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Abstract

Objective—Accurate discrimination of asthma episodes increases the likelihood they will be 

managed effectively. The purpose of the study was to examine the effect of feedback in a signal 

detection task on perception of increased airflow obstruction in children with persistent asthma.

Methods—The effect of feedback training on the perception of resistive loads was evaluated in 

155 children with persistent asthma between 8 and 15 years of age. Each child participated in four 

experimental sessions that occurred about once every 2 weeks, an initial session followed by three 

training sessions. During the initial session, the threshold resistance to breathing was determined 

for each child. Subsequently, each child was randomly assigned to one of two resistive load 

training conditions in a signal detection paradigm: training with immediate performance feedback 

or training with no performance feedback.

Results—The threshold resistance to breathing, determined in the initial session, was equivalent 

between groups. Children in the feedback condition discriminated more accurately between both 

the presence and absence of increases in the resistance to breathing (206 ± 48 vs. 180 ± 39 correct 

responses, p < .001), and differences over time between groups increased reliably as a function of 

training (139 ± 34 vs. 120 ± 29 correct responses, p < .001). Response times and confidence 

ratings were equivalent between groups, and no differences in breathing patterns were observed 

between groups.
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Conclusion—Feedback training results in improved perception of respiratory sensations in 

children with asthma, a finding with implications for strategies of asthma self-management.
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There is no more essential element in the management of asthma than monitoring the control 

of asthma to determine that the goals of therapy are met (1,2). For example, it is widely 

assumed that early recognition of an acute asthma episode increases the likelihood it will be 

treated early, and for this reason it is valued (1–3). Accurate assessment of asthma 

symptoms permits the patient to select an effective management strategy from among 

possible asthma countermeasures: when it is sufficient to rest and stay vigilant; when and in 

what quantity to take medication; and when to seek medical assistance. Delaying asthma 

control measures until after asthma symptoms escalate may precipitate significant future 

exacerbations (4,5).

Appropriate recognition of acute asthma is most commonly accomplished by monitoring 

symptoms and signs, and normally asthma patients rely on symptoms and signs to assess 

acute episodes and to guide asthma control measures. However, asthma symptoms are not 

always closely correlated with underlying physiological changes in the airways (6–8), and 

studies in which systematic symptom monitoring was compared with medical management 

resulted either in a small benefit for symptom monitoring (9) or no benefit at all (10). 

Methods to overcome the weaknesses of symptom monitoring alone include the use of 

portable meters that measure some aspect of airflow obstruction, most commonly peak 

expiratory flow. As an objective quantity, peak flow provides data that enhances symptom 

monitoring in estimating changes in levels of asthma control. But purported benefits of peak 

flow in assisting symptom monitoring have been either largely absent (11), modest (10,12) 

or inconsistent (13–16). Moreover, convenient access to the meter is not always possible.

Improving patient perception of respiratory sensations is an alternative to either symptom or 

peak flow monitoring for gathering information for managing developing asthma. This line 

of inquiry represents an application of the study of detection of added respiratory loads 

pioneered by Campbell and colleagues (17–19), research with significant clinical 

implications (e.g., 20–22). To date, asthma control efforts focused on improving recognition 

of airflow obstruction have involved use of feedback for correct judgments of added 

resistive loads, and have demonstrated improved sensitivity to airflow obstruction in adults 

with asthma (23–24). Those investigations were limited, however, by exclusive use of young 

adults with mild asthma and by small sample size. In the present study we extended use of 

the procedure to a large group of children with persistent asthma and hypothesized that 

children given feedback would improve in their perception of inspiratory airflow 

obstruction. We did not set out to address the impact of feedback training on asthma control; 

adequate testing of that relationship depends first on evidence of feedback effects on the 

perception of respiratory sensations.
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Method

Research Setting

Participants in this study were enrolled in a large-scale pediatric asthma education research 

program (Project On TRAC: Taking Responsibility for Asthma Control). The program 

consisted of three sessions of asthma education; home monitoring of asthma symptoms for 

30 days; four resistive load detection sessions (the first of which established the threshold 

resistance to breathing); and six-month follow-up. This report is limited to the responses 

from children who completed the four resistive load detection sessions and were assigned at 

random to one of two signal detection training conditions: training with feedback (n = 78) or 

training without feedback (n = 77).

The complete design of Project On TRAC included three resistive load detection conditions, 

including signal detection training with feedback and signal detection training without 

feedback. In a third condition, we tested the reliability of the threshold resistance to 

breathing. Specifically, in a third group of children (n = 75) the threshold resistance to 

breathing was determined on multiple occasions - in each of four, consecutive laboratory 

sessions - in the same individuals. Those results will be published separately.

Children were diagnosed with asthma at least two years prior to their entry into the study; 

used controller medications daily; and reported at least occasional asthma symptoms and/or 

nighttime cough. Children and their families were advised about all aspects of the research 

at an initial enrollment meeting. The child’s caregiver (parent or legal guardian) provided 

written informed consent and the child provided written informed assent. Institutional 

review boards at both UNC Charlotte (#09-09-03) and Ohio University (#03F024) approved 

the research protocol.

