ 
am IE reduCEdto four}XtCH!S: 
~on 
Dlluimination 
Rerognition 
Intensity 

ControllalilityofBreaIhlesslE!$ 
ManawaHe emotional l-ehavior androntext 

Noruens:nyfa::tms 
Serial-modular 
No illwion-pretenCE 

Killian, 1985 
Stevens, 1975 
Bar&dou,l~ 

Nield, Kim & 
Pate1,1~ 
Nad:ed,etal,l~ 
1~ 

Killian,l985 
A1toI!e, et al,l985a 
Stevens, 1975 

objective, quantified understanding of the physiologic mechanisms 

associated with breathlessness. Alternatively, limited understanding results 

from investigational techniques that strive to disconnect and regulate the 

phenomenon. The following sections will consider these three assumptions 

and discuss the limitations applied by acceptance of them. 
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Stability. is the steadiness of a concept's properties or characteristics in all or 

most conditions (Dubin, 1978). In this case the stability of breathlessness 

perception is in question. Concept invariability is rare and would require no 

change in a concept given any individual, context or situation (Barsalou, 

1989; Loftus & Loftus, 1980). Stability of any subjective sensation is a major 

issue as within and between subject variability is always a concern. In 

response to the question how can perceptual stability be achieved, Stevens 

writes: 

"The perceptual domain operates as though it had its own ratio 

requirements-not a mathematically rigid requirement, as in physics, 

but a practical and approximate requirement. By making the 

perceived aspects of stimuli depend on power functions of the 

stimulus dimensions, nature has contrived an operating mechanism 

that is compatible with the need for reasonable stability among 

perceptual relations" (1975, p. 18). 

Absolute stability in breathlessness would require no variability in the 

sensory indicators of perception (detection, discrinrlnation, recognition and 

intensity) given a stimulus level. Reasonable breathlessness stability 

represents practical approximate scheme or requires that the individual 

receptors behave characteristically given a stimulus. Psychophysics applied 

to breathlessness assumes that reasonable stability versus absolute stability is 

seen. 

The reasonable stability of breathlessness or any perception is directly 

related to the memory of past episodes which are the bases for 

discrimination recognition and intensity assessments. The stability of 
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knowledge structures or memory is central to the variability seen in 

responses (Barsalou, 1989). Several factors contribute to instability of 

memory, for example, judgment strategies vary the amount or type of 

information retrieval from storage. Particularly relevant to this discussion 

are response criteria, motivation and expectation issues which reportedly 

contribute to instability of judgments associated with testing of sensory 

indicators (Altose, et al., 1985a; BurId, et al., 1988; Narbed, et al., 1982; 1983). 

In psychophysical investigations, reasonable within subject stability 

exists, as seen in the consistency of individual exponent values over 

experimental sessions (Teghtsoonian & Teghtsoonian, 1971). Comparison of 

exponent values from individual to individual has shown little consistency. 

Relative stability within individuals, which decreases with comparisons 

between individuals, supports the idea that individuals have distinctive 

ways of assigning numbers to a sensation. The distinctive ways of assigning 

numbers are in part related to memory instability and require further 

investigation. 

Reducibility is the ability to seperate a process or concept into its parts. 

The reducibility assumption as it relates to perception of breathlessness is 

displayed in the model through the presumed independence of the sensory 

indicators; detection, discrimination, recognition and intensity. The major 

supposition is that the sensory indicators are distinct properties of 

perception. Any sensory signal requires at least initial detection and 

recognition. Also, in order to determine intensity a comparison/ 

discrimination process must take place. Discrimination is especially 

important since different stimuli are associated with breathlessness, 
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including hypercapnia, hypoxemia, physical exertion, and mechanical 

inappropriateness. Integration prior to perception helpsJ.arrow the 

discrimination that must occur, but it is clear a signal stimulating 

breathlessness will has many nuances. Signal-detection techniques have 

proven difficult and have resulted in the conjecture that detection and 

discrimination can be investigated together (Gottenfried, et. al., 1981; Killian, 

1985). This conjecture then becomes a basic theoretical violation arguing 

against the reducibility assumption. Reducibility consisting of separate 

distinct sensory indicators is somewhat methodologically appealing, but as 

yet lacks theoretical or operational purity. 

In order for the assumption to hold, cognitive process must be 

separate from the sensory body. The methodological process, which 

presumably measures the sensory indicator in isolation, calls upon the 

individual to make judgments based on a stored representation of either the 

reference breath or at the least the preceding breath. The reducibility 

assumption if fully accepted would not allow measurements of the sensory 

body to draw upon the cognitive process. The issues are further discussed in 

the next section dealing with the assumption of controllability. 

Controllability with breathlessness is the ability to regulate or direct a 

process in order to minimize or maximize a response, as in experimental 

control. The desire for controllability of a sensation stems from early 

scientific investigations where isolation of a single variable was desirable. 

Controllability is directly related to the reducibility of the sensory elements 

and indicators. The theoretical issue is: given response criteria and memory 

activation required to psychophysically investigate breathlessness, can 
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control of cognitive skills such as judgment and reasoning be achieved? 

Psychophysics views that the sequential nature of sensory physiology 

proceeds unidirectionally towards awareness of the evoked sense and thus 

each progression can be isolated and investigated separately. Controllability 

can be manifest only if reducibility is complete and the sensation is stable 

over time. 

Summruy of the Sensation. Perception. Cognition and P§ychophysics 

After careful review of psychophysics as it applies to breathlessness, 

further exporation of the cognitive dimension is needed. Exponent value 

comparisons among individuals demonstrate differences in perceptual 

breathlessness, while comparison of an individual's exponent values over 

experimental sessions are reasonably stable. Differences in how an 

individual evaluates a sensation exist and, undoubtably are linked in some 

measure to cognitive skills. It is clear judgment, memory and other 

cognitive processes are involved in determining breathlessness. To date 

examination of the cognitive skills associated with determining 

breathlessness is lacking. Review of the sensation, perception and cognition 

from a cognitive science perspective will aid the theoretical framework 

synthesis. 

Sensation, Perception, Cognition and Cognitive Science 

Cognitive science is essentially a young discipline embracing parts of 

psychology, philosophy, computer science, neuroscience, linguistics, and 

anthropology. The goal of cognitive science is to understand cognitive 

functioning from a perspective that integrates all of its parts, although 

complete theoretical coherence of cognition does not currently exist (Keil, 
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1991). Exploration of sensation, perception and cognition from this 

multidimensional perspective has produced an undeniable fact: what an 

individual knows influences and is influenced by what is perceived and 

sensed. Cognitive science can contribute in an important way to exploration 

of the cognitive and sensory dimensions of breathlessness and concept 

clarification of sensation, perception and cognition. 

Sensation, Perception and Cognition 

The definitions of sensation and perception will remain unchanged 

from previous discussions. Cognition requires clear definition as the 

psychophysical perspective didn't address cognition. Cognition is defined as 

all mental activities associated with thinking, knowing, and remembering. 

In essence processes like thinking, perceiving, remembering, 

communicating and evaluating are routine activities of the mind (Barsalou, 

1989; Holyoak, 1990; Rips, 1990; Smith, 1990; Solvic, 1990). Each activity is 

believed to play a vital individual role in cognitive operation and 

development, while at the same time playing a role in all other cognitive 

processes (Flavell, 1985). Interactions among cognitive processes are 

extremely important in the conceptualization of breathlessness. Review of 

the theoretical perspective and model that deal with the interactive nature of 

sensation, perception and cognition will serve as the basis for concept 

clarification. 

Cognitive Science Perspective and Model 

Cognitive scientists are making important strides in understanding 

the relationship of human cognitive and sensory functions. Several models 

exist which describe the relationship of sensation, perception and cognition. 
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The model proposed by Lesile (1988) will be used as it addresses three levels 

of human cognitive processes or human mental architecture,l which are 

sensory, perceptual and central thought (cognition) (Figure 3). Each level has 

an analysis portion which produces sensation, perception, and cognition 

respectively. Each level of analysis identified in the model is linked to 

mental (eNS) and peripheral (sensory) architecture and the associated 

structural constraints. 
COGNITION 

(CENTRAL THOUGHT) 

Metarepresentation 
Spontaneous Inference 

Pretense & Theory Building 

SENSATION / 
(SENSORY ANALYSISY 

,; R;!':~ta:~:~;:~r- '.:.1 
TransducerAurrays 

Sensory lliusion 

Figure 3. Leslie's conceptual model of cognition, perception and sensation 

1 Mental architecture is a tenn which refers to the fonns that cognitive process take. For 
example memory is said to have several levels of mental architecture ranging from iconic to 
long-term memory. While the different levels of memory architecture are distinct and 
differentiated, they are not necessarily associated with particular physical or structural 
architecture (although they may be). Mental architecture distinctively refers to the form, 
organization and configuration that cognitive processes take. 
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Sensory Analysis 

Sensory analysis as defined by this model, consists of an individuals' 

representation arising from the transducer/receptor array.2 The association 

of the receptor arrays shape a cognitive representation that is a viewer

centered surface layout. Using visual perception as an example of sensory 

analysis, it has been posited in the literature (Marr, 1982) that a partial visual 

sketch (2 1/2 D visual sketch versus a complete 3 D visual sketch) is formed 

as a simple function of the retinal array. The partial visual sketch is formed 

from sensory analysis prior to perception. The partial sketch is not a 

complete view of what has been sensed, but becomes a complete sketch (3-D 

view) with futher analysis (perceptual & cognitive). Sensory analysis results 

in sensation which is a representation of the information presented to the 

system after further analysis through perception and conceptualization. 

The partial view is comparable to the transcribed message previously 

used as an analogy for breathlessness sensation. The transcribed message is 

like a partial message as it has not been deciphered. The model presented by 

Lesile provides a theoretical base for the sensory analysis outlined. It is not 

characterized in the psychophysical perspective. 

Perceptual Analysis 

Perceptual analysis is defined as the process of theoretical 

identification of sensory analysis input. Perceptual analysis, as proposed by 

the model, is a kind of extended progressive analysis which could account 

for many of the object recognition issues raised in the literature (e.g., Spelke, 

2 An example of a transducer/receptor array is the retinal array of cone and rod receptors. In 
breathlessness this may be the neuronal mapping of the medulla where many breathing 
mechanico-receptors are found. But at a higher level the receptor array must include all of the 
breathlessness receptor afferent nerves and may require higher cerebral function. 
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1988). Perceptual analysis is the interface between sensation and cognition. 

Causal illusions and inferences, event equivalency, and routines as well as 

physical events and objects are associated at this level. Perceptual analysis 

further assesses and clarifies the information by adding concepts to the 

representation formed. 

Mandler (1988) supports the perceptual analysis notion. Mandler 

states "by perceptual analysis, I mean a symbolic process by which one 

perception is actively compared with another" (p. 126). The process could 

occur simultaneously (comparison of two perceptions) or sequentially 

(comparison of current perception to stored representations). Perceptual 

analysis requires use of processes traditionally viewed as cognitive, such as 

remembering (concept identification/ encoding), and judgment (causal 

inference, categorization). 

Perceptual analysis as defined is somewhat analogous to the 

perceptual processes identified within the psychophysical perspective. 

Perception as defined within the psychophysical perspective has undergone a 

perceptual analysis to detect, discriminate, recognize and evaluate the 

magnitude of the stimuli. The perceptual analysis identified here allows for 

the previously discussed psychophysical limitations to be reexammined. 

Cognitive Analysis 

Cognitive analysis is based on a metarepresentation and is responsible 

for spontaneous inferences, theory building, and pretense (Lesile, 1988). 

Within this level, theoretical knowledge gradually increases to become 

elaborate and systematic theories. The knowledge grows out of increasingly 

detailed perceptual analysis. Cognitive analysis allows the formation the 
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traditional cognition or central thought that is based on information 

presented to the system. What Lesile proposes is organized hierarchical 

processes which depend on interaction with the established mental 

architecture. The levels of human mental architecture are proposed to be 

very interactive, such that what is sensed, perceived and analyzed is often 

determined by what is conceived and analyzed (Lesile, 1988; Mandler, 1988). 

Summary--Similiarities of and Interaction Between the Analysis Levels 

Differences between sensation, perception and cognition are the focus 

of some authors (Lesile, 1988; Mandler, 1988) while others emphasize the 

similiarities (Spelke, 1988). Several identified properties are proposed to be 

alike. For example, all are considered to be innate, complex, active and 

representational. Similar mechanisms appear to be working although 

different input is used. Perception appears to present the system with a 

whole surface layout (complete with the entire process of change). Cognition 

organizes the layout into things, properties and relations specifying where 

each thing begins and ends. 

The major purpose of the cognitive psychology literature review is to 

establish a model of ongoing analysis of breathlessness that will allow for a 

clear depiction of cognitive processes influence on evaluation of the sensory 

input. The information reviewed supports the existence of mutiple levels of 

analysis which are interactive. Cognitive analysis is not the only form of 

examination that may exist in the formation of an evoked sense, authors 

(Lesile, 1988; Mandler, 1988; Ben Zeev, 1988, 1984) also support the level of 

perceptual analysis. While several authors support the highly interactive 

nature of the analysis levels, belief in the interaction among them lacks 
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concensus in the literature (Fodor, 1990, 1987; Ben Zeev, 1988). Further 

exploration will occur in the next section as integration of the psychophysical 

perspective and cognitive science takes place. 

Integration of Perspectives 

The major issue with the breathlessness psychophysical perspective is 

the reducibility and controllability of the perception of breathlessness from 

central thought (Ben-Zeev & Strauss, 1984). Clearly, with the unidirectional 

flow identified in the breathlessness psychophysical perspective, perception 

is separate, distinct and has no influence on sensation, while cognition lacks 

identification. The psychophysical perspective of breathlessness will be 

reviewed in relation to the interactive cognitive science information. The 

discussion will deal with three key ideas, stimuli organization, pattern of 

activation and modularity. 

Stimuli Organization 

Although breathlessness arises from a complex sensory array 

discussed earlier, the evidence does not suggest that breathlessness is 

constructed from a sensory tableau (sensory fragments). Eight different 

stimuli which reportedly precipitate breathlessness were recently 

investigated (Simon, Schwartzstein, Weiss, Lahive, Fencl, Teghtsooian, & 

Weinberger, 1989; Simon, Schwartzstein, Weiss, Fend, Teghtsooian, & 

Weinberger, 1990). Individuals with cardiac or pulmonary dysfunction were 

studied along with those with normal function. Participants with similar 

mechanism of dysfunction like asthma tended to group stimuli the same, 

while those with unaltered function clustered the stimuli differently. The 

results suggest that a pattern of activation is key to the perception of 
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breathlessness and categorization occurs that is related to stimuli presented 

and current physiologic status. Hence the authors propose that 

breathlessness is a latent construct composed of a pattern of stimuli and is 

not a singular event. 

Latent constructs are viewed differently than simple variables in a 

theoretical model (Pedhazur, 1982). Although it has been documented that 

individuals can detect a variety of different stimuli in isolation, 

breathlessness as demonstrated by Simon et al. (1989, 1990) is more than a 

single sensory signal that arises from a singular stimulus. A pattern of 

stimuli leads to a pattern of nervous activation that results in the evoked 

sense of breathlessness. Hence the perception of breathlessness can be 

viewed as a complete object or category versus a sensory tableau (fragmented 

sensory information). 

Pattern of Activation 

A pattern of activation is the pattern of nervous excitation that occurs 

from presentation of stimuli to the many nerve receptors. Additional 

evidence of the role pattern of activation plays is provided by Freeman (1991) 

who raises the issue of constancy or the influence of previous perceptual 

stimuli on current sensations and perceptions. Freeman (1991) believes 

sensory systems are influenced by each activation that occurs. Specifically, 

this relates to the Hebbian rule which states there is an increase in strength 

of connection across the synapses of neurons that fire together. 

Consequently, neurons that fire together increase in synaptic strength over 

time and transmission is expedited. Each neuronal firing has the potential 

to alter the sensory system. Freeman (1991) reported his findings from 
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investigations of the olfactory sensory system showing a pattern of activation 

in response to the presentation of a scent, which was not detected prior to 

scent exposure. Exposures to additional scents were influenced by the 

previous pattern, substantiating the influence of previous patterns of 

activation on current sensory nervous excitation. 

Combining this investigation with the cognitive science perspective 

supports the notion that information provided for cognitive analysis is 

capable of influencing the sensory array both at the level of activation and 

cognitive thought. The investigations of Freeman (1991) and Simon et al. 

(1989, 1990) also lend support to the propositions that the latent construct of 

breathlessness influences what is perceived through stimuli organization, 

and previous activation patterns influence the make-up of the latent 

construct of breathlessness. 

The psychophysical technique of magnitude estimation directly 

involves pattern of activation. Individuals can detect variation in some 

breathless stimuli, but wide variability exists between individuals 

(Gottenfried, et al., 1986; BurId, et al., 1988). Adults use discrimination, 

recognition and detection of stimulus patterns to determine intensity of a 

breathless perception and it is conceivable that detection, discrimination and 

recognition of breathless patterns of activation are a part of the perceptual 

analysis of breathlessness. Therefore, perceptual analysis in breathlessness 

would be the detection, discrimination, recognition and determination of 

intensity given a pattern of activation. 

Examples of Lesile's level of perceptual analysis can also be seen in 

clinical settings where individuals report categorization of symptoms and 
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sensation (Meek, 1991). For example the frequency of breathlessness 

episodes, onset speed, and time of occurrence are examples of the 

information categorized to establish an episode pattern. A breathlessness 

episode which does not follow the prototypical pattern may be reason for 

concern. Clinically it is frequently reported by individuals who seek medical 

attention that they sensed they were different or that the breathlessness 

episode was different from a typical pattern 

Modularity 

Modularity is the view that seperate distinct connections of perceptual 

function exist and is antithetical to interactive modules. Fodor has described 

a module as a sort of "cluster concept" (1990, p. 201) meaning that when 

certain mechanisms are examined, certain clusters of properties tend to exist. 

Modular perceptual function has charateristic clusters of properties and 

contains specific encapsulated information.3 A perceptual module activated 

by the associated stimuli of breathlessness would draw from the specific 

database, information that is highly relevant and minimally variable given 

the current sensory activation. Hence, the module provides highly applicable 

and accurate information for cognitive analysis. 

The type of information that can be provided for cognitive analysis is 

determined by the type found vvithin the database. Fodor states "perceptual 

systems have access to theories of the mapping between distal causes and 

proximal effects. But that's all" (1990, p203). Stated another way, the 

perceptual system and database associated would allow the individual to 

3 Encapsulated information is information which is constrained by cognitive anatony and 
architecture (Fodor, 1990). Encapsulated information can be compared to a specific database 
on a computer, which would constrain information access and output computation. 
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know how to infer a currrent breathing pattern from current receptor 

stimulation. 

Modularity as put forth by Fodor provides for integration of 

information across "superficially dissimiliar domains" within the cognitve 

level (1990, p. 202). Judgment, thought and problem solving associated with 

breathlessness would take place during cognitive analysis and would be 

based on the applicable and accurate information provided from perceptual 

anaylsis. For example, wheezing is auditory information which may be used 

as a part of the judgments associated with severity of breathlessness. 

Auditory detection of wheezing in itseH, however, does not signal 

breathlessness. Narrowing of the air passages causing increased work of 

breathing and potentially decreased oxygen levels would stimulate the 

receptors of breathlessness a..,.d lead to the perception formation, not any 

corollary secondary noise. Modularity as described by Fodor (1984, 1990) 

cannot be proven or disproved on the bases of the information avalivable to 

date, but modularity' theoretical tenets do support the existence of some 

perceptual analysis which preceeds cognitive analysis. 

Integration Summary 

In summary, complete incorporation of cognitive science's view of 

cognition and perception to the investigation of breathlessness requires 

caution. The work of several authors (Lesilie, 1988; Mandler, 1988; 

Spelke,1988) would lend support to the proposition that perception of 

breathlessness is much more complex and interactive with cognition than 

was originally suggested (Killian, 1985, 1990). Interaction with cognitive 

processess lends support to breathlessness being purely a perceptual 
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construction from a sensory receptor array. Leslie's perceptual and cognitive 

analysis levels helps explain some of the theoretical issues raised earlier 

concerning breathlessness perception. Although analysis at every level is 

not totally supported by Fodor (1984, 1990), the ability of cognitive processes 

to modify the view of information provided to it is acknowledged and of 

great importance in this investigation. 

THE FINAL PERSPECTIVE AND MODEL 

The proposed modifications to the original model (Figure 2) are a 

blending of the cognitive science perspective (Leslie, 1988; Spelke, 1988) with 

qualitative information gathered (Meek, 1990, 1991). The framework focuses 

on the different levels of analysis proposed by Leslie. The framework builds 

upon the known psychophysical sensory information but adds analysis at 

every level. 

The new model depicts the cognitive and sensory dimensions. The 

sensory dimension is made up of sensation and perception which result 

from a stimulus. The cognitive dimension contains analysis as well as the 

pure thought or consciousness traditionally viewed as cognition. The 

interaction of the cognitive dimension with the sensory dimension, in 

particular perceptual analysis, is an important innovation of the model. The 

model then can be summarized as a theoretical perspective that views 

breathlessness as multidimensional with interactive dimensions that 

involve ongoing representation, categorization, and speculation about any 

stimulus that is presented to the system (Figure 4). 
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Figure 4 A cognitive-perceptual model of breathlessness 
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Sensory Dimension 

The sensory dimension includes, but is not limited to sensory 

anatomy and physiology. Clearly at the heart of the sensory dimension is the 

sensory physiological path beginning with a stimulus and progressing 

through excitation, integration, perception and sensory impression. The 

major innovation within this dimension is the positing of hierarchical 

analysis throughout the dimension building from integration to 

deciphering. 

Sensory Analysis 

Sensory analysis is closely linked to the psychophysical view of 

sensation. In this model, sensation is described as stimuli activation of a 

receptor creating an energy change and requiring CNS integration (a basic 

sensory analysis). Sensory analysis may be seen as the integration of the 

transducer arrays into a basic surface layout representation. In other words, 

there is integration of many sensory fragments (stretch receptor activation, 

chemoreceptor activation, etc.) into a representational sensory sketch of 

breathlessness. Integration as previously described by Killian (1985) requires 

a representation of the receptor's activation pattern and is consistent with 

the sensory analysis described by Lesile (1988). Sensation then is more than 

excitation and transmission of nervous impulses. Sensation includes basic 

integration of information into a sensory portrayal that is the used in 

perceptual analysis. 

Perceptual Analysis 

Perceptual analysis is the portion of the framework which involves 

the greatest amount of expansion. While the psychophysical 
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conceptualization of perception expand the concept from a shallow sensory 

perception to include detection, discrimination, recognition and intensity, 

the previous framework, while methodologically acknowledging the role of 

response criteria fails to theoretically incorporate the information. 

In this model, perception is the culmination of the sensory indicators 

(detection, discrimination, recognition and intensity) given the response 

criteria. The sensory indicators are believed to interact in a perpetually 

integrated rather than in a distinct separable manner. The response criteria 

(expectations and motivation) are linked to perceptual analysis which 

establishes theoretical identification of input in relation to current context 

and experience, events and causal illusions. Consequently magnitude 

estimation of a stimulus is the summation of the sensory perceptual 

indicators given expectations and motivation (associated with current 

context, experience, events and casual illusions). 

Perceptual analysis requires access to information in order to 

accomplish theoretical input identification (Fodor, 1989, 1990). As suggested 

by the clinical qualitative information, individuals who experience 

breathlessness form prototypical representations of theoretical breathlessness 

categories, such as normal or ill patterns (Meek, 1991). Perceptual analysis 

while accomplishing identification of input does not allow the individual to 

make spontaneous inferences or build theories in any way. These functions 

are part of cognitive analysis, which allows the individual to make sense of 

the world through metarepresentation. Information obtained through the 

qualitative investigation strongly suggest that judgment heuristics is the 

strategy used to establish concept resemblance. Perceptual analysis 



:. resumably cannot allow theoretical input identification without a 

determination (judgment) 

Cognitive Dimension 

7 1 

While, the model lacks complete clarification of the elements, 

processes, and factors associated with breathlessness as there is not total 

agreement in the literature, cognitive science provides a foundation for 

elucidation of the composition and processes associated with the cognitive 

dimension. Obviously complete framework specification can not occur 

without further investigation within the context of breathlessness. Again, 

the interaction between the sensory and cognitive dimensions as well as the 

associated cognitive analysis are key suppositions of this model and will be 

the focus of the discussion. 

Cognitive analysis 

The cognitive analysis level contains all the tradition.al 'thinking' 

about breathlessness that is done. For example, spontaneous inferences 

concerning exposure to potential triggers, or contemplating the best course of 

action for the day given current and past breathing patterns require cognitive 

analysis. Cognition in this framework is a high level function using the 

sensory and perceptual analysis information. Cognitive analysis of 

breathlessness uses all cognitive processes available to the individual, 

i..'1cludmg remembering, thinking, communicating and evaluating self and 

others. 

Cognitive analysis within this model interacts with perceptual 

analysis. Presumably, with increased breathlessness experience, the 

theoretical knowledge base grows as does its representation, becmni..."'1g 
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increasingly detailed and systematic. Through increased exposure and 

perceptual analysis, the integration of perceptual and sensory representations 

becomes increasingly accessible and interactive. In essence, experience 

results in a core representation of information which gives the individual 

what Benner (1984) calls "know-how" (p. 3). In the qualitative investigation 

the breathlessness "know-how" could be characterized as practiced bodily 

response to stimuli, skilled assessment of bodily states and complex episode 

management skills. With increased expertise and know-how, patterns 

versus surface features or singular instances are used in the representation 

and evaluation of the circumstances. 

SUMMARY 

Examination of the framework is required to develop better theories 

of breathlessness. Continual respecification as new information becomes 

available and as the framework undergoes testing is essential to 

understanding breathlessness. The goal of better theories is better 

understanding of and interventions for breathlessness. The goal of this 

investigation was to explore the cognitive dimension outlined within the 

framework. Hence, the next chapter discusses specific links, and 

assumptions of the framework that are key to the cognitive dimension of 

breathlessness. 
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Chapter 3 

THE COGNITIVE-PERCEPTUAL FRAMEWORK OF BREATHLESSNESS 

Introduction 

The cognitive-perceptual model (CPM) of breathlessness presented in 

Chapter two provides a foundation from which to explore breathless 

sensations, perceptions and cognitions (Figure 4). The major innovations 

are the proposed continuum of analysis from the sensory to cognitive levels. 

The CPM can be summarized as a depiction of a theoretical perspective of 

breathlessness that is multidimensional with dimensions that support and 

conduct ongoing representation, categorization and speculation concerning 

any breathlessness stimulus that is presented. 

This chapter will discuss only those elements of the CPM model that 

were key to this investigation of the breathlessness cognitive dimension. 

Representations varying in complexity and organization are seen as a major 

elements within the sensory and cognitive dimension. A discussion of the 

different forms of representations depicted in the CPM model will be the 

initial portion of this chapter. Conceptual identification of the 

representations is pivotal to the progressive information flow from sensory 

to cognitive analysis and is the second key element that will be presented. 

Conceptual identification of input is central to the categorization and 

speculation that the model proposes. The discussion will focus on two 

major methods of reasoning and making judgments and will conclude with 

a discussion of the research direction and the hypotheses derived from the 

CPM model. 
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Representations 

Representations can be defined as the basic units of human knowledge 

(knowledge structures) which underlie memory and intelligence (Barsalou, 

1989). Representations identified in the CPM model take two major forms. 

The first is the sensory surface layout representation (SSLR) which is central 

to sensory analysis. The second type of representation presented by the CYM 

is not a singular, but is a group of knowledge structures that have great 

volume and complexity of information stores, and will, for the purposes of 

this discussion, be referred to as framework representations. Framework 

representations (FR) are central to breathlessness evaluation as they provide 

a skeleton, that structures the perceptual and cognitive analysis of 

breathlessness. Many different types of FR are proposed including; bayesian

logic rules, exemplars, prototypes, mental models and definitions 

(McOoskey & Glucksberg, 1979; Medin & Shaffer, 1978; Rosch & Mervis, 

1975; Rips, 1989; Lesile, 1988). Further discussion of the different 

representations present in the CPM model will occur in the following 

sections beginning with the SSLR. 

Sensory Surface Layout Representations 

Sensory surface layout representations (SSLR) are integrated nervous 

impulses which provide information that allow perceptual analysis (Marr, 

1982). SSLR are like a partial view of the sensory information (a rough draft; 

not a 3 dimensional view but a 2 1/2 dimensional sketch) or in other words, 

the transcribed, but as yet not deciphered, message. Recent context and 

events potentially influence the SSLR through previous nervous activation 

(Freeman, 1991; Barsalou, 1989; Leslie, 1988). The SSLR may not be identical 
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in any two instances given prior nervous activation. For example, if an 

individual is asked to determine a breathlessness intensity level hours after 

clinically experiencing it, perceptions of increased intensity may be triggered. 

But if asked to make the same determination two weeks later a different 

intensity level may be triggered. Sensory physiologic factors such as 

previous activations can influence the SSLR (Freeman, 1991). Presumably, 

the SSLR in this way contributes to between and within individual 

perceptual variability (Barsalou, 1989; Freeman, 1991; Gescheider, 1989). 

Sensory surface layout representations (SSLR) differ in permanence to 

the other knowledge structures. Wide variability exists between individuals 

in scaling of breathlessness, but patterns surface when examining within 

individual variability (Altose, et aI., 1985b; Burki, et al., 1988). The SSLR can 

be viewed as the patterns, identified and discussed by Freeman (1991), that 

are constantly changing. The influence of recent past activation patterns, as 

with an individual's specific breathlessness, pattern may be difficult to 

identify in the chaos of constant change. The stability seen with individual 

scaling over time may be representative of breathlessness central tendencies 

observed and stored as a framework representation. 

Framework Representations-Concepts 

A framework representation (FR) is a neurosensory information 

pattern which is stored in memory as an organized unit (knowledge 

structure), exhibiting greater volume and complexity of information than 

the SSLR (a full3-dimensional view versus a partial view or 2 1/2 D sketch). 

Many forms of FR exi..'>t and may be concrete, as with exemplars (concrete 

examples of a situation or symptom), or abstract as with mental models 



76 

(general ideas or guidelines associated with a situation or symptom) (Rips, 

1989; Barsalou, 1989; Lesile, 1988). The FR may also contain information 

which is central or prototypical to the situation, symptom or concept. The 

exact form and structure of the FR remains debatable and several theories 

exist (Barsalou, 1989; Collins & Loftus, 1975; Miller & Johnson-Laird, 1976). 

No evidence exists to dispute the presence of several knowledge structural 

forms within the CPM. Consequently, several key types of FR will be 

reviewed and discussed, which pertain to breathlessness, specifically 

exemplars, definitions and prototypes. 

Exemplars 

Exemplars are concrete mental representations, instance-based 

knowledge structures (Medin & Schaffer, 1978; Rips, 1989). With exemplars, 

representation of an individual's knowledge of breathlessness would be 

stored as memories of specific episodes that have actually been encountered. 

Consequently when knowledge is stored as examples of breathlessness 

episodes, any new instance is compared to remembered ones. Specific 

episodes can become numerous as experience grows unless there is relatively 

little variability from episode to episode. Exemplars exist in long-term 

memory, for example, all of us can remember a specific instance of exertional 

breathlessness. The question relevant to the CPM is whether exemplars help 

establish conceptual identification of the input? 

In clinical settings individuals report exemplars that are part of their 

apparent FR of breathlessness. Every health care provider has heard 

individuals describe several different instances of breathlessness they have 

experienced. Some evidence exists that the exemplars are stored due to the 
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unique or memorable nature of the instance (Barsalou, 1989); for example, 

the worst episode of breathlessness or the one that occurred without warning 

is frequently recalled in vivid detail (Meek, 1991). In general, all individuals 

who experience breathlessness remember specific instances that are 

important to them (Janson-Bjerklie, Carrieri & Hudes; 1986; DeVito, 1990; 

Mahler, 1990; Meek, 1991). 

A recent qualitative investigation (DeVito, 1990) which interviewed 

96 individuals who had experienced acute breathlessness episodes requiring 

hospitalization, found individuals were able to recall exemplars. The 

exemplars contained details of feelings, the situation, as well as information 

about health care providers' actions. The investigation looked specifically at 

events which were notable (hospitalizations for breathlessness) and lends 

support for exemplar as a FR of breathlessness. 

Definitions 

Definitions are knowledge structures which contain specific 

statements of meaning (e.g. "what is a breathlessness episode?"). A simple 

definition may be a list of characteristics such as "breathlessness is increased 

respiratory rate associated with wheezing and distress." A definition is not 

necessarily a perfect representation of any given episode of breathlessness as 

with an exemplar, although an episode could be identified by the definition. 

The defi..-rition contains the features which are necessary and sufficient to 

identify an instance of a situation, concept or categOIY. To illustrate, using 

the brief definition given above, increased respiratory rate, wheezing and 

distress are necessary and sufficient for an individual to categorize the 

symptoms as breathlessness. 
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Definitions of breathlessness are not universally accepted in the 

literature. In fact some seventeen different definitions have been proposed 

(Mahler, 1990). Consequently, it is difficult to list a definition of 

breathlessness that would have the necessary and sufficient features essential 

for each individual experiencing it. Definitions as part of the breathlessness 

FR presumably are very individualized (e.g. "what is breathlessness to 

me?"). There is little evidence to suggest that definitions are or are not a FR 

of breathlessness, but clinical and qualitative evidence suggests individuals 

can define what a breathlessness episode is like for them and what are the 

necessary or sufficient features that trigger labeling the breathing state as 

breathlessness (Meek, 1990). Exploration of individuals' definitions would 

be useful in further substantiating the presence of definitions as a 

breathlessness FR and potentially providing a definition which may be 

universally accepted in the literature. 

Prototypes 

Prototypes are less concrete mental representations than exemplars or 

definitions and focus on central tendencies versus specific instances. A 

prototype is an archetype, a pattern or the embodiment of a concept, category 

or situation and focuses on the typicality of instances. Individuals when 

asked to produce an example of a situation, concept or category are more 

likely to produce a prototype than specific instance (Rosch, 1978; Smith & 

Medin, 1981). 

Classification of an instance to a situation, concept or category is 

expedited by prototypical FR. In other words given an instance of a 

breathlessness episode, an individual is able to classify whether the instance 
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fits the prototype of breathlessness .. Also, individuals when asked about 

breathlessness categories, concepts or situations tend to report what is central 

key information versus a specific example of an episode or a list of episodes 

they have encountered. To illustrate, if an individual who experiences 

frequent episodes of breathlessness has a defined prototype, it may include 

central changes noticed (eg. chest tightness) and the typical duration of 

episodes (eg. 10 minutes), as opposed to a list of associated features or a 

specific breathlessness episode. The majority of investigations testing 

prototypes have dealt with catergorizations such as "is an ostrich a typical 

bird" (Osherson & Smith, 1990; Rips, 1990). It is uncertain whether symptom 

prototypes exist that contain the central tendencies experienced by 

individuals or if investigations can be conducted with breathlessness to test 

for the existence of prototypes. 

Recently, a secondary analysis using grounded theory probed 

asthmatic individuals' reports of breathlessness, and provides tentative 

support for the existence of symptom prototypes (Meek, 1991). The purpose 

of the investigation was to uncover the cognitive process which may be 

associated with breathless episodes. Interviews with ten individuals having 

Forced Expiratory Volumes in one second (FEVJ that were equal to or less 

than 46% of normal predicted values were examined (Table 3). All but two 

individuals investigated had severe pulmonary dysfunction that resulted in 

daily episodes of breathlessness. 

All participants reported patterns consisting of information about 

their typical normal and ill states as well as information about a 

breathlessness episode. Individuals reported numerous instances of 



Table 3 Demographics of qualitative report (n=10) 
Variables Value 

Mean Range 
Pulmonary Functions test 

(% of predicated normal values) 
FEVl 38% 
FVC 63.7% 
Years with Asthma 16.5 
Number of Episodes 25.6 
IMonth 
FEV1= Forced expU'atory volume In one second 
FVC- Forced Vital Capacity 

20 to 46% 
45 to 78% 

5 to 35 
4to 30 
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similarity judgments between breathing state now (instance:today at 9:00 am 

breathing state) and their typical breathing pattern (category: typical breathing 

pattern). The patterns used for this similarity judgment between instance 

and category appeared to be prototypical as participants reported general 

descriptions of how their breathing typically was. Information reported 

about a breathlessness episode included the usual quality, intensity, 

frequency, onset speed and time of occurrence. A breathlessness episode 

which did not follow the prototypical pattern was reported as reason for 

concern. Individuals reported clear representations of what they described as 

typical breathlessness episodes. 

The patterns uncovered in this study (Meek, 1991) are similar to the 

descriptions of prototypes reported in the literature (Rips, 1989; Barsalou, 

1989). Judgments of resemblance or similarity are a common form of 

human cognitive judgments and concept identification of input (Tversky, et 

al.,1983). The findings reported here provide support for two important 

points concerning cognitive processes and representations associated with 

breathlessness. First, individuals who have experienced breathlessness may 
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store prototypical representations of breathlessness episodes. Second, the 

representations appear to be used in analysis of the sensory information 

received to determine conceptual identification. There is tentative evidence 

that several forms of breathlessness FR exist. The next section will 

summarize the current level of understanding concerning representations. 

Representations Summary 

The proposed CPM of breathlessness has two major categories of 

representations: the SSLR or the integrated nervous impulses which provide 

a sensory sketch of what is occurring, and the FR, or the hierarchically 

organized knowledge structure which contains various forms of 

information about breathlessness, including exemplars, definitions, and 

prototypes. The FR has greater complexity and volume of information than 

the SSLR sensory sketch. The exact type of FR that relates to breathlessness is 

not certain. Clinical and qualitative evidence exists which tenatively 

supports the existence of notable exemplars, typical breathing pattern and 

breathlessness episode prototypes as examples of breathlessness PR's. 

Concept Identification of Input 

Conceptual identification of input is simply defined as a category 

judgment concerning the nature of the input received. To use the coded 

message analogy, input conceptual identification is like determining the 

importance and character of the received, transcribed and deciphered 

message. The goal of input conceptual identification is to establish a 

functional correspondence between the input and what is currently and 

historically known about such an input pattern. Establishing 

correspondence involves answering the perceptual questions; what is it?, is 
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it different?, and how big is it? It is a form. of reasoning which requires a 

comparison of properties (Collins & Burstein, 1989). 

Reasoning 

Determining conceptual correspondence is said to be central to the 

reasoning associated with human category judgments (Collins, et al., 1989). 

The process of determining correspondence involves reasoning concerning 

the resemblance of an instance to a category. The process has been 

extensively investigated, but has yet to be clearly explicated (Barsalou, 1989; 

Kahenman & Tversky, 1982; McCloskey & Glucksberg, 1979; Rips, 1989, 1990; 

Rosch, 1978; Smith & Medin, 1981; Tversky, 1977; Tversky & Kahneman, 

1974, 1980, 19811982, 1983; Tversky & Gati, 1982). Basically, assessment of 

resemblance is a form of inductive reasoning. 

Two major methods of reasoning are proposed, Bayesianism and 

judgment heuristics. Bayesianism is a method of determining 

correspondence based in logic and probability reasoning. Judgments based in 

probability and logic have the highest possibility of success (Osherson, 1990). 

Judgment heuristics is a method which focuses on similarity comparisons 

and natural assessment of representativeness (Tversky, et al., 1983). Despite 

the decreased chance for success, human judgments are known to diverge 

from probability and logic rules, particularly in the presence of uncertainty 

(Tversky et aI., 1983). Further elaboration of these two methods will be 

presented in the next sections. 

Bayesianism 

Bayesianism involves humans judgments based in logic and 

probability. Bayesianism uses logical truth to establish probabilities or the 
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likelihood of something being so. Logical truth is a statement that is true in 

every instance, such as 1 + 1 = 2 (Osherson, 1990). Logical statements are the 

bases for Bayesianism and probability since they can be evaluated for the 

their likelihood of being true. The basic probability (P) functions based on 

truth statements require several conditions to be true (Osherson, 1990; 

Tverskyet al., 1983). Initially the following two conditions must be met; no 

probability is negative [ P(5J.» or = 0] and the probability of a logical truth is 1 

[if 5J. is a logical truth, then P(Sl) = 1]. Given these conditions many more 

logical relations can be described and defined. These conditions are 

frequently referred to as Kolmogorov's axioms and are the basis of classical 

probability theory (Osherson, 1990). A situation that satisfies the above 

conditions will also satisfy several other conditions including Bayes' 

theorem4 • Bayes' theorem is considered so fundamental to application of 

classical probability theory that any situation which satisfies all of the initial 

four conditions (and therefore the other conditions listed in the footnote) is 

bayesian. 

Bayesianism has come under intense scrutiny in recent years because 

it has been determined that perfect Bayesianism does not exist in human 

judgments (Osherson, 1990). Although bayesian judgments occur, increased 

4 Bayes' theorem states that the probability of the first statement, assuming the second is 
equal to the probability of the second, assuming the first, times the probability of the first 
divided by the probability of the second [if P(9.2)is not = 0, then P(5:J. assuming 92 ) = P(52 
assuming5:J.)P(5:J.)/ P(52)]. Several other conditions are also true if the initial conditions are 
valid. They are: 1) the probability of a situation not occurring equals one minus the 
probability of that situation [P(not-St) =l-P(S])], 2) If the first situation (5:J) and the second 
situation (Si) are logically equivalent, then the probability of the first situation equals the 
probability of the second P(S]) = P(Si), 3) The probability of the conjunction of the first and 
second situation occurring is less than or equal to the probability of the first. peSt and Si) < or 
= peSt)· 
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complexity and uncertainty associated with a judgment give rise to 

nonbayesian responses which do not follow the probability conditions 

discussed. It has been shown that individuals ignore prior odds or 

established probabilities in judgments (Kahenman & Tversky, 1973). For 

example, if individuals are given several descriptions of individuals 

(prototypical sketch), as well as the known population occurrence 

probabilities for engineers and lawyers (prior odds) and asked to determine if 

the individuals are engineers or a lawyers, the established probabilities are 

not used in the reasoning process. In other words the participants base their 

determinations on the prototypical sketch without attempting to create a 

final outcome that matches the predicted population occurrences of lawyers 

and engineers (Kahenman & Tversky, 1973). Inattention to established 

probabilities occurs even with knowledge of the prior odds in the response. 

Hence, individuals make nonbayesian judgments even when probabilities 

are know. A further example of nonbayesian judgments known as the 

conjunction fallacy will be discussed in the following section. 

Conjunction Fallacy 

Tversky and Kahnelman (1983) examined nonbayesian judgments, 

specifically the conjunction rule which states that the probability of two 

events [peS]. and Sz)] occurring together is less than the probability of either 

event alone [P(S].) or P(Sz)]. The investigation examined whether 

individuals would follow the conjunction rule in making probability 

estimates. Tversky, et al (1983) examined the conjunction rule due to their 

belief that it offered the "sharpest contrast" (p. 296) between probability 

theory and nonbayesian judgments of representativeness. The 
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methodologies used ranged from direct 'subtle tests' in which two groups 

evaluated either P(5:L and~) and P(5:L), P(~), to 'transparent tests' where 

groups evaluated P(5J. and ~) or P(5:L), P(~) in a manner that highlighted 

the relation between them. 

Subtle Tests of the conjunction rule were conducted by giving all 

participants a personality sketch of a factitious person, with an attached list of 

occupations and avocations. The sketch and list were as follows: 

"Linda is 31 years old, single, outspoken and very bright. She majored in 

philosophy. As a student, she was deeply concerned with the issues of 

discrimination and social justice, and also participated in anti-nuclear 

demonstrations. 

Linda is a teacher in elementary school. 

Linda works in a bookstore and takes Yoga classes. 

Linda is active in the feminist movement (51). 

Linda is a psychiatric social worker. 

Linda is a member of the League of Women Voters. 

Linda is a bank teller (5:2). 

Linda is an insurance salesperson. 

Linda is a bank teller and is active in the feminist movement 

(5:L & ~)." (p.297) 

The sketch was designed to especially portray an active feminist and not a 

bank teller. The investigators expected individuals to believe Linda was a 

feminist more often than they believe she was a bank teller and presumably 

to not believe Linda was a feminist bank teller (5:L and ~ to a greater degree 

a than feminist (St) or bank teller (~). 
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The subtle test of the conjunction rule required the group of 

participants (n=88) to rank order each description by the probability that 

Linda resembles the typical individual described in each of the statements 

tested. The results of this method were that 89% of the participants ranked 

the conjunction (Linda is a feminist bank teller S:t and ~) as more likely 

than its constituents (bank teller ~). The results were essentially the same 

when the investigation was conducted with participants who had knowledge 

of advanced probability, statistics, and decision theory. The question then 

arose as to whether the errors occurred as a result of testing procedures and 

so transperent tests were done. 

Transparent Tests were constructed to highlight the conjunction rule 

in an attempt to identify its influence on the conjunction fallacy. First, the 

investigation was conducted on 142 undergraduates who were given the 

same personality sketch and list of occupations and avocations. The order of 

the list was inverted for half of the participants which still produced an 85% 

fallacy rate. Next the investigators studied whether the conjunction 

statement was not taken literally, but read as "Linda is a bank teller and not a 

feminist." A new group of participants (n=88) were used, half were given 

the same problem with the conjunction (5]. and ~) eliminated from the list 

and the other half had the constituents(5].), (~) excluded and ranking scores 

were compaired. The group with the conjunction eliminated, consistently 

ranked (~) lower than the other group ranked the conjunction (5]. and ~), 

supporting the idea that the conjunction rule was still not a part of the 

judgment. 
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Finally, the investigators presented another group of participants with 

the same personality sketch but with only the two statements Linda is a bank 

teller (~) and Linda is a bank teller and is active in the feminist movement 

(5]. and ~). The participants were then ask to evaluate which of the 

following two contention was most believable: 

Contention 1. (valid extensional argument) "Linda is more likely to be a 

bank teller than she is to be a feminist bank teller, because every feminist 

bank teller is a bank teller but some women bank tellers are not feminists, 

and Linda could be one of them."(p. 299). 

Contention 2. (Invalid resemblance argument) "Linda is more likely to 

be a feminist bank teller than she is likely to be a bank teller because she 

resembles an active feminist more than she resembles a bank teller." 

(p.299). 

Despite the deliberate attempt to induce a "reflective attitude" (p. 299) 65% 

of the participants selected the invalid argument. Regardless of method, the 

conjunction rule was consistently violated creating a conjunction fallacy. 

The fallacy also occurred despite considerable statistical knowledge on the 

part of many individuals. 

Conjunction Fallacy and Medical Iudgments were examined in a 

group of practicing physicians asked to make intuitive predictions based on 

clinical evidence (Tversky & Kanheman, 1983). It is important to remember 

medical judgments require a blend of expertise as well as intuition. All of 
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the physicians were internists and the medical problems used were familiar 

to them. The physicians were asked to rank order symptoms given within 

the problems as to likelihood of occurrence, much like the Linda problem. 

Each set of symptoms included one that was judged by consultants as 

nonrepresentative (~) of the medical problem and the conjunction of it (~) 

with a highly representative symptom (5:1.). Hence the physicians could 

choose (52) or (S:t and ~) as well as other symptoms. Again, despite different 

methodologies (direct and transparent), the conjunction fallacy resulted 

regardless of the transparency of a method. 

The results of these investigations demonstrate two important points. 

First, despite expertise and knowledge, individuals make judgment errors 

which can be referred to as inadequate applications of normative logic rules. 

This is incongruent with scientific logical reasoning. Second, 

symptomatology judgments are subject to the same errors and can result in 

the conjunction fallacy. 

Bayesianism Summary 

Bayesian judgments rely on proper application of logic and probability 

theory. Several authors have proposed that bayesian judgments are not the 

sole factor influencing human judgment (Osherson, 1990; Tversky & 

Kanheman, 1983). Bayesian judgments do not adjust for frequency of 

occurrence, causality, correlational beliefs, or sensory constituents that may 

be very relevant to judgments. As Tversky and Kanheman (1983) indicate, 

the conjunction rule offers a clear contrast between the logic of probability 

theory and conceptual identification of input. The conjunction fallacy 

demonstrates that even when valid arguments are highlighted, judgments 
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may be based on other processes. The investigators state their position on 

invalid (nonbayesian) judgments as follows: 

"In cognition, as in perception, the same mechanisms produce both 

valid and invalid judgments. Indeed, the evidence does not seem to 

support a 'truth plus error' model, which aSsumes a coherent system of 

beliefs that is perturbed by various sources of distortion and error. We 

suspect that incoherence is more than skin deep" (p. 313). 

Hence, it is clear that although Bayesianism does produce valid judgments, it 

is not the only method used and is frequently not used even by individuals 

trained in probability or decision making. 

The examination of physician's medical judgment is particularly 

interesting in the breathlessness CPM context. Symptomatology judgment to 

determine the probability of a symptom occurring is similar to determining 

the likelihood of a SSLR representing breathlessness. Given this similarity 

several questions arise. Do individuals experiencing the symptom 

(breathlessness) make the same judgment errors? Does first hand experience 

and access to more information (personal sensory information) alter the 

outcome of such judgments? It would be interesting to explore whether 

individuals producing their own set of sensory descriptors as constituents 

commit the conjunction fallacy or whether the probabilities are too obvious 

to violate. These question can not be answered until basic research is done 

on the influence of Bayesianism on personal symptomatology judgments. 

The conjunction fallacy is an example of judgments which do not follow the 

basic probability theory. The issue is why individuals resort to nonbayesian 

judgments that could be considered cognitive judgment errors. 
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I udgment Heuristics 

Judgment heuristics is a strategy that uses natural assessment of 

representativeness and availability to make a judgment (Tversky, et al.,1983, 

1982; Osherson, 1990). Judgment heuristics do not conform to the logic of 

probability theory. With judgment heuristics a conjunction can be more 

representative than its constituents and hence more influential in 

judgments than a probability rule. 

Natural assessment of representativeness as conceptualized by 

Tversky et al. (1983) is like the natural assessments that individuals carry out 

as part of "perceptions of events" and "comprehension of messages" 

received. For example, when a physician asks if it hurts when palpating an 

abdomen, it elicits a comparison between the abdominal sensory pattern 

prior to and during palpation. In spite of formal judgment theories, 

individuals in this situation normally do not analyze the occurrence into a 

complete list of all the painful possibilities. Presumably, a similarity 

evaluation of the sensory abdominal pattern during palpation to previous 

abdominal pain or a judgment of causation occurs. Judgment heuristics 

then can be defined as a comparative process which determines similarity of 

an instance to a category. 

Rips (1989) provides additional support for judgment heuristics, when 

he states "it may well be correct that immediate perceptual categorization 

often rests on similarity"(p. 49). H conceptual identification of input requires 

rapid judgments based on a SSLR, then surface properties dominate 

judgments (Rips, 1989). Judgment heuristics relies on representational 

forms which can be compared to determine similarities. Rosch (1978) 
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supports the idea that a perceptual concept, a category or a symptom is 

naturally formed and defined by a focal point or prototype. H a focal point or 

prototype is present, use of judgment heuristics predicts the following. 

1) The structure of the similarity comparison that S:1. is like 5.2 requires S:t to 

be the instance and 5.2 to be the category (focal point or prototype). The 

comparison form is the critical feature in this statement and must be true in 

order to conduct a comparison of an instance to a category. 2) The perceived 

distance (difference) from the category to the instance is greater than from 

the instance to the category [(5.2, S:t» (S:t,5.2)]. An asymmetrical relationship 

is defined by this statement, which exists if prototypes are the basis of the 

natural assessment of representativeness. Two major theoretical approaches 

to the balance of smiliarity between instance and category exist, geometric 

and feature theory5 (Smith, 1989). The geometric theory supports the 

supposition that there is symmetry in the relationships. The feature theory 

on the other hand emphasizes the associated features of an instance and 

category and helps demonstrate asymmetry in the relationship. 

Gemometric Approach and Symmetry 

Within the geometrical approach instances are represented as 

individual occurrences. The instance must be separate from a category 

(prototype) by a distance (difference) which represents the dissimilarity 

between them. The smaller the differences between instance and category 

the greater the similarity and vice versa. For example, the difference 

5 The two major theorical approaches to measuring of similarity are: 1) geometric that focuses 
on the distance between instance and categories, and 2) features that focuses on properties of an 
instance compared to a category. The features approach is best characterized by Tversky's 
(1977) contrast model that is based in determining the similarity between a set of features 
characterizing instance and the set characterizing the category. 
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between an apple and orange would be less than between an apple and a 

watermelon. IT comparing types of fruit (instance) to the category fruit, a 

tomato and coconut presumably exhibit a greater dissimilarity from the 

central category than an apple.6 

The assumption concerning how instances and categories behave 

within this approach presumably follow geometric axioms of which 

symmetry is only one? The symmetry axiom basically states that a similarity 

comparison (distance, difference) between two instances is the same whether 

you compare instance one (S:t.) to two(52) or vice versa (mathematically the 

axiom would be as follows: [d(S:t.,52) = d (52, 5J)]). Using the example of fruit, 

if the similarity of apple to orange is the same as orange to apple then the 

instances are symmetrical. The symmetry axiom has beneficial applications, 

particularly in relation to color and tone judgments of similarity (Shepard, 

1974; Carrol & Wish, 1974), but as has been demonstrated, some similarity 

judgments produce asymmetry (Tversky and Kanheman 1977). 

Feature Approach and Asymmetry. 

Asymmetry occurs when the similarity between two instances is not 

equal. The direct challenge to the axiom and the emergence of the feature 

approach began with Rosch's statements (1975). Rosch proposed that 

categories are naturally formed and prototypical in nature, meaning that the 

6 The similarity of an instance to a category can be influenced by many factors, in particular 
culture. For example the instance of a coconut would have greater similarity to the category 
fruit than an apple for an individual raised and living on a south pacific island. 

7 Three axioms are associated with the geometric approach to similarity measurement. 1) 
Minimality assumes the distance between any instance and is the same for all instances and is 
the minimum possible [d(Sl,S2) ~ d(Sl,Sl) = d(S2,S2)=O]. 2) Triangle inequality deals with 
the distance between two instances and assumes that the shortest distance is a straight line 
[d(Sl,S2) + d(S2,S3) ~ d(Sl,S3)]. 3) Symmetry is discussed above. 
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perceived distance (difference) from the category to instance is greater than 

from instance to category. Tversky, et al (1977) provide important evidence 

against symmetry in all situations. At the heart of the challenge is 

prototypical representations and the belief that more salient features are part 

of the representation. An example is the statement North Korea (NK) is like 

Red China (RC) which is not the same as Red China is like North Korea. 

Comparison of the features associated with the statements demonstrates they 

are not equal in the direction of similarity [(NK,RC) * (RC,NK)] (Table 4). 

The larger population and geographic area of Red China evokes large 

variance in the comparison of it to North Korea, while the opposite 

comparison seems more feasable. Clearly stated, China is considered more 

prototyical and prototypicality produces asymmetry in judgments of 

similarity (Tversky, et al.,1977). 

Table 4 Similarity comparison of features between Red China and North 
Korea 

FEATURES 

Red China North Korea 
Large Country Small Country 
Politically Communist Politically Communist 
Largest Population in the world Small Population 
Oriental-but with large ethnic Oriental- small ethnic diversity 
diversity 

Rips (1975, 1989, 1990) demonstrated asymmetry in adults' judgments 

of category membership that are influenced by prototypical information. All 

of these investigations serve to reinforce Tversky and Kanheman' s (1977) 

supposition that a similarity comparison is directional by nature, with one 

object serving as the standard of comparison. In other words the situation, 
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comparison and established directionality. 

Tudgment Heuristics and Breathlessness 
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Judgment heuristics or a natural assessment of representativeness 

comparing a particular breathing pattern instance to a breathlessness FR fits 

well with the CPM. There is tentative support for the existence of 

prototypical breathing patterns and breathless episodes (Meek, 1991). The 

analysis revealed that individuals conduct cognitive similarity comparisons 

of themselves "past/present", "before/after", and "well/not-well" that are 

integral to judgments concerning their breathing. The key point to derive 

from the qualitative results is that individuals who experience 

breathlessness routinely report both prototypical patterns and a natural 

assessment of the resemblance comparing current states to typical patterns. 

It is important to note that psychophysical investigations of 

breathlessness have shown wide individual variability and lend support to 

the view that individuals may have their own standards for determining 

sensory intensity or even detecting, discriminating or recognizing a sensory 

pattern (Gescheider, 1988). Clearly there is reason to investigate the possible 

influence prototypes have on assessment of breathlessness. 

Summary of Conceptual Identification of Input 

Conceptual identification of input can be simply defined as a category 

judgment that determines concept correspondence. The process of making 

such judgments may result from Bayesian reasoning or judgment heuristics. 

Bayesian reasoning, while providing the greatest chance for successful 

judgments about sensory input is infrequently used in judgements as a 
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whole. Judgment heuristics provides a clearer theoretical match with the 

breathlessness CPM, although it is unclear which FR may be part of the 

determinations of representativeness. If the reported breathlessness 

prototypes are a part of the judgment heuristics process, then asymmetry 

must be present. The research directions of this investigation and the 

associated hypothesis can now be outlined. 

RESEARCH DIRECTIONS 

Category judgments on the bases of symptomatology are made both by 

health care providers and individuals experiencing symptoms. Individuals 

actively identify and interpret symptoms, making cognitive judgments in 

the process. Physicians who are trained in decision making are subject to 

judgment errors and presumably so are patients. The purpose of this 

research was to contribute to the multidimensional understanding of 

breathlessness by exploring individuals' cognitive judgments about 

breathlessness. Cognitive judgments are central to the cognitive dimension 

portion of the framework that guides this investigation. The specific aims 

identified in Chapter one were central to theoretical clarification about the 

cognitive dimension of breathlessness and serve as an outline for the 

questions and hypotheses that guided the research. 

Specific Aims and Hypotheses 

Specific Aim 1: 

Describe the relationship of the conjunction rule to judgments associated 

with the judgment of breathlessness. 

The conceptual identification of input identified in the breathlessness 

CPM and Bayesianism was the focus of this specific aim. Bayesianism and 
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the conjunction rule have not been investigated in the context of 

breathlessness. Specifically, the questions posed were as follows. Will 

individually produced constituents and conjunctions used in judging 

breathlessness demonstrate the same pattern as seen in other human 

judgments? Although the conjunction fallacy has been shown to exist in 

symptomatology judgments made by those not experiencing the symptom, 

does the personal context make the conjunctions more transparent and 

hence less subject to fallacy? These important questions have not been 

answered and are critical to increasing our understanding of the 

breathlessness cognitive dimension and its interplay with the sensory 

dimension. Thus the follOWing hypothesis was proposed: 

Hypothesis 1: The conjunction fallacy will occur under experimental 

conditions that use personal sensory constituents and conjunctions. 

[ P(~ and SV ~ P(SV or P(SV ] 

Specific Aim 2: 

Describe and contrast the relationship of judgment heuristics to the 

judgments associated with breathlessness. 

The second specific aim focuses on the conceptual identification of 

input in breathlessness. Judgment heuristics, which has the clearest 

theoretical fit with the breathlessness CPM, requires quantitative 

investigation in this context. Clinical and qualitative evidence supports the 

supposition that judgment heuristics and prototypes are used in cognitive 

judgments concerning breathlessness. The questions raised are as follows. Is 

judgment heuristics part of conceptual identification of input? Does 

judgment heuristics (natural assessment of representativeness) influence 
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perceptual analysis of intensity (which requires all other sensory indicators 

detection, discrimination and recognition to be determined)? Does use of 

exemplars and prototypes influence the determinations of breathlessness 

intensity and its relationship to physical experience and learning factors? 

Therefore the following hypotheses were propoSed: 

Hypothesis 2a: Use of a prototype to determine intensity of sensory input 

will decrease the intensity of the sensory response (exponent levels 

further from one) as compared to the sensory response obtained via 

traditional psychophysical techniques. 

Hypothesis 2b: Use of an exemplar to determine intensity of sensory 

input will decrease the intensity of the sensory response (exponent levels 

further from one) as compared to the sensory response obtained via 

traditional psychophysical techniques. 

Hypothesis 3a: Use of a prototype to evaluate intensity of sensory input 

will produce greater correlations (than those obtained via traditional 

psychophysical techniques) between psychophysical breathlessness 

exponents and the level of breathing discomfort and level of pulmonary 

impairment for individuals with versus those without breathlessness 

experience. 

Hypothesis 3b: Use of an exemplar to evaluate intensity of sensory input 

will produce greater correlations (than those obtained via traditional 

psychophysical techniques) between psychophysical breathlessness 
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exponents and the level of breathing discomfort and level of pulmonary 

impairment for individuals with versus those without breathlessness 

experience. 

Specific Aim 3: 

Describe and contrast the prototypical strength of 1) individual sensitivity 

and reactions to internal changes and 2) §YIDptomatic personal histo):Y' in 

breathlessness evaluation 

The last specific aim focused on the representational issues of the 

breathlessness CPM and raises the following questions. If prototypes are 

present with breathlessness FR, do they both produce similar asymmetric 

patterns? Assuming the existence of prototypes, how will they influence 

perceptual analysis of intensity? Does greater symptomatic experience 

produce greater prototypical strength facilitating directionality and 

asymmetry? These questions suggested the following hypotheses for testing. 

Hypothesis 4: Similarity comparisons involving the question "is this like 

your breathing" versus "is your breathing like this" will not be 

symmetrical [d(5L~) < d (5:2, 5I)]. 

Hypothesis 5: Individuals with greater experience with breathlessness 

episodes will demonstrate directionality and asymmetry to a greater 

degree than those with little or no experience with breathless episodes. 

SUMMARY 

Synthesis of psychophysical and cognitive science theory provided a 

base for the development and testing of these hypotheses and will add to 
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understanding the multidimensionality of breathlessness in general and the 

cognitive dimension specifically. Theory synthesis also provided for 

melding of the methodologies that were used. The next chapter will explain 

in detail the procedures and techniques used to test the hypotheses. 
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The methodological and design issues of the proposed investigation 

are presented in this chapter. Procedures for safeguarding the rights of 

human subjects are outlined. The research design, sampling, instruments 

and testing procedures as well as general demographic results are also 

presented. The hypothesis being tested and the analysis plan for each 

hypothesis are discussed. 

Research Design 

A quasi-experimental design was used to test the study's hypotheses. 

Testing hypothesis one involved replication of the methods described by 

Tversky and Kahneman (1983) with slight technical modifications to focus on 

breathlessness and sensory evaluation. The psychophysical technique of 

magnitude estimation was used as the method for making judgements 

concerning breathlessness. The psychophysics design focuses on 

manipulation of the magnitude estimation judgment process in order to test 

hypotheses 2 and 3. Similiarity compairson techniques were modified and 

used to test hypothesis 4 and 5. Additionally qualitative measures were 

employed to evaluate the basic relationship of the measurement conditions 

to the real life experience of breathlessness. 

Two groups were tested; a group with extensive breathlessness 

experience and one with limited experience. The group with extensive 

experience was defined as those with Ouonic Airflow Obstruction (CAO) 

who frequently experienced breathlessness. The group with limited 
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experience were individuals who did not have CAO, and had never been 

seen in the emergency room, physicians office, or hospital for a breathless 

episode. The two groups were used to determine differences related to 

experience with breathlessness as stated in hypothesis two and five. The 

specifics of the sampling and recruitment procedures are outlined in the next 

section. 

Subject Recruitment 

Data collection extended over a five month period, during which time 

114 individuals were recruited and screened, resulting in a final number of 

sixty participants. Two group were created, those with ongoing experience 

with breathlessness due to Orronic Airway Obstruction (CAO) and those 

without, basically healthy individuals. The following inclusion criteria were 

used for the CAO group: 

1) Had a clinical diagnoses of CAO; 

2) Had pulmonary functional impairment indicated by either a forced vital 

capacity to forced expiratory volume in one second ratio (FEV/PVC) less 

than 65% or forced expiratory volume in one second (FEV J values less 

than 65% of predicated; 

3) Had no hospitalization, or emergency room visits in the preceeding six 

months, or history of congestive heart failure; 

4) Had no requirement for continuous supplemental oxygen use; 

5) Had no respiratory infections for the preceeding two weeks; 

6) Had no history of alcohol or drug abuse, or use of mood altering drugs; 

7) Were literate and English speaking; and 
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8) Were experienced with breathless episodes (self-reported) defined as (a) 

self-report of breathless episodes 2-3 times a week (the episode did not 

have to be severe but was required to be noticable to the participant) or (b) 

self-report of emergent care at least once due to breathlessness (emergent 

care=hospitalization, emergency room visit, ·or and urgent/unscheduled 

trip to a physician). 

The following inclusion criteria were used for the healthy group: 

1) Were healthy without evidence of airflow obstruction (within normal 

range for FEV1 /FVC, and FEVJ; 

2) Had no diagnoses of pulmonary problems, shortness of breath, chronic 

cough, or wheezing (also no history of hospitalization, or emergency 

room visits for dyspnea, wheezing, etc); 

3) Had no respiratory infections for the preceeding two weeks; 

4) Had no history of alcohol or drug abuse, or use of mood altering drugs; 

5) Were literate and English speaking; and 

6) Had no experience with breathless episodes (other than breathlessness 

which resolves rapidly occuring as a result of exercise). 

Experience with breathlessness was the key inclusion criteria for 

differentiating the groups. Groups were age and gender matched 

to decrease the influence of these on breathlessness perception (Tack, et al., 

1982; Altose, et al., 1985a). Demographic questions involving inclusion 

criteria were used to screen participants (Appendix A). 

Forty-nine participants with CAO were obtained from the University of 

Arizona St. Lukes Chest Clinic. All these participants were contacted in the 

clinic by the investigator once it was determined they met the diagnosis and 
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physiologic dysfunction inclusion criteria. Individuals were interviewed to 

determine if the other inclusion criteria requirments were met. Once asked 

to participate, willingness was high, but some individuals with CAO 

originally believed to qualify, did not (27%) due to a recent exacerbation or 

initiation of supplemental oxygen (Table 5). All "the final thirty CAO 

individuals were able to distinguish the various resistance levels. One of the 

final thirty participants with CAO did not complete the entire testing 

procedures due to time constraints, consequently only half of the subject's 

data were used. 

Sixty-five age matched healthy participants were recruited via several 

means, including presentations to senior groups, word of mouth and referrals 

from colleagues. Willingness to participate was very high in the healthy 

group, but close to a third of those screened (29%) did not qualify due to age 

matching restrictions and spirometry values below a normal range (FEVl and 

FEVl IFVC below 80% of predicted) (Table 5). Also 30% more healthy women 

Table 5 Screening, recruitment and acceptance by group 

I CAO group Healthy group 
ITotal Number Screened (% female) 49(37%) 65 (65%) 
Refused (% of total screened) 6 (12%) 0 
Turned down 0 16 (all female 25%) 
Did not qualify 13 (27%) 15(23% ) 
Unable to distinguish levels 0 4( 6% ) 

Total Sample Size (% of total screened) 30 (61%) 30(46%) 

volunteered to participate than men and were not included in the 

investigation due to gender matching restrictions. Several (N=4) healthy 
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participants were unable to distinguish the changes in airflow resistance 

delivered via the device and were dropped from the study. The final number 

recruited was thirty in each group, but group variations were seen in number 

of female volunteers, percent not qualified who were originally believed to 

be, and ability to distinguish resistance levels. Accordingly more healthy 

individuals than CAO participants were screened to obtain the final sample. 

Human Subjects 

Clinic participants were contacted while waiting for the physician. 

Potential participants were assured the study would have no bearing on their 

treatment and was purely voluntary. Other subjects contacted via telephone 

or other means were given the same reassurance. Detailed information about 

the study was provided to all potential participants. Participants were asked 

to sign a consent form (Appendix B) which explained both the benefits and 

risks, assurances of confidentiality and anonymity, as well as the freedom to 

withdraw from the investigation at any time. Data were identified by code 

number and information linking subjects' names with data were kept in a 

locked file separate from the study data. Approval the Human Subjects 

Review Committee of the University of Arizona was obtained prior to 

recruitment (Appendix B). Potential risks were minimal but included 

transistory pulmonary distress due to increased external airflow resistance. 

No such situation arose. 

Instruments 

An instrument in quantitative investigations traditionally is viewed as 

a device or survey used to measure something. An instrument can also be 

the means by which something is done, an implement for indicating, 
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measuring or controlling (Kerlinger, 1986). Several different instruments 

were used in this investigation. The psychophysical testing procedures for 

magnitude estimation were treated as an instrument (controlled 

administration to obtain measurements), in that they were reviewed and the 

reliability was addressed. Traditional instruments such as an airflow 

resistance device (ARD) developed to deliver the stimuli used in magnitude 

estimation will be reviewed. Also, baseline pulmonary functions were 

obtained using a SMI (Spirometries®) spirometer and Assess Peak Flow 

Mete:r®. Survey instruments were also used. Baseline perception of 

breathlessness levels and impact were measured using the Baseline Dyspnea 

Index (BDI) and a vertical visual analog scale (V AS). In the following section 

each of these instruments is discussed in relation to reliability and validity. 

Psychophysical testing-magnitude estimation 

Psychophysical testing using magnitude estimation centers on 

judgments about stimulus intensity (Nield, et al., 1989; Tiller, Pain & Biddle, 

1987; Ward & Stubbing, 1985). The relationship between increases in the 

stimulus and measured increases in evoked sensation requires judgment. 

Stevens (1975) established that while the stimulus and response intensity did 

not have a direct one to one relationship, there was a proportional link. 

Although the proportion varies among individuals, the proportion or ratio is 

said to remain constant within the individual for a given sensation. 

The proportionality that occurs between the magnitude of 

breathlessness stimulus, in particular external airflow resistance loads (RLs) 

and the intensity of the evoked breathlessness sensation has been established 

with traditional magnitude estimation techniques (Gottenfried, et al., 1981; 
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Tack, et al., 1982; Altose, et al., 1985a; Nield, et al., 1989). The proportional 

relationship is described by a power function: 

Y=kX11 

such that Y is the intensity of the response, k is a constant, X is the stimulus 

intensity and n is the exponent. The exponent serves as an expression of the 

relationship and determines the curve of the power function plot. An 

exponent of one would produce a straight line while an exponent below or 

above one would typify a curvilinear relationship. The relationship between 

the response intensity and the stimulus intensity for external RLs is 

demonstrated by an exponent of 0.93, for healthy adults reflecting a relatively 

linear relationship, and 0.64 for those with CAO, reflecting a curvilinear 

relationship (Gottenfried, et al., 1981). 

Scaling by magnitude estimation as identified by Lodge is "almost 

invariably found to be superior in providing quantitative information about 

the intensity of people's judgments" (1981, p. 16) when compared to category 

scaling. The superiority occurs for several reasons (Meek, Sennott-Miller, 

Ferketich,1992). The first reason is the ability of the participant to select freely 

the response measures. This helps avoid misclassification of stimuli, 

response and respondents. Second, the procedure produces proportional 

judgments and thereby ratio level response data. Also as reported by Sennott

Miller, Murdaugh and Hinshaw (1988), the results traditionally are very 

reproducible with very high test-retest reliabilities (r=.91). Additionally, the 

method is easy to use and frequently is viewed as a game. Finally, magnitude 

estimation is very cost effective in that there are essentially no missing data. 

The magnitude estimation technique provides high quality data which can be 
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used to evaluate the judgments associated with the subjective nature of 

breathlessness, given simple instructions and appropriate experimental 

controls. 

Intensity of the participant's perception of breathlessness were 

measured by the psychophysical magnitude estimation technique using 

numeric estimation. Numeric estimation requires assigning a number which 

corresponds to a given external RL and the resulting perception of 

breathlessness intensity. While the proposed procedures are not simple, the 

ability of individuals to accomplish the tasks has been demonstrated (Nield, 

et al,1989; Tiller, et al., 1987). In order to accomplish the scaling task 

participants require a training session. 

Training Sessions 

Each participant underwent a training session which is crucial to 

establishing reliability and has been referred to by Lodge as "calibration of the 

response modalities" (1981, p. 44). There are three major issues that the 

calibration procedures address. First, the session provides instruction to 

assure the individual's ability to make proportional judgments. Second, 

because of the subjective nature of the stimuli, the calibration helps provide 

assurance that the results obtained truly reflect the pattern of the stimuli and 

not measurement error. In other words, if the power function and exponents 

for numeric estimation are similar to those previously established in other 

investigations, then the results are reflective of the variations in the stimuli 

and not measurement error. Finally, the calibration helps identify the 

direction or amount of any response bias that may occur. 
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The training session guidelines originally developed by Hamblin (1974) 

were followed. Each participant practiced until the investigator was assured 

of the participant's ability to make proportional judgments. The subjects 

demonstrated this by assigning numbers to a series of dots at various 

distances from the bottom of a 3x5 card in comparison to a reference dot given 

the numeric value of 100. The individual's responses were plotted against 

the actual numbers assigned the dots on log-log paper. The resulting line 

reflected the exponent of the response, in this case numeric estimation 

(exponent =1.0). Therefore, the individual's ability to do ratio scaling was 

assured by the investigator. The specific procedures used to orient the 

individual to the process of proportional judgments are outlined in 

Appendix C. The following section will deal with the traditional magnitude 

estimation procedures. 

Traditional Magnitude Estimation Procedures and Standardized Instructions. 

The participants began by sitting in a comfortable chair for one minute 

of quiet breathing through the apparatus prior to the initiation of the 

procedures. The quiet breathing time allowed the individual's breathing 

pattern to adjust and stabilize given any alteration to airflow produced by the 

equipment. A series of six easily detectable RLs were introduced. Initially 

participants were asked to breath against a load of intermediate resistance and 

assign a random number to serve as a referent. Subsequently, loads of 

various resistances were randomly applied and participants were asked to 

assign numbers as they related to their initial reference point. The loads were 

presented to participants for two consecutive breaths and on two separate 

occasions during each trial (Gottenfried, et al., 1981; Altose, et al., 1985b). 
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The standardized instructions given to the individuals were as 

follows. 

"Imagine you are breathing through a large tube. In the middle of the 

tube is a ball that can become larger or smaller. As the ball becomes larger, the 

greater the resistance will be when you try to pull air in around it to fill your 

lungs. You will be asked to breathe at several different resistances, so the size 

of the ball should seem to change during the study. Assign a number that 

seems to represent the size of the ball. The first level of breathing will be an 

intermediate level and should represent a medium size ball and resistance. 

Assign a number to this level." (pause while number assigned.) "Use this 

level of resistance to breathing and the ball size it represents to compare the 

upcoming increases and decreases in ball size and resistance to pulling in air." 

Upon completion of the first series of RL presentation the other series 

was presented, the details of which are discussed in the testing procedure 

section. 

Reliability 

According to Carmine and Zellers (1979, p. 12), reliability is the 

"tendency towards consistency found in repeated measurements of the same 

phenomenon." The experimental controls used in magnitude estimation 

investigations are essential to establish consistency and thus reliability of the 

procedure. In this investigation, the experimental controls that were 

established included; standardized instructions, training sessions, 

randomization of stimuli, and rest periods. All of these procedure reflected 

careful attention to details that decreased random error and increased 

reliability . 
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The only appropriate formal method of evaluating reliability with 

magnitude estimation is test-retest procedures (Lodge, 1981). The stability of 

the scores over time was the issue that required reliability evaluation. Two 

specific issues concerned with test-retest procedures needed to be addressed: 1) 

the time interval between testing; and 2) reactivity since the procedure may 

induce change in the phenomenon (Carmine & Zeller, 1979). The 

investigation dealt with these issues in the following ways: 

1) random assignment of resistance levels; 

2) repeated presentation of the resistance levels within the same trial; 

3) rest period of at least 25 minutes to allow reversal of any physiologic 

reactivity which may have resulted from the first session. 

Using randomization of resistance levels prevented participants from making 

judgments based on gradual increases or prior knowledge obtained in the first 

trial. Also, the repeated presentation or retest within a given trial allowed for 

a high degree of stability in the physiologic status or in other words little 

change in breathing. The effects of memory bias are typically very minimal in 

magnitude estimation due to the number of judgments made. 

Randomization helps reduce any possible inflation of correlation due to 

memory bias (Sennott-Miller, et al., 1988). 

Validity 

In general, validity of psychophysical scaling has been extensively 

reviewed elsewhere (Gescheider, 1988). Two points helped establish the 

validity of using magnitude estimation with RL as the stimulus. First, the 

existence of important judgment differences associated with magnitude 

estimation (differences between participants while individual participant's 
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judgments are essentially stable) was particularly suited to an investigation of 

cognitive judgments. Secondly, use of external RL in magnitude estimation 

is common and considered represenative of potential physiologic changes 

that could induce breathlessness (Wiley & Zechman, 1966; Zechman & Burki, 

1976; Gottenfried, et al., 1981; Killian, Manhutte & Campbell, 1981; Hudel, et 

al., 1982; Narbed, et al., 1982; BurId, 1981; Ward & Stubbing, 1985; Tiller, et aI., 

1987; Nield, et aI., 1991). Hence validity or the appropriateness of the 

elements and techniques for studying this phenomenon appears supported. 

The procedures, devices and stimuli used in this investigation follow the 

guidelines established to ensure validity of the measurements obtained 

(Altose, et al., 1985b; Burki, et al., 1986). The next section specifically deals 

with the stimuli in magnitude estimation which were used, namely RL and 

the device developed to deliver them. 

Airflow Resistance Device (ARD) 

An airflow resistance device (ARD) is an apparatus that applies an 

external resistance to airflow. In psychophysical investigations of 

breathlessness, an ARD must deliver a range of stimuli so participants can 

make a determination of breathlessness intensity. The implications of using 

airflow resistance as a stimulus will be discussed. Review of ARD, 

procedures, reliability and validity are also reviewed. 

Airflow resistance loading. 

Added external resistance loads are one of the most commonly used 

physical stimuli in psychophysical investigations of breathlessness. External 

resistance loads (RLs) can be defined as loads applied to the participants' 

ventilatory systems that add resistance to airflow during inspiration or 
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expiration and require a change in the participants' system to overcome the 

external resistance (Altose, et al., 1985a; Gottenfried, et al., 1981). When loads 

are added to the ventilatory system, induction of the breathlessness sensation 

typically occurs. For this investigation external RLs were mechanically added 

to inspiration. 

While other physical stimuli may induce breathlessness, RLs are 

directly related to breathings ventilatory airflow opposition (Killian, 

Manhutte & Campbell, 1981; Gottenfried, et al., 1981; Altose, et al., 1985a; 

Tiller, et al., 1987; Nield, et al., 1989). Additionally, external RLs are viewed as 

having a meaningful likeness to the physiologic changes that occur with 

CAO. Resistance loads are also associated with common descriptors of 

breathlessness such as air hunger and work of breathing by both normals and 

those with CAO (Simon, et al., 1989, 1990). 

Resistance follows common physiologic principles within the 

pulmonary system and is mathematically expressed by the formula R 

(resistance) = P (pressure)/V (flow). Resistance can be either external as with 

the RLs application or internal as in airway resistance. The discussion will 

focus on external resistance which was applied via the device developed and 

the physiologic principles involved. 

Measurement of actual resistance of a given load applied is reported in 

centimeters of water per liter per second (cmH20/L/sec). As demonstrated by 

the formula, a change in flow can alter resistance and the RL delivered by the 

ARD to the ventilatory system8 (Comroe, 1974). A change in the pressure also 

8 Airflow between the atmosphere and the air sacs is dependent on pressure difference and 
airway resistance. Resistance in the airways is created by friction beween molecule in the 
airflow and on the tube walls (Comroe, 1974). The normal airway reistance during resting 
breathing is typically less than 2 centimeters of water pressure per liter per second(cm 
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can alter the RL delivered. The difficulty in using external resistance as a 

stimulus is that participants are free to select any flow, and pressure. The 

critical feature of the ARD is the relationship of resistance, airflow and 

pressure. Establishing essentially linear increases in resistance despite 

changes in pressure or flow is needed. Consequently, the external resistance 

applied with each load must be measured at varying airflows (O.5L / sec to 

1.0L/sec). Hence, device development focused on establishing essentially 

linear increase in resistance at any participant chosen airflow. 

Device Development. 

Device development begun with an extensive review of the literature 

to identify precise accounts of ARD's used in magnitude estimation 

investigations (Wiley & Zechman, 1966; Zechman & Burki, 1976; Gottenfried, 

et aI., 1981; Killian, et aI., 1981; Hudel, Cooperson & Kinsman, 1982; Narbed, 

Marcer & Howell, 1982; Burki, 1981; Ward & Stubbing, 1985; Tiller, et al., 1987; 

Nield, et al., 1991) (Appendix D). The following critical details were extracted 

from the literature review: technical specifications, device external resistance 

level, and range of external RLs able to be applied (Appendix D). The 

technical specifications varied from electronically controlled valves to a 2-

liter syringe drilled with holes (Narbed, et al., 1982; Nield, et al., 1991). The 

device developed for this investigation followed the specifications outlined 

by Wiley and Zechman (1981) for a side port-manifold ARD. A side port 

H2O/L/see). Resistance can be described as the pressure required to bring air from outside of the 
body to inside the lung is influenced by viscosity of the air, and length and caliber of the 
airways (R=P IV). The greater the resistance the greater the required pressure to maintain the 
same airflow (Traver, 1982; Comroe, 1974). Hence any change in resistance produces a change in 
flow or pressure. Additionally changes in airflow which cause turbulence can add to the 
resistance. Increased airflow for example from OSL/see to 1.OL/see will give rise to increased 
airflow resistance, even if the dynamics of the system (length and caliber of airways) remain 
unchanged. 
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manifold ARD consists of a manifold with filters inserted just proximal to a 

number of side ports (Figure 5). Only one side port is opened to room air at 

anyone time, all other ports are occluded by removable stoppers. An external 

RL is accomplished by opening the port posterior to a given filter and a given 

resistance results with airflow. The participant is forced to pull air through 

the filter associated with the open port and any filters preceding it. The 

external resistance at the end port (with the stopper removed and all others in 

place) is the cumulative effect of the entire system of filters. Any port and 

consequently any RL can be selected at any time. 
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Figure 5: Airflow resistive device (ARD) schematic 
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A manifold with six side-ports was constructed using tubing available 

at a local hardware store and filter paper available in most laboratories. The 

filters were placed proximal to all side-port openings excluding the first port. 

The inner diameter of the manifold was 3 inches; the side port openings were 

also 3 inches. All openings were occluded with '#9 rubber stoppers. The ARD 

was occluded at one end and attached to a one-way valve (modified Otis 

McKerrow) at the other.9 The one-way valve was then attached to a three

way valve which was attached to a mouth piece (Figure 6). The three-way 

One-Way 
Valve 

Mouth 

-~ o 
Q. 

-~ o 
Q. 

Figure 6: Airflow resistive device with valves in place 

9 A One-way valve allows division of the ventilatoI)' cycle into inspiration and expiration. 
Thus you can inspire through the ARD and exhale straight to the atmosphere not through the 
device. The separation of the ventilatoI)' cycle is essential for two reasons: 1) elimination of 
additional dead space which potentially can alter ventilatoI)' function and response; and 2) 
application of the resistive load to only one portion of the ventilatory cycle, either inspiration 
or expiration. The pressures, resistances and airflows of inspiration and expiration are different 
and need to be evaluated separately when looking at breathlessness resulting from increased 
airflow resistance. 
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valve allowed the participant to be disconnected from the device without 

breaking the mouth seal, providing a means for participants to resume quiet 

breathing without added RL or dead space. The three-way valve also had a 

built in pressure port to allow measurement of mouth pressures during 

testing. With the entire circuit in place, the dead space was determined to be 

5Occs. The ARD and the added directional valves were pilot tested to 

determine the system resistance (due to added length) and the external RL 

applied by each port. 

Pilot Testing Procedures. Testing of the RLs required connecting the 

ARD and valves to a Fischer S Porter Rotameter and a negative pressure 

device (vacuum cleaner). The rotameter and negative pressure device 

allowed application of a controlled sustained airflow to determine and 

measure resistance associated with each port. Also a Fleisch #3 

pneumotachygraph with an attached Sandborn pressure transducer 268B was 

placed between the mouthpiece and one-way valve to measure pressure 

changes which resulted as the RLs were applied. The pressure transducer was 

calibrated using a water manometer. All pressure and flow measurements 

were recorded on a Hewlett-Packer 12 channel strip recorder. 

The ARD system was tested at airflows of 0.5,0.7, and 1.0 L/sec. 

Airflow and pressure changes were recorded and resistances determined. The 

process of applying RL was accomplished in two ways: 1) the stoppers were 

removed sequentially one at a time from port 1 to 6 at each airflow, 

proceeding in progressive incremental increases in RL and 2) a port was 

opened in random order with each port being opened during a testing session 
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and at each airflow. All ports were tested three separate times at the different 

flows. 

The overall resistance of the ARD was less than 1cm H20 I L I sec even 

at an airflow of 1 L I sec.10 The overall resistance of the ARD was very 

comparable to the resistances of the systems reported in the literature, which 

ranged from less than .10 to 1 em H20/L/sec (Appendix D). The pressures 

demonstrated an essentially linear pattern of increase across ports with 

increasing flow rates (Figure 7). The pressures ranged from less than 1 to 62 

cm H20, consequently the highest resistance measured was 62 cmH20/L/sec 

at 1 L / sec flow. The pressures did not change as a result of the port opening 

method, whether random or sequential. The system was tested three separate 

times which revealed dependability in RL application (Figure 8). The range of 

RL for the ARD was similar to those reported in the literature (Figure 9). 

8 

= N 
% e 6 
c." 

Ports 1 2 3 4 5 6 

-0- .5 Liter flow 
....... .7 Liter flow 
... 1 Liter flow 

Figure 7: Pressures at 0.5, 0.7 and 1 Liter I sec airflows 

10 The overall resistances represents the resistance applied as a result of the added length and 
valves. The overall resistance is measured without RL applied (ports open). 
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This device which allows the participant to select variable airflow rates 

and consequently different resistance levels required laboratory investigation 

at different airflow rates. Testing of the ARD demonstrated that the external 

RLs were repeatable and dependable. Reliability in this case refers to 

determining that the RL applied by the ARD was the same time after time 

(Figure 9). Also part of reliability in this case refers to the fact regardless of 

airflow there was essentially a linear relationship across ports (Figure 8). The 

ARD demonstrated reliability both with test-retest and given variation in 

airflow rates. 

Validity 

Validity of an ARD is rarely addressed, but in this case the question 

was: "Is the RL applied by the ARD representative of ventilatory airflow 

resistances?" Physiologically it is clear increased resistance to airflow can 
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Figure 9 : Comparison of resistance range reported in literature 

induce breathlessness (Traver, 1982). Also, increased external resistance has 

been linked, by both healthy individuals and those with CAO, to descriptors 

of breathlessness such as air hunger and increased work of breathing (Simon, 

et al., 1989, 1990). Additionally airflow external resistance is frequently used 

as a stimulus in magnitude estimation investigations (Appendix D). The 

ARD developed displayed a range of RL that was similar to that found in the 

literature (Figure 9) which is viewed as representative of potential airflow 

resistances that can generate breathlessness. Hence, airflow external 

resistance was a valid stimulus to use in this investigation and the ARD was 

a reliable means of applying added RLs. 
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SMI (Spirometrics ®) spirometer 

The SMI (Spirometrics ®) spirometer was used to gather baseline 

pulmonary function measures. The specific measurements obtained were 

FEV1 , FVC, FEV1 IFVC 11 and peak expiratory flow (PEF). The S:MI spirometer 

contains waterless bellows which are displaced when the participant exhales 

into the machine. The machine records a spirogram (a graphic tracing) of the 

lung volume I time measurements and provides actual values a well as 

percent of predicted values (Knudson, 1976, standards for predicted values 

were used). Obtaining accurate reliable measures must address two 

procedural issues; equipment accuracy and participant effort. 

Reliability-Equipment Accuracy 

The following procedures were carried out to assure accurate 

measurements through proper equipment function. The spirometer was 

calibrated weekly by using a 3 Liter standardized syringe. The spirometer was 

carefully examined weekly for leaks in the bellows (any leak is unacceptable) 

by constant flow induction of positive pressure via a 3 liter syringe, while 

observing for loss of volume as indicated by the spirograph. Additionally pen 

speed was checked weekly using a stopwatch. 

Reliability-Participant Effort 

To obtain reliable spirometric measures individuals must be instructed 

to promote maximally reproducable effort (Clausen, 1980). The following 

11 FEV 11 PVC and FEVI/PVC, PEP are measures of volume and flows. Measurement of these 
volumes and flows requires individuals to inhale maximally and then exhale maximally into a 
spirometer which records the volume of air exhaled. The PVC (forced vital capacity) is the 
total volume of air exhaled while the FEV1 (forced expiratory volume in one second) is volume 
exhaled in the first second. The FEV1/FVC is the ratio of the two. The PEF (peak expiratory 
flow) is the peak airflow reached during exhalation. All of these values have established 
nonns for an individuals age, sex, height and race. 
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procedures were followed to decrease measurement error through promotion 

of maximal effort (adapted from Morris, et al., 1984). The participant sat in a 

comfortable upright chair and all tight clothing was loosened (belts, 

waistbands, etc). The procedure were carefully explained. The participant's 

nose was occluded with a nose clip. The participant was instructed to exhale 

slowly and maximally take a slow deep breath in and place the mouth piece 

in his/her mouth with teeth and lips around the mouthpiece. The 

participant was then instructed to forcibly, rapidly and maximally exhale 

(both the participant and the graphic tracing were monitored). The 

participant was urged to keep exhaling by loudly commanding them to "blow

blow" until the breath was complete as seen by the straight horizontal line on 

the graphic tracing. Following maximal exhalation the participant could 

remove the mouthpiece and nose clip and relax until the next attempt, or test 

completion. 

The procedure were repeated until three acceptable tracings are 

obtained. Acceptable was defined as a tracings which did not varying more 

than 5% or lOOml which ever was greater. Also a cough, leak, or early 

termination of expiration during the procedure were considered 

unacceptable. The preceeding procedw'es helped provide for reliable and 

reproducable spirometer measurements of pulmonary function. 

Peak Flow Meter 

The peak flow meter is a device designed to measure peak expiratory 

flow (PEF). The peak flow meter is used extensively in clinical areas as a quick 

and easy means of determining airflow of individuals with CAO and asthma. 

The peak flow meter used in this investigation was the Assess Peak Flow 
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Meter © (APFM) made by HealthScan Products, Inc. The PEF obtained by the 

APFM was measured at the baseline measurement time and used later as a 

quick assessment guide to the participant's pulmonary status prior to 

beginning the second magnitude estimation session. 

Reliability 

Measurement of PEF is effort dependent, meaning the participant can 

alter results by increasing or decreasing their expiratory effort. The following 

procedures were followed in order to maximize effort and minimize error. 

The participant was instructed to hold the APFM vertically being careful that 

fingers did not block the exhalation port. The pa..-ticipant then inhaled as 

deeply as possible and at peak inhalation placed the mouthpiece in his/her 

mouth and tighten their lips on the mouthpiece in order to form a tight seal. 

The participant then blew out as hard and fast as possible, which caused the 

indicator to rise. The peak rise on the gauge was the value recorded. The 

participants repeated the procedures until two measures were obtained that 

varied 10% or less. 

The PEF measures were obtained at begining as a baseline and post rest 

period in order to evaluate change that may have been attributable to the 

testing procedures. The post rest period PEF could not vary more than 10% 

from the baseline value in order to be considered an acceptable change. H the 

post rest period PEF varied more than 10% from the baseline, then the test 

was repeated or the participant was examined for further evidence of 

increased airflow obstruction. H there were changes in the PEF the participant 

continued the rest period until the PEF returned to previous levels or testing 

was discontinued. The PEF is a valid measure of change in internal resistance 
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that may occur as a result of external RL application. Thus, in this case, the 

PEF was a good indicator of change. It also could be done without undo effort 

or time on the part of the participant. 

Baseline dyspnea index 

The Baseline Dyspnea Index (BDI) is an instrument developed 

specifically to measure breathlessness multidimensionally (Mahler, 1990). 

The instrument measures functional impairment, magnitude of task and 

effort. Consequently, the focus is on outcome of or inhibitory nature of the 

individual's breathlessness (McCord & Cronnin-Stubbs, 1992) (Appendix E). 

The BDI is administered by interviewing the participant and is easily executed 

while gathering a health history, reportedly taking only two to three minutes 

(Mahler & Wells, 1988). 

The rating system is based on an observer's (interviewer's) assessment 

of the amount of impairment (0 severe to 4 unimpaired) in each of the three 

areas. The BDI score is the sum of the ratings, the lower the combined rating 

the worse the breathlessness outcome. A low score is then reflective of 

baseline dyspnea (pathologic breathlessness) which is defined as great 

functional impairment requiring great breathing effort with little or no 

intense activity. 

Reliability 

The BDI has good psychometric properties, which have been estimated 

for heterogeneous samples of pulmonary and cardiac patients (Mahler, 

Weinberg, Wells & Feinstein, 1984; Mahler, Matthay, Synder, Wells & Loke, 

1985; Mahler, Rosiello, & Harver, 1987; Mahler & Wells, 1988; Mahler, 

Harver, Rosiello & Daubenspeck, 1989). Interobserver agreement (inter-rater 
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reliability) between physician, and pulmonary technician has been evaluated 

by weighted percentages and weighted kappa (Kw)12 (Mahler, et al., 1984, 

Mahler & Wells, 1988). The results demonstrated a range across dimensions 

of 91 to 93 weighted percent agreement and a Kw ranging from 0.66 to 0.73, 

demonstrating creditable agreement of the two observers. Intra-rater 

reliability has not been evaluated, but using the same methods, Mahler and 

Wells (1988) established congruence evaluation of individuals with various 

respiratory disorders. 

Validity 

Content validity was addressed from clinical and research experience of 

the instrument developers and pilot testing (Mahler, et al., 1984). Concurrent 

validity was established by correlation of scores for breathlessness obtained by 

different scaling methods, in this case the Medical Research Council Scale 

(MRC) (total BDI score with MRC r =-0.70 , p ~.01) and the Oxygen Cost 

Diagram (OCD) (total BDI score with oen r=-O.54, p ~.01) (Mahler &Wells, 

1988). Also the tool has been examined in relation to its correlation with 

physiologic baseline measures (FEV1 & FVC), demonstrating low but 

significant correlations (FEV1:r= -0.48 p ~.05; FVC: r = -0.47, P ~.05) (Mahler, et 

al.,1989). Hence the instrument is able to establish baseline breathlessness 

scores which are reliable across observer and disease with concurrent validity. 

12 Weighted kappa (Kw)statistic acknowledges disparities in ranks and accommodates for 
amount of agreement occurring through chance. Values can range from total disagreement (-1) to 
total agreement (+1). A value of 0 would indicate that the percent agreement is no better than 
chance alone. 
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Vertical visual analogue scale 

Traditionally, the visual analogue scale (VAS) is a horizontal 100 

millimeter line anchored with descriptions at each end which indicate a 

range of symptom severity (Hayes, & Patteson, 1921; McCord & Cronin

Stubbs, 1992). A vertically oriented VAS is commonly used to assess the 

severity of breathlessness (Gift, 1989; Gift, Plaut, & Jacox, 1986 Mahler, 1990). 

Typically the bottom of the scale is anchored with the description 'no 

breathlessness' while the top anchor is 'greatest breathlessness' (Appendix F ). 

The participant is asked to indicate the point on the line which matches 

his/her breathlessness experience. The distance from the bottom of the line 

(zero) to the point indicated is then measured in millimeters and this 

provides a quantitative value of breathlessness severity. The VAS is easy to 

administer but it requires clear instructions to ensure precise indications of 

the point that corresponds to the partcipant's breathlessness. 

Reliability 

The VAS psychometric properties have been examined in the 

population of individuals with breathlessness and reviewed extensively (Gift, 

Plaut, & Jacox, 1986; Brown, Carrieri, Janson-Bjerklie & Dodd, 1986; Gift, 1989; 

McCord & Cronin-Stubbs, 1992). Vertical and horizontal lines are highly 

correlated (r=O.97,p ~.01; Gift, 1989) and accepted as equivalent parallel forms 

(Gift, et al., 1986; Gift,1989). Reportedly the vertical VAS is viewed as a better 

representation of the "rising" distress of breathlessness and is typically the 

form used with this population (Gift, et al., 1989, Steele, 1991). Test-retest 

reliability was originally evaluated for the scale in subjective sensations (Scott 

& Huskisson, 1979). Brown, et al (1986) did repeated measures eight weeks 
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apart with lung cancer patients experiencing dyspnea and found no 

significant difference in evaluation of usual dyspnea levels [Time 1 x 
=39.54(+18.16), Time 2 '5{=4O.71(+18.24), Z=-1.48,p ~ .13]. 

Validity 

Concurrent validity was evaluated in the ·same investigation (Brown, 

et al., 1986) using the Grade of Breathlessness Scale (GBS) which was 

significantly correlated with the rating of usual dyspnea on the VAS (r=0.70, p 

~.01). Gift (1989) also evaluated concurrent validity using physiologic 

measures (PEF). Significant correlations were achieved (r= -0.71, p ~.01). 

Finally, construct validity has been assessed for the VAS by evaluating 

changes in scores related to change in pulmonary function, namely PEF (Gift, 

1989). Gift (1989) evaluated VAS scores obtained in individuals who's PEF 

scores were ~ 150 or >150 liters per minute and found a significant difference 

in the scores of both asthmatics and those with CAO (t=12.35, P ~.01; t=9.73, P 

~.01). Thus it appears the VAS has good psychometrics and is a dependable 

tool for evaluating breathlessness at baseline or with pulmonary function 

changes. 

Hypothesis Testing 

Each of the hypothesis were tested using a combination of the 

instruments outlined. For example the ARD was used in testing hypotheses 2 

through 5, but not 1. The procedures and instruments associated with the 

testing of each hypothesis will be briefly reviewed. 

Hypothesis 1 

Testing of Hypothesis 1 was dependent on the procedures outlined by 

Tversky and Kanheman's (1983) original investigation of the conjunction 
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fallacy. The procedures contains subtle and transparent tests of the 

conjunction rule (Appendix G). Both types of tests were based on a brief 

character sketch and a set of associated items. The character sketch and list of 

items were personalized and tailored to each participant's experience with 

breathlessness. The list contained a set of symptoms or activity descriptors 

that an individual may have experienced in association with breathlessness. 

The subtle and transparent tests were carried out in two conditions one 

emphazing symptoms and the other activity descriptors. 

Participants first selected from the list of items (symptom or activity), 

the most likely and leastly descriptors to be associated with an episode of 

breathlessness for them. The most likely (M) and the least likely descriptors 

(L) were then combined to form the conjunction (M&L). The subtle test asked 

participants to rank order the M, L, and M&L and four other predetermined 

descriptors. The list was then ranked by the participant from most likely (7) 

associated with an episode of breathlessness to least likely (1). The 

transparent test followed and asked the participant to determine which of two 

statements seemed the most logical. Each statement highlighted either the 

valid logic or resemblance argument (Appendix G). Once the subtle and 

transparent tests had been completed using the symptom descriptors the 

procedures were repeated using activity descriptors. 

To further illustrate the testing process for hypothesis 1 a hypothetical 

example will be given. First, the participant was presented with the list of 

symptom descriptors. The participant selected air hunger as the descriptor 

most likely to be associated with an episode and awkward breathing as the 



128 

least likely. The participant then was presented with a character sketch that 

read as follows: 

You have experienced episodes of breathlessness in the past. Over the past 

few years you have a clear idea of what the breathlessness experience is 

like. Please look over the symptoms listed. During a breathlessness 

episode how likely are the following symptoms to be present? Rank them 

most (7) to least (1) likely. 

Next, the list of descriptors was given to the participant that contained 

the two selected descriptors, and their conjunction (air hunger (M), awkward 

breathing (L) and air hunger and awkward breathing (M&L» and four other 

predetermined descriptors. The participant then ranked the list of descriptors 

from most (7) to least (1) likely to be present to complete the subtle test. 

Following the rankings the participant was presented with two statements. 

The statements read as follows : 

Statement 1 (resemblance argument): A person experiencing a severe 

breathless episode is more likely to experience air hunger and awkward 

breathing than awkward breathing, because they are more likely to 

experience air hunger than they are to experience awkward breathing. 

Statement 2 (valid logical argument): An individual with a severe 

breathless episode is more likely to experience air hunger than awkward 

breathing and air hunger together because all instances of awkward 

breathing and air hunger include awkward breathing but it is possible to 

experience awkward breathing without air hunger. 



I 
I 

I 
I 

129 

The participant was asked to identify which statement was most convincing 

or seemed the most logical. The statement selection portion of the 

procedures constituted the transparent test and concluded testing of 

hypothesis 1. 

Hypothesis 2 and 3 

Both hypothesis 2 and 3 used magntude estimation techniques to detect 

differences in symptom evaluation associated with different cognitive 

representations. The ARD was the main instrument used in the hypothesis 

testing. Testing of hypothesis 3 required correlation of the exponents 

obtained from the magnitude estimation trial with baseline measures of the 

VAS, BDI and spirometry values. 

Magnitude Estimation Trial Protocols 

Each participant completed four magnitude estimation trials, two 

control and two experimental. The trials were distinguished by the 

standerdized instructions used. The standardized instruction were designed 

to activate different cognitive representations and varied in three ways 

referred to as protocol A, B and C (Appendix C). Protocol A (P A) was the 

traditional instructions which activated an abstract cognitive representation 

not related to breathing and attempted to isolate judgments from previous 

breathlessness experience. Protocol A was the control condition as it was 

similar to magnitude estimation investigations conducted in the past. 

Protocol B (PB) focused attention on the participant's cognitive 

representations of a typical breathing pattern as a bases for comparison to the 

airflow resistances presented. Protocol C (PC) asked the participants to focus 
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on their clearest memory of breathlessness as a basis of comparison. The two 

experimental protocols (PB and PC) were designed to activate different 

cognitive representational forms, namely a prototype and an exemplar. 

Once particpants were trained in proportial judgments and magnitude 

estimation techniques a participant run began. The run consisted of a control 

trial with P A (traditional), and one experimental trial with either PB (typical 

breathing) or PC (clearest memory breathlessness). Two participant runs 

constituted a magnitude estimation trial and was seperated by a manditory 

rest period. 

Protocol A was tested in each participant run as a control to evaluate 

for changes between session one and two. Also this allowed for within 

session comparisons of control (P A) to experimental (either PB or PC) trial. 

The protocols were randomized so that biases due to presentation pattern was 

minimized. The RLs were also presented in random fashion to decrease 

possiblity of presentation order bias. The RLs were presented twice with each 

protocol trial to allow for test-retest reliability evaluation. 

Hypotheses 4 and 5 

Both hypotheses 4 and 5 used similiarity comparison techniques to 

detect asymmetry associated with two matched statements, "My breathing is 

like this" (MY) and "This is like my breathing" (TIllS) (Appendix H). The 

ARD was the main instrument used in the hypothesis testing. Testing 

hypothesis 4 focused on detection of aysmmetry and testing hypothesis 5 

examined if the groups differed. 

Two symmetry trials occurred and were seperated by a manditory rest 

period that encouraged the previous trial's details to fade from memory. For 
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each trial the participant was given a scoring sheet and asked to evaluate each 

RL presented to them by asking themselves either the MY or TIllS statement. 

The scoring sheet's scale ranged from 1 least like to 7 most like. The second 

symmetry trial was conducted after the rest period and used the statement 

(MY or THIS) not applied in the first trial. Each RL was presented twice to 

allow for test-retest reliability evaluation. The RL presentation order was 

randomized to decrease the possibility of systematic error. 

Overall Experimental Procedures and Schedule 

The overall procedures that occurred on the testing day are outlined in 

Table 6, which includes estimated time required for each test, the entire 

schedule of tests and the hypothesis the test was designed to examine. The 

entire schedule of testing procedures was estimated to take between 2.1 (126 

min) and 3.46 (208 min) hours. The actual total experimental time (TET) was 

considerably less than the estimates, with a mean of 1.48 hours (mean=108.75 

SD=4.64 minutes). There was no significant difference in TET between the 

two groups (t=1.39, p~.24) as examined by a paired t-test. 

Testing Schedule 

The overall schedule was designed to minimized the time requirement 

for testing and keep low the demands on participant's time. The schedule 

began with baseline measurements to establish current levels of 

breathlessness severity (Visual Analogue Scale [V AS]), functional 

impairment (Baseline Dyspnea Index [BDI]), and general pulmonary 

physiological functioning (Spirometery & Peak Flow [PEF]). After baseline 

measures were obtained, the participants were asked a qualitative grand tour 

question which was tape recorded for latter transcription. Participants were 



Table 6. Overall schedule for 
Category 

Qualitative measures 
Pulmonary function 

(FEV1I PVC) 

Mini Training Session-
breathlessness 
ARD one 

Standardized instructions (PB) 

instructions (51) 

measures 
Conjunction rule testing 
Breathlessness level 

Pulmonary Status 
Mini Training Session-
breathlessness 
ARD testing session two 

Standardized instructions (PC) 

Visu 
Baseline dyspnea 
Index 
Grand tour question 1 
Peak Flow Measure 

magnitude 
estimation1:PA 

magnitude 
estimation1:PB 

tour question 2 
Procedures as outlined 
Visual Analogue 
Scale 
Peak Flow 

magnitude 
estimation2:P A 

S to 6rnin 

·10 to 15 min 
lt02rnin 
S to 6rnin 

5 to 6rnin 

Session! 
27to51min 

3t05min 
6to 12 min 

lt02rnin 

1 t02rnin 
S to 6rnin 

3toSrnin 
6to 12 min 
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Ho:3 
Ho:3 

Ho: 2,3 

Ho: 2,3 

Ho:1 
Ho: 2,3 

Ho: 2,3 
Ho: 2,3 

Ho: 2,3 

Ho: 2,3 
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asked to describe a typical time when they notice their breathing and to 

describe how they would decide if they were concerned about it. 

Individuals then began magnitude estimation training to practice 

proportional judgments in general and determinations associated with the 

airflow resistance stimuli in particular. The magnitude estimation testing 

procedures were carried out twice, using the traditional protocol (P A) and one 

of the two experimental protocols developed (PB or PC). The magnitude 

trials were followed by one of the symmetry trials (Sl). 

Upon completion of the first ARD session the participants were 

required to rest at least 25 minutes. During the rest period the participants 

were asked another grand tour qualitative question; "Describe what you have 

just experienced" emphasizing the feelings and conscious decisions 

associated. The interview were tape recorded for transcription later. Also, 

during the rest period the procedures for evaluating the conjunction rule 

were carried out, along with repeated measurement of the V AS and PEF to 

evaluate for changes from baseline. The second ARD session followed and 

contained a magnitude trial using the P A along with the PB or PC that was 

not tested in the first session and the other symmetry trial (S2). 

The time required for training and rest differed between groups. The 

time to train participants was significantly longer (t=21.05, p~.Ol) for healthy 

participants (x=24.53 minutes, SD=8.11) as compared to those with CAO 

(x=16.87 minutes, SD=4.23). The rest period also differed between the two 

groups (t=4.S9, p~.Ol), with the CAO group taking longer rest periods (x=34.S2 

minutes, SD=4.523) than the healthy group (x=26.86 minutes, SD=8.12). 

Subtracting both the rest period and training time from the TET left the time 
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required for actual testing which was not different between the groups (t=.41, 

p~.68). No overall difference in the TET or actual testing time was seen in the 

groups. But, the healthy participants required longer training sessions and 

the CAO group a longer rest period. 

Group Characteristics 

A summary of the group's charactherisitics will now be discussed 

(detailed specifics are listed in Appendix I). The two groups were age and 

gender matched, with age being matched within a 12 month limit. Ages 

ranged from 56 to 84 with the mean age being 71.6 (SD 5.21) for those with 

CAO and 72.1 (SD 5.25) for healthy participants. The CAO group was older 

than participants of previously investigations that used psychophysical 

techniques (BurId, 1984; Gottenfried et al., 1983; Mahler, 1989). Each group 

was made up of 16 (53%) females and 14 (47%) males. Using ANOVA 

procedures there was no significant difference idenHfied in ages by gender and 

group (F=.038, p~ .84). The total sample was ethnically homogenous being 

made up of Anglos. 

General Health Characteristics 

General health status was assessed in both groups using medication 

reports, emergent care use and hospitalizations. The healthy group reported 

taking fewer medications (x=1.37 I day, SD 1.19) with 26.7% taking aspirin and 

23.3% taking some form of heart medication daily. The participants with 

CAO were not taking as much aspirin (16.7%) or heart medication (6.7%), but 

were taking significantly more medications in general (x=3.401 day, SD 1.16; 

t=57.67, p=~.Ol). At least one bronchodilator inhaler (Beta 2 agonist or 

anticholinergic type) was used each day by 100% of those with CAO, while 
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50% were using two or more different kinds. Oral steroids were used by 40% 

of the CAO group in addition to inhaled steroids in many cases (63% total 

CAO sample). Theophylline was take by 43.3% of the sample. None of the 

healthy group reported use of any inhaler, oral steroid, or theophylline, 

illustrating the marked group differences in medication used to control 

breathlessness. There was a significant difference between the two groups in 

years since last hospitalization (F=2.01, ~.05) with the reported average of 5 

years (range 1 to 56) for those with CAO and 9 years (range 7 to 21) for the 

healthy group. There was no significant difference between the groups in 

overall number of emergent visit in the last year (F=.Ol, JY-.95). 

Pulmonary Function 

The two groups were markedly different in pulmonary function 

measures, as indicated by spirometry and peak flow results (Table 7). The 

healthy group had normal spirometry measures, demonstrating a percent of 

predicted normal values for FEVl and PVC that was essentially 100% or more. 

The CAO group clearly, had severe alterations in FEV1 and PVC, but was 

essentially unchanged from previous spirometery results. The one notable 

exception was the peak expiratory flow (PEF) spirometery values measured at 

baseline were significantly higher (t=2.86, p~.Ol) on the day of testing than 

previously recorded in the chart. Measures obtained via the peak flow meter 

were also significantly different (t=-2.76, p~.Ol) from the baseline PEF 

spirometer readings, but were not significantly different (t=.68, p~.50) from 

the chart values. The spirometer and peak flow measures established the 

marked difference in the basic pulmonary function between the two groups, 

which was essential to group membership and hypothesis testing. 
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Additionally, the CAO group's percent of predicted values were lower than 

previous reports of psychophysical testing (Altose,et al., 1985; Gottenfried, et 

al.,1983). 

Table 7 Mean spirometry and peak flow measures by group 

CAO Healthy 
Group Group 

Chart Baseline Baseline 

FEV1L1sec .888(.46) .966(.38) 2.53(.69) 

% of Predicted 40.6%(17.5) 37.8%(14.2) 100%(14.4) 

FVCL/sec 2.49(.73) 2.35(.68) 3.35(1.1) 

% of Predicted 72.3%(32.9) 68.7%(14.9) 107%(38.3) 

FEV1IFVC ratio 84.2%(13.1) 65.7%(16.7) 127%(19.7) 

PEF-spirometry (mJ/S<.'C) 207.1(72.4) 282.3(145.4) 477.2(241.5) 

PEF-peak flow (mJ/sec) 207.3(70.1) 370.5(130.5) 

o standard deviation; LlsecLiter per second air flow; mJ/S<.'C milliliter per second air flow 

Level of Breathlessness Severity and Functional Impairment 

When individuals were asked on average how many times a day they 

were breathless, the healthy individuals typically could not remember an 

episode, while the CAO group averaged 4.32 (range 1 to 24) per day. Scores on 

the visual analog scale (V AS) at baseline were markedly different between the 

two groups (F=50.6, p<.ool.), as individuals with CAO indicated much higher 

levels of breathlessness (mean=27.13, SD 19.75) than the healthy participants 

(mean=1.07, SD 2.15). Similarly, the Baseline Dyspnea Index (BDI) scores in the 

healthy group showed no impairment (100% scored twelve the total amount 

possible) in functional status, and task accomplishment due to breathlessness. 
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Seventy five percent of the CAO group scored three or less indicating severe 

functional impairment due to breathlessness as measured by the BDI. Only 

one individual with CAO (5%) could be considered moderately impaired, 

while the remaining 20% of the group scored be~een the severe and 

moderate BDI level. The CAO group values on the BDI were lower than 

those previously reported in investigations where the BDI was tested (Mahler 

Rosiello, Harver, Lentine, McGovern, & Daubenspeck, 1987; Mahler, 1990). 

The CAO group demonstrated ongoing breathlessness that seriously limited 

their functional level while the healthy groups reported none. 

Further Examination of the CAO Group 

The CAO group spirometry measures, PEF, V AS and BDI were 

correlated (Pearson product-moment correlation two-tailed) to evaluate the 

relationship of pulmonary function to functional status and degree of 

breathlessness. Additionally, the correlation values were used to help 

evaluate the sample similarity to previous reports in the literature. The FEV1 

did not significantly correlate with the BDI (r=.24) or the VAS (r=-.08), nor did 

the BDI significantly correlate (r=-.17) with the VAS. The PVC did not 

correlate significantly with the BDI (r=.32, p~.09) or VAS (r=-.35, p~.06). 

Overall, the spirometry values did not correlate significantly with measures 

of functional status (BDI) or degree of breathlessness (V AS). The relationship 

of pulmonary function with functional status and degree of breathlessness in 

this sample, was typical to previous reports. The trends coincided with 

reports in the literature (Mahler, 1987), specifically an increased correlation 

for PVC over FEV1 with BDI. 
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Data Analysis 

Analysis of the multiple measures and data obtained in this 

investigation was accomplished in three main categories. Descriptive 

evaluation of the individuals and the groups investigated occured and has 

been presented in this chapter. Quanitative analysis was undertaken to 

support or refute the investigations' hypotheses. Finally, qualitative analysis 

of the interview questions was undertaken to provide a subjective view of 

the presumably objective measures and hypotheses tested. 

Quanitative Analysis of the Hypotheses 

Hypothesis 1 was analyzed using general descriptive statistics to 

evaluate the subtle and transparent tests. Additionally, a Mann-Whitney U 

was performed to determine differences evident by group membership, 

(normal or CAO) in ranking of descriptors and conjunction. Hypothesis 4 and 

5 were analyzed using repeated measures MANOV A procedures. 

Analysis of hypothesis 2 and 3 required obtaining an exponent value 

for the different measurement conditions and protocols. The data obtained 

from the magnitude estimation sessions was analyzed using Stevens Power 

Law (Stevens, 1975). The procedure required production of a geometric mean 

from the response data. This was accomplished by first taking a log of each 

subject's numeric response. Next, an arithmetic mean of the logs for each 

stimulus was calculated. Finally, to obtain the geometric mean, the log 

means were raised to the power of 10. The geometric means were then used 

in the regression to obtain group exponent values. Additionally, individual 

exponents were obtained through regression of responses and stimulus level. 

Evaluations of differences in individual exponent values were done through 
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ANOV A procedures. Analysis of hypothsis 3 was done by Pearson product 

moment correlation of baseline measures with the different individual 

exponent values. 

Oualitative Analysis 

All the taped interviews were transcribed and subsequently analyzed. 

Analysis of the qualitative data was accomplished using grounded theory 

techniques. Triangulation was key to this investigation as the qualitative data 

specifically provided methodological triangulation, or multiple procedures 

for data collection and analysis in a single study (M:ur.phy, 1989). The grand 

tour questions were specifically designed to provide an additional measure to 

support or contradict the hypotheses tested here. Triangulation reportly 

provides for contextual validation or in other words locates any characteristic 

pattern of distortion through multiple methods to correct the situation 

(Lincoln & Guba, 1985). 

SUMMARY 

Within this chapter the methodologies that guided the investigation 

have been organized. The goal of the methodological organization was to 

introduce a research design and procedures that would optimize discovery. 

Basically, the sample obtained was adequate for hypotheses testing. Multiple 

methods and approaches were considered essential to keeping an inquisitive 

approach to this investigation. Also it was believed that the varied and 

multiple strategy approach helped prevent hypothesis confirmatory bias. 
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The purpose of this investigation was to contribute to the 

understanding of breathlessness' multidimensional nature by exploring the 

associated cognitive judgments. Results of the data analysis are presented in 

this chapter. 

Hypothesis Testing 

The sample obtained was the one desired and can be described as two 

groups of older individuals demonstrating marked differences in pulmonary 

function and symptom experience. No variations between groups based on 

age, sex, ethnicity, or emergent care use were present; pulmonary 

dysfunction and symptom experience discriminated between the groups. 

Those with chronic airway obstruction (CAD) had moderate to severe 

pulmonary and functional impairment and greater experiences with 

breathless episodes. The group differences allowed for hypothesis testing. 

The results will be presented in three segments. The first will deal 

with hypothesis 1, testing of the conjunction rule. The second will deal with 

testing hypotheses 2 and 3 and examines the use of two different cognitive 

representations in determinations of breathlessness intensity. Lastly, testing 

results of hypotheses 4 and 5 dealing with symmetry in similarity judgments 

will be discussed. Each portion will present the hypotheses being tested, 

experimental procedures and results. 

Hypothesis l-'The Conjunction Rule 

The focal point of testimg hypothesis 1 was the type of judgments 

individuals make based on internal sensory input. Simply stated, do 
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individuals make judgments concerning their symptoms that are logical? 

The operational question was: Can bayesian judgments, in this case correct 

application of the conjunction rule, be seen in probability determinations 

(likelihood of association) of sensory input? This question translated into 

the following specific hypothesis: 

Hypothesis 1: The conjunction fallacy will occur under 

experimental conditions that use personal sensory constituents and 

conjunctions. [ P(St and S2) >P(St) or P(Sz) ] 

The tools used to test Hypothesis 1 included two types of tests: a subtle and a 

transparent test. Two types of sensory input were presented to participants. 

One involved symptoms associated with breathlessness, the other activities 

associated with breathlessness. The testing of the breathless descriptors (BD) 

is provide as an example; the same techniques were used with the activity 

descriptor (AD) tests. The subtle test occurred first and required individuals 

to determine the most and least likely breathlessness descriptor to be 

associated with an episode they might experience. The individuals chose 

from a list of 20 breathlessness descriptors (Appendix G). The most and least 

likely descriptors were then combined into a conjunction (CJ) and listed 

along with the individual's most and least likely descriptors and four other 

predetermined descriptors. The participants were then asked to rank order 

the list of seven statements as to likelihood of association with an episode of 

breathlessness. 
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The transparent test occurred after the subtle test was finished and 

again used the originally selected most and least likely descriptors in two 

predetermined statements. One statement highlighted the conjunction rule 

while the other highlighted the resemblance argument. Individuals were 

then asked to select which one seemed the most logical. The procedures 

were then repeated with the activity set of 26 descriptors (Appendix G). 

For the hypothesis to be fully supported in the subtle test, the CJ 

would have to be ranked higher than the subject selected least likely 

descriptor the majority of the time, with both groups and both sets of 

descriptors (BD and AD). While the percentage of violation would be 

expected to drop with the transparent test, full support would require its 

appearance in over half of the determinations, in both groups and with both 

sets of descriptors. The results will be presented looking at the subtle and 

rrunsparent test for the breathlessness deSCriptors, (BD) followed by the 

activity descriptors (AD). One individual in Jte CAO group could not 

complete the testing due to time constraints consequently only 29 participant 

completed the testing in that group. 

Breathless Descriptors (BD) 

The BD subtle test results demonstrated consistently higher ranking 

of the conjunction (Cn over its least likely constituent (Table 8). Both groups 

ranked the CJ higher than the least likely BD over 85% of the time. There 

was no significant difference in percentage of CJ rule violation between the 

groups as measured by a Chi Square. A Mann-Whitney U non parametric 

test was done to determine if a notable difference existed 

I 



Table 8. Results of the subtle and transparent test of the 
conjunction (q) rule by group and descriptors 

q>Least DeScriptor N(%) 
Least (Mean Ranking) 
Most (Mean Ranking) 

(Mean 

Transparent Test 
Resemblance Argument 
Chosen 
Chi Square 

q>Least DeScriptor N(%) 
Least (Mean Ranking) 
Most (Mean Ranking) 

(Mean 

Mann-Whitney U 

Transparent Test 
Resemblance Argument 
Chosen 
Chi .... nlJ.'nrp 

26 (89.7%) 
2.68(1.73) 
6.41(.98) 

24(82.8%) 

29(100%) 
1.86(1.12) 
6.48(.57) 

Most NS 

26(86%) 
2.80(1.32) 
6.40(.93) 

18(60%) 

28(92.3%) 
2.76(1.04) 
6.30(.53) 

CJ (U=223.5, p~.Ol) 

25(86.2%) 

NS 

27(90%) 
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between the groups in ranking of the CJ and its constituents: the results were 

non-significant. 

The transparent test results showed a marked difference between the 

two groups. The CAO group continued a high level of conjunction rule 

violation by selecting the resemblance argument 82.8% of the time, while the 

prevalence in the healthy group was only 60%. The difference was 

statistically significant by a Chi Square (X2 =3.723) at the p~.05 level. 

Activity Descriptor (AD) 

The AD subtle test resulted in 100% violation of the CJ rule by the 

CAO group and a 92.3% infraction rate for the Healthy group (Table 8). 

Again there was no significant difference between the groups in rate of 

occurrence in the conjunction fallacy, but there was a significant difference 

in the ranking order. The Mann-Whitney U demonstrated a significant 

difference in the ranking of the least AD (U=225.0, p~.Ol) and the CJ (U=223.5, 

p~.Ol). The least AD and the CJ were consistently ranked lower by those with 

CAO compared to Healthy participants. The transparent test results showed 

a drop in the CJ rule violation in both groups, with a 2% drop in the Healthy 

group, and 14% in the CAO group. 

The CJ rule was consistently violated at very high rates in both groups 

with both types of descriptors, fully supporting hypothesis one. There was a 

difference between the two groups in continual CJ rule violation depending 

on the type of descriptors used (Figure 10). In the CAO group, the percentage 

of CJ violation committed, dropped most with different procedures when 

the AD were used, while the largest drop occurred with BD in Healthy group. 



15% 
Drop 

Breathless Activity 
I CAO ----l 

Breathless Activity 
L- Healthy---1 

fa Subtle 0 Transparent 

Figure 10 Conjunction rule violation summary chart 

Hypotheses 2 and 3--Prototypes and Exemplars 

use with Intensity of Breathlessness Tudgments 
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Testing hypotheses 2 and 3 centered on determinations of 

breathlessness intensity based on different cognitive representations. Simply 

stated the question was: Does what an individual thinks about his/her 

breathing influence assessment of symptoms? Further, will an individual 

frequently experiencing breathlessness alter how the symptom will be 

appraised based on previous experience? Evaluation of these questions can 

be phrased as the specific questions of whether cognitive representations 

(what an individual thinks) alters symptom appraisal and whether these 

representations are more reflective of the symptom experience than 

objective abstract ones? The overriding supposition of these hypotheses is 

that individual cognitive representations used in symptom appraisal results 

in different outcomes compared to objective abstract cognitive 

representations. Ope rationalization of these questions was accomplished 

through use of magnitude estimation techniques with different cognitive 
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representations as a reference for comparison. The specific cognitive 

representations that were used in this investigation were typical patterns of 

breathing or prototypes, and specific remembered instances or exemplars. 

Investigation of these questions translated into the testing of the following 

hypotheses: 

Hypothesis 2a: Use of a prototype to determine intensity of sensory 

input will decrease the intensity of the sensory response (exponent 

smaller-further from one) as compared to the sensory response 

obtained via traditional psychophysical techniques. 

Hypothesis 2 b= Use of an exemplar in determine intensity of sensory 

input will decrease the intensity of the sensory response (exponent 

smaller-further from one) as compared to the sensory response 

obtained via traditional psychophysical techniques. 

Hypothesis 3a: Use of a prototype to ey,aluate intensity of sensory 

input will produce greater correlations (than those obtained via 

traditional magnitude estimation) between psychophysical 

breathlessness exponents and the level of breathing discomfort and 

level of pulmonary impairment for individuals with versus those 

without breathlessness experience. 

Hypothesis 3},: Use of an exemplar to evaluate intensity of sensory input 

will produce greater correlations (than those obtained via traditional 

magnitude estimation) between psychophysical breathlessness exponents 

and the level of breathing discomfort and level of pulmonary 

impairment for individuals with versus those without breathlessness 

experience. 



147 

Magnitude estimation procedures produce a measure of individual 

sensitivity to the stimuli used to induce breathlessness and were used in 

testing both hypotheses. The stimulus was six different levels of inspiratory 

airflow resistance (R1-R6). In this investigation traditional magnitude 

estimation techniques (TR) were compared to those designed to elicit 

cognitive representations of a typical breathing pattern (TY) and the clearest 

memory of breathlessness (ME) (Appendix F). Two magnitude estimation 

testing sequences occurred with either TY or ME tested along with TR in 

each trial. Consequently, the TR procedures were performed twice. 

ExpenrrnentalProcedures 

In a magnitude estimation trial, which is similar to a repeated 

measures design, several issues can threaten the consistency and stability of 

the investigation. Carry-over, latency (resistance interaction) and learning 

are three of the main effects frequently seen that require attention in 

research design (Norusis, 1990). The carry-over effects occur when the 

previous treatment or effects of a resistance level have not worn off prior to 

administration of the next level. The latency effect basically addresses the 

issue of interaction of the airflow resistance levels and the learning effect 

and is simply that individuals improve over time with most things they do 

repetitively. 

In this investigation, these effects were partially addressed through 

expenrrnental procedures. Specifically, each individual took only two breaths 

at each resistance level and then two breaths at a no resistance level to 

decrease the possibility of carry-over, latency and learning effects. The mouth 
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pressure was monitored constantly to insure no increase in baseline levels 

that might have signaled a carry-over or interaction effect (latency effect). 

All participants returned to baseline mouth pressures (x= 1.02 cmH20 

SD=.603) when breathing on the no resistance level. The latency and 

learning effects were further controlled by randomization of the resistance 

level presentations and trial sequence. 

Randomization of Presentations 

Random order presentation of resistance levels and trial sequences 

(TR, TY and :ME) was carried out in this investigation. The age and gender 

matched groups were further matched for randomization sequence to ensure 

similar exposure to the stimuli and procedures. Two-way ANOV A 

procedures were conducted to determine if order of presentation influenced 

the scores. The results of statistical analysis showed no influence of 

presentation order for resistance levels or trials and are outlined in 

Appendix J. Specifically, no significance level of p ~ .10 was reached. 

Basically, randomization did not arbitrarily influence the scores and assisted 

in decreasing some of the confounding effects of the repeated measure 

design. 

The experimental procedures required testing the TR condition twice, 

once in each testing sequence, separated by a rest period. Equivalency 

determinations of the two testing sequences was made by performing 

Repeated Measures MANOV A (RMM) procedures on mouth pressures of 

the two trials. Mouth pressures in this investigation were considered a 

parallel reflection of resistance at each level. Changes in the mouth 

pressures (R1-R6) across each testing sequence would reflect a lack of 
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"equivalent" resistance. The mouth pressures obtained in this investigation 

are displayed in Appendix K. There are several effects that are expected and 

in some cases required as a result of testing procedures. The change in 

inspiratory airflow resistance (R1-R2) must demonstrate a main effect in all 

statistical analyses, indicating clear delivery of different stimuli with the 

testing procedures. A two-way interaction of group and pressure levels 

would not be unexpected. The key effects that would demonstrate an 

important difference between trials or testing sequence would be a main or 

interaction effect of trial. This effect would indicate that "equivalent" 

resistances were not delivered with each trial. 

The results of all MANDV A procedures to assess mouth pressure 

equivalency across trials are presented in Table 9 and indicated a lack of 

equivalence in the two traditional testing times. No significant main effect 

for the testing sequence was seen, but a significant two-way interaction was 

seen with testing sequence and resistance level. The 3-way interaction of 

group with testing sequence and resistance level was not significant, 

indicating a overall versus group specific lack of equivalence in testing 

sequences. Accordingly, the two testing sequences were considered 

separately in all further analysis. The TY or :ME trials were only compared to 

the appropriate TR counterpart. 

Mouth Pressures were further analyzed for the two comparison trials 

to assure equivalence. The results are displayed in Table 9 and show no 

notable main or interaction effect of trial on pressure. The expected 

progressive increase in mouth pressure which was seen as a main effect of 
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Table 9 Repeated measures MANDV A results for mouth pressures by trial 
condition and 

(2) 
df=1,F=.15, p~.70 

Group by Trial
df=l, F=.25, p~.62 

Pressure level 
df=1,F=.13, p~.73 df=5, F=2.77, p~.02 

Group by 
Pressure Level 

df=5, F=2.35 
Trial Condition
Testing Sequence 
TRl vs. TR2 

···~~·=:····F=============~F============~·······~·············~······-········~~············II 
Pressure Level(6) GrouphyTrial by 

Trial Condition 
(2) TR vs. TY 

Pressure Level(6) 

Group (2) 

Trial 
(2) TR vs. ME 

Pressure Level(6) 

df=l, F= 

df=l,F=l.40, 

df=5, F=I34.4 

Group by Trial 
df=l, F=.07, .79 

Trial by 
Pressure level 

df=5, F=.83, .53 

Pressure level 
df=5, F=.87, .50 

Pressure Level 
df=5,F=I.62, .16 

Group by Trial 
by Pressure Level 

df=5,F=.86, p~.51 

Group by 
Pressure Level 

df=5, F=I.72 .13 
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resistance level was present. There was a significant (p~.04) interaction effect 

of group and pressures in the TR vs. TY trial. The difference between groups 

was not totally unexpected, but the important difference would be the 3-way 

interaction of group, trial and pressures, which was not seen. As a result of 

this analysis there were no important differences within trials, but 

comparison across testing sequences was not appropriate. 

Evaluation of Other Changes Due to Testing Procedures 

To help further address the latency and carry-over effect of the testing 

procedures peak expiratory flow measures (PEF) and breathlessness visual 

analog scale (V AS) were obtained at baseline (prior to any breathing 

procedures) and at the end of the rest period (Table 10). H the first trial 

procedures interacted with pulmonary function, a decrease in PEF and 

increase in VAS would be expected. ANDV A procedures were performed 

and no important changes from baseline occurred that would indicate a 

Table 10 ANDV A table for baseline and post rest period measures of the 
visual analog scale and peak expiratory flows by group 

Post Rest 389.0 

= Peak Expiratory 
*All PEF measures obtained via Peak Flow Meter and in mt/sec 
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carry-over or latency effect on the individuals' pulmonary function. 

Interestingly, the V AS significantly dropped from baseline in the CAO 

group. The Healthy participants had an increase over baseline in the PEF at 

the end of the rest period, but the change was not statistically significant. 

Reliability-Stability and Consistency of the Trials 

Test-retest procedures are the appropriate reliability measure with 

magnitude estimation trials (Meek, et al., 1992). In this investigation the 

test-retest procedures were carried out within each trial (TR, TY, and ME). 

Pearson product-moment correlations were done for the test-retest mean 

logged score for each resistance level and are presented in Table 11. The 

majority of the correlations ranged from a low of r=.85 to r=.97, values ~ .90 

are common for magnitude estimation procedures (Sennott-Miller, 

Murdaugh & Hinshaw, 1988; Lodge, 1981). The notable exceptions were 

with the ME trial at R2 (r=.43), R3 (r=.51) and R4 (r=.68). The ME overall 

summed log (sum of the logged scores over the resistance levels) correlation 

was not different from the other trials. 

Further evaluation of the two groups in the ME condition 

demonstrated some differences. The CAO group correlations demonstrated 

correlations ~ .90 at all resistance levels tested (Table 12). In the healthy 

group, correlations were markedly different ranging from r ~ .23 at level 2 to 

r ~ .89 at level 4, with R2 particularly divergent. Consequently, the 

important difference was between the two trials of ME with the healthy 

participants. A MANOV A was done on the healthy group to determine if 

the low correlations at R2 and R3 created a significant difference in the 

overall pattern. The results of the MANOV A did not demonstrate a 
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significant main (F=.25,p~.61) or interaction (F=.90, p~.48) effect for trial. The 

results indicated that the overall pattern of change across resistance levels 

was maintained, despite the differences at R2 and R3. Based on these. 

results, it was concluded that separate analysis of the ME trials was not 

required. 

Table 11. Test-retest correlations for magnitude estimation logged scores in 
all trial conditions (total sample) 

Resistance Traditional 1 Typical Traditional 2 Memory 
(TR) (TY) (TR) (ME) 

Levell (Rl) .86 .92 .86 .82 
Level 2 (R2) .88 .89 .85 .43 
Level 3 (R3) .88 .95 .94 .51 
Level 4 (R4) .86 .93 .97 .68 
Level 5 (R5) .88 .93 .95 .95 
Level 6 (R6) .97 .97 .95 .93 
Summed 
Totals .89 .96 .89 .88 

Table 12 Test-retest correlation for magnitude estimation logged scores in 
the memory condition at 3 resistance levels 

CAO Healthy 
Group Group 

Level 2 .95 .23 
Level 3 .93 .60 
Level 4 .93 .89 
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Group Magnitude Estimation Exponents 

Group magnitude estimation exponents were obtained in the 

traditional fashion (Lodge, 1981) to evaluate if the sample was similar to 

previous reports in the literature. The evaluation was considered critical to 

determining whether individual exponent values were reflective of a 

generally appropriate sample. Procedures, outlined in the literature and via 

personal communication, for obtaining traditional exponents were followed 

(Lodge, 1981; Miller, 1993; Stevens, 1975). All exponents were within the 

range of previous reports (Table 13) (Altose, et al., 1985b, Burki, 1984; 

Gottenfried, et al., 1983; Mahler, 1989). No important differences were seen 

between groups. The exponent values were appropriate for the sample's age 

(Ward & Stubbing, 1985). The group magnitude estimation exponents 

indicate an appropriate sample was obtained. The important difference was 

between the two trials of ME with the healthy participants. A MANDV A 

was done on scores for the healthy group to determine if the low 

correlations at R2 and R3 created a significant difference in the overall 

pattern. The results of the MANDV A did not demonstrate a significant 

main (F=.25,p~.61) or interaction (F=.90, p~.48) effect for trial. The results 

indicated that the overall pattern of change across resistance levels was 

maintained, despite the differences at R2 and R3. Based on these results, it 

was concluded that separate analysis of the ME trials was not required. 

Table 13 Overall magnitude estimation exponents by group 
Magnitude Trial Total Sample CAOGroup Healthy Group 

Traditional (fR) 1 .60 .59 .62 
Traditional (TR) 2 .59 .55 .63 
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Experimental Procedures Summary 

The evaluation demonstrated that experimental procedures 

established appropriate magnitude estimation trial conditions required to 

test the proposed hypotheses. There was no significant effect of randomized 

presentation order of resistance level or trial sequence. No increase in 

breathlessness level (VAS score) or decrease in pulmonary function (PEP) 

occurred, which might have indicated a latency effect of the first testing 

sequence. Each experimental trial condition (TY, ME), therefore was 

compared to the appropriate traditional (TR) condition. No comparisons 

across testing sequence were conducted. The overall exponent values were 

indicative of adequate testing procedures, so further appropriately 

conducted magnitude estimation scaling could occur. 

Hypotheses 2a and 2b Testing Results 

As stated earlier the predominate supposition of hypotheses 2a and 2b 

is that individual cognitive representations differ in symptom appraisal 

outcome when compared to traditional abstract representations. It is 

important to identify first any change related to the cognitive representation 

used as a basis for comparison and second the pattern and direction of any 

such change. Any significant change in the exponent values would provide 

partial support for hypothesis 2 and full support would be seen as accurate 

prediction of the pattern and direction of change. Specifically, both portions 

of the hypotheses predicted a decrease in an individual's sensitivity to the 

breathlessness stimuli as indicated by a decrease in exponent value when 

individual cognitive representations were the basis of comparison. The 

anticipated direction of change would indicate that an individual's 
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cognitive representations, whether a typical pattern (prototype) or a specific 

instance (exemplar), when used in the comparative judgments dampen 

response to a stimulus. 

The magnitude estimation procedures used focused on exponent 

value as the outcome of interest. Typically, a group exponent is obtained for 

comparison that reflects the relationship of stimulus and response intensity. 

In this investigation individual exponent and intercept values were 

obtained for all participants in all trial conditions using SAS regression 

procedures (Appendix L). The range of individual exponents obtained (.38 

to 1.04) were similar to those reported by Mahler (1990) for CAO and healthy 

subjects. The trial comparisons of interest were TR with TY and TR with 

ME. The intercepts and exponents (slopes) of each group by each trial 

condition were examined. 

Intercepts 

Analysis of the intercepts allowed for evaluation of differences in 

starting position of the curve characterized by the exponent values. H 

important differences between trials were seen then alterations could be due 

to dissimilar initial points rather than changes in slope. Table 14 displays 

the results of the 2-way ANOV A procedures done to evaluate for differences 

between groups and trials. The intercepts associated with the comparison of 

TR with TY were not significantly influenced by group (F=.06, p~.81), trial 

(F=1.15,. p~.29) or the interaction of group and trial (F=1.0, p~.32). Similarly, 

the comparison of TR with ME intercepts were not significantly influenced 

by group (F=.42, p~.52), trial (F=2.34, p~.13) or the interaction (F=.13, p~.72). 



The results of the intercept evaluation demonstrated no significant 

dissimilarities in initial points. 

Between ~uu .... " 

Within Groups df=58,ss=243.47, ms=4.34 
F= .47 

Exponents (slope) 

df=58,ss=245.81, ms=4.31 
F=.47, 
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The individual exponents reflect each participant's stimuli to 

response relationship, sometimes refered to as the individual's sensitivity 

to stimuli. Inspiratory airflow resistance was the stimulus of interest in this 

investigation. Hypotheses 2a and 2b examined whether an individual's 

sensitivity (exponent) changed based on the cognitive representations used 

to evaluate stimuli. 

Hypothesis 2a would be fully supported if the individual exponents 

for the TR were higher than the TY ones. Graphic analysis of the mean 

individual exponents revealed differences between trial conditions and 

groups (Figure 11). The points indicated in black represent the CAO group 

which demonstrated a marked decline in TY exponent values (x=.52 
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* Statistically significant change ~.Ol 
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Figure 11 Change in exponent values from traditional (TR) and typical (TY) 
trial conditions by group 

Table 15 Results traditional (TR) versus typical (TY) exponent values 
statistical analysis 
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SD=.12 ) as compared to TR (x=.59 SD=.17 ) (Table 15). The healthy group 

indicated by the white boxes demonstrated a similar but less pronounced 

decrease in the exponent value from the 1R (x=.62 SD= .16) to TY (x=.61 SD= 

.17) trial. MANOVA procedures were used to determine if the graphic 

differences were statistically significant (Table 15). There was a significant 

(p~.Ol) main effect for condition and an interaction effect (p~.03) for 

condition by group. The interaction effect paired t-tests were done to 

evaluate whether the trial condition changes were significant within each 

group. The results (Table 15) demonstrated that while the pattern of change 

was similar, the decrease in exponent values was not statistically significant 

in the healthy group. Hypotheses 2a was fully supported in the CAO but not 

the healthy group, although a similar pattern of change was seen. 

Hypothesis 2b would be fully supported if the individual exponents 

for the TR were higher than the ME ones. Graphic analysis of t..~e me(LTl 

individual exponents revealed differences between trial conditions and 

groups (Figure 12). The points indicated in black represent the CAO group 

which demonstrated a striking increase in ME exponent values (x= .. 64 

SD=.17) as compared to TR (x=.55 SD=.12) (Table 16). The healthy group 

indicated by the white boxes demonstrated a similar but less pronounced 

increase in exponent value from the TR (x=.63 SD= .16) to ME (x=.65 SD= 

.16) trial. MANOV A procedures were used to determine if the graphic 

differences were statistically significant (Table 16). There was a significant 

(~.Ol) main effect for condition and an interaction effect (p~.03) for 

condition by group. Paired t-tests were done, as a result of the interaction 

effect, to evaluate the trial condition changes within each group. 
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Figure 12 Change in exponent values from boaditional (TR) and memory 
(ME) trial conditions by group 

Table 16 Results traditional (TR) versus memory (ME) exponent values 
statistical analysis 

x=.65 (.16) 
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The results (Table 16) demonstrated that while the pattern of change was 

similar it was not statistically significant in the healthy group. Hypothesis 

2b was not fully supported in either group, but a significant pattern of 

change (although opposite of that predicted) was seen in the CAO group. 

Hypothesis 3 Procedures 

Hypothesis 3 proposed that determinations of breathlessness intensity 

based on different individual cognitive representations would be more 

reflective of the symptom experience than those based on traditional 

abstract representations. As with hypothesis 2 testing, the investigation 

operationally defined the exponents obtained through magnitude 

estimation techniques as reflective of the individual's response to breathless 

stimuli. As a result, when exponent values obtained using traditional 

abstract cognitive representations are correlated with measures of the 

symptom experience, the values will differ from those correlations with 

individual cognitive representations (TY & ME). In other words, the TY 

and ME exponent values would be expected to demonstrate an improved 

correlation with measures of the symptom experience. The overall pattern 

of change in correlation coefficients with the different comparisons is the 

result of interest. 

General Correlation Results 

To test these suppositions Pearson product-moment correlations 

were calculated between the exponents obtained at all trials (JR, TY & ME) 

and measures of pulmonary function (spirometry standarized values % of 

predicted FEV1 and PVC, and BDI scores) or breathing discomfort (VAS) 

(Table 17 & 18). General screening of the overall correlation coefficients 
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revealed few statistically significance values. None of the correlation 

coefficients reflecting the relationship of exponent values and objective 

pulmonary measures (FEVlJ FVC) were statistically significant, consistent 

with previous reports in the literature (Mahler, 1990). The CAO group 

correlations between VAS at baseline and BDI with the TR exponent were 

significant (p~.05). Also the relationship between VAS post rest and TY 

reached the highest correlation level (p~.014). The correlation of V AS with 

the different exponent values in the CAO described a negative relationship, 

while the opposite was true in the healthy group. 

Pattern of Otange in Correlations Results 

All of the correlations in the typical (TY) and memory (ME) trial 

condition differed from the traditional (TR). For hypotheses 3a and 3b to be 

fully supported all of the correlations obtained with the TY (Hypotheses 3a) 

and :ME (Hypotheses 3b) exponent values would have to show an 

"important" increase over TR correlations in the CAO, but not the healthy 

group. Significance testing of the differences in the correlations was done 

following the procedures outlined in Blalock (p. 405-407, 1972). The 

formula, a detailed example and calculation tables of resulting t's are found 

in Appendix M. Statistical significance at the p~.05Ievel or less, was 

achieved by few of the noted differences associated with the two conditions 

(TR and TY) (Appendix M). The differences that were statistically significant 

will be identified within the hypotheses testing review. 



Table 17 Correlations between traditional (TR) and typical (TY) trial 

FEVl 
FVC 

and breathlessness 
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increased from Traditional, • change in correlation between TR and TY that was significant 
(p~.05). 

Table 18 Correlations between traditional and memory (ME) trial exponents, 
and breathlessness 

Correlations 

from Traditional. 
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Hypothesis 3a was designed to test for patterns of change in 

correlations associated with individual exponent values obtained in the 

typical (TY) condition as compared to the traditional (TR) one (Table 17). 

Table 17 illustrates a parallel pattern of change in correlations between the 

two groups, which does not support the hypothesized difference between 

groups. The CAO group demonstrated increases (with condition TY as 

compared to TR) in the correlation coefficient in all variables (Table 17). 

The BDI total score demonstrated an increase in correlation and also 

changed from a negative relationship to a positive one. In general, the CAO 

group demonstrated a large number of negative relationships of the 

variable with exponent values. The only statistically significant increases in 

correlations with TY over 1R were seen with the VAS post rest period 

(t=1.71, p~.05) and BDI (t=2.05, p~.03), which was consistent with the 

hypothesized pattern. 

The healthy group demonstrated a similar pattern seen as higher TY 

correlations between all variables except the VAS at baseline. All the 

correlations were in the positive direction. There was no statistically 

significant increase in correlations with TY in the healthy group. The 

general increase in correlations seen was consistent with the CAO group's 

pattern, but not the hypothesis. 

Graphically the pattern is clearer and the differences, while not 

statistically significant, are noticeable (Figure 13 & 14). Figure 13 illustrates 

the negative correlations seen in the CAO group and the change in direction 

mentioned. Figure 14 charts the healthy group's distinct pattern of 

increased TY correlations with the exception of the VAS scores at baseline 



u.. -,;::; 
Q) 0.2 -... u 
~ 
Q) 

CAD Participants 
~ Traditional (Tr) 

---ts- Typical (TY) * 

o 
~ 0.0 -m~~===\ 
o -... 

+'" 
(ItS 

] -0.2 

o 
U 

-0. 

* indicates a significant difference p::;.05 
baseline post rest total 
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that decreased in relation to the TR. Based on the results, hypothesis 3a was 

only partially supported as there was an increase in correlations between TY 

and all variables tested in both groups. The predicted pattern was also 

evident in the healthy group, which was not consistent with the 

hypothesized outcome, and few of the increases· were statistically significant. 

Hypothesis 3b posited a pattern of change in correlations associated 

with individual exponent values obtained in the ME condition as compared 

to theTR one (Table 18). Table 18 illustrates a different pattern of change in 

correlations with the TR and ME conditions as compared to the TR and TY 

conditions. The pattern of correlation decrease was inconsistent across all 

measures compared, and none of the changes were statistically significant. 

In the CAO group a decrease in the correlation coefficient occurred with all 

measures except FVC. The healthy group had a similar overall pattern of 

lower correlations with the exception of FEV1 that slightly increased. 

Graphically the pattern is clearer and the differences are more 

perceptible (Figure 15 & 16). Figure 15 and 16 illustrate decreased correlation 

with the ME trial conditions in both groups. Figure 15 demonstrated the 

decrease in V AS baseline measure correlation values that resulted in a drop 

to a non-significant level in the ME trial condition. The BDI also dropped 

in strength of relationship to a non significant level. Figure 16 charts the 

healthy group's distinct pattern of decreased ME correlations. Based on the 

results, Hypothesis 3b was only partially supported as an increase in 

correlations coefficient occurred with most variables tested in the CAO 

groups. The healthy group generally showed the same pattern of change in 

correlations. 
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Summary Testing Results of Hypotheses 2 and 3 

Interesting differences were identified with the comparison of the 

exponent values in the different trial conditions. The results demonstrated 

support for hypothesis 2a which tested whether"prototypical cognitive 

representations would decrease an individual's sensitivity to stimuli as 

compared to the traditional trial representations. Hypothesis 2b posited that 

cognitive representations in the form of exemplars would decrease an 

individual's sensitivity to stimuli when compared to the traditional trial 

values. In fact the opposite pattern of change was seen as the exponent 

values associated with an exemplar increased over traditional ones. 

Hypotheses 3a and 3b were not supported, as seen in the correlation 

change pattern (Tables 17 & 18) and the graphic representations presented 

(Figures 13 to 16). Few of the differences in the correlation between TY or 

ME and TR were statistically significant and both group's patterns were 

similiar. Hypotheses 3a and 3b were not supported as both comparisons did 

not demonstrate the same pattern of change, and the TR versus ME pattern 

of change was opposite of that hypothesized. 

Hypotheses 4 and 5: -Symmetry in Similarity Iudgments 

The basic premise associated with hypotheses 4 and 5 is that a 

prototypical representation of breathing exists and exerts greater influence 

with greater expereinece. Hypotheses 4 and 5 builds upon hypotheses 2 and 

3 and focuses on cognitive representation's prototypical strength. In other 

words individuals with greater experience and information about a 

particular pattern would have greater organization and knowledge stored in 
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a prototype and therefore greater prototypical influence (Tversky, 1977). H a 

prototype was activated in a comparison of similarity, determinations 

associated with the comparison will be biased towards the protoypical 

representation and consequently not the same across all stimuli 

compairsons. A typicality bias or directionality (asymmetry) would occur 

when stimuli that diverge from normal breathing are compared to a 

prototypical representation of breathing. Consequently, comparison of a 

pattern of breathing stimuli (51) to a prototypical pattern of breathing (52) 

would not be the same as the opposite comparison of prototypical breathing 

to a pattern of stimuli (52 : 51). The comparisons would differ depending 

on whether the comparison was to 51 or 52. These basic suppositions can 

then be interpreted into the following hypotheses: 

Hypothesis 4: 5imilarity comparisons involving the question "is 

this like your breathing" versus "is your breathing like this" will 

not be symmetrical [d(51, 5.2) < d (5.2, 51)]. 

Hypothesis 5: Individuals with greater experience with 

breathlessness episodes will demonstrate directionality and 

asymmetry to a greater degree than those with little or no 

experience with breathlessness episodes. 

Hypotheses Testing 

Testing hypotheses 4 and 5 focused on detection of asymmetry with 

prototypical representations of breathing. Asymmetry for the purpose of 
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this investigation was considered to be the difference between the similarity 

comparisons of "This like my breathing"(lliIS) condition versus "My 

breathing is like this" (MY) condition. Hypothesis 4 claims that the two 

statements would not produce equal responses (THIS :F. MY) and hypothesis 

5 claims there is a greater divergence in the comparison with the CAO 

group who would demonstrate greater typicality bias. The procedures tested 

the two conditions across six airflow resistance levels (R1-R6) or six different 

levels of the same comparison and used Repeated Measures MANOV A 

(RMM) procedures to evaluate the differences. 

Experimental Procedures 

The procedures were designed to test both hypotheses simultaneously 

and followed the magnitude estimation trials in the schedule of testing 

(Table 6). Participants were asked to read either the statement "My 

breathing is like this" (MY) or 'This is like my breathing' (THIS) and then to 

rate it on a scale from 1 to 7 with 1 representing the least likely instance. 

The resistance levels were randomly applied twice within the MY and THIS 

trial condition, allowing for test-retest assessment of each condition. The 

participant made twelve determinations in each condition asking 

themselves either "My breathing is like this" or "This is like my breathing" 

while taking a breath through the apparatus. The conditions were separated 

by approximately 40 to 50 minutes during which the magnitude estimation 

trial and the rest period (average 26 to 35 minutes) occurred. As mentioned 

earlier in testing of hypothese 2 and 3, in a repeated measures design several 

issues can threaten the consistency and stability of the investigation. During 
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these trial the same experimental controls were in place to help control for 

these threats. 

Reliability-Stability and Consistency of the Trials 

Reliability and stability of the measures were assessed using two 

approaches. First, Pearson product-moment correlations were done with 

each pair of scores from R1 to R6, to evaluate consistency between the two 

trials. Second, a Repeated Measure MANOV A (RMM) was performed to 

evaluate stability across R1 to R6 in relation to group membership and the 

MY or TIllS condition. The Repeated Measures MANOV A (RMM) 

procedure allowed not only for the examination of the main and interaction 

effects, but also helped determine whether there was a latency effect 

(Edwards, 1985; Norusis, 1990). The latency effect in this investigation 

would be if R3 activated a dormant effect of R2 or interacted with R2 or R1. 

The potential for this effect was reduced in this investigation by random 

assignment of the resistance levels in each trial. In addition the RMM 

procedures tested whether the overall latency effect was 0 and 'corresponded 

to the constant' (Norusis, 1990, p. B-115). H the constant is significant then 

the latency effect is presumed to be 0, in other words, there would not be an 

interaction of current with previous resistance levels. For all of the RMM, 

the constant was significant at the p~.Ol level, supporting no interaction of 

current with previous resistance levels. Each condition (MY or TIllS) was 

analyzed separately and group differences were then compared. 
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My Breathing is Like This Condition (MY) 

The Pearson product-moment correlations of the MY condition test

retest trials were high, ranging from a low of r=.44 to a high of r=.68, and all 

were significant at the .001 level (Table 19). The RMM results showed no 

significant main or interaction effect of the two trials by group (Table 20). 

Table 20 lists the degrees of freedom (df), F Test (F), and level of significance 

(p) for the main and interaction effects tested. There was a significant main 

effect of resistance level that was significant (p~.Ol) and an interaction effect 

of group with. resistance level (p~.Ol). 

Table 19. Correlation coefficients for test-retest evaluation of the two 
conditions. 

Resistance MY THIS 
Level Condition Condition 

R1 .68 .58 
R2 .44 .14 (p~.lS) 
R3 .50 .29 
R4 .65 .40 
RS .47 .35 
R6 .60 .47 

All values significant at the p ~.Ol level unless othelWlse mdlcated 

The stability of the values can be seen in Figure 17 where the mean 

values for each resistance level are charted by group. Very little divergence 

by testing time was present for either group. The interaction effect of 

resistance and group appears to be visible as the CAO group (triangles) are at 

higher levels at R1 and much lower levels at R4-R6. Consequently, the MY 

condition appears reasonably reliable and stable within groups. 



173 

Most "MY" CONDITION TEST-RETEST 

5. 

4. 

(I) 

3.5 ~ 
o 
u 

til 
~ 
«S 

2.5 ~ 

--0- MYl HEALTHY 

• MY2 HEALTHY 
~ MY1CAO 

• MY2CAO 

Resistance Levels 
l.~---------.---------.----------r---------.---------~ 

Least 1 2 3 4 5 6 

Figure 17. Test -retest evaluation of the "MY" condition 

Table 20. Repeated Measures MANOV A results "MY"condition test-retest 
Main Effects Interactions 
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This is Like My Breathing Condition (THIS) 

The Pearson product-moment correlations of the TIllS condition 

test-retest trials were much lower, ranging between r=.14 to r=.57, with R2 

not statistically significant (p~.15) (Table 19). The RMM results also showed 

a significant main effect of the two trial conditions (Table 21). Again a main 

effect of resistance level and the interaction effect of group with resistance 

level was significant (p~.OI). The differences in the two testing times can be 

seen in Figure 18 where the second trial diverged from the first in both 

groups but at different times. The divergence by testing time for both 

groups, does not confirm the reliability and stability of the trials. 

Consequently, both trials were treated separately in the analysis. 

The results of the RMM are presented by hypotheses tested and each 

trial is reviewed separately due to the results of the stability testing. It was 

anticipated that there would be an important main effect of RI-R6, lack of 

this effect would draw into question the correctness of the scores. 

Hypothesis 4-Results 

Hypothesis 4 was concerned with whether the MY and THIS 

conditions were symmetrical or essentially equivalent in general. In order 

for hypothesis 4 to be supported a significant main or interaction effect of 

trial condition would have to be seen. A significant main effect of trial 

condition would indicate a major influence of condition. Two or three-way 

interactions of conditions with either group or RI-R6 would also provide 

support for the hypothesis, but would require further examination to 

discriminate the important pattern. 
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Figure 18. Test -retest evaluation of the 'THIS' condition 

Table 21. Repeated Measures MANOV A results 'THIS' test-retest 

Group (2) 

Condition(2) 
THIS test-retest 

Main Effects Interactions 
Group by 

Group by Condition Resistance Level 
df=1,F=.13, p~.721 df=l, F=.OO, p~.946 df=1,F=2.56 p~.028 

Condition by 
Resistance level 1 

df=1,F=4.94, p~.030 df=1,F=.65, p~.660 ~ 
I--·----····--·-·--·-·-·-il===========lt··---···-.... ----··-·-·-.. --..... --..... -.. ---.. --.. --._-.... -.. 
Resistance ~ Group by Condition 
Leve1(6) \ by Resistance Level 

df=l, F=12.0,p~.Ol i df=1,F=1.24 p~.292 
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Trial One Results of the RMM procedures to test hypothesis 4 are 

delineated in Table 22 and 23 and Figure 19 and 20. Table 22 is a summary of 

the RMM results for trial one and Table 22 lists the cell means by group and 

condition. For the first trial comparing the MY. and THIS condition, there 

was a not significant main effect of condition (Table 22). There was a 

significant main effect of resistance level (~.Ol), which was expected. The 

two-way interaction of condition with resistance was significant (~.01) as 

was the interaction of group and resistance (~.01). Indicating an influence 

of both condition and group as the resistances changed. Neither the 

interaction of group and condition nor the 3-way interaction of group, 

condition and resistance levels (p~.07) were significant. 

The main and interaction effects can be seen in detail with the graph 

(Figure 19) of the cell means (Table 23). If there were a main effect of the 

trial, there would be a clear separation of the MY (the dark points) and THIS 

(the white points) condition in both groups at R1 through R6, there was not. 

Clearly, however, there was a main effect of resistance levels in the MY and 

THIS condition, in both groups, evident by the general drop in score over 

R1-R6. The two-way interaction effect of condition and resistance levels can 

be seen by comparing the black triangles and squares with the white ones 

across R1 to R6. The black triangles and squares representing the THIS 

condition, exhibit a more gradual decline than the white triangles, although 

not demonstrating the clear separation. Using graphic smoothing 

techniques the differences identified by RMM: are clearer in Figure 20. 
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Table 22 Repeated Measures MANOV A results symmetry trial one 
Main Effects Interactions 

Group (2) Gnmpby 
Gnmp ~)[ConditiQn R~f!if!Qn~~ L~l!~l 

df=l, F=1.24, .e~27 df=l,F=.54, p~.47 df=5,F=5.89, p~.Ol 
Condition (2) CQnditiQn hy 
Symmetry Trial 1 Rgsi~an~e lel!el 

df=l, F=.02, p~.88 df=5,F=8.44, p~.Ol MYvs. THIS 
.... u .... .-.......... ~ ... - ... 

Resistance , 
Gnmp ~3l ConditiQn 

Level (6) ! by Ref!if!tance Lenl , 
df=l,F=30.5. p~.Ol 

, 
df=5,F=2.04, p~.07 ! 

Table 23 Symmetry trial one mean values for the two conditions by group 
CAOGroup Healthy Group 

Resistance MY Condition This Condition MY Condition This Condition 
Levell 5.97 (1.32) 5.48 (2.06) 4.97 (2.25) 4.47 (2.45) 
Level 2 4.76 (1.55) 3.72 (1.81)* 4.33 (1.68) 3.80 (1.60) 
Level 3 3.83 (1.44) 3.48 (1.83) 3.77 (1.30) 3.57 (1.72) 
Level 4 2.86 (1.36) 2.48 (1.27) 3.80 (1.42) 3.73 (1.58) 
LevelS 2.38 (1.24) 3.41 (1.50)* * 3.23 (1.55) 3.53 (1.89) 
Level 6 1.79 (0.90) 3.52 (1.24)* * 3.20 (1.38) 3.53 (1.88) . . .. values represent mean and 0 standard deVIation; SIgnificant difference between MY and 'TIllS 
by paired t-tests i* p ~.01i * *p~.OOl 
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The interaction of group with resistance levels can also be seen in 

Figures 19 and 20. The CAO group (represented by the triangles) was higher 

at the R1 and demonstrated a larger overall drop to R6 in both conditions 

(Figure 19 & 20). Further statistical analysis (paired t-test) was done to help 

evaluate the differences seen. The results demonstrated no significant 

differences between trial conditions for the healthy group. The CAO group 

demonstrated significant differences only at R2, R5 and R6 (p ~ .01) (Table 

23). Interestingly the pattern of asymmetry differs across resistance levels. 

At lower added resistance levels the MY ratings were determined to be more 

like the participant's typical breathing than the TInS ratings. At the highest 

resistance levels (R5 &R6) the MY condition was determined to be 

significantly less like typical breathing that the TillS. The asymmetrical 

pattern was not consistent across resistance levels and in essence was not 

seen at the crossover points (R3-R4). Graphically if attention is focused on 

the dark versus the white points particularly at R1, RS ClJ."ld R6 (he 

asymmetry pattern can be seen, where the MY condition scores begin higher 

and end lower in both groups. Figure 20 demonstrates the pattern 

disentangled from R4 through the smoothing techniques and the overall 

point drops in parenthesis. 

Trial Two Results of the MY and TInS condition RMM results are 

presented in Table 24 and follow the same layout as Table 22. For the second 

trial of the MY and TInS condition, there was not a significant main effect 

of condition, but there was a significant effect of resistance level (p~.Ol) 

(Table 24). There were significant (p~.Ol) two-way interaction effects for 
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condition with resistance and group with resistance. Basically, the main 

and interaction effects were the same in this trial, with the notable exception 

of the three-way interaction between group, condition and resistance level 

(p:$;.OO4). Paired t-tests revealed significant differences R1, R2, R5 and R6 

with trial condition in the CAO group, demonstrating a similar pattern of 

asymmetry as was seen in trial one (Table 25). A crossover effect was again 

seen as R3 and R4 mean score values did not differ between trials in the 

CAO group. The healthy group again did not demonstrate significant 

differences with the one exception of R4 (p:$;.Ol) where the MY condition 

showed the higher mean score. Again, the patterns identified in trial one 

are evident in the graphs (Figure 21) of the cell means and with smoothing 

techniques (Figure 22). A main effect of the conditions still is not evident, 

seen as a clear separation of the MY ( the dark points) and TInS (the white 

points) condition in both groups at Rl through R6. 

There was a main effect of resistance levels in the MY and THIS 

condition in both groups, seen as the drop in score from R1 to R6. The 

interaction effect of condition and resistance levels was seen by comparing 

the black points with the white ones across R1 to R6, with the white points 

exhibiting a more gradual decline than the dark ones. The interaction of 

group with resistance levels is also seen in that the CAO group scores were 

higher at the R1 and showed a larger drop to R6 in both trials (Figure 22). 

The three way interaction pattern is seen graphically in Figure 21, as 

the CAO group maintains a steadily drop in the MY Condition (dark points) 

over the resistance levels, which is most evident at R1, R5 and R6. 
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Table 24 Repeated Measures MANOV A results symmetry rial two 
Main Effects Interactions 

Group (2) Group by 
Group :12):: CQn(iitiQn Re~istan~e Level 

._--_._._ ......... __ ._ .. _ .. _ ....... -_ . .?~~~.'~= 1.45d~~.:~.~ df=1,F=1.87, p~.18 df=5, F=5.92 p~.Ol 
Condition(2) CQn(iitiQn Q)! 

Symmetry Trial 2 Re~i~an~g 19y9l 

MYvs. TRIAL df=l, F=.14, p~.71 df=5, F=8.67, p~.Ol 
~ ...... -.... -.................... -.............................. -.. -...... -...... 

Resistance Gmyp Q):: ConditiQn 
Leve1(6) Q):: Re~ista.n~e Lel!:gl 

df=5, F=30.0, p~.Ol df=5,F=3.60, 
p~.004 

Table 25 Symmetry trial two mean values for the two conditions by group 
CAOGroup Healthy Group 

Resistance MY Condition This Condition MY Condition This Condition 
Levell 6.48 (0.91) 5.41 (1.97)* * 4.90 (2.50) 4.53 (2.49) 
Level 2 4.69 (1.58) 3.86 (1.81)* * 4.67 (1.16) 4.40 (1.83) 
Level 3 3.55 (1.35) 3.55 (1.84) 3.80 (1.67) 4.07 (1.62) 
Level 4 3.41 (1.24) 3.52 (1.72) 4.40 (1.48) 3.63 (1.50)* 
LevelS 2.21 (1.18) 3.38 (1.37)* * 3.60 (1.63) 3.38 (1.74) 
Level 6 1.76 (0.79) 3.66 (1.32)* * 3.20 (1.56) 3.80 (2.10) 

. . .. values represent mean and 0 standard deVIatIon; sigruficant difference between MY and TIllS 
* P ~.Ol; * *p~.OOl 
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H attention is focused on the dark versus the white points particularly at R1, 

R5 and R6, where the MY condition scores begin higher and end lower 

inboth groups the statisitical differences can be identified. Figure 22 makes 

the change clearer with the healthy group, which almost stays the same 

from R1 to R6 in the TI-llS condition, while dropping in the MY condition. 

Summary The testing results of hypothesis 4 demonstrated an 

asymmetrical pattern, which supports the hypothesis. No main effect of 

condition was found in either trial meaning no overall asymmetry. There 

was a significant (p~.01) interaction effect of condition with resistance in 

both trials, indicating marked differences (asymmetry). The asymmetrical 

pattern was not consistent across resistance levels and was not seen in both 

groups. The 3-way interaction neared significance (p~.07) in trial one and 

was significant in trial two (p~.Ol). Consequently there was not a marked 

divergence in both groups at all resistance levels, but there was a clear 

asymmetry which develops from R1 to R6 and was different in the two 

groups. 

Hypothesis 5 Testing 

Hypothesis 5 was concerned with differences in the influence of a 

typical pattern of breathing which might be influenced by experience with a 

divergent breathing pattern. In other words it was posited that individuals 

who had experienced alterations in their breathing as a result of frequent 

breathlessness experiences would demonstrate a greater typicality bias or 

more prototypical strength. These individuals would be able to differentiate 

more readily breathing patterns that were different from their prototypical 

breathing. 
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Hypothesis 5 was also tested using RM:M procedures but focused on 

interaction effects of group and condition. A two-way interaction of group 

and condition would be considered strong support for a differences by 

group. The same tables and figures discussed in the hypotheses 4 testing 

will be used. Also directionality and asymmetry will be defined as 

previously indicated. 

Trial One Results of the RMM procedures showed no significant 

(p~.47) two-way interaction between group and condition. But, as 

mentioned before, there was a 3-way interaction between group, condition 

and resistance level that approached significance (p~.07). Graphically, the 

lack of a significant two-way interaction between condition and group can be 

seen, if individual points are compared across groups. In particular, the 

white points (THIS condition) of the two groups are very similar in fact 

almost exactly the same at R2, R3, R5 and R6 (Figure 19 and Table 25). 

Again as presented earlier the 3-way interaction in trial one only 

approached significance (p~.07), possibly as a result of the CAO score at R4 

(Figure 19). Once more concentrating on the dark versus the white points 

particularly at Rl, R5 and R6, a pattern was seen where the MY condition 

scores begin higher and end lower in the CAO group, which was statistically 

significant (Table 25). Figure 20 demonstrates the pattern extricated from R4 

highlighting the overall pattern and points out the crossover pattern. The 

healthy group demonstrated a similiar pattern, but there was no statistically 

significant difference between the trial condition scores at any resistance 

level (Table 25). 
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Trial Two Results are similar to those found in trial one. The 

interaction of group and condition did not have a significant (p~.18) overall 

influence (Table 22). But, the 3-way interaction between group, condition 

and resistance level was significant (p~.004) in this trial. Looking at Figure 

21 and the individual points it is evident the two groups are not 

dramatically different, particularly in the THIS condition at a given 

resistance level. The 3-way interaction was seen as the overall pattern of 

change in scores over the resistance levels by groups and condition. Figure 

22 depicts the overall pattern clearer with the larger drop in score across 

resistance levels and the much larger drop with the CAO group. Again 

there was a statistically significant difference with the CAO group at certain 

resistance levels (Table 23). The healthy group demonstrated a significant 

difference in MY and THIS scores at the R4 level. The THIS condition in 

general, demonstrated a somewhat undistinguished response in that there 

was a smaller overall drop in both groups. The responses in general 

illustrate a less evident contrast across the resistance levels when asking 

"This is like my breathing". 

Summary Hypotheses 5 was supported as differences between the 

groups were seen. The two-way interaction of group and condition was not 

clearly different. The 3-way interaction of group, condition and resistance 

level demonstrated significant differences in trial two, and approached 

significance ill trial one, with both trials reflecting a difference in aysmmetry 

between groups. Paired t-test results indicated a trend towards directionality 

and asymmetry by group that varied with different airflow resistance. The 

CAO group demonstrated more statistically significant differences by trial 
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and resistance levels. Further support for this finding carne from the test

retest MY condition trial in which there was a significant (p~.Ol) difference 

between the two groups across resistance levels. Consequently the 

hypothesis was supported in that the group differences in asymmetry and 

directionality occurred with increased resistance levels, but was not separate 

from them. 

SUMMARY 

Evaluation of the results demonstrates adequate experimental control 

to allow for hypotheses testing. Reliability assessment of the testing 

procedures was accomlished through test-retest evaluation. The results of 

each hypothsis tested and the statistical procedures used to obtain the 

findLllgs were reviewed. Interpretation and discussion related to each of the 

hypotheses are found in Chapter 7, the final section. Qualitative results will 

be reviewed next and later integrated with the results of this chapter in the 

discussion section. Chapter 7 will also discuss implication for theory 

development, clinical practice and research. 
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Chapter 6 

RESUL TS-QUALIT ATIVE 

Overview 

1his chapter will cover the qualitative findings and results. A review of 

the qualitative sampling techniques and methods will be presented first 

followed by the findings. The chapter will conclude with a discussion of the 

results in general. Chapter seven will integrate the qualitative and 

quantitative findings. 

Sample 

Details of the overall investigation sample have been outlined 

elsewhere and will not be repeated here. An attempt to interview all 

participants was made, but technical difficulties and a few refusals (four) 

dropped the total sample number to 45. Of the total 45 complete interviews, 

there were twenty-five individuals with chronic airway obstruction (CAO) and 

twenty healthy individuals. Two sampling times, each designed to elicit 

different information were conducted with each participant. The initial 

session was at the beginning of baseline measures. The participant was asked 

to describe a typical time when they noticed their breathing. The second time 

was during the rest period and individuals were asked to describe what they 

had just experienced and compared their own decision processes with testing 

judgment process. The taped interviews were transcribed and then reviewed 

to assure accuracy in transcription. The interviews were examined using 

grounded theory techniques. 
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Grounded Theory Analysis 

Grounded theory is inductive theory development based on data that 

are systematically gathered (Glaser, 1978; Bowers, 1989). Analysis of the data 

was conducted through "line by line" review to identify "data bits" (Glaser, 

1978, p. 2). Data bits are any word or statement that conveys a complete idea. 

Open coding occurred to organize the data bits according to emerging themes. 

Constant comparative analysis was used to test coded data bits against each 

other to increase the accuracy of the coding process (Glaser & Strauss, 1968). 

Additionally, codes that seemed to cluster together were grouped into 

categories, and then these categories were clustered to form larger groupings 

or concepts. 

To increase confirmability of the results, an independent investigator 

audited the data reconstruction and synthesis products, including the themes, 

categories, definitions, and inferences. The independent investigator was able 

to track the results and confirm the objectivity of the findings reported here. 

Triangulation is the inclusion and integration of multiple sources of data 

within the same investigation (Mitchell, 1986). Triangulation in this 

investigation was done to increase the confirmability of the overall 

investigation. Triangulation of the qualitative results with the quantitative 

results occurred in this investigation as is reported within the overall 

discussion of findings in chapter seven. To increase the transferability or 

generalizability of the results extensive category and theme descriptions (thick 

descriptions) were developed (Appendix N). 
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Results 

The interviews revealed an overall cognitive evaluation process that 

could be seen in both groups. Comparison between the groups will be part of 

the presentation of the results. The cognitive evaluation process consists of 

two major data clusters, cognitive representations and cognitive evaluation 

operation (CEO). The cognitive representations were memory stores of 

patterns and prototypes that formed through experience and learning, serving 

as basis for the CEO. The CEO is best described as a similarity comparison 

judgment that uses previous knowledge (cognitive representations) and 

current circumstance to make an appraisal of likeness. 

Cognitive Representations 

The cognitive representations identified in this investigation include 

typical ill or well patterns, and specific exemplars (specific instances) which 

were reported. All the cognitive representations appeared to be woven 

together to form the complete breathlessness mental model. A basic element 

of these cognitive representations was establishment of a pattern with which 

to appraise resemblance. Cognitive representations were seen in both groups 

although the healthy participants verbalized fewer types and less information 

within the category in general (Table 26). 

Typical Patterns 

Individuals in this investigation delineated four types of typical 

breathing patterns: normal pattern, daily pattern, breathless pattern and 

activity pattern (Table 24). A pattern can be thought of as an overall category 

that includes statements that indicate the individual has identified a 



o 
0\ 

Category
Typical 

A characteristiC 
archetype contain
Ing representational 
Information of .. 11 ...................................................... \ ........ • .. • .............. • .............. .. 

Normal 

Da i Iy Pattern 

Breathless 

Brea th i ng with 
Activity 

how breathing IS for 
them normally 

daily pattern 

"/1y typical breatl)ing 
is ... even when you take a 
deep breath and you're able 
to take a deep breath, you 
don't have the lung capacity 
to really take a good. deep 
breath. " 
"/ get out Of bed. / can't do 
anything. / can just barely 
get to the bathroom and tllen 
sit down and catch my breath 
so tllat / can start taking my 
medication. Tllen / get 
through breakfast and / do 
some exercises and / find out 
whether this day is going to 
be one Of tile worst ones or 

............................................... , ... :7.:.:::: .... :.: ..... :-.:.:.:: ... ;;..::.::.:.:::: ..... ::.:.:.::.7: ....................... .. 
how breathing IS "These(breathlessness) come 
with breathlessness in attacks and when it comes 

it's just about the same level 

how breathing IS 
with actIvity 

,DIHJrl/ time." " 
"/ f / hurry. / mean anytime I 
hurry then / get out of 
breath.: 

"/ don't notice it (breathing) 
normally" 

"Okay / decide on it's being a 
bad or a good day depending 
on how / usually feel and 
usually its .qood." 

"wen if you run or you're 
exercising tllen you're short 
of breath. " 
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Airflow 

Frequency 
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pattern seen withm 
a typical pattern 
1 isted above that 
contains specific 
representat iona I 
mformation of.. 
airflow during 
breath 1 essness 

frequency of 
episodes or 
symptoms 

·····················································1 ........................................... . 
Time 

"typically I watch for 
whether the breath is 
coming. or I feel it stopped 

in here .. " 
"it isn't all that moch 2 or J 
times a day to me isn't that 
moch. " 

·1························· .. ·························· ....................................... ~ 
"it osoally takes a few 
minotes and. .. then / am line" 

amount of time 
associated with 
symptom increase 
or decrease II·····················································l················· .. ······················· .. ··········t ............................................................................. . 

Worsen i ng pattern associated "It starts hard to breath and 
with worsenmg of jost .(jets harder and harder.. 

Ventilation 
an e 
ventilat lOn (e.g. 
cl~est movement, 
effort to breath, 
etc.) 

"/ have to work real hard to 
breath to get the air itself 
in. " 
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characteristic archetype, and factors that are associated with their breathing, 

breathlessness or general status. 

Participants in both groups reported a typical general pattern of 

breathing. The common response of healthy individuals was the statement 

that they usually did not think of or notice their breathing. The CAO 

participants reported much more detail in the typical pattern category. This 

specificity was particularly clear in the typical pattern subcategories of airflow, 

frequency, time, worsening and ventilation. The healthy individuals reported 

few specifics (subcategories) with a typical pattern. The one exception was 

frequency of breathing, which was always associated with some form of 

strenuous activity (aggressive bicycle riding, stair climbing, and hiking). The 

CAO group reported several different kinds of specific representational 

information. Most notable was their ability to describe very specific changes 

in both airflow and ventalitory characteristics. The CAO individuals clearly 

could describe in detail decreases in airflow sensation, and amount of 

ventilatory effort. 

A normal or usual pattern wass established that became a gauge for the 

individual to judge other states. The pattern can be as precise as to include 

certain activities and hours of the day. Additionally, CAO individuals 

identified patterns associated with breathless episode that they used as a 

gauge. Details of the pattern included the speed of onset of breathless 

episodes and the frequency of episodes. Individuals also established specific 

patterns as to the time of day they anticipated having difficulty or usually had 

attacks. In this investigation, individuals identified patterns and developed a 
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model of their experience both with typical breathing and when experiencing 

breathlessness. 

The only other overall typical category that was seen with both healthy 

individuals and those with CAO was reports of typical patterns of breathing 

with activity. In general the healthy individuals reported experiencing 

changes in their breathing only in association with strenuous exercise or 

activity. The CAO participants could experience breathlessness with any 

activity, including merely hurrying. Both groups were able to describe a usual 

pattern of breathing they associated with activity, but, again, the CAO group 

had more specifics within the category. 

Several typical pattern categories were reported only by the CAO 

group. They reported clear prototypical pattern for daily breathing, and 

breathless episodes. The CAO participants clearly identified a daily pattern of 

breathing which was different but related to their typical pattern of breathing. 

In general, the CAO individuals identified how their breathing varied through 

the day, as in being "bad" in the morning and slowly improving throughout 

the day. Healthy participants reported typically a lack of awareness of their 

breathing and consequently did not have any data that would support this 

category. This was also true with typical breathless, a category for which 

healthy participant had no representation other than the changes associated 

with activity. 

In this investigation both groups provided data that supported the 

existence of a typical pattern of breathing in general and with activity. The 

CAO group reported more typical patterns of breathing or breathlessness that 

contained more within-category specifics. The healthy group's data centered 
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on lack of awareness of breathing in general except if associated with activity, 

where an increase in frequency was classically the only major specific 

reported. 

Exemplars 

Another form of cognitive representation seen was exemplars. An 

exemplar was defined as reports of a specific example of breathlessness, which 

contained vivid details including specific breathing changes, and associated 

events, individuals, emotions and treatments. As opposed to the typical 

pattern categories, reports of exemplars occurred with the CAO group. A very 

clear illustration of this category and data is the following quote: 

Quote i Specific Details .................................................................................................................................................................................. j ............................................. . 
n Well it was last winter when I was under the doctor's care for four 1 <time of year 
months. Ah,1 woke up during the night and I was coughing and I'd ! <time of episode 
been having coughing spells for several moths, but I woke up 1 <previous events 
coughing so hard that I couldn't get any air in. I was (gasps to l <associate signs 
demonstrate). It was all coming out. I ran around the bed I was I <breathless 
going to get my husband. I don 't know what I thought I was doing, l description 
but I run around the bed. I was going to get him up. Well, I got ! <activities during 
down on my hands and knees before I could get to where he was, but I <help seeking 
it woke him up, my coughing like that, and I just more or less 1 <associated noise 
temporarily passed out and I think that's the only reason I started l <climax 
breathing again because I could not get any air in and that was I <improvement 
extremely scary, believe me. That's the worst I ever had. It was just I descri~tion 
a matter of seconds that I was out, but I was breathing then when I 1 <as~C1ated 
woke up. Evidently it relaxed the muscles or did something. I don't I emotIons. 
know what, but it worked to oet air in. " 1 <hresolut!on 

o 1 t eory 

~ 
An exemplar contains a notable amount of specific details. Commonly, the 

exemplars that were reported by these participants contained numerous 

specific details the individuals considered importantly related to the 

situations. In this investigation every CAO participant reported an exemplar 



and every exemplar was associated with at least descriptors of breathing, 

emotions and what supports were sought. 
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The cognitive representations seen in this investigation seem to be 

founded on individualization through the identification and development of 

patterns. Patterns allowed individuals to establish a clear depiction of usual 

standards that specifically suited them. The cognitive representations seen 

were very interactive with and created the infrastructure for the judgments 

reported in this investigation. 

Cognitive Evaluation Operation (CEO) 

The only Cognitive Evaluation Operation (CEO) that was reported in 

this investigation was a similarity comparison judgment (SCJ). A sq is a 

cognitive operation that determines resemblance of a current instance to a 

previously established pattern. All participants reported some form of sq 

(Table 27). The SCI presented as a persistent cognitive process that occurred 

during a breathless episode, but also as a part of daily living as it occurredwith 

healthy participants. The comparison process saturated every aspect of the 

perception of self reported here. Participants frequently compared the 

similarities in their state now and in the past. Unquestionably, the CAO 

participants focused on the resemblance of themselves to past and present. 

Cognitive evaluations were seen in seven different SCI categories with the 

CAO group. These included comparisons of themselves to typical patterns, 

exemplars, from day to day, to others and breathless descriptors that they 

would use. 

Cognitive evaluation using SCI also provided a way of estimating 

episode magnitude. The similarity of the current breathlessness episode to 
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Table 27-Similari 

category
Comparison 

Before and after 

Typical Pattern 

Simi liarlty 
comparison made 
between themselves 
before and after any 
part lcul ar event, 
episode or 
treatment 
typically and 
currently or wlth a 
bad episode 

"I know now tnat I'm not 
naving tnem (breatnless 
episodes) like I did. H 

"I'm not breatning I ike I 
usually do~ Tnat's natural to 
tnink tnat because 1'n7 notu 

if I'm naving a dif-ricult 
II ...................................................... , ................................................. · .. ··l .. .r.lP..~: .. :: ...................................................................... 1 

Exemplar exemplar and "I may tnink tnat (is tnis 
currently or wlth a like a tnat bad time) It's 
bad episode not.. Tnis is a breeze 

compared to wnat I nave 
been. So I'll get tnrougll~ 
tni- oo __ L." " 

Day to Day day to day "WeI/.. like today- .. I was 
naving difficulty sitting 
down and breatlling and I 
tnougnt, tnere's more 
Ilumidity in tne air t/lan 
yesterday. it's not a good .. 

"Okay I dec ide on it's being a 
bad or a good day depending 
on Ilow I usually feel and 
usually its .flood." 

';Always I make an 
assessment wnen I get up in 
tne morning. It's tne first 
tning I do. And my assess 
ment is always tile same, 
1'n7 in good sllape it's a great 

to be a/'-" -- " 
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Others 

Descriptors 

Avoid 

Simlliarlty 
compalrson made 
between themselves 
and others 

comparison between 
descriptors of their 
breathless epIsodes 

try to avoid 
compalrsons 

1\ ...................................................... \ ..................................................... . 
Denial deny any 

comparison of their 
breathi 

"/'// tell you this attack was 
not very much fun for me~ 
but / 've talked to other 
people and / think 1 get off 
pretty easy the stories they 
tell me. " 
"There is a a marked 
difference between sying you 
are breathing hard and 

:Pin/I" 
"/ don't compare no~ / avoid 
it ~ / just say its going to be 
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typical patterns was frequently used as an individualized strategy for scaling 

severity. Participants reported further use of this CEO to evaluate themselves 

before and after activity, events and treatments. The SCI was the major CEO 

used to evaluate change in their breathing status. Determinations of how they 

were doing also took on another form of SCI, that 'of comparisons of 

themselves to others. The SCI was a common method of determining general 

status and was a primary source of information that was used to manage the 

illness better and help others do the same. 

The CEO of SCI also extended to differentiation of treatment types and 

events. The participants made SCI of therr states before and after treatments. 

The participants made many SCI comparing one treatment or medication 

result to another. The clearest demonstration of this was an individual who 

could not remember the name of pills but clearly knew the difference based on 

the comparison of the effects. Thus, these participants reported SO, which 

were determinations of resemblance between themselves before and after 

treatments, medications, activities and time. Additionally, SCI were used as a 

way of determining how well, in general, an individual was doing based on 

contrasting themselves with other healthy or ill individuals. 

The healthy group reported use of SCI in two major ways. First, a SCI 

could be made based on their cognitive representation of a typical pattern. 

Second, it was not uncommon to have healthy individuals report use of SO to 

evaluate daily their general status. In addition, every healthy participant 

denied comparison judgments concerning their breathing, basically as a result 

of the typical pattern of not noticing their breathing. 
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In general, both groups demonstrated some form of sq, although they 

varied considerably as to type of comparison conducted. Every participant in 

this investigation reported some comparison. No other form of 

determinations related to breathing or general changes in status were 

identified. Also, as a point of initiation of discussion, the participants were 

asked to compare the testing procedures to how they thought about their 

breathing. The majority of participants in both groups reported no similarity 

between either the testing process and sensation elicited by the testing 

procedures. The interesting point is that although the individuals denied use 

of a comparative process similar to those used in the testing procedures, every 

participant demonstrated use of the process. Apparently sq are so common 

they have an assumed and obvious nature. 

In summary, the cognitive evaluation process identified in this 

investigation contain two elements, the SO and the cognitive representations 

upon which the determinations of resemblance were based. The example of 

breathlessness cognitive judgments uncovered in this investigation was 

essentially a determination of resemblance. In essence the findings of this 

investigation depicted a standard of ongoing progressive similarity 

determinations of current breathing state to experience with breathing, which 

were influenced by both current sensory input, and past remembrances. 

Data Deliberations 

The model described in this investigation is consistent with many 

findings of previous investigations. Several interesting points surfaced which 

require further discussion. The view that breathlessness is a simple stimulus 

response reflex (Killian, 1990, 1985) is incomplete given the information 
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concerning breathlessness cognitive processes presented here. The cognitive 

dimension is the most underinvestigated aspect of breathlessness. This 

qualitative investigation provides significant information about the cognitive 

dimension of breathlessness. 

The cognitive evaluation processes uncovered in this qualitative 

investigation have several features previously reported in the literature, 

particularly in the cognitive science domain. The cognitive representations 

identified in this investigation are consistent with information stores that are 

proposed by Barsalou (1989). These stores contain intuitive theories, 

definitional information and idealized models. Benner and Wrubel (1989) 

proposed a similar approach to symptoms in the context of chronic illness. 

Ouonic illness and the associated symptoms, in this case breathlessness, 

progressively develop, increasing the individual's ability to assess, cope and 

respond through p:rogressive development of "experiential knowledge' (p.219). 

Benner (1984) suggested that this experiential knowledge results in surmised 

notions or inferences. These are referred to by Barsalou (1989) as intuitive 

theories and idealized models. The literature supports the findings that 

experience results in core groupings of information as in typical patterns and 

exemplars. The information in these cognitive representations can be 

described as critical features that allow the individual to make skilled 

assessments of bodily states and initiate complex actions aimed at 

management of breat..1Uessness. From a clinical perspective it is very clear that 

individuals who regularly experiences breathlessness as a result of chronic 

pulmonary impairment have expert knowledge of breathlessness. 

Additionally, investigations looking at the influence of experience on 
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particular knowledge areas support the findings here; individuals with 

extensive experience in a particular domain demonstrate a preference for 

information patterns versus surface features or singular instances (Chi, 

Feltovich & Glaser, 1981; Chase & Simon, 1973). A previous investigation of 

asthmatic individuals identified fifteen different patterns of breathlessness 

symptomatology that supports both the existence of patterns and the presence 

of several different types of these (Kinsman, Sheldon, Spector, Suhcard & 

Luparello, 1974). The cognitive representation forms described here are 

consistent with the findings associated with expert knowledge acquisition; 

specifically, the hypothesized relationships found in the symptom appraisal 

literature. 

The CEO of SCJ has been extensively investigated by cognitive 

psychologists (Rips, 1989; Barsalou, 1989; Tversky & Kahneman, 1974, 1980, 

1981, 1982, 1983). Tversky and Kahneman (1980,1983) investigated judgment 

errors made in general, and symptom occurrence judgments in particular. The 

findings support that the appraisal of symptoms is based on judgment 

heuristics, as no other form of reasoning was identified. Judgment heuristics 

are natural assessment strategies based on the appraisal of representativeness 

between instances and categories. In other words, judgment heuristics are like 

the similarity comparison judgments described in this investigation. Tversky, 

et al. (1983) further argue that the use of judgment heuristics increases in the 

presence of uncertainty. An episode of breathlessness has frequently been 

described as difficult and distressing ventilation in the face of typically 

effortless breathing which in itself launches dis-ease and uncertainty (Mahler, 

1990; Altose et, al., 1985b; Cockroft & Adams, 1986). The simple awareness of 



a typically unconscious sensation can initiate uncertainty and heighten the 

possibility of judgment heuristics strategies dominating any cognitive 

evaluation of breathlessness. Thus, there is significant evidence in the 

literature to support the cognitive evaluation phase described here. 

SUM:MARY 
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The results presented here demonstrate that the cognitive evaluation 

processes of breathlessness reported by both groups is a determination of 

resemblance. This is consistent with the literature concerning judgments in 

general. Individuals with broad breathlessness experience have established 

extended patterns and exemplars to assist in detection and management of 

breathlessness episodes. In this way, individuals with experiential 

breathlessness knowledge are living with the cognitive knowledge structures 

in place to assist them in daily management of their breathing. 

Acknowledgment of these cognitive knowledge structures and the information 

they contain will facilitate care of these individuals and the understanding of 

breathlessness episodes in general. For example, the individual experiencing 

breathlessness does not confront an assessment dilemma as they have access to 

the knowledge structures that is valuable information the health care 

professional does not have. As a result the individual often chooses to follow 

their treatment schemes despite differing expectations of others including, 

their physician. In depth knowledge of the patterns, prototypes and schemes 

of a particular individual is key to understanding the judgments they make in 

any specific occurrences of breathlessness. 

The scenarios identified above for CAO participants is essentially true 

for the healthy participants also. Both groups demonstrated similar findings, 
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but with less detail evident in the healthy group. In this case a pattern of 

breathlessness is not as well established, but how they are normally is firmly 

affixed and is reference for comparison. Alteration from the typical pattern of 

the unconscious rhythmic breathing is clearly reason for concern in the healthy 

group. Further discussion and integration of these findings will occur in the 

final chapter. 
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Chapter 7 

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS 

Overview 

The purpose of this study was to examine the cognitive dimension of 

breathlessness. A review of the literature indicated the cognitive 

dimension of breathlessness has received minimal attention and little 

investigation. Theoretical and empirical information supported the need 

for examination of the cognitive dimension from a new theoretical 

perspective that reflected recent advances in cognitive psychology and 

psychophysics (Figure 4). 

The key components of the cognitive dimension of breathlessness 

examined in this investigation were symptomatic judgments and the 

associated cognitive representations. It was proposed that symptomatic 

judgments are not consistently logical, and cognitive representations of 

symptomatic experience exist that potentially influence an individual's 

response (Barsalou, 1989; Rips; 1989, 1990; Tversky & Kahneman, 1979, 1983). 

Results of the quantitative data analysis presented in Chapter five and the 

qualitative data analysis presented in Chapter six are discussed in this 

chapter. The results will be discussed relative to interpretation of findings, 

integration within the theoretical perspective, as well as implications for 

nursing practice and research. Recommendations for further investigation 

based on the results will conclude the chapter. 

Interpretations of the Results 

The discussion of the results centers on the hypotheses tested and 

links with the literature. Interpretation of the results builds progressively 
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upon the hypotheses tested, beginning with the general examination of 

breathlessness symptomatic evaluations related to judgment errors in logic 

(Hypothesis 1). Findings related to judgments based on altered cognitive 

representations are then discussed in relation to their influence on 

breathless symptom evaluation (Hypotheses 2 and 3). Finally results that 

bear on the existence of a stable breathlessness cognitive representation, 

specifically a prototype will be discussed last (Hypothesis 4 and 5). The 

specific aims, hypotheses, resulting predictions, statistical results and 

conclusions drawn are summarized in Appendix O. 

Tudgment Errors in Logic (Hypothesis 1) 

Hypothesis 1 evaluated judgment errors in logic and centered on the 

conjunction rule (0) of probability. Investigation of the CJ rule was spurred 

by the simple question of whether judgments concerning symptoms are 

logical. The CJ rule has been referred to as the most basic law of probability 

and bayesianism (Tversky, & Kahneman, 1983), but also is consistently and 

systematically violated in human judgments. While the CJ rule has 

undergone extensive investigation, a situation where the CJ constituents 

represented sensory symptom experiences has not been examined. Testing 

of the hypotheses followed methodological procedures previously used to 

allow for comparison of results with reports in the literature. The 

discussion of hypothesis 1 will center on these comparisons. 

Hypothesis 1 

Subtle testing. Hypothesis 1 was supported by the results. Errors in 

judgments seen as violations of the CJ rule occurred in both healthy 

participants and those with Chronic Airflow Obstruction (CAO) pulmonary 
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disease and with both subtle and transparent testing. Both groups 

demonstrated violations of the CJ with breathlessness (BD) and activity 

(AD) descriptors as constituents. Differences between the groups occurred 

with subtle testing in relation to the ranking of the AD constituents and the 

CJ. The healthy group ranked the CJ and the least likely constituent 

significantly higher in the activity trial than the CAO group. The pattern 

identified in these results is characteristic of a general phenomenon 

identified in the literature (Tversky, et al., 1983), where people tend to 

overestimate a representative event's likelihood of occurrence and 

underestimate non-representative ones. In this case the healthy 

participants were more active and may have chosen to combine activities in 

a conjunctive form, as in walking uphill and talking, while the CAO group 

basically would not. As a result, for the CAO group the activity trial would 

not be a true test of the conjunction rule. 

Seventy- five percent of the CAO group had severe functional 

impairment, as measured by the Baseline Dyspnea Index (BDI). The severe 

impairment score on the BDI is interpreted within the scale as a functional 

status that requires giving up most usual activities and those activities that 

are done require 50-100% longer to complete than the average person. The 

results of the BDI and spirometry measures demonstrated that the CAO 

participants were severely limited in functional activity status. 

Consequently, the CAO group would have considered a q made up of AD 

constituents less representative of them than the healthy group, who could 

legitimately combine activities. 
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The qualitative interviews demonstrated that the CAO group was 

very dear on which activiti.~s were associated with breathlessness. The least 

and most likely constituents have undergone daily testing by the CAO 

group while carrying out their activities of daily living, which established 

the potential association with breathlessness. The testing procedures 

required ranking of the CJ and constituents, but in so doing setup a 

compulsory although less representative situation for the CAO group. In 

the CAO group, the CJ would be ranked lower as compared to healthy 

participants, in as much as combination of activities would be considered a 

rare occurrence. The statistically significant differences between groups in 

ranking the AD and their CJ are reflective of the overall functional status of 

the group, and are an indication of the CJ's representativeness compared 

with the constituents. 

Transparent test 

The transparent tests findings lend support to this line of thought. 

There was a significant difference between the two groups in violation of 

the q rule with the BD. The CAO group demonstrated a minimal drop in 

violation while the healthy participant decreased 24% (Figure 10). In fact, 

the drop seen with the healthy group was similar to the drops reported by 

Tversky, et al. (1983). When the CJ created is less representative of a known 

situation, illumination of the violation appears easier. The 

representativeness of a situation appears to severely limit use of basic logic, 

as seen with the CJ rule in the associated judgments. Further support to the 

interpretation that a typicality bias exists in these likelihood of occurrence 

determinations is the finding that the CJ was consistently ranked higher 
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than the least likely constituent in both testing procedures and groups. The 

typicality bias appears tied to the representativeness of the constituents as 

the CAO individuals showed a greater drop in CJ violation in the 

transparent testi.Jtlg of the AD than the healthy participants, presumably 

related to the lack of represenativness of the q. 

Overall the results support the findings previously reported in the 

literature that the CJ rule is consistently violated in human judgment, and 

now includes likelihood of occurrence determinations based on 

individually derived sensory constituents. There is also support for the 

conjecture that the greater the representativeness of the judgment scenario 

with known situations or experiential knowledge (Benner, 1984; Benner & 

Wrubel 1986), the less the q rule will be used in the determination. 

Natural assessment of representativeness use was evident not only by the 

ranking of the q but also by the persistence in the judgment error despite 

efforts to illuminate it. An intuitive form of reasoning appears linked to 

symptom evaluation, at least with determinations of likelihood of 

occurrence. 

Tversky and Kahneman (1983) proposed that the tendency to use 

representativeness assessments could be due to three factors: 1) the 

participants could be intentionally choosing to use this form of reasoning, 

or 2) they are anchored to it's use in some way, or 3) they fail to differentiate 

natural and test situations and, as a result, persist with commonly used 

reasoning strategies. The qualitative results speak to whether participants 

intentionally choose to use judgment heuristics or were fixed to it in some 

way. Every interview demonstrated a comparative process of some kind, 



209 

which supported the use of judgment heuristics in evaluations of breathing 

and breathlessness. In general these judgments were determinations of 

representativeness between themselves typically and any deviation from 

that state. The CAO group sited numerous examples of the similarity 

comparison of typical pattern with an episode of breathlessness or previous 

states. These results are linked to the idea that individuals are anchored to 

this form of reasoning, as it appears to be an ingrained form of reasoning 

with regards to symptom appraisal and health status. 

The ingrained nature of the intuitive reasoning process can be seen 

within the qualitative interviews. Despite the numerous examples of 

judgment heuristics, there is also qualitative evidence that individuals do 

not readily identify when an assessment of represenativness is occurring. 

Most individuals in both groups initially denied use of a comparative 

process, yet within a few sentences demonstrated its use. No other form of 

reasoning could be identified in the interviews. The qualitative results do 

not support the supposition that individuals are intentionally chosing this 

form of reasoning, but show they appear to be fixed or anchored to it. 

Failure to differentiate natural and test situations were specific design 

considerations in this investigation. It was desired that individuals display 

their commonly used reasoning processes. The research design attempted 

to evaluate judgment strategies associated with breathlessness using test 

procedures that explicated the individual's method of determining 

likelihood of symptom occurrence. The subtle test was designed to discover 

the underlying method and the transparent test to potentiate the occurrence 

of bayesian logic through facilitating a reflective attitude on the previous 
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judgments. Neither test produced notable adherence to the CJ rule or error 

free judgments. Based on the results, use of bayesianism probability 

assessments with determinations of breathlessness symptom descriptors 

and associated activities likelihood of occurrence appears doubtful. 

Cognitive Representations and Breathlessness Symptom Evaluation: 

Hypotheses Two and Three 

Hypotheses 2 and 3 built upon the results of hypothesis one and 

further examined natural assessment of representativeness or judgment 

heuristics. Focus was placed on inquiry into the nature and influence of 

breathlessness cognitive representations. Judgment heuristics in symptom 

judgments must be based on cognitive symptom representations used to 

assess resemblance. Different cognitive representations of breathlessness 

potentially alter an individual's symptom evaluation or in this case alter 

the individual's sensitivity to breathless stimuli. Additionally, symptom 

evaluations based on less characteristic representations of breathlessness 

have less resemblance to the subjective symptom experience. Testing 

hypotheses 2 and 3 provided some support for these theoretical links. 

Hypothesis 2 examined whether different cognitive representations 

created different symptom evaluation outcomes. Again a basic question 

stimulated hypothesis formation and testing: does what an indiviudal 

thinks about his/her breathing and breathless episodes influence symptom 

appraisal? Using psychophysical magnitude estimation techniques to 

evaluate symptom appraisal, the hypotheses proposed differences in the 

stimulus-response relationship based on the cognitive representation. 

Hypothesis 2 had two components, looking at a typical pattern of breathing 
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(TY) or specific memory (ME) of breathlessness as the different cognitive 

representations. The exponent values obtained from the different 

representations were compared to those obtained with traditional 

magnitude estimation (TR) techniques which asked the participant to use 

an abstract representation from which to evaluate changes in intensity. 

The TR techniques are well accepted methods for evaluating 

individual sensitivity to stimuli (Altose, et al., 1985b; Burki, et al., 1988; 

Killian, 1985), and the exponent values obtained in the present study are 

similiar to previous reports. An underling premise of these techniques is 

that, despite between subject variability, individuals behave 

'characteristically' (Burki, et al., 1988) and presumably consistently. In this 

case, if the comparisons inherent in the TR trial were objective proportional 

determinations of stimulus magnitude versus assessment of 

representativeness, the pattern would remain unchanged regardless of the 

representation used, if the stimuli were unchanged. In other words, if the 

TR techniques represented an individual's true sensitivity to a given 

stimuli, the underlying sensitivity or slope should not significantly change 

if the procedures are exactly the same with the exception of the cognitive 

representation used as a basis of comparison. Hence the TR trial would be a 

true objective measure of the subjective phenomenon of breathlessness 

(Killian, 1985; Killian & Cambell, 1990). 

Hypothesis 2a 

In this investigation, individual exponent values were obtained, and 

represented the slope of the relationship between the stimulus and 

response. The differences found represented a change in the slope with 
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each individual serving as his/her own control. Hypothesis 2a was fully 

supported in the CAO group, but not in the healthy group, as there was a 

significant main and interactive effect of trial. Both groups demonstrated 

the same pattern, but the differences associated with the healthy group were 

not significant. Consequently, the results did riot support the assumption 

that the TR is a true objective measure of breathlessness, particularly with 

the CAO group (Appendix 0). In this case, when participants were asked to 

recall their typical pattern of breathing, the individual exponent values 

changed indicating a decrease in sensitivity to the stimulus of airflow 

resistance. Consequently, the objectivity of the TR techniques is questioned, 

as is the supposition that determinations of breathlessness intensity are not 

influenced by the cognitive representations activated. 

Fur£her, there was a significant influence of symptom experience as 

individuals with CAO demonstrated a greater decrease in sensitivity than 

healthy non-breathless participants. Statistically, the influence was seen in 

the ANOV A results as the significant interaction between group and trial 

condition and the paired t-test differences indicated. Age and gender 

matching of participants adds credence to the dispa-Tity seen being a result of 

differences in cognitive representation. Healthy and CAO participants were 

also matched as to randomization design to establish the same pattern of 

stimuli presentation between groups. Again, the experimental controls' 

overall exponent values and statistically significant results support the 

supposition that the differences in sensitivity are the result of differences in 

cognitive representations (TR vs. TY) and that increased experience with the 

symptom creates an even larger contrast in the comparison. 
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Hypothesis 2b 

While hypothesis 2b was not fully accepted it does add support to the 

suppositions concerning judgment heuristics and the influence of cognitive 

representations on symptom evaluation (Appendix 0). In this case, 

participants were asked to recall their clearest memory of breathlessness and 

once more their individual exponents changed. But this time there was an 

increase in sensitivity to the stimulus of resistance to airflow. The change 

in individual exponent values were exactly opposite that hypothesized. But 

in these trial conditions, use of a clear memory of breathlessness increased 

an individual's sensitivity to the stimulus of airflow resistance. 

Determinations of breathlessness intensity are influenced by the cognitive 

representations activated and can increase or decrease individual sensitivity 

to a stimulus, presumably related to the specific details contained in the 

representation. 

Further, there was a significant influence of symptom experience as 

individuals with CAO demonstrated a greater increase in sensitivity than 

healthy nonbreathless participants. Again the influence was demonstrated 

statistically by the significant interaction effect of group and trial condition 

seen with the ANOV A procedures and group differences in the paired t-test 

results. Age, gender and randomization pattern matching of the groups 

adds support to the disparity seen being due to the activation of different 

cognitive representation. The supposition that the differences in sensitivity 

results from differences in cognitive representations (TR vs. ME), with 

contrasts increasing with symptom experience, is sustained despite the lack 
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of support for hypothesis 2b- Generally hypothesis 2b misjudged the 

direction of change while clearly proposing a change would occur. 

Experimental Control 

In obtaining the individual exponents, individual intercepts were 

also calculated. Analysis of the intercepts allowed for evaluation of the 

differences in starting position of the curve. No significant differences were 

found in initial starting point for either group in the different trial 

conditions. These results indicate any alteration in slope (exponent value) 

was not attributable to different starting points on the curve. 

There was not a significant influence of resistance level presentation 

pattern or whether the TR or TY trial occurred first. The overall sensitivity 

measure (exponents) obtained with the TR trials were within the range of 

previous reports in the literature for individuals of similar age 

(Gotttenfried, et al., 1985; Mahler, 1990; Ward & Stubbing; 1985). No 

significant differences were seen in mouth pressures, indicating consistency 

in resistance load application. The experimental control's overall outcomes 

and statistically significant results support the supposition that the 

differences were due to cognitive representation distinctions (TR vs. TY, TR 

vs. ME). It is important to keep in mind the contrasts seen are individual 

differences, as subjects served as their own controls. 

Interpretation of Findings 

The testing of hypotheses 2a and 2b supported the influence of 

cognitive representations on symptom evaluation, specifically 

determinations of breathlessness intensity. Both hypotheses predicted an 

influence of cognitive representations on breathlessness intensity 
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evaluations. Hypothesis b misjudged the direction of change. Typical 

patterns of breathing (prototypical cognitive representations) used in 

determinations of symptom intensity decreased overall sensitivity to 

airflow resistance. Cognitive representations based on the clearest memory 

of breathlessness (exemplar) and presumably containing greater detail 

increased the sensitivity to airflow resistance as a stimulus. 

The divergent pattern produced with the different cognitive 

representations is consistent with literature regarding judgments and 

variability of information within category representations, in this case the 

informational category breathlessness (Rips, 1989, 1990). An exemplar 

versus a prototype would have less variability as a result of the greater detail 

of information. Comparison of the physiologic sensory features of 

increasing airflow resistance to the features of the cognitive exemplar would 

appear to be a more direct relationship (an exponent increase) as there is a 

precedent for a form of 'difficult' breathing within the exemplar. Within 

the exemplar (clearest memory of breathlessness) activated by the CAO 

group, an exact instance containing the physiologic sensory features of 

increasing airflow resistance may exist. In contrast, with the typicality 

instance the features of breathing's central tendencies would be compared to 

the physiologic sensory features of increasing airflow resistance and a less 

literal similarity would exist. The typicality comparisons would result in 

less of a direct comparative relationship and an exponent decrease. It is 

reasonable to expect increased sensitivity to stimuli that have a high degree 

of resemblance to the comparative cognitive representation. Simply stated 

the CAO participants may have been reasoning that the breathing they were 
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experiencing was not very similar to what they typically experienced (in the 

prototypical instance) and just the opposite with the comparison to a specific 

instance. The pattern may in part have been related to the unidimensional 

stimuli of airflow resistance that would be less representative of typical 

breathing but in part more representative of breathlessness where airflow 

limitation is of primary concern. 

The healthy group while demonstrating the same overall pattern 

showed only a modest impact of cognitive representation on the exponent 

value in both trial conditions. Consistent with the literature, the limited 

impact potentially was directly related to the lack of feature similarity from 

which to make a comparison. Although the overall effect was significant in 

this group, an exemplar or the clearest memory of breathlessness may not 

differ in major substantive ways from the other forms of cognitive 

representations. The comparison in the healthy group may be more 

illustrative of the differences between abstract, prototypical and exemplar 

representations, as little distinction in the amount of specific representation 

information potentially existed. 

The qualitative results support these explanations of hypotheses 2a' s 

and 2b' s findings, as the healthy group required notable support in 

identifying any instance of breathlessness and frequently identified the 

changes in breathing associated with physical exertion as typical. The CAO 

group, as would be expected due to the physiologic impairment, reported 

many specific instances of breathlessness and could readily describe their 

typical breathing pattern and typical deviations from it. In the CAO group 
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specific representational information was documented in the interviews, 

but was not clear with the healthy group. 

Hypotheses 3a and 3b 

Given the results discussed thus far, the influence of cognitive 

representations and judgment heuristics influence on breathlessness 

symptom evaluation (determinations of stimulus intensity) appears 

substantiated. The question remains as to the influence different cognitive 

representations have on the symptom experience versus objective 

pulmonary function measures. In this investigation symptom experience 

was assessed using the Visual Analog Scale (VAS baseline., VAS post rest.), 

Baseline Dyspnea Index (BDI) and qualitative interviews while the objective 

measures consisted of spirometry values (FEVl, & PVC). 

Hypothesis 3 

Hypothesis 3 investigated the relationship of TY (prototypical 

cognitive representation) and :ME (exemplar cognitive representation) to 

objective measures of pulmonary function and subjective measures of the 

symptom experience. Correlation coefficients were used to evaluate 

differences between TR and TY or:ME. Relatively low relationship levels 

are the expected findings when subjective measures of the symptom 

experience or objective measures of pulmonary function are correlated with 

exponent values (Mahler, et al., 1986; Mahler, 1987, 1990). Generally the 

correlations examined in this investigation are consistent with these reports 

(Mahler, 1990) (Table 17 & 18). The lack of significance in the correlations is 

not the major phenomenon of interest here. The issue of concern is 

whether a pattern of changes in correlations can be seen between the 
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comparisons of the trial conditions (TR versus TY and TR versus. :ME). Few 

of the changes in correlations were significant (p~.05). 

Hypothesis 3a 

Hypothesis 3a was designed to examine the patterns of change 

associated with the comparison of correlation coefficients between TR and 

symptom experience or objective pulmonary function measures versus TY 

exponents (Appendix 0). Hypothesis 3a was not supported, as correlations 

decreased in both groups and a clear difference between groups was not 

seen. A very interesting pattern emerged, in that both groups demonstrated 

an improved correlation with TY as compared to the TR; the correlations 

were statistically significance with the subjective symptom experience 

measures of VAS post rest and BDI score in the CAO group. A similar pattern 

was seen in the healthy participants, with the one exception being a decrease 

in the subjective measure of breathing discomfort, 

V AS baseline. The interesting point is that an overall pattern of improved 

correlation was seen that differed by group and objective versus subjective 

measures. The CAO group demonstrated the greatest increases with 

subjective measures of breathlessness (BDI, VAS post rest) increasing the 

correlation of V ASpost rest to the highest level seen in the investigation. The 

healthy group's significant increases were with objective pulmonary 

function measures (FEV], FVC) which increased from essentially no 

correlations to notable levels. 

Hypothesis ~ 

Hypothesis 3b was designed to identify the patterns of change 

associated with the comparison of correlation coefficients in the same 
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manner, only this time using the TR and ME exponent (Appendix 0) . 

Hypothesis 3b was also not fully supported, as the pattern was one of overall 

decrease in correlations in both groups, the change being opposite that 

hypothesized. Again an interesting pattern emerged in that the CAO group 

demonstrated a decrease in correlations of the subjective symptom 

experience (VAS and BDI scores) with ME as compared to the TR. A general 

increase in correlation coefficients occurred in the CAO group with the 

objective pulmonary function measures (FEVl & PVC). The FEVl and FVC 

values demonstrated a statistically significant drop in the healthy group. 

An overall pattern of decrease was seen in both groups. 

Hypotheses 3a and 3b while not fully supported demonstrated an 

overall interesting pattern of improved correlation with TY and decrease 

with 1vffi as compared to TR condition. Again, changes in correlations were 

hypothesized, although not always in the directions proposed. The findings 

also showed an interesting difference between the two groups with the 

measures of breathing discomfort (VAS). In the CAO group, the use of a 

typical pattern of breathing as a cognitive representation from which an 

exponent was derived resulted in an increase in correlation coefficients that 

was statistically significant and raised the correlation of V ASpost rest to the 

highest correlation level seen in the investigation. The healthy group 

demonstrated a mixed result, with the correlations between V ASbaseline 

decreasing while the V ASpost rest correlation improved With the ME 

exponent correlations with V AS score there was an important decrease in 

both groups, particularly the CAO group that had a decline in V AS baseline 

correlation coefficient. 
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Interpretations of findings 

The results of hypotheses 3a and 3b are also consistent with the 

literature within the explanations outlined for hypothesis's 2a and lb. The 

increases and decreases seen with the CAO group and V AS or BDI measures 

would be consistent with fluctuations in stored information in the different 

cognitive representations. The literature supports that when asked, an 

individual is more likely to produce a prototypical response versus a specific 

instance (Rosch, 1978; Smith & Medin, 1981). Consequently, the VAS scores 

that are derived from an individual's assessment of their breathlessness at 

that moment would represent a central tendency. Again it would be 

reasonable to expect a greater improvement in correlation between two 

measures derived from a central tendency (TY and VAS, BDI measures) 

within a category than between a specific instance (ME) and a central 

tendency (V AS, BDI). 

The pattern of change is unclear with the correlations of objective 

pulmonary function measures and exponent values in this group. There 

are important increases in the FEV1/FVC correlations with the ME 

exponent and mixed correlational changes with this value and TY 

exponent. The pattern of change with these objective variables and the 

different exponents is clearer in the healthy group. The pattern appears to 

be that less variation in actual pulmonary function may produce a clearer 

pattern in changes related to cognitive representations. 

The comparison in the healthy group may be more illustrative of the 

differences between abstract, prototypical and exemplar cognitive 

representations, as little distinction in the amount of specific 
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representational information potentially existed in this group. In some 

ways this would account for the mixed pattern of changes in correlations 

seen in this group with the V AS scores and the TY exponent, which may 

represent little change in representational information. The overall 

decrease in correlations seen with the ME exponent may also be related to 

the type of stored information in the cognitive representation. 

As a result of hypotheses 2 and 3 testing, there are interesting 

differences between prototypical and exemplar cognitive representations in 

symptom evaluation, in this case determination of breathlessness intensity. 

The prototypical cognitive representations demonstrate a significant 

leveling effect on the individual's sensitivity to incoming stimuli, and 

depict a closer relationship (improvement in correlation) with subjective 

measures of breathlessness discomfort and the symptom experience. With 

use of the exemplar cognitive representation the opposite appears to be true. 

As stated earlier, if natural assessment of representativeness or 

judgment heuristics is used in breathlessness symptom evaluation then it 

must be based on a cognitive symptom representation with which 

assessment of representativeness can occur. Additionally different 

cognitive representations of breathlessness alter an individual's symptom 

evaluation or in this case alter the individual's sensitivity to breathless 

stimuli. Furthermore, symptom evaluations based on less characteristic 

representation of breathlessness have less resemblance to the subjective 

symptom experience. The results support the use of judgment heuristics in 

symptom evaluation and differentiated responses based on the cognitive 

representation used to evaluate resemblance. 
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The Existence of a Stable Breathlessness Cognitive Representation: 

a Prototype of Breathing Hypothesis 4 and 5 

The results of testing hypotheses 4 and 5 take the investigation of the 

cognitive dimension of breathlessness a step fruther to determine if the 

cognitive representation of a typical pattern of breathing exists as a stable 

stored knowledge structure in memory. Testing hypotheses 2 and 3 

demonstrated differences in symptom evaluation related to purposeful 

activation of representational information. The question remains whether 

the purposeful activation represented a temporary representational form 

versus a stable stored prototype. H a stable prototype of breathing does exist, 

differences between those who frequently experience deviations from a 

typical pattern as with breathlessness and those who do not would exist. 

Testing hypotheses 4 and 5 was designed to examine if a stable 

representational form of knowledge structure exists. 

Two presumably symmetrical statements of comparison were used. 

Specifically participants were asked to evaluate the statements "my 

breathing is like this" (MY) and "This is like my breathing" (THIS) at six 

airflow resistance levels. At face value it might be difficult to see a 

difference in the two comparisons, but if a stable prototypical representation 

of breathing exists, then the MY condition would not be symmetrical to the 

THIS. Hypothesis 4 directly tested that premise while Hypothesis 5 

examined if differences existed between the groups (Appendix 0). 

Hypothesis 4 

Hypothesis 4 was supported as a clear two-way interaction between 

trials and groups was seen, but not a main effect. The results unveiled a 
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pattern where the responses to the MY statement were not symmetrical to 

the THIS statement responses, although the asymmetry was not consistent 

or constant across resistance levels or groups. Two trial conditions were 

undertaken and a three-way interaction with the trial condition, resistance 

levels and participants (group members) was seen; the interaction was 

statistically significant in trial two and neared significance in trial one. A 

clear divergence of the MY condition from the THIS condition was seen 

bilaterally, with a crossover effect occurring in both trials with both groups. 

The crossover effect would indicate no important differences between the 

trials at the middle resistance levels with either group (Figures 20 &22). The 

general pattern was seen in both groups, but did not reach statistical 

significance with the healthy participants. 

The interactive effect of a breathing prototype with increased 

resistance is a more reasonable result than the hypothesized overall main 

effect. It would be an obtrusive reality if a person's view of his/her typical 

breathing pattern had a greater or even the same level of influence as 

his/her ability to respond to increase airflow resistance levels. In this 

instance, the interactive effects versus a dominate main effect is more 

reasonable, in that as change progresses individuals are able to differentiate 

themselves and TillS breathing pattern from current states. The interactive 

effect prevents a phenomenon of crying wolf too many times, or a person 

identifying him/herself as different when little or no change has occurred. 

The asymmetrical pattern while evident, did not present consistently 

across resistance levels. Presumably the MY condition securely anchored 

the similiarity comparisons to the prototypical representation. The TIllS 
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condition apparently created a dilema of comparison as the intial 

comparative point (the resistance level on the device) was different with 

every determination. The alteration in initial starting points may have 

created a situation that was difficult to assess and consequently 

demonstrated small overall differentiation across resistance levels 

contributing to the crossover pattern seen. It is uncertain why the crossover 

effect was seen at the R3 and R4 level in particular, and should be 

investigated further. 

A bilateral divergent effect of a cognitive prototypical representation 

of breathing is an important finding. Presumably the phenomenon allows 

individuals not only to assess a current situation about how similiar it is to 

expected breathing pattern, but also where it is divergent. In other words it 

might be likened to multiple comparisons between Red China (MY) and 

several different countries (THIS) such as North Korea, South Korea,. and 

the USA. The example points out how different features may result in 

determinations of greater or lesser resemblance. Also using the example it 

highlights how certain features, considered the salient features would alter 

the detereminations of resemblances. In this investigation one feature was 

evaluated (inspiratory airflow resistance), but the feature was progressively 

altered. The resulting pattern in this investigation demonstrated a decision 

model that diverged across feature presentation and differed as a result of 

experience with the feature. 

Further support for these findings were present in the qualitative 

results, which demonstrated an overall desire to maintain a 'normal' 

perspective. The CAO group clearly identified at some level their basic 
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patterns of breathing were different from healthy individuals, but fought 

labeling themselves as pragmatically different in basic human functioning. 

Acknowledgment of differences occurred with changes in activities or 

general functional state that would be a parallel depiction of increases in 

resistance. For example, statements like 'I am basically fine until I ... n are 

illustrative of the phenomenon. Generally this pattern was seen in the 

CAO group interviews and was not clear in the healthy group and may be 

related to the results of hypotheses 5 testing. 

Hypothesis 5 

Hypothesis 5 examined whether there was a detectable difference 

between those who frequently experienced divergence from typical 

breathing patterns and those who do not. The three-way interactions of 

group membership, condition and resistance level demonstrated significant 

asymmetry in trial two, and approached significance in trial one, with both 

trials. There was a significant two-way interaction of the two statement 

conditions and group membership and with paired t-tests, which supported 

hypothesis 5. Again the graphic representation makes this point clearer 

(Figure 19-22). The crossover effect demonstrates the asymmetry and the 

lack of consistent divergence was seen in both groups. The CAO group 

statisitically significant differences were apparent at R1, R2, R5, and R6 and 

required a change in resistance level (Level 2 and 3) to determine that the 

MY condition was not very much like their typical breathing. The healthy 

participants demonstrated the crossover although it was not statistically 

significant. 
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Hypotheses 4 and 5 lend support to the supposition that stable 

prototypes of breathing exist which appears to illustrate a different pattern of 

influence with greater divergence in airflow resistance. Also there is 

support for a difference between individuals who experience relatively 

frequent breathless episodes and those who don't in activation of a 

cognitive prototype as seen in the lack of significants with the healthy 

group. 

The qualitative analysis demonstrated clear identification in the CAO 

group of a typical pattern of breathing. The healthy group identified what 

was typical for them in general but failed to demonstrate much detail in 

these categories. The healthy group's representation of typical breathing 

centered on lack of change in breathing versus alterations that represented a 

divergent pattern. The CAO group identified typical patterns of their 

breathing normally, on day to day basis, when breathless, and in association 

with activity. The typical patterns in the CAO group contained important 

specific detail as distinct changes in peak flow measures, frequency of 

ventilation and effort to breath. Overall, the lack of specific details in the 

healthy groups typical pattern (prototype) as compared to the CAO group is 

supportive of the quantitative analysis associated with hypotheses 4 and 5. 

Interpretations of the Findings 

The literature is supportive of the findings of hypotheses 4 and 5 

testing and assists in interpretation (Rips, 1975, 1989, 1990; Tversky, et al., 

1977). In particular the crossover pattern indicates asymmetry in the 

comparison of the two groups, although not consistent at all resistance 

levels. The MY condition for both groups started higher representing more 
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similarity and ending with much less similarity than the THIS condition, 

indicating a large overall change (CAO group change 4.17 & healthy group 

change 1.96) in likeness of the comparison across resistance levels. The 

TI-llS condition demonstrated a change in similarity of the comparison 

across resistance levels, but less overall change (CAO group change 1.77 & 

healthy group change .93) in likeness of the comparisons. Again this may be 

related to the MY condition's anchoring effect with the comparative 

judgments made. 

Rips (1975, 1989, 1990) demonstrated asymmetry in adults' 

determinations of category membership that are influenced by typical 

information. In this investigation the determination of the similarity of the 

resistance level with the two conditions can be compared to determining 

category membership with the category being the individual's 

representation of their breathing. The divergence seen between the two 

trials and groups is consistent with Rips findings and Tversky and 

Kanheman's (1977) supposition that a similarity comparison is directional 

by nature. In other words the prototypical information activated by the MY 

condition established directionality as in the comparison of Red China to 

North Korea versus North Korea to Red China. At this point it is uncertain 

why directionality was bilateral in nature and deserves further 

investigation. 

Both groups demonstrated the pattern with the CAO group clearly 

showing greater divergence in the pattern. Again the general pattern of 

asymmetry can be explained relative to the amount of information 

contained in the prototypical cognitive representation of breathing. As 
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verified with the qualitative analysis, the healthy individuals had a less 

clear prototypical representation with which to compare. Overall the 

findings of both the quantitative and qualitative analyses support the 

proposed suppositions in the literature and partially supported hypotheses 4 

and 5. 

Hypotheses Testing Summary 

The results of the hypotheses testing demonstrated many interesting 

results and important findings. There is support from hypotheses' one 

through 3 for the view that individuals who experience breathlessness 

evaluate the event using a more intuitive form of reasoning as with natural 

assessment of representativeness and judgment heuristics. The findings 

are supportive of the supposition that the greater the symptom experience, 

descriptors, or patterns associated, the greater the likelihood that a 

resemblance form of reasoning is used. Also the greater the resemblance of 

a situation or instance to a representation of breathlessness, the more direct 

the relationship and the greater the likelihood that typicality will bias any 

determinations made. There is strong evidence supporting the influence of 

cognitive representations on symptom evaluation, in this case 

determination of breathlessness intensity. Also, the form of cognitive 

representation can alter the determinations of breathlessness intensity, with 

more typical patterns having a dampening effect and specific instances 

heightening the sensitivity. Last there is support for the existence of a 

cognitive prototype of breathing. The evidence comes from hypotheses 4 

that directly tested it, but also hypotheses 2 and 3 that demonstrated the 

influence of a cognitive representation of a typical pattern that existed and 
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could be activated to assess the stimuli of interest. This investigation 

peeked inside the cognitive dimension to describe its influence. Much 

more work needs to be done to replicate these findings and continue with 

exploration of the cognitive dimension of breathlessness. 

Integration of the Results with the Proposed Theoretical Model 

Integration of the results and the theoretical bases will be discussed in 

two main areas, symptom evaluation or judgments and cognitive symptom 

representations. The focus of this investigation was the cognitive 

dimension of breathlessness and will be the only protion of the model 

reviewed here. The model presents a theoretical perspective that views 

breathlessness as multidimensional with interactive dimensions that 

attempt ongoing representation, categorization, and speculation about any 

stimulus that is presented to the system. 

Cognitive Dimension 

The cognitive dimension and analysis of the model contain all the 

traditional 'thinking' about breathlessness that is done. Cognition in this 

framework is a high level function using the sensory and perceptual 

analysis information. Sensory and perceptual analysis while accomplishing 

identification of input does not make spontaneous inferences or build 

theories in any way. These functions are left to the cognitive analysis level, 

which is used to make sense of the world through metarepresentation. 

Cognitive analysis of breathlessness uses all the cognitive processes 

available to the individual, including remembering, thinking, 

communicating and evaluation of ourselves and others. The cognitive 
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dimension of this model then can be viewed as a comparative process of 

cognitive analysis (Figure 23). 

Cognitive analysis within this model is linked to the perceptual 

analysis. Presumably, with increased breathlessness experience the 

knowledge grows as does its representation, becoming increasingly detailed 

and systematic. Through increased exposure and perceptual analysis, the 

integration of perceptual and sensory representations becomes increasingly 

accessible. In essence, experience results in core representations of 

information that give the individual know-how (Benner, 1984). 

The proposed form of analysis seen at the cognitive level is based in 

the natural assessment of represenativness suggested by Tversky and 

Kahneman (1983) and can be likened to intuitive reasoning. As a result 

several types of representations are proposed to exist that characterize 

breathlessness and are the basis of comparison These two factors are central 

to the model and this investigation. 

The results provide substantial support for the intuitive form of 

reasoning seen with assessment of representativeness that is the heart of the 

proposed model. Results of testing hypothesis 1 provided direct evidence 

that determinations of likelihood of occurrence that are central to symptom 

evaluation, are predOminately based on this form of intuitive reasoning. 

The qualitative interviews also provided direct evidence that this form of 

reasoning is used frequently by individuals chronically experiencing 

breathlessness. Consequently the results support the basic tenets of the 

model that determinations associated with breathlessness evaluation 
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Figure 23 Cognitive dimension expansion of the cognitive-perceptual 
model of breathlessness 
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are made through judgment heuristics, or a natural assessment of 

representativeness. Although the results of testing hypothesis one 

indicated very high use of judgment heuristics and the qualitative 

interviews failed to identify any other judgmental process, additional 

means of reasoning may exist which were not detectable within this 

research design. Consequently, the basic premise of the model is tentatively 

supported based on these initial findings. 

Hypotheses .2 and 3 used cognitive representations to make 

determinations of intensity concerning breathlessness and found a clear 

influence of these on determinations of stimulus intensity. Hypotheses 4 

and 5 results support the existence of a stable prototypical cognitive 

representation of breathlessness. The model simply posits that cognitive 

representations exist which are used in the determinations associated with 

the perception of breathlessness and this supposition is supported by the 

results. The qualitative interviews provided additional support individuals 

may use these representations in the determinations associated with 

breathlessness. The existence of a prototypical representation of breathing, 

and the potential influence of cognitive representations in determinations 

of stimulus intensity was supported. These findings are consistent with the 

model's proposed cognitive dimension and analysis and the perceptual 

analysis associated with determinations of sensory input. 

Portions of the model were supported and this support would invite 

its use in further studies of breathlessness. 1bis investigation did not 

present a critical test of the model, which would require a clinical trial that 

measured the sensory and cognitive dimension of breathlessness. The 



233 

question still remains whether individuals use the representations and 

judgment heuristics consistently or in basic evaluation as opposed to 

mainly in association with overall symptom evaluation. The results 

establish that judgment heuristics and representations can be used and are 

reportedly used in general, but leave unanswered questions about the 

frequency, consistency, or supremacy of use. Further investigation and 

testing are needed of the model and components and tenets. 

Implications for Practice 

The conceptualization of this investigation was based on the need to 

better understand how individuals think about their breathing and the 

symptom of breathlessness in particular. Clinically the importance of the 

cognitive dimension or how and what individuals think about their 

breathing and breathlessness is acknowledged. Investigation of the 

cognitive dimension has lagged. The findings of this investigation provide 

support for the notion that the cognitive dimension has an important 

influence on the perception of breathlessness and breathing. The 

prototypical cognitive representation of breathing supported in this 

investigation can be likened to what an individual thinks about their 

breathing while judgment heuristics can be likened to how they think about 

their breathing. 

In this investigation, what and how an individual thought about 

their breathing and breathlessness significantly influenced the perception of 

intensity. Clinically, a major implication of these findings is that 

identification of individuals' typical view of their breathing and how they 

use this representation in evaluating their breathing is important to any 
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intervention aimed at decreasing the distress associated with breathlessness. 

The findings provided tentative support for the supposition that frequent 

thought about specifically severe or distressing episodes of breathlessness 

may be associated with increased emergent care use. A recent investigation 

demonstrated the mere presence of a symptom was not sufficient to 

motivate seeking care, but a determination of increased seriousness was a 

significant factor in the decision (Cameron, Leventhal & Leventhal, 1993). 

Several studies reported these findings within the context of chronic 

pulmonary disease and breathlessness (Janson-Bjerklie, Ferketich, Benner & 

Becker, 1992; Traver, 1988). Perceptions of high severity and/ or helplessness 

were related to emergent care use in both individuals with asthma and 

COPD. Potentially, a direct link between frequent activation or uses of an 

exemplar and the frequency of emergent care use exists. H the specific 

memory of breathlessness is used in the determination of stimulus 

intensity then an increased (over typical) sensitivity to the input may trigger 

care seeking behavior. Consequently, a transition to the use of a typical 

pattern of breathing in these situations might result in an overall 

dampening impact on the sensitivity to input. 

Symptom management has traditionally been addressed via standard 

pulmonary rehabilitation programs (Casaburi & Petty, 1993). The goal of 

these programs has been use of strategies to decrease distress and impact on 

activities of daily living (ADL). The programs have demonstrated varying 

degrees of success in decreasing symptomatology (Harver, & Mahler 1990). 

In one investigation (Bebout, Hodgin & Zorn, 1983), improvement in 

breathlessness was demonstrated in 53% of the participants who engaged in 
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a two week rehabilitation program but, 28% experienced an increase in 

breathlessness distress. Traditionally pulmonary rehabilitation programs 

highlight behavioral strategies with little attention to cognitive issues. 

Integration of cognitive approaches like rational emotive therapy or eye 

movement desensitization and restructuring therapy (EMDR) may have 

potential to help restructure cognitive representations (Ellis & Grieger, 

1986). As is supported by these preliminary findings, restructuring cognitive 

representations could decrease the perceptual intensity of breathlessness 

through decreased sensitivity to the stimulus. Potentially these or other 

therapies that utilize natural assessment strategies may have the greatest 

potential for success as they are based on processes that are documented in 

human judgments in general and now have initial support for 

breathlessness judgments. 

Implications and Recommendations for Research 

Implications for research and the recommendations are inseparably 

linked. One clear implication of these findings that also is a 

recommendation is that a reliable and valid measure of the cognitive 

dimension of breathlessness is needed. The results demonstrated an 

important influence of what and how an individual thinks about their 

breathing on determinations of breathlessness intensity. Hence, a 

measurement strategy addressing this and the other dimensions is needed. 

The majority of instruments designed to measure breathlessness require 

cognitive judgments about breathing and breathlessness, yet none of these 

measures address the existence or interplay of associated cognitive 

representations. What has been done in the way of instrumentation and 
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measurement is comparable to asking for a judgment or decision without 

attempting to identify on what basis or how it was made; critical 

information is missing. 

Further, many interesting questions concerning the cognitive 

dimension require further investigation. As mentioned above, many 

portions of the theoretical model used in this investigation require testing. 

Do individuals use the representations and judgment heuristics 

consistently or are they mainly used in association with overall symptom 

evaluation? Do judgment heuristics and representations demonstrate a 

supremacy of use in determinations associated with breathlessness? The 

findings of this investigation are an important first step in describing the 

cognitive dimension of breathlessness, but additional exploration is 

required. 

Consequently, the specific research recommendations that result 

from this investigation are as follows. 

1. Replicate the magnitude estimation procedures and the asymmetry 

trials to verify the findings. 

2. Develop instruments to measure and assess the cognitive 

dimension emphasizing the multidimensional nature of breathlessness. 

3. Investigate other specific cognitive representations of 

breathlessness (e.g. memorable emergency room visits, the first episode of 

breathlessness encountered) using similar magnitude estimation techniques 

to help establish a pattern influence on the determination of intensity. 
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4. Oinically investigate judgment heuristics and the associated 

cognitive representation individuals actually may use, to help address 

supremacy or consistency of use with this judgment strategy. 

5. Further explore bayesian judgments to evaluate the conditions, if 

any, under which they may occur with symptom evaluation. Given the 

high probability of these determination's success, potential use with some 

critical judgments, such as medication use, deserves further evaluation. 

6. Investigate the cognitive dimension from a multidimensional 

perspective to simultaneously study the affective and sensory dimension to 

understand the interplay of the dimensions. 

SUMMARY 

This chapter discussed the results of the hypotheses testing and 

attempted to make interpretations based on the variable hypotheses support 

seen. The findings suggest judgment heuristics may be a commonly used 

strategy of individuals in general, but particularly about the chronic 

symptom of breathlessness. Additionally, comparison of sensory input to a 

cognitive representation can significantly influence the resulting perception 

of intensity. The amount of influence appears related to the experience with 

the symptom of breathlessness. Finally, a stable prototype of breathing 

appears to exist in both healthy and CAO individuals that is influenced by 

experiences with breathing, which can heighten awareness of 

breathlessness. Additionally analysis of the data and the proposed research 

attempted to further clarify the relationship between the cognitive 

dimension and the perception of breathing and breathlessness seen in this 

investigation. 



Code: 

Gender: F M 

History of CAO: N 

FEVl 

FVC 

FEV1/FVC 

PEF 

Speaks English 

History of 

Y 

Appendix A 

Demographic Sheet 

Age: 

#Years Dx 

Historical 

% of predicted(65% or <) 

% of predicted(65% or <) 

% of predicted( 65% or <) 

y Literate in English N 

Drug Abuse N Y ETOH Abuse N 

Mood altering drugs N Y Details: 
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y 

ExperienCESepirocEsofl:reathles:nes:; how many times a month (inducb;Ehortnes:;ofb:eal:h 

with walking eating tillcingor dailyaiivities). 

#/month: #/day(lO/month or 33% of time) 

Recent pulmonary infection N Y 

inducEs pneumonia, lronchitis, hldflu thathi~lrealhleB1es:; &ymptoms. 

Last hospitalization date / year Last ER Visit date / year 

Last emergent visit to doctor date / month or year 

Have)m1 ever hB1 hospita1i2ed, !JIDe io the ER or hadto make an em~tvisitto the 

doctor for diffirulty lreaIhing? N Y 

Details: 

Wt an medkations (do~, freq.lenq') on bld.<offoI1l1. and details of disease hisIory: 
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1690 N. Warr.n tBldg. 52681 
Tucson. Anzona 65724 
(602) 626·672) or o26·757~ 

RE: HSC A89.166 THE RELATIONSHIP OF SENSORY AND NONSENSORY FACTORS 
TO DETECTION, DISCRIMINATION, AND MAGNITUDE OF PERCEIVED 
BREATHLESSNESS 

Dear Ms. Meek: 

We received your 15 December 1992 letter and 17 December 1992 
revised consent forms for your above referenced project. project 
site has been changed to College of Nursing Physiologic Laboratory 
vs. Respiratory Sciences Division [reflected in revised consent 
forms]. Approval for this change is granted effective 17 December 
1992. 

The Human subjects Committee (Institutional Review Board) of the 
University of Arizona has a current assurance of compliance, number 
M-1233, which is on file with the Department of Health and Human 
Services and covers this activity. 

Approval is granted with the understanding that no further r.hanges 
or additions will be made either to the procedures followed or to 
the consent formes) used (copies of which we have on file) without 
the knowledge and approval of the Human Subjects Committee and your 
College or Departmental Review Committee. Any research related 
physical or psychological harm to any subject must also be reported 
to each committee. 

A university policy requires that all signed subject consent forms 
be kept in a permanent file in an area designated for that purpose 
by the Department Head or comparable authority. This will assure 
their accessibility in the event that university officials require 
the information and the principal investigator is unavailable for 
some reason. 

sincerely yours, 

Will~ny, M.D. 
Chairman 
Human Subjects Committee 

WFD:rs 

cc: Departmental/College Review Committee 



Appendix 8-Human Subject - Continued 

Tbe Re1ujoasbil' of Sensory and Non senspry Factoq to 
Mauitude of Perceived Breatblusness 

Paula Meek. RN . MN 
Consent Form (Healthy Participants) 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE THAT I AM 
INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF HOW I WILL 
PARTICIPATE IN IT. IF I CONSENT TO DOSO. SIGNING THIS FORM WILL INDICATE 
THAT I HAVE BEEN SO INFORMED AND THAT I GIVE MY CONSENT. FEDERAL 
REGULATIONS REQUIRE WRmEN INFORMED CONSENT PRIOR TO PARTICIPATION 
IN THIS RESEARCH S11JD Y SO THAT I CAN KNOW THE NA TIJRE AND THE RISKS OF 
MY PARTICIPATION .-\ND CAN DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A 
FREE AND INFORMED MANNER. 

I am being iJIvited to vo1untariJy participate in the above-titled SOJdy. The purpose of the 
project is to learn more about what it is like to bave problems breathing. People with breathing 
problems have a wide range of symptoms and expenences. By beuer understanding these 
experiences. lllmies. doctors and other health care providers can improve their care and develop 
new programs to meet the needs of these individuals. 

I am being asked to participate because of my inexperience with sbonness of breath. I am 
one of a group of 30 people being asked to sbare information about my breathing. I understand that 
the majority of this project will take place in the University of Arizona Respiratory Science 
Division. 

If I agree to participate. I will be asked to do the following: 
1) To allow the investigator to obtain blood gas results and CUlTent diagnoses from my cban 
(if lIPt'licable). 
2)1 will be asked to breathe into a machine to measure my breathing capacity and bow much 
air I can move into and out of my lungs. These activities will take approximately a half hour 
3) I will be asked to breath into another machine an evaluate the presence of resIStance loads 
The resistance loads will make it harder to breath in for a short period of time. at the most 
three breaths with eacb cbange of the machine. I will be asked to ~rade certain cbanges from 
highest to lowest. This will be done using three different focus pomt with which to evaluate 
the changes. These activities will take approximately two hoW'S. 
4) I will be asked to share my ~ons. ideas. or feelings with the investigator at anytime 
during the procedures and specifically during the rest period, whicb is baff way througb the 
procedures. Individuals will be asked to explore in-dept:b experiences, thou~bt and concerns 
that influence me during the breathing procedures which either helped or hindered by ability 
to notice a difference or ~rade the loads. If I agree to participate the conversation will be 
audio taped. Also, if clant'ication of portion of the interview is needed I may be contacted by 
the investigator and asked to meet in my bome or a place agreeable to me and the 
investigator. 

I understand that there is no risk or cost to me. except for the possibility of momentary 
shortness of breath during the breathing test. I know that I can rest or stop during the breathing test 
at auy time. I know that if I agree to panicipate in the interview portion of this investigaaon that I 
may ask that the audio Lapping be stopped at anytime. 

I will obtain a current record of my br~ capacity as a result of participation. I also 
will receive twenty dollars as compensation for my ume and efforts. Although I may not benefit 
personally from panicipating m the study. the information I provide will help nurses and other 
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health care providers learn more about what it is.like to have breathing problems. improve care. and 
develop new intervention programs. 

All information collected during the study will be confidential. my name will never be 
associated with any of my comments. The data collected dvring the study may be used later for 
student learning experiences. but my identity will remain anonymous as only grouped data will be 
reported. 

I understand that side effects or harm are possible in my research program despite the use 
of high standards of care and could occur through no fault of lIWle or the investigator involved. 
Known side effeas have been desaibed in this consent form. However. unforeseeable harm may 
also occur and require care. I under.>tand that money for research-related side effECts or harm or for 
wages or time lost. is not available. I do not give up any of my legal rights by signing this form. 
Necessary emergency medical care will be provided Wlth out cost. I can obtain further information 
from PItula Meek RN. MN (principal investigator) at 626-4986. If I have questions concerning my 
rights as a research subject fmay call Human Subjects Committee Office at 626-6271. 

AUTIIORlZA TION 

BEFORE GIVING MY OONBENT BY 8[GNING THII FORM. THE w.tHODS. INOONVENIENCES. 
RlBlCS. AND BENEFrrS HAVE BEEN EXfLAlNED TO ME AND MY QUESTION'll HAVE BEEN ANBVERED. 
I UNDEESTAND THAT I MAY ASK QUEtn'IONS AT ANY TIME AND THAT I AM FREE TO VlTHDRA V 
Fli10M THE PROJECT AT ANYTIME VrrHOUT INCURmNG BAD FEELINGS OR AFFECl IN<3 MY 
MEDICAL CARE. MY PARTICIPATION IN THIS PROJECT MAY BE ENDED BY THE INVESfIGATOR OR 
BYmESFONOOR FOR REASONS THAT VOULD BE EXPLAINED. NEv INFORMATION DEVELOPED 
DURING THE COURSE OF THIS STUDY WHICH MAY AFFECT MYVILLINGNESSTO CONTINUES IN 
THIS RESEARCH PREFECT v.ILL BE GIVEN TO ME AS rr BECOME AVAILABLE. I UNI) EiIST AND THAT 
THIS OONBENTFORMVILL BE FILED IN AN AREA DESIGNATED BY THE HUMAN SIJBJEC!S 
COMWrrEEVrrHACCES8RESrRICT£D TO THE PRINCIPAL INVESTIGATOR. PAULA MEEK OR 
AUTHORlZED REPRESENTATIVE OF THE COLLEGE 0 F NURSING. I UNI) ERST AND THAT I DO NOT 
GIVE UP ANY OF MY LEGAL RIGHTS BY SIGNING THlS FORM A COPY OF THlS SIGNED CONSENT 
FORM VILL BE GIVEN TO ME. 

Subjeu's Signllhlr'e 

INVESTIGATOR 

I have carefully explained to the subjects the nature of the above projeC%. I hereby certify 
that to the best of my knowledge the person who is signing this consent form understands clearly 
the nature. demands. benefits. and educational barrier has not precluded this understanding. 
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The ReJatiouhil' of Seuory agd Nog seolor, Factors to 
Marnitude of Perceived Breathleugeu 

Paula Meek. RN. MN 
C'.onsent Form (Participants with Chronic Pulmonary Impairmem) 

I AM BENG ASKED TO READ THE FOlLOWING MATERIAL TO ENSURE THAT I AM 
INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF HOW I WIlL 
PARTICIPATE IN IT. IF I CONSENfTO DO SO. SIGNING THIS FORM WILL INDICATE 
THAT I HAVE BEEN SO INFORMED AND THAT I GIVE MY CONSENT. FEDERAL 
REGULATIONS REQUIRE WRITTEN INFORMED CONSENT PRIOR TO P ARTICIP ATION 
IN THIS RESEARCH STUD Y SO THAT I CAN KNOW THE NATURE AND THE RISKS OF 
MY PARTICIPATION AND CAN DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A 
FREE AND INFORMED MANNER. 

I am I:~g invited to voluntarily participate in the above-titled study. The purpose of the 
project is to learn more about what it is like to have problems breathing. People with breathing 

, problems have a wide range of symptoms and experiences. By better understanding these 
aperiences.nucses. doaors and other health care providers can improve their care and develop 
new programs w meet the needs of these individuals. 

I am being asked to participate because of my experience with shOl1lless of breath. I am 
one of a group of ~O people being asked to share informllllon about my breatbi.ag. I underst.and that 
the majority of this projea will take place in the University of Arizona Respiratory Science 
Division. 

If I agree to participate. I will be asked to do the following: 
1) To allow the investigator to obtain blood gas results and CU1TelIt diagnoses from my chart 
(if applicable). 
2)1 will be asked to breathe into a machine to measure my breathing capacity and how much 
air I can move into and out of my lungs. These aaivities will take approximately a half hour. 
3) I will be asked to breath into another machine an evaluate the presence of resistance loads. 
The resistance loads will make it harder to breath in for a short period of time. at the most 
three breaths with each change of the machine. I will be asked to ~rade cEnain changes from 
highest to lowest. This will be done using three different focus pOUlt with which to evaluate 
the Changes. These activities will take approximately two hours. 
4) I will be asked to share my opinions. ideas, or feelings with the investigator at anytime 
during the procedures and specifically during the rest period. which is half way through the 
procedures. Individuals will be asked to explore in-depth experiences. thou~ht and concerns 
thllt influence me duri.Dg the breathing procedures which either helped or hindered by ability 
to notice a difference or grade the loads. If I agree w participate the conversation will be 
ltIldio taped. Also, if clarification of portion of the interview is needed I may be contacted by 
the investigator and asked to meet in my home or a place agreeable to me and the 
investigator. 

I understand that there is no risk or cost to me. except for the possibility of momeru.ary 
shortness of breath during the breatb.i..og test. I know that I can rest or stop during the breJl1hing test 
at any time. I know that if I agree w participate in the interview portion of this investigation thllt I 
may ask that the audio tapping be stopped at anytime. 

I will obtain a current record of my breathing capacity as a result of participation. I also 
will receive twenty dollars as compensation for my time and efforts. Although I may not benefit 
personally from participating in the stUdy, the information I provide will help nurses and other 
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be:lth care provid~ lemn more about wbat it is like to bave breathing problems. improve care. and 
develop new intervention programs. 

All inf<lrmation collected during the study will be comidential. my name will never be 
associated with any of my comments. The data collected during the study may be used later for 
studentleamiJJg experiences. but my identity will remain anonymous as only grouped data will be 
reported. 

I und~d that side effects or harm are possible in :Wy research program despite the use 
of high standards of care and could occur through no fault of mtne or the investigator involved. 
Known side effeC%.> have been desaibed in this consent form. However. unforeseeable harm may 
also occur and require care. I und~d that money for research-related side effects or harm or' for 
wages or time lost. is not available. I do not give tip any of my legal rights by signing this form. 
Necessary emergency medical care will be provided 'Wlth out cost. I can obtain further information 
from Paula Meek RN. MN (principal investigator) at 626-4986. If I have qu~ons conca-ning my 
rights as aresearcb subject r may call Human Subjects Committee Office at 626-6271. 

AUTIIORlZA TION 

BEFORE GIVING MY CONSENT BY SIGNING THlB FORM, THE METHODS. INCONVENIENCES. 
RlBD.AND BENEFrrSHAVE BEEN EXl'LAINED TO b£ AND MYQUESTIONB HAVE BEEN ANBVERED. 
I UNDEiSTAND THAT J MAY .ASK QUESrIONS AT ANYTIME AND THAT I AM FREE TO vrrHDRA V 
FROM THE FROJECT AT ANYTlME vrrHOUT INCURRING BAD FEELINGS OR AFFECfING MY 
MEDICAL CARE. MY PARTlCIPATION IN THIB PROJECT MAY BE ENDED BY THE INVE&'I'IGATOR OR 
BYTHE SPON9:>R FOR REAOONSTHAT WOULD BE EXPLAINED. NEVINFORMATlON DEVELOPED 
DURING THE COURSE OF THIS &'I'UDY WHICK MAY AFFECT MYVn.LINGNESS TO CONTINUES IN 
THIS RESEARCH PREFECT VILLBE GIVEN TO MEASrr BECOME AVAILABLE. IUNDEiSTANDTHAT 
THIS CONSENT FORMWL BE fiLED IN AN AREA DESIGNATED BY THE HUMAN SUBJECTS 
COMMIrTEE VrrH ACCEIII RESl'RICTED TO THE PRINOPAL INVEBl'IGATOR, PAUL A MEEK OR 
AUTHORIZED REPRESENTATIVE OFTHE COLLEGE 0 F NORSlNG. I UNDERSTAND THAT I DO NOT 
GIVE UP ANY OF MY LEGAL RIGHT S BY SIGNING THIS FORM A COPY OF T HIS SIGNED CONSENT 
FORM VILL BE GIVEN TO ME. 

Subjed'S Signature 

INVESTIGATOR 

I have carefully explained to the subjects the nature of the above project. I hereby catify 
tha to the best of my knowledge the person who is signing this consent form und~ds clearly 
the nature. demands. benefits, and educational barrier has not precluded this understanding. 
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Training Sessions and Magnitude Estimation Protocols 

Basic Proportional Judgement Session 

Lets work for a while on the method by which you were giving your 

responses. For these responses I would like for you to be thinking in 

proportional terms. Now, this may sound simple and rather silly, but to be 

sure we are together in our thinking, let's practice with a few numbers. 

Given the number 100 - I'd like you to give me a number which is 

five times a large(500) 

1/2 as large (50) 

2 times as large (200) 

2/3 as large (66) 

10 times as large (1000) 

3/4 as large (75) 

1/3 as large (33) 

Now, review the number that you have told me. All of these numbers are in 

proportion to the first number 100; (point out examples like 500 is 5 times as 

large) 

Now let's practice proportional judging with a series of dots. (give the 

participant the 3x5 card with the series of dots.) I'd like you to estimate the 

distance of the dots above the lower edge of the card; I will mark down your 

responses on this piece of paper. The extent that your answers approximate a 

straight line, is an indication of your ability to make proportional 

judgements. OK, the first dot is 100 units above the bottom of the card. 
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a 
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a 
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Dot Numbers 

6 
a 
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7 .. 

The above figure is presented to the participant. Each participant's responses 

are charted on log-log graph paper as he gives them, and a line is drawn 

connecting the participants charted responses. H the correct responses are 

given: 
#1 = 100 
#2= 200 
#3=50 
#4= 66 

#5 = 150 
#6= 75 
#7= 300 

the line is perfectly straight. (The line were examined to see if further 

training is needed). 

Training session material modified from Lodge(1981) and Hinshaw & 

Murdaugh (1982) unpublished research proposal. 
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Mini Training Session 

The mini training session is designed to direct the participants 

judgements towards varying breathing levels. The participants were asked to 

breath through a portable hand held device designed specifically to deliver 

different resistance levels to breathing (Threshold1M Inspiratory Muscle 

Trainer®). The device will allow them to preliminarily sense the differences 

in various resistance levels. The mini training session were done 

immediately prior to the ME trials. The following instructions were given. 

"Ok lets practice by simulating how it were when you are attached to the 

breathing apparatus. I want you to take two breaths through this device 

(the individual were given an inspiratory resistance muscle training 

device Threshold1M Inspiratory Muscle Trainer). use this level as a 

medium breathing level assign a number to it. I want you to keep this 

level in mind and now breath through this device and determine if how 

much greater or less this breathing level is than the medium level. For 

example is it two time greater or half as much. Assign a number to that 

level. Lets try it one more time breath through this device again. How 

greater or less was that breathing level than the first breathing level. 

Assign a number to that level". 

The first resistance level were at the mark of 20 cm H2O. The second at 

40 and the third at 15. Then if the participant assigned 100 to the first level 

the second should be 200 and the third 75. The goal is to have the participant 

focus on the sense of resistance to breathing, consequently the actual accuracy 

of the numbers is less critical at this point. The device delivers a resistance 
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level which is not precise so the relationship of the numbers to the resistance 

is the crucial issue not the direct equivalency. 

Magnitude Estimation Protocols 

ME:P A Standardized Instruetions-(traditional technique) 

The procedures outlined in the body of the text were followed and the 

Cl:P A standardized instructions are considered the traditional application of 

ME. The instructions essentially ask the participant to compare the size of the 

ball to their breathing. The standardized instructions given to the 

individuals for the ~ of airflow resistance were as follows: 

"Imagine you are breathing through a large tube. In the middle of the 

tube is a ball that can become larger or smaller. As the ball becomes larger, the 

greater the resistance were when you try to pull air in around it to fill your 

lungs. You were asked to breathe at several different resistances, so the size of 

the ball should seem to change during the study. Assign a number that seems 

to represent the size of the ball. The first level of breathing were an 

intermediate level and should represent a medium size ball and resistance. 

Assign a number to this level. (pause while number assigned)Use this level 

of resistance to breathing and the ball size it represents to compare the 

upcoming increases and decreases in ball size and resistance to pulling in air." 

ME:PB Standardized Instructions-(typical pattern) 

Participants were asked to breathe against a load of intermediate 

resistance and to assign a random number which represents their breathing is 

typically and will serve as a reference. Subsequently, loads of various 

resistances were randomly applied and participants asked to assign numbers 
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as they relate to their initial reference estimate of their breathing. The loads 

were presented to participants for two consecutive breaths and on two 

separate occasions during each trial. 

"Imagine you are breathing through a large tube. In the middle of the 

tube is a ball that can become larger or smaller. As the ball becomes larger, the 

greater the resistance were when you try to pull air in around it to fill your 

lungs. You were asked to breathe at several different resistances, so the size of 

the ball should seem to change during the study. Assign a number that seems 

to represent the size of the ball. The first level of breathing should represent 

your typical breathing and the resistance you feel. Assign a number to this 

leveI. (pause while number assigned)Use this level of resistance to breathing 

and the ball size it represents to compare the upcoming increases and 

decreases in resistance to pulling in air." 

ME:PC Standardized Instructions-(clearest memory of breathless example) 

Participants were asked to breathe against a load of intermediate 

resistance and to assign a random number which represents their breathing 

associated with their clearest memoty of breathlessness and will serve as a 

reference. Subsequently, loads of various resistances were randomly applied 

and participants asked to assign numbers as they relate to their initial 

reference estimate of their breathing. The loads were presented to 

participants for two consecutive breaths and on two separate occasions during 

each trial. 
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"Imagine you are breathing as you were during your most vivid 

memory of breathlessness. You were asked to breath at several different 

resistances, so your breathing should seem to change during the study. 

Assign a number that seems to represent the increases and decrease from 

your vivid breathlessness image The first level of breathing should represent 

your breathing during your clearest memory of breathlessness and the 

resistance you felt. Assign a number to this level now. Use this level of 

resistance to breathing and the ball size it represents to compare the 

upcoming increases and decreases in resistance to pulling in air." 
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AppendixD 
Summary of Techniques and Device Details 

Extracted From the Literature 

ARTICLE TYPE/LOAD VALVE/OS DEVICE RES RANGE 

1WI8e0f 
Ward, M.8< Stubbing, D. 

Res Loaclina " Side POI'tI. 
nsiIlaDu S 10 ~ 

(1985). Effect of Chronic cmlU01LI1 
Elulic Ioocll(S HusRudolf RaiIUDu -aIfIltialJy· Lung Disease on the 1"'11 cmlUOILII). V.IYeUled. ofthu,.um Lia .... with 

Pen:eption of Added MllPWude Dead Space aOl <1 cmlUOIL ·airfJowI UIed io 
Inspiratory Loads. EoIimatiOD ...... Iioaed • 1aaer diameter 3 IlUd),·(patieol 
AR.RD 132:652-656. meuund iach .. IIDwo .3 •• , •• , 

UI). 

Burki, N. (1984). Effects Mmifold with 
Raaaeof 

of Bronchodililation on Res Loaclina 0111),. .cl,jwlible dial for reaiJtaace 2.7 10 
Magnitude Estimation of CoJlUu 'J' V.IYe 1docIi0ll of Mqnilude 

UIed. Deac! Space raiataaces. 
22.S cmHlOILI 

Added Resislanct Loads EoIimatioa • ...... IiaU,· 
inAsthmatic Subjects. .......... ed. DOC meatioaed. RaisUDce of the liD ..... 1 I.S L 

lystaD Dot airflow I_d. ARRD U9:225-229. ......tioaed. 

Tiller, J. Pain, M. 8< 
Side Poru. 1WI8e0f 

Biddle, N. (1987). Res Loaclina 001,. II .... Rudolf RaisUDce of the raiataace 
Anxiely Disorder and maaailude V.IYe ........ l)'Rem aOl (4,8,12,25,51) 

Perception of Inspiratory eoIimalioa Dead Space DOl mmtioaed. cmHlOILII. 
Resistive Loads. Chest, meuund meatioaed airflow. ion ... LiD"';I, Dot 

91:541-551. diameter S em. reponed. 

Killian, K, Manhutte, C. 
Side Poru. Raaae of 

8< Campbell, E. (1981). Resistive and 
LIo'dOD ..... ' RaisUDce resiltallce 1.2 10 

Magnitude Sc.aIing of elastic Ioacll. V.IYe UIed. of lbe Iystem SO emlllOlU1 
Externally Added Loads 

MaiQilude Dead Space .84 cmII201U •• 1 "es&eDtiaUy" EoIimatiDO 
to Breathing. .......... ed. ISOm!. 1 U •• lDDer liD .... 10 1.0 L 

ARRD 123:12-15 diameter S em. airflow I_DOd. 

Narbed. P., l\f2rcer. D. 
8< Howell, J. (1982) The 

contribution of Res Loaclina ODly. ElectrcmicaUy Raaaeof 
00 ..... )' re5i..a..uce..J to 

theacc.e.lerating phase of Sijpull DetecliDO valve US<d. 
COUtl"oUtd value 

l.~ cmHlOIU. 
inspiratory flow 10 

theory UIed ·hilS· Dead Space Dol US<d. ResistaDce LiDeml, of " ·r ..... Iums" of the .ystem .39 
resistive load detection in measured. meotiooed. cmJUOIIl •• resista.oces to 1.0 

man. Clinical Science u.no .... 

62:361-312. 

250 

RUN 

IlwI 011 tile 
.pparabll: 
Number 01 
Ioocll-S. 

Praeoled 3 Ii-. 
1 breath _ load. 

IlwI 011 the 
.ppor.1I&&: 
Number or 
Ioocll-'. 

Praeoled._ 
1 b .... lb _ load. 

IlwI 0II1i1e 
.pparahll: 
Number of 
Ioacll-S. 

Praeoled 3 Ii-. 
l~brealhl_ 

Ioad,2 10. 
b .... 1hI t.r... __ 

Ioacll. 

Run 00 the 
.pparatUl: 
Number of 
Ioacll-IO. 

Praeolod 10 
limes 1 brealb _ 

load .. 

IlwI 00 lbe 
.pparaIW: 
Number of 

Ioacll-IO/I0 DO 

Ioacll. Praeoled 
10 limes. r""" of 
pr ..... utioo.S 

miD lotal 
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ARTICLE TYPE/LOAD VALVE/OS DEVICE RES RANGE RUN 

RwI ... 1be 

Waley, R.L. & Zc:chmaD, 
SidePoru Raqeor .pparatua: 

Reo LoadiDa DIII,. raiItaau raillaDce olIO NlUDberol 
F. (1966). Perception of Co1IiAI 'J' VaiYe oUbe 1)'11 .... 1.8cmWO loads-B. 

Added Airflow 
Ildrcti_ 

used Dead Space .~HlOal.5L -eueatilUy· I'resalled 3 Ii-. 
tbrabold 

Resistance. Respiratory meuured Mcc. airflow ......... Uaear.1 .3 • .5. l·5brutba_ 

Pbysiology 2,73-87. ~erl.75 " .7 L airflow load. 510:U 
iDdl .. I_d. brutba~ 

Ioada. 

RwI 00 lb. 

Zechman, F. & Burki, N. Res LoadiDa DIII,. Side Portl Raaae or .pparaIW: 
resiltaDce resistaDce .1' 10 NlUDberor 

(1976) Tracking Ildrctioo Co1IiAI'J' Valve oClbe 1)'11 .... 1.89cmWO Ioada-8. 
Proc::edure 10 Assess Load Ibrallold 

used Dead Space .3Ocm HlOILJIOC 'esseatiaU,' I'resalled 3 Ii-. 
meuured. 

Detection Threshold. Protocol 'Ice. airf'Jow. inDer LiD .... I.3 •• 5. l-5brutba_ 

Chest,70,1, 165-168. ra<maliud ~erl.75 " .7 L airflow load. 510:U 
iach .. I_d. br .. tbabet ..... 

Ioada. 

Raqe or 
RwI 00 lb. 
.pparaIW: 

. Gottfried,S., Allose, 
Res Loadiaa 001,. OD_IV.ln Sid. Portl resiltaDce .16 10 NlUDberor 

Ildrctioo resistance 01 the 8.18 cmW01LJ1 
I .• elsen, 5., & Cherniaclc. tbrabold O"..aoc I.Oem • ...... tiaU,· 

Ioada-8. 
I _liooed ) Dead .)'11 .... I'resalled 1 Ii-. 

I 
(1981) ARRD. meuured ... d Spaceaot HlOILJI .1 .1.0L LiD .... 1 1.0 L 3brutba_ 
124:556-570. mapilude 

mauiooed 
airflow. iDaer airflow I_d. load. lbelwo 

I 

ea.imauoa .• diameter 4.5 em ME resiltaDceo , 
estimates wen 

1012 aalIlO1LJ1 .·eraaed •• 

Rudel, D. RaDae 01 

Cooperson,D.& ManiCold wilb resista.ace DOC RwI 00 lb. 
.d,jwtible dial Cor mealiooed (chan apparatus: 

Kinsman,R. (1982) Res Loadiaa 001,. llana Rudoll 
ldeclioo or extrap resistances NlUDberoC 

Recognition of Added Ildrctioo Valve wed. resist&aces. • 5 107 cmI1l01LII Ioada-12 • 
Ibrallold Dead Space aOI 

Resistiye Loads in measured _liooed. Resisaaac. or lb. ·esseatiaU,· Presealed , Ii-. 

AstJuna. ARRD, lystaD Dot liD .... 1 .33. 1 breatba_ 

U6:UI-US. 
_tiooed. • 50 •• '7. 1.0 " 1.5 load • 

L airflow I1OC00d. 

Rua 00 the 
apparatus: 

Neld. M. & Kim. M. l·Uler .yrina. NlUDberor 
Ioada-7. 

(1991). The Reliability of Res LoadiDa 001,. lIaDa Rudoll 
wilb drilled boles Rani. or Presealed llimes 

Magnitude Estimation for Mapilud. Val.ewed. Cor .. Ioctioo oC r~ce.8to 4-5brutbs_ rt:liiislaDus. 62.1 cmJllO/LII 
Dyspnea Measurement. EJlimatioo Dead Space aOI Reoiswu:. oC lb. Liaearil, aol load. T ..... 

Nuning Research. 40: measured. _tiooed. 
s)'stem Dot r.poned. preseatalioo 

17-19. meatiooed. bd ...... load aad 
awaberic at I 
mia.allooa'" 
(J 4 mia lOCal) 
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Appendix E 

Baseline Dyspnea Index 
Functional Impainnent 

-- Grade 4: No Impairment. Able to carry out usual activities 
and occupation without shortness of breath. 

-- Grade 3: Slight Impairment. Distinct impairment in at least 
one activity but no activities completely 
abandoned. Reduction. inactivity at work or in 
usual activities. that seems slight or not clearly 
caused by shortness of breath. 

-- Grade 2: Moderate Impairment. Patient has changed jobs 
and/or has abandoned at least one usual activity 
due to shortness of breath. 

-- Gr;ode 1: Severe Impairment. Patient unable to work or has 
given up most or all usual activities due to 
shortness of breath. 

-- Grade 0: Very Severe Impairment. Unable to work and has 
given up most or all usual activities due to 
shortness of breath. 

W: Amount Uncertain. Patient is impaired due to 
shortness of breath. but amount cannot be 
specified. Details are not sufficient to allow 
impairment to be categOrized. 

X: Unknown. Information unavailable regarding 
impairment 

Y: Impaired for Reasons Other than Shortness of 
Bre;oth. For example. musculoskeletal problem or 
chest pain. 

Usual activities refer to requirements of daily living. maintenance 
or upkeep of residence. yard work. gardening. shopping. etc. 

M;ognitude of Task 

__ Grade 4: Extraordinary. Becomes short of breath only with 
extraordinary activity such as carrying very heavy 
loads on the level. lighter loads uphill. or running. 
No shortness of breath with ordinary tasks. 

__ Grade 3: 

__ Grade2: 

M;ojor. Becomes short of breath only with such 
major activities as walking up a steep hill. 
climbing more than three flights of stairs. or 
carrying a moderate load on the level. 

Moderate. Becomes short of breath with moderate 
or average tasks such as walking up a gradual hill. 
climbing less than three flights of stairs. or 
carrying a light load on the level. 

__ Grade 1: light. Becomes short of breath with light activities 
such as walking on the level. washing or standing. 

__ Grade 0: No T;osk. Becomes short of breath at rest. while 
sitting. or lying down. 

W: Amount Uncertain. Patient's ability to perform 
tasks is impaired due to shortness of breath. but 
amount cannot be specified. Details are not 
sufficient to allow impairment to be categorized. 

X: Unknown. Information unavailable regarding 
limitation of magnitude of task. 

Y: Imp;oired for Reasons Other th;on Shortness of 
Bruth. For example. musculoskeletal problem or 
chest pain. 
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Appendix E - Continued 

Magnitude of Effort 

__ Grade 4: Extraordinary. Becomes short of breath only with 
the greatest imaginable effort. No shortness of 
breath with ordinary effort. 

__ Grade 3: Major. Becomes short of breath with effort 
distinctly submaximal, but of major proportion. 
Tasks performed without pause unless the task 

requires extraordinary effort that may be 
performed with pauses. 

__ Grade 2: Moderate. Becomes short of breath with moderate 
effort. Tasks performed with occasional pauses 
and requiring longer to complete than the average 
person. 

__ Grade 1: Light. Becomes short of breath with little effort. 
Tasks performed with little effort or more difficult 
tasks performed with frequent pauses and 
requiring 50-100% longer to complete than the 
average person might require. 

__ Grade 0: No Effort. Becomes short of breath at rest, while 
Sitting, or lying down. 

w. Amount Uncertain. Patient's exertional ability is 
impaired due to shortness of breath, but amount 
cannot be specified. Details are not sufficient to 
allow impairment to be categorized. 

X: Unknown. Information unavailable regarding 
limitation of effort. 

Y: Impaired for Reasons Other than Shortness of 
Breath. For example, musculoskeletal problems or 
chest pain. 
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Appendix F 

Vertical Visual Analogue Scale 

Breathlessness Scale 

Greatest Breathlessness 

No Breathlessness 



AppendixG 

Testing of the conjunction rule procedures 

Set of items (symptom descriptors and activities) 

255 

The first step in testing the conjunction rule was to establish the constituents 

from which the conjunction were formed. The constituents and conjunction 

were organized in the following manner. A set of items were constructed 

from a list of 20 symptom descriptors and 29 activities . The participants were 

presented with the list of activities and descriptors and asked to select the four 

typically associated with an episode of breathlessness and the four rarely or 

very infrequently associates. The participant then were given cards with the 

selected activities and symptom descriptors and ask to rank order them from 

most typically to least typically associated with breathlessness . 

The conjunction were constructed by combining the activity or 

symptom descriptor ranked as most typically (M) associated with 

breathlessness and the one ranked next to last (L) in typicality (M&L). The 

participant were then presented with information sketches and asked to 

complete the process. The activities and symptom descriptors originally 

identified were not placed on the cards with the exception of the conjunction 

and the next to least (L) and most (M) typical ones previously identified. The 

conjunction and both constituents were ranked. It was predicted that the 

conjunction rule were violated and the the rankings will follow the patterns 

previously reporter (M > M&L > L)(Teversky & Kahneman, 1983). Next the 

participants were given an information sketch and the subtle test of the 

conjunction rule occurred. 
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Appendix G - Continued 

Descriptors and Activities used in Conjunction Rule Testing 

Descriptors 

Air Hunger 

Suffocating 

Increased work to breath 

Shallow Breath 

Concentration of breathlng 

Gasping 
Heaviness 

Exhaustion 

Rapid breathing 

Tightness 

Can't breath in 

Can't breath out 

Wheezing 

Awareness things are not right 

Short of breath 

Breathless 

Breathing in a vacuum 

Awkward breathing 

Undependable 

Moment to moment breathing 

Activities 

Being angry or upset 

Having a shower or bath 

Bending 

Carrying (ie groceries) 

Dressing 

Eating 

Going for a walk 

Doing housework 

Hurrying 

Lying flat 

Making a bed 

Mopping or scrubbing 

Moving furniture 

Playing with children 

Playing sports 

Reachlng over your head 

Running for a bus 

Shopping 
Talking 

Vacuuming 

Walking around your home 

Walking uphill 

Walking upstairs 

Walking with other on level ground 

Preparing meals 

Gardening 

Woodworking 

Home Improvement 
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Appendix G- Continued 

Subtle test-Information sketch. A subtle test of the conjunction rule 

simply asked the participants to rank the conjunction, constituents and 

additional desriptors or activities from most to least likely based on an 

inormation sketch. The conjunction rule or the logical arguements were not 

highlighted which forms the subtle nature of the test. The information 

sketch used in this investigation focused the individual's attention on 

his/her personal knowledge about episodes of breathlessness. The 

participants were asked to read two information sketchs one associated with 

the symptom and one for activities. The descriptors sketch were as follows: 

You have experienced episodes of breathlessness in the past. Over the past 

few years you have a clear idea of what the breathlessness experience is 

like. Please look over the symptoms listed on these cards. During a 

breathlessness episode how likely are the following symptoms to be 

present? Rank them most to least likely. 

The sketch is designed to direct attention to their own symptomatology and 

experience of breathlessness. The second sketch is associated with activities 

and reads as follows: 

You have experienced episodes of breathlessness in the past. Over the past 

few years you have a clear idea of what the breathlessness experience is 

like and which activities are associated with an episode. Please look over 

the activities on these cards. During an episode of breathlessness how 

likely are the following activities to be associated with an episode? Rank 

them most to least likely. 
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Appendix G - Continued 

Subtle versus transparent test.The procedures listed above constituted a 

trial of the subtle test. The transparent test followed one of the methods 

outlined by Tversky & Kahneman (1983) to point out the validity of the 

conjunction rule. Participants after ranking the list were asked to identify 

which of the arguments they found most convincing: 

Statement for sketch one: 

Statement 1 (resemblance argument): A person experiencing a severe 

breathless episode is more likely to experience (M &L) than (L), because they 

are more likely to experience(M) than they are to experience (L). 

Statement 2 (valid extensional argument): An individual with a severe 

breathless episode is more likely to experience (M) than (L&M) together 

because all instances of (L&M» include (L) but it is possible to experience (L) 

without (M). 

Statements for sketch two: 

Statement 1 (valid extensional argument): An individual with a severe 

breathless episode is more likely to be (M) than (L&M» because all instances 

of (L&M» include (L) but it is possible to be (L) without (M). 

Statement 2(resemblance argument): A person experiencing a severe 

breathless episode is more likely to be (M &L) than (L), because they are 

more likely to be (M) than they are to experience (L). 

The Statements were designed to produce thoughtful consideration of the 

ranking previously completed. 



AppendixH 

Symmetry trial procedures 

1. Participants were given a scoring sheett 

2. Participants were given one of the following set of instructions: 

259 

"Again you will be asked to evaluated different resistances to pulling air 

in. You will be presented with several different resistance levels. 1bis 

time instead of evaluating the change I would like you to judge each 

resistance level as how much your breathing is like this level of 

resistance. On the sheet before you, you will find a scale from 1 to 7, 

with one being the least like to 7 the most like. Please circle the 

number that best represents how much your breathing level is like the 

resistance level Please ask yourself the question "My breathing is like 

this .. " for each resistance level presented. " 

" Again you will be asked to evaluated different resistances to pulling air 

in. You will be presented with several different resistance levels. 1bis 

time instead of evaluating the change I would like you to judge each 

resistance level as how much this level of resistance is like your 

breathing. On the sheet before you, you will find a scale from 1 to 7, 

with one being the least like to 7 the most like. Please circle the 

number that best represents how much this resistance level is like YOUI 

level of breathing. Please ask yourself the question "This. s like My 

breathing." for each resistance level presented. " 

3. The participants were then randomly presented with the various 

RLs of the ARD twice. 
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A:Q:Qendix H- Continued 
Symmetry Scoring Sheet One 

lFAsr MOST 
THIS IS LIKE MY BREATHING lIKE lIKE 
Time 1 1 2 3 4 5 6 7 

THIS IS LIKE MY BREATHING I1KE I1KE 
Time 2 1 2 3 4 5 6 7 

THIS IS LIKE MY BREATHING I1KE lIKE 
Time 3 1 2 3 4 5 6 7 

THIS IS LIKE MY BREATHING lIKE lIKE 
Time 4 1 2 3 4 5 6 7 

THIS IS LIKE MY BREATHING IlKE lIKE 
Time 5 1 2 3 4 5 6 7 

THIS IS LIKE MY BREATHING lIKE lIKE 
Time 6 1 2 3 4 5 6 7 

THIS IS LIKE MY BREATHING lIKE lIKE 
Time 7 1 2 3 4 5 6 7 

THIS IS LIKE MY BREATHING IlKE lIKE 
Time 8 1 2 3 4 5 6 7 

THIS IS LIKE MY BREATHING lIKE lIKE 
Time 9 1 2 3 4 5 6 7 

THIS IS LIKE MY BREATHING IlKE lIKE 
Time 10 1 2 3 4 5 6 7 

THIS IS LIKE MY BREATHING IlKE lIKE 
Time 11 1 2 3 4 5 6 7 

THIS IS LIKE MY BREATHING IlKE lIKE 
Time 12 1 2 3 4 5 6 7 
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A:Q:Qendix H- Continued 
Symmetry Scoring Sheet Two 

lEAsr Marr 
MYBREA1HING1S I1KETI-IlS lJKE lIKE 
Time 1 1 2 3 4 5 6 7 

MYBREATI-llNGlS I1KE1HJS lEAsr Marr 
Time 2 1 2 3 4 5 6 7 

MYBREATI-llNG1S I1KE1HJS lEAsr Marr 
Time 3 1 2 3 4 5 6 7 

MYBREATI-llNG1S I1KE1HJS lEAsr Moor 
Time 4 1 2 3 4 5 6 7 

MYBREATHlNG1S I1KETI-IIS lEAsr Marr 
Time 5 1 2 3 4 5 6 7 

MYBREATI-llNG1S UKETI-IIS lEAsr Marr 
Time 6 1 2 3 4 5 6 7 

MYBREATI-llNG1S UKETI-IlS lEAsr Moor 
Time 7 1 2 3 4 5 6 7 

MYBREATI-llNG1S llKETI-IIS lEAsr Marr 
Time B 1 2 3 4 5 6 7 

MY BREATHING 1S UKETIIlS lEAsr Marr 
Time 9 1 2 3 4 5 6 7 

MYBREATHlNG1S llKETIIlS lEAsr Marr 
Time 10 1 2 3 4 5 6 7 

MYBREATHlNG1S 11KETIIlS lEAsr Marr 
Time 11 1 2 3 4 5 6 7 

MYBREATI-llNG1S IlKE1HIS lEAsr Marr 
Time 12 1 2 3 4 5 6 7 
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General Status by Group 
VariableL Individuals with CAO Healthv Individuals 
Age 56 to 85 71.6 (5.210) 57 to 84 72.1 (5.25) 

""'" 

Age by gender by group 
Main effects 
Interaction 

Gender 

Last Hospital 

.~II #episodes/day 
"d 

~IIBDI ~ Function 

< 
Task 

Effort 

Total 

Female 71.3 Male 71.93 
Gender (F=.132, p=.801) 
Age by Gender by Group (F=.038, p=.846) 

Female 16 (53%), Male 14 (47%) 

1 to 56 years, 5.02 (12.33) 

0-24, 4.321(5.48) 

0-2(6.7%). 
1-22(73.3%) 
2-6 (20%) 
0-10 (33.3%), 
1-16 (53.3%), 
2-4 (13.3%) 
0-2 (6.7%) 
1-26 (86.7%) 
2-2 (6.7%) 
1-2(6.6%) 
2-10(33%) 
3-11(36.3%) 
4-3 (10%) 
5-3(10%) 
6-1(3.3%) x=2.933(SD= 1.2015) 

Female 72.06 Male 71.60 
Group (F=.098, p=.907) 

SAME 

7 to 21, 9.08 (7.146) 

o 

4 (100%) 

4 (100%) 

4 (100%) 

12 (100%) 
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Medcations, Pre/Peak Expiratory Flow and Breatlessness Scale by Group 
VariableL_ .. _. _ Individuals with CAO Healthv Individuals 
~ count (%) -# of kinds taking 
Beta Agonist Inhalers 15(50%) 1 o 

~ Steroid Inhalers 
Q,j Theophyilline 
~ Oral Predisone 
~ Heart Medications 
~ 

U Diuretic 
~ BPMeds 
.~ Hormones 
'g Antibiotics 
cu Thyroid 

ASA 
< Other 

Baseline VAS 
Resting VAS 
ANOV A Main effect 
Interaction 

Baseline PEF 
RestingPEF 
ANOV A Main effect 
Interaction 

13(43.3%) 2 
1(3.3%) 3 
1(3.3%) 4 
[x= 1.6(.724)] 
19(63.3%) 
13(43.3%) 
12(40%) 
2(6.7%) 

7(23.3%) 
3(10%) 
2(6.7%) 
3(10%) 
3(10%) 
5(16.7%) 
3(10%) 

o 
o 
o 
7(23.3%)taking only one type 
2(6.7%) taking two types 
o 
5(16.7%) 
5(16.7%) 
o 
2(6.7%) 
8(26.7%) 
11(36.7%) 

0-84, (29 >0) 27.133(19.758) 0 to 7(7) 0), 1.069(2.154) 
0-59, (29 >0)19.20(15.734) 0 to 10, (14 > 0) 1.367 
Group (F=50.6, p<.001) Testing Time (F=9.21, p=.OO4) 
Group by Testing Time (F=9.21, p=.004) 

80-350, 207.33(70.132) 
25-350, 205.60(85.739) 
Group (F=42.3, p<.001) 
Group by Testing Time (F=1.70, p=.20) 

200-650, 370.50(130.65) 
220-650, 389.00(125.6) 
Testing Time (F=2.48, p=.12) 
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Spirometry Values (Historical & Baseline), and Experimental Time by Groups 
V i\rii\ble~ Indi~idYi\IS with CAQ Healthy Indiy:idyal~ 
• Spirometry 
Historical I-TEST H~ y:~ Ba~line 
Actual FEV1 liter/sec .888(.46) [t=1.14, p~.26] 
% of Predicted 40.60%(17.5) [t=1.01, p~32.] 
FVC liter/sec 2.49(.73) 
% of Predicted 72.4%(32.9) [t=.68, p~.5] 
FEV1/FVC 84.2%(13.12) [t=2.12 p~.04] 

t PEFml/sec 207.14(172.36) [t=2.86, pS.02] 
"1:s 

-+0. t Baseline Mean (sd) [ANOVA CAO/HEALTHY] 
: Actual FEV1liter / sec .966(.38) [F=117.0, pS.001] 2.53(.69) 

% of Predicted 37.80(14.20) [F=280.9, p~.OO1] 100%(14.4) 
u 

I FVC liter/sec 2.35(68) [F=18.81, p~.OOl] 3.35(1.1) 
i % of Predicted 68.7%(14.9) [F=26.19, pS.001] 107%(38.3) 
! FEVliFVC 65.7%(16.7) [F=29.02, p~.009] 126%(19.7) 

-
"0 

I PEFml/sec 282.31(145.4) [F=14.33, pS.001] 477.2(241.5) 

-< : Time(minytfS) 
TOTAL Experimental 108.30(50.14) [t=1.39, p~.24] 114.20(7.46) 
Training 16.87(8.11) [t=21.05, S.OOl] 24.53( 4.23) 
Resting 26.2(8.11) [t=4.59, S.OOl] 34.53(4.23) 
Testing 7~.4( 42 __ 62) [t=.41, p~.68] ?9.66(Z·07) 
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Correlations of Spiromerty Values, Breathlessness Scale and Functional Status (Healthy Group) 

~ 
~ 
:::t 
;::: .... 

oW 
;::: 
Q 

U 
I 

1-1 

Healthy group 

FEVl 
FVC 
FEV1!FVC 
Spiro PEF 
PrePEF 
Res!: PEF 
Pre VAS 
Rest VAS 

FEVl 

1 
.94* 

-.11 
-.07 
.73* 
.78* 

-.11 
-.31 

.~ 
"0 

Correlations of Spiromerty Values, Breathlessness Scale and Functional Status (CAO Group) 

~IIICOPD 

<II I Total BDI 

FEVl 
FVC 
FEV1/FVC 
Spiro PEF 
PrePEF 
Rest PEF 
Pre VAS 
Rest VAS 

Total 
BDI 
1 
.24 
.32 
.05 
.41-
.30 
.24 

-.17 
.11 

*p~.05 

-------------------
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Appendix J 

Repeated Measures MANOV A Results Traditional Resistance Level Score by 
Trial Sequence, Condition, and Resistance Level Order 
Traditional Main Effects Interactions 
Trial Sequence (2) SgqJ!en~e Trial QJl Sequen~e Trial QJl 

First Testing Trial F=.403 p~.67 Condition RL 

vs. Second F=.44, p~.51 I 
F=1.61p~.16 

'Conditfon(4)"-'---
~~~..-__ --... ... ~._. __ u ........ #~._ --~-.-.... - .... -.... ---t----.. ---.. -.-.... - .. -.-.-

CQnditiQn bJl RL 
Order of TrME, F=1.83, p~.18 F=1.79, p~.11 

.!y..~~!. .. ~.~ .. ~~~.~. ....................................................... ........................................................ . ...................................................... 
Resistance Level SeQl!~nce Trial 
(RL) Presentation QJl CQnditiQn 

Order(6) F=l.54, p~.18 bJl RL Qrder 
F=1.41, p~.12 

Repeated Measures MANOV A Results Typical Resistance Level Score by 
Condition, Trial Sequence, and Resistance Level Order 
Typical Main Effects Interactions 
Trial Sequence (2) SeqJ!en~e Trial QJl Sequence Trial hJl 
First Testing Trial F=.33 p~.71 CQndition RL 

vs. Second F=.70, p~.65 F=1.61p~.16 

·C·ondiHon(4)················ ...................................................... 
········cQi:.:ditiQ~Iiii{i· .. · .. ·· . ..................................................... 

Order of TrME, F=.681, p~.66 F=1.14, p~.31 
TyME, and MeME 
"Resistance'Iever' ........................................................ ....................................................... 

···········S~q~en·ce·Tiiar······· 

(RL) Presentation F=9.88, p~.51 :I2Jl Con!.iitiQn 

Orde~(6) :I2JlRLQrdgr 
F=.980 p~.49 
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Appendix I - Continued 

Repeated Measures MANOV A Results Myemory Resistance Level Score by 
Trial Sequence by and Resistance Level Order 
Memory Main Effects Interactions 
Trial Sequence (2) 5equen~e Trial hy Seqygnce Trial b~ 

First Testing Trial Condition RL 

vs. Second F=.510 p~.79 F=.97p~.45 F=1.02 p~.41 

Condition(4} CQnditiQn h~ RL 

Order of TrME, F=.487 p~.62 F=1.14, p~.32 
TyME, and MeME 
-ResIstance-'Lever-- _______ I'4' ...... _ ... ____ ~ •• u ..... 

----.-.~- .... -.-... .. - .. ~-. 
---fu:qYen!.:e jrlaT---

Presentation b;y: CongitiQn 

Order(6) F=1.01, p~.37 h;y: RL Qrder 
F=.702 p~.87 
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MeanP bv Trial Condi dG - - --- -- --- -- ---
£ 

Traditional (TrME) Typical (TyME) 
Pressures by CAD Healthy CAD Healthy 
Resistance Group Group Group Group Level(cmHp) 
Levell .921 (.55) 1.21 (.63) .960 (.54) 1.23 (.61) 
Level 2 13.20 (6.4) 13.18 (5.9) 13.85(6.3) 13.69 (5.9) 
Level 3 17.16 (7.2) 16.47 (6.1) 17.21 (7.4) 17.24 (6.7) 
Level 4 19.77 (8.5) 19.01 (6.6) 19.90 (9.1) 19.69 (7.4) 
LevelS 19.47 (8.2) 20.81 (7.4) 21.14 (9.4) 21.39 (8.7) 
Level 6 22.34 (9.1) 23.46 (7.9) 22.51 (9.8) 23.64 (9.3) 
() Standard Deviation 

Mean Logged S~ore8 by Trial Condition and Group 
Traditional (TrME) Typical (fyME) 

Scoresby CAD Healthy CAD Healthy 
Resistance Group Group Group Group 
Level 
Levell 1.52 (.38) 1.55 (.24) 1.58 (.37) 1.57 (.27) 
Level 2 1.93 (.26) 1.86 (.12) 1.95 (.18) 1.85 (.12) 
Level 3 2.00 (.24) 1.99 (.11) 2.04 (.15) 1.97 (.08) 
Level 4 2.05 (.18) 2.10 (.11) 2.10 (.13) 2.06 (.09) 
LevelS 2.12 (.21) 2.17 (.15) 2.15 (.16) 2.12 (.18) 
Level 6 2.16 (.22) 2.22 (.17) 2.17 (.15) 2.18 (.14) 

Traditional (TrME) Memory (Me ME) 
CAD Healthy CAD Healthy 

Group Group Group Group 

.921 (.49) 1.21 (.71) .662 (.6) 1.33 (.75) 
13.20(5.4) 13.18 (6.2) 13.79 (5.7) 12.76 (4.9) 
17.16 (6.6) 16.47 (6.6) 17.63 (7.2) 16.36 (5.4) 
19.47 (7.6) 19.01 (7.3) 19.3 (8.7) 19.02 (6.5) 
19.77 (7.6) 20.81 (7.3) 19.34 (7.6) 21.77 (7.6) 
22.34 (9.1) 23.46 (7.8) 22.6 (9.8) 24.77 (7.9) 

Traditional (TrME) Memory (MeME) 
CAO Healthy CAO Healthy 

Group Group Group Group 

1.58 (.35) 1.50 (.29) 1.58 (.32) 1.53 (.27) 
1.84 (.24) 1.83 (.12) 1.94 (.16) 1.84 (.11) 
1.98 (.17) 1.95 (.11) 2.00 (.18) 1.98 (.10) 
2.10 (.15) 2.10 (.13) 2.10 (.17) 2.08 (.10) 
2.15 (.18) 2.13 (.13) 2.16 (.21) 2.17 (.12) 
2.18 (.23) 2.17 (.16) 2.20 (.25) 2.26 (.17) 
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Appendix L 

SAS program for individual regression-individual exponents 

-data indreg; 
infile 'free2.num'; 
input idn group time tr1 prl ty1 typr tr2 pr2 my mypr; 

-lpr1=log(pr1); 
-ltypr=log(typr); 
-lpr2=log(pr2); 
-lmypr=log(mypr); 
-proc sort; 

by idn time; 
-proc reg outset=temp; 

model tr2=lpr2; 
by idn; 

r~"del: MODELL 

Sample Printout 

Dependent Vdr~able: TRl 

Source 

r~odel 

Error 
e Total 

Root !-lSE 
D4?p r'1ean 
Co"': . 

V ar 1 ablQ [IF 

[NTERCEP 
LPR! 

DF 

Analys~s of Var~ance 

Sum ot 
Squares 

0.76808 
0.03800 
0.80608 

Mean 
Square 

0.76808 
0.00950 

0.09747 
0.77167 

12.63065 

R-square 
Ad] R-sq 

Parameter Est~mates 

F Value 

80.853 

0.9529 
o . 94 11 

Standard T for HO: 

Frob>F 

0.0008 

Parameter 
Estlmate Error PararnRter=O ?rot: > ! T \ 

-0.011949 
0.298113 

0.09580156 -0.125 
0.03315368 8.992 

The ShS Syst.em 

0.3068 
0.0008 



Appendix M 
Significance Testing of Changes in Correlations 

Formula 

Example- VAS Post test TrME(rtr) vs. TyME(rty) (in CAO group) 

t=( -.0264-0.1938) 
(-.2209) 

1 (30-3)(1 :~8~~;)/2(~~~~~~~~~~;i~~;;~~-~(~~~~.;9;;*~;;83) 

1 (27)(1~8183)!2(2922 ~2(.00418»--

1 49.09/2(.3005) 

181.68 
t=-.2209*9.0377 

t=1.996 significant at the .05 level 
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A I 8 C D E F I G 
CAO !TRADITIONAL TYPICAL TRADITIONAL MEMORY :( T r - T y )i( T r - Me 

.E.~_V.J ........................... L ....... _ .... _ .. _ ... =.Q.: .. Q~~ ....... ~ .. ~~.9~:.Q.§ -..... -.~ .... ~ ..... :.Q.: . .! .. ~ -0.08 o .011 - 0.05 
FVC ! 0.01 0.1 e O.OS .. .-...... ~ .. ·O·:O4 - 0 • 1 51 - 0.01 

Y.A§ .. ~.~.!!~J.L'l! .. "i ... ~ ....... ~ ........... 7 .. Q . .!.Q.'?' ............ :~Q .. :.1.~ ................. ::.Q.: .. ~ . .t?.§ -0.2971 o .121 -0.02 
VAS post rest i -0 . 2 4 -0.4 0.1969 "'-""O:'O~80'9 0.16! 0.116 
TOT8DI i -0.03 0.19 0.3174 0.2462 -0.22i 0.0712 

I I 
j 

! i 
Healthy ITRADITIONAL TYPICAL TRADITIONAL MEMORY I( T r - T y) Ie T r - Me 
FEVl ! 0.03 0.16 -0.001 0.02 -0.131 -0.021 
FVC I 0.06 0.1 a 0.14 0.05 -0.071 0.09 
VAS baseline! 0.16 0.02 0.13 0.06 o .14i 0.07 
V AS post reat I 0.11 0.22 0.24 0.21 - 0 .111 0.03 

H I J K L M N 
Tr sar TY srq Tr2 sgr Me agr (l-exD-Tr-Tv) l(l-axD-Tr-Me) 2*CTR*TY*EXP» 
..... .Q.:.Q.Q.?' .... Q.:.QQ.~ .. _9.: . .Q.1 .. ~.~ JLQ.Q!H ....... _ ...... Q.:.~,g.~g~.?.1..] .... _."" .... _9..:.?g~gl.!..?.~ ......................... Q.:.Q9..~"g?.~.1 . 

1 E -04 0.026 0.0009 0.0016 0.30468511 0.22111724 0.00261952 
... JLQ.Q.§ Jt.Q.~.~ .... Q.:.tQ.Q.~ .... 9..~.9.~~~.~ ~ .............. 9..:_~.~_~.~.~.§.!..1 .~ .......... _ ... Q.:.l.!"Q.z.tQ.~.~ ...... " .......... ".Q: .. Q?..1..!..?..~.?..§ 

0.058 0.16 0.0388 0.0065 0.11278511 0.04884763 0.1571712 
9E-04 0.036 0.1007 0.0606 0.29338511 0.11077448 ·0.00933204 

Tr sgr TY srQ Tr2 sgr Me sgr (l-exp-Tr-Ty) (l-exp-Tr- Me) 2*(TR*TY*EXP)) 
9E-04 0.026 1 E·06 0.0004 0.32015111 0.517423 0.00785856 
-0.07 0.09 0.0196 0.0025 0.32665111 0.433424 0.01261416 
0.026 4E·04 0.0169 0.0036 0.32065111 0.525724 0.00517504 
0.012 0.048 0.0576 0.0441 0.28615111 0.437024 0.03913624 
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0 P Q R S 
1 2*(TR*ME*EXP)) (2*(J2+L2 t 2 *IK 2 + it 2) fi 2 7 *11 + . 8 1 8 3Ut( 2 6 * C 1 + • 8 67 
2 0.01804192 0.659119 0.49251832 49.0941! 48.5524 
3 

.M ................ M .... ·O·:Oe)'2·0S·1·'76 0.6146093 0.446398 49.0941\ 48.5524 
4 ............... J!.:J.§.~.9.:4.~.;!~g~ 0.6223197 0.54870675 49.0941i 48.5524 
5 0.027633993508 0.5399126 0.15296325 49.0941: 48.5524 
6 0.135564003024 0.5681061 0.49267697 49.09411 48.5524 
7 I 

i 

8 ! 
I 9 2*CTR*ME*EXPll ,( 2 * (J 2 + L 2 !(2*(K2+M2\ (27*(1+.8183))1(26*(1+.867 ~ 

. 
1 0 -0.000034696 0.6560193 1.03477661 48.8241i 45.252 . 

~ 1 1 0.009464 0.6785305 0.885776 48.8241i 45.2521 
~ 1 2 0.0105456 0.6516523 1.0725392 48.82411 45.252 
I 

45.252 1 3 0.0681408 0.6505747 1.0103296 48.8241 
u 

: ~ T I U V W X 
~ I 1 S GRT(P2/N2)iSGRT(Q2/02 F/F2 *Ti' FiG2*U2' CAO 
, 2 8.6304358621 9.92874042 0.086304 -0.49644 .E.~.y'J ...................... " ... I ··· .. 8·:·9·3·74·8·03·(1'81"'·1·0·:"42903·75·5 I 3 -1.34062 -0.10429 FVC 
~ 

I 
4 8.881940571 9.406654685 1.065833 -0.1919 VAS baseline ........................................... , ......................... " ............... VAS·· .. p·o·st·· .. r·es·i , 
5 9.535707303i 17.81606565 1.706223 1.552086 -< 
6 9.2960812291 9.927141723 1.996324 0.706812 TOTBOI 
7 ! 
8 ! 
9 SGRT(P2/N2)!SGRT(Q2/02 F (F2 *T2 F TG2*U2\ CAO 

1 0 8.626980211 6.612955313 -1.52151 0.461128 FEV1 
1 1 8.482667097i 7.1475456 -0.99379 1.043279 FVC 
1 2 8.6558387431 6.495495739 1.211817 0.454685 VAS baseline 
1 3 8.6630044641 6.692484142 -0.95293 0.200775 VAS Dost rest 

.I 
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EXEMPLAR- A specific example of a breathless instance. Contains very vivid 
information in a memory store, including details about the breathless episode 
(specific patterns or symptoms) and associated events, individuals, emotions 
and treatments. . 

Typical Patterns 
Typical patterns represent an overall category that includes statements 
indicated that the individual has identified a characteristic archetype 
& factors with in them associated with a breathless episodes & breathing. 

TYPICAL NORMAL (TYNORMAL)-Characteristic archetype containing 
representative information about a normal breathing (for them). This 
represents a general statement concerning a normal breathing pattern. 

TYPICAL NORMAL DAILY BREATHING (fYDAILY-B)-Characteristic 
archetype containing representative information about a typical breathing 
during the day (for them). This represents a general statement concerning 
normal breathing and breathless episodes' pattern that occurs during the a 
typical day. 

TYPICAL BREATHLESS EPISODE (fY-BRTHLS)- Characteristic archetype 
containing representative information about a breathless episode. This 
represents a general statement concerning a breathless episode. 

TYPICAL PATTERN BREATHLESSNESS ASSOCIATED WITH ACTIVITY 
(PR-BR-ACT)-Characteristic archetype containing representative information 
about a breathless episode associated with activity. 

Typical pattern within an overall prototypical pattern 
TYPICAL AIRFLOW (TY AIRFLOW)- Characteristic archetype containing 
representative information about airflow during a breathless episode. 
Include reports of a decrease sense of air movement or ability to get air into or 
out of the lungs. May contain references to symbols of decreased airflow. i.e. 
peak flow meters, inability to cough effectively. 

TYPICAL PRIOR (TYPRIOR)- Characteristic archetype containing 
representative information about breathing pattern prior to a breathless 
episode. 
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Appendix N - Continued 

TYPICAL FREQUENCY (TY-FREQ) - Characteristic archetype containing 
representative information about frequency of symptoms associated with and 
frequency of breathless episodes. 

TYPICAL TIME (TYTIME) - Characteristic archetype containing representative 
information about typical amount of time for the symptoms associated with 
a breathless episode to decrease. 

TYPICAL WORSEN (TYWORSEN) - Characteristic archetype containing 
representative information about what typically occurs associated with a 
breathless episode increasing in severity. 

TYPICAL VENTILATION (TYVENn- Characteristic archetype containing 
representative information about ventilation (chest movement) during a 
breathless episode. May use references to symbols of increased chest 
movement or effort to breath. i.e. breathing frequency, larger chest 
movement, hard to breath. 

COGNITIVE ISSUES 
Comparisons 

The category includes examples of similarity comparisons made between 
themselves any other reference, or any other time. 

COMPARISON OF THEMSELVES BEFORE AND AFTER (COMP-B-A)
Similarity comparisons made between themselves and before or after a 
particular event, episode or treatment. 

COMPARISON OF THEMSELVES TO HEALTHY INDIVIDUALS (COMP
NORM)- Similarity comparisons made between themselves and healthy 
'normal' individual. 

COMPARISON OF THEMSELVES TO OTHER INDIVIDUALS 
(COMPOTHER)- Similarity comparisons made between themselves and 
'OTHER' individual not necessarily healthy. 

A TOTAL PATTERN OF COMPARISON OF THEMSELVES (COMP-TOT)
Similarity comparisons made between themselves and a total pattern 
includes many other types of comparisons. 
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Appendix N - Continued 

COMPARISON OF THEMSELVES TO THEIR TYPICAL-USUAL PATTERN
STANDARD (COMP-TY)- Similarity comparisons made between themselves 
and how they normaly or typically are. 

COMPARISON OF THEMSELVES TO AN EXEMPLAR-CLEAR SINGULAR 
INSTANCE MEMORY (COMP-EXMP)- Similarity comparisons made between 
themselves and a clear singular instance -memory of a bad episode or time. 

COMPARISON OF THEMSELVES TO THEIR IMAGE OF A FINAL
TERMINAL EPISODE (COMP-FINAL)- Similarity comparisons made between 
themselves and how they imaging a terminal or final episode would feel, 
occur or be. 

COMPARISON OF THEMSELVES DAY TO DAY (COMPDAY-DAY)
Similarity comparisons made between themselves day to day. For example 
am 1 better or worse today compared to yesterday. 

COMPARISON OF THEMSELVES ARE AVOIDED (COMP-AVOID)
Similarity comparisons made between themselves are avoided. 

COMPARISON OF THEIR BREATHLESS DESCRIPTORS (COMP-DES)
Similarity comparisons made between breathless descriptors of themselves . 
For example "I am experience more tightness than hard to breath". 
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Specific Aim: Describe the relationship of the conjunction rule to 
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the judgments associated with breathlessness 
Ho: Supported Statistical Conclusions Drawn 

if ... Results 
Questions of interest: Do individuals make The conjunction is BD Subtle In this investigations correct 
judgments concerning symptoms that are selected over its CAO 89%, application of the conjunction rule 
logical? Can correct application of the constituents in Healthy 86% did not occur. The probability 
conjunction rule be seen in probability both conditions. Transparent CAO determinations associated with 
determinations of sensory input? 82%, Healthy sensory input followed natural 
Hypothesis 1: The conjunction fallacy will 60% assessment of representativeness 
occur under experimental conditions that uses (x=3.723,p~.05) strategies. An intuitive form of 
personal sensory constituents and conjunctions. AD Subtle reasoning appears linked to 
[ P(Sl and 52) >P(51) or P(52) ] CAO 100%, symptom evaluation, at least 
(Table 6, 7 & Figure 10) Healthy 92% with determinations of 

Transparent CAO likelihood of occurrence. 
86%, Healthy 
90% 

Hypothesis Fully Supported 
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Specific Aim: Describe and contrast the relationship of judgment heuristics to 
the judgments associated with breathlessness. 

Ho: Supported Statistical Conclusions Drawn 
if ... Results 

Questions of interest: Does what an Individual MANOVA The healthy group demonstrated 
individual thinks about their breathing exponents for 1Y results- the same pattern of decreased 
influence their symptom appraisal? Will an are further from Milln Effect; Trial exponent value, but the difference 
individual alter symptom appraisal based on one than 1R ones Condition F=4.B2, was not Significant. The CAO 
previous experience (typical pattern)? (decreased sensi- p~.OO6 group clearly demonstrated an 
Hypothesis 2a: Use of a prototype (1Y) to tivity to stimuli Interg!:tiQn E{fe!:l: influence of prototype on 
determine intensity of sensory input will of airflow Group by Trial evaluation of intensity. 
decrease the intensity of the sensory response resistance). Condition F=4.B2, Individual who frequently 
as compared to the sensory response obtained p~.032 experienced breathlessness form a 
via traditional psychophysical techniques. prototypical representation 
(Figure 11 & Table 15) which contributes to decreased 

sensitivity to stimuli. 

Hypothesis Fully Supported in the CAO group, but not the healthy. 

Questions of Interest: Does what an Individual MANOVA The healthy group demonstrated 
individual thinks about their breathing exponents for ME results- the same pattern of increased 
influence their symptom appraisal? Will an are further from Milln Effe!:t· Irial exponent value, but the difference 
individual alter symptom appraisal based on one than 1R ones Condition was not significant. The CAO 
previous breathless episodes (exemplar)? (decreased sensi- F=14.B2, p<.OOl group clearly demonstrated an 
Hypothesis 21>: Use of aexemplgr (ME)to tivity to stimuli Interil!:tiQn Effe!:t: influence of exemplar on 
determine intensity of sensory input will of airflow Group by Trial evaluation of intensity. 
decrease the intensity of the sensory response resistance) . Condition F=5.15, Individual who frequently 
as compared to the sensory response obtained p~.027 experienced breathlessness form a 
via traditional psychophysical techniques. cognitive exemplar which can 

increased sensitivity to stimuli. 

Hypothesis Not Fully Supported-direction of change opposite of that hypothesized, and distinct 

differences between groups. 
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Ho: Supported Statistical Conclusions Drawn 
if ... Results 

Questions of Interest: Does what an Important General increase The overall pattern of change in 
individual thinks about their breathing increases in in correlations the correlation coefficients 
influence their symptom appraisal? If an correlation with the TY proposed was supported, but both 
individual alters symptom appraisal based coefficients of TY exponents and all groups behaved similarly. The 
on previous experience (typical pattern) will with V AS, BDI, variable as com- pattern seemed to differ related 
it be more reflective of the symptom FEVl, & FVC as pared to the TR to subjective and objective 
experience? compared to TR exponent in both measures with the subjective 
Hypothesis 3a: Use of a prototype (TY)to condition, and groups. Differ- linked to the CAO group. The 
evaluate intensity of sensory input will clear differences ences reached subjective measures may represent 
produce greater correlations (than those in the two groups. statistical sig- more of a breathless central 
obtained via traditional(TR) psychophysical nificance (p~.05) tendency. Also the healthy 
techniques) between psychophysical in the CAO group group's central breathing tendency 
breathlessness exponents and the level of with V AS post may demonstrate a greater 
breathing discomfort and level of pulmonary test and BDI and connection to objective measures as 
impairment for individuals with versus those in the healthy there is less variance in these 
without breathlessness experience group with FEVl measures within this group. 

and FVC. Decreases in sensitivity are more 
connected to subjective than 
objective measures of breathing. 

Hypothesis N2!Fully Supported-changes occurred in the direction proposed but no distinct 

differences between groups. 
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Ho: Supported Statistical Conclusions Drawn 
if ... Results 

Questions of Interest: Does what an Important General decrease The overall pattern of change in 
individual thinks about their breathing increases in in correlations the correlation coefficients 
influence their symptom appraisal? If an correlation with the TY proposed did not support the 
individual alters symptom appraisal based coefficients of ME exponents and all hypothesis, but both groups 
on previous specific instance (exemplar) will with V AS, BOI, variable as com- behaved similarly and changed 
it be more reflective of the symptom FEV1, FVC, pared to the TR in the same direction, less of a 
experience? FEVI/FVC and exponent in both connection was seen. A specific 
Hypothesis 3b= Use of an exemplar (ME)to PEF measures as groups. No differ- remembered instance of 
evaluate intensity of sensory input will compared to TR ences reached breathlessness may demonstrate a 
produce greater correlations than those condition, and statistical sig- less of a connection to measures of 
obtained via traditional(TR) psychophysical clear differences nificance (p~.05) the symptom experience which 
techniques) between psychophysical in the two groups. in the CAO group, may represent more central 
breathlessness exponents and the level of but FEVl and PVC sample. Again, the healthy 
breathing discomfort and level of pulmonary did in the group's demonstrated significant 
impairment for individuals with versus those healthy group . changes in relation to objective 
without breathlessness experience measure, but this time connection 

to objective measures was less. 
Increases in sensitivity is less 
connected to subjective than 
objective measures of breathing. 

Hypothesis N..Q1 Supported-direction of change opposite of that hypothesized and no distinct 

~i~fe!~nc~~ between groups. 
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- ---- ---- ---- - -- -- -- ---- -- - -- ---- -------

Specific Aim: Describe and contrast the prototypical strength of 1) individual sensitivity and 
reactions to internal changes and 2) symptomatic personal history, in breathlessness evaluation 

Ho: Supported Statistical Conclusions Drawn 
if ... Results 

Questions of Interest: If a prototype is A main, two way Repeated mea- A main effect was seen, but a two 
activated with a determination of similarity or three way sureMANOVA way and three way interaction 
will a typicality bias be present? interactive effect results- occurred which was significant. 
Can directionality or asymmetry be detected of the conditions Mmn Effect· Trial Further evaluation revealed that 
in the results of the similarity comparison? was seen. Condition (F=.02- the CAO group showed a 
Hypothesis 4: Similarity comparisons 14, p~ .71) significant divergent pattern 
involving the question "this is like your TW:Q-W:~ Intern!:- between the two trials, but the 
breathing"(TIllS) versus "My breathing is tiQn: Condition by healthy did not. The pattern of 
like this" (MY) will not be symmetrical Resistance Level asymmetry was not consistent 
[d(Sl,52) < d (52, 51)]. Tables 22-25 & (F=B.44-B.67), across resistance levels. The CAO 
Figures19-20 p<.OOli Group by group demonstrated asymmetry , 

Resistance Level but the pattern of asymmetry was 
(F=5.19-5.92), not consistent or constant, as no 
p<.OOl significant difference between 
Ihree-w:a}1: Inte[- trials occurred at R3, and R4 
actiQn...: Group by levels. It appeared that the CAO 
Condition by group was anchored by the MY 
Resistance Level condition to a prototype which 
(F=B.44,F=3.60, allowed for discrimination in a 
p~.073, p~.OO4); bilateral manner (determining 
Effect size; Trial Similarity and dissimilarity). 
1= .59, Trial 2=.7B 

Hypothesis N.Q1 Fully Supported-interactive effect of trial condition seenl but only with the CAD 
group 

~ __ .a __ .... am~~-----------------

I 



~ 
00 
N 

~ 
~ ::r 
;: .... ..... 
;: 
<::I 
U 

o 
. ~ 
"8 

QJ 

< 

HO: Statistical Conclusions Drawn 
Supported Results 

if ... 
Questions of Interest: If a prototype is An interactive Ib[ee-:wa~ A two way and three way 
activated with a determination of similarity effect between Interi!!:tiYe interaction occurred which was 
will a typicality bias be present? Will group and Effect: Group by significant. Further evaluation 
individuals with greater experience with condition was Condition by revealed that the CAO group was 
breathlessness demonstrate greater bias? seen . Resistance Level the only group that demonstrated 

(F=8.44,F=3.60, a significant divergent pattern 
Hypothesis 5: Individuals with greater p~.073, p~.004); between the two trials, although I 

experience with breathlessness episodes will Effect size; Trial the healthy group had a similar 
demonstrate directionality and asymmetry to 1= .59, Trial 2=.78 but none significant pattern. 
a greater degree than those with little or no 
experience with breathless episodes. 

Hypothesis Supporled-a three-way interactive effect of trial condition by group was seen. 
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