Apparatus

In all four sessions, participants breathed on a circuit with a nose clip in place (as depicted in 

Figure 1) that consisted of a rubber mouthpiece attached to a pneumotachograph (Hans 

Rudolph, model R3813) and a two-way non-rebreathing Hans Rudolph J valve (model 

R2600). Airflow was measured using a Grass volumetric pressure transducer that was 

attached to the pneumotachograph. Inspiratory pressure was measured with a second PT5 

transducer connected to the mouthpiece. Airflow and pressure signals were monitored 

continuously, amplified with Grass DC preamplifiers (model 7P1G), and displayed on 

separate channels of a Grass polygraph (model 7D).

A two-way, automated breathing valve located in a control room was attached to the 

inspiratory side of the circuit with rubber tubing (3 cm ID and 1.5 m in length). The 

automated breathing valve was normally ‘open’ to room air; children breathed continuously 

through the open circuit except during inspiration on specific (target) breaths. During the 

threshold task, resistive loads were exchanged as needed and attached manually to the other 

port of the two-way valve (once every 3 to 6 breaths); during the signal detection task a 

single load was attached to the circuit, which remained in place throughout the session. On 

specific (target) breaths in both tasks, a computer-operated relay closed the valve open to 

room air and opened the limb of the breathing circuit containing the resistive load at the 

Harver et al. Page 3

Psychosom Med. Author manuscript; available in PMC 2015 December 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



onset of inspiration (when rising inspiratory pressure was sustained for 100 msec). The 

computer switched the valve back to room air when peak inspiratory pressure was detected. 

Resistive loads were constructed of nylon screens varying in mesh size enclosed in PVC 

pipe tubing, 2.5 cm in diameter and 17 cm in length.

Procedure

Children completed four laboratory sessions and in each session, the children made repeated 

judgments as to whether a resistive load had been placed in the breathing circuit on specific 

(target) breaths. We did not constrain in any way, or attempt to alter through instruction or 

coaching, the breathing pattern of patients.

Each child was seated in an armchair in a separate testing room and monitored with a video 

camera and two-way intercom. Children were instructed to pay attention to breaths that 

“may or may not feel different than normal.” Two warning cues were presented to each 

child during the breath immediately before a trial: a 1 KHz auditory tone, and the words 

"Next Breath" displayed on a computer monitor placed 1.5 m in front of the participant. On 

the breath after each stimulus presentation the child was asked to indicate whether or not 

there was a change in the resistance to breathing on the preceding breath by pressing keys on 

a response board. Prompts for the participants’ keyboard responses were displayed on the 

computer monitor. In addition, we recorded inspiratory pressure and inspiratory time on 

every trial for two breaths, the breath immediately preceding the warning cues (control 

breath) and the target breath.

Children completed the four laboratory sessions – one about every two 2 weeks – over the 

course of 6–7 weeks (M = 48 days) between October, 2004 and September, 2009; each 

session lasted about 60–90 minutes. At enrollment, demographic information was collected 

and self-reported asthma severity was rated from mild to severe, from very well managed to 

not managed at all, and from hardly noticeable to very troublesome. Anthropometrics and 

spirometry were recorded at the start of Session 2. Lung function was recorded with a dry 

rolling-seal spirometer (Vacuumed, model 1618). Children selected a small prize (book, 

puzzle, board game, etc) from a toy box at the end of Sessions 1 and 3; received a $10 gift 

card at the end of Session 2; and accepted a “Certificate of Completion” at the end of 

Session 4.

Session One—The first session was designed to determine the threshold resistance to 

breathing. Threshold levels were determined using the method of constant stimuli, a widely 

accepted procedure for determining sensory thresholds (25). In the task, a constant number 

of stimuli are presented to participants for a fixed number of presentations (possibly 50 to 

200 times each), and a psychometric function plotting the percentage of correct detections as 

a function of stimulus intensity is determined. We used ten resistive loads (linear for flow 

rates to 1 l/sec) including a (imperceptible) "catch" load consisting of a section of PVC pipe 

without nylon mesh in the threshold resistance task. On each target breath, one of the ten 

loads was added to the circuit for a single inspiration. The loads ranged in intensity from 

0.20 (the “catch” load) to 7.58 cmH20/l/s. Each load was presented ten times in random 

order (for a total of 100 load presentations), once every 3 to 6 breaths with the restriction 
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that each intensity was presented only once in any ten-load sequence. Sensory thresholds 

derived from classic psychophysical procedures such as the method of constant stimuli do 

not take into account false alarms, i.e., the rate at which subjects indicate the presence of a 

stimulus when in fact none was presented. Accordingly, we used a conservative approach 

for estimating the threshold resistance for each child: threshold was defined as the stimulus 

intensity detected on 50% of the trials after correcting for false alarms. The proportion of 

“yes” responses to the ten presentations of each resistive load was corrected for false alarms 

(i.e., for the proportion of “yes” responses to the 10, “catch” trials) using the following 

formula:

Following the initial session children we formed two groups by randomly assigning children 

either to (1) feedback training condition in which children were given immediate feedback 

after each trial as to the accuracy of their responses or (2) no feedback training condition in 

which children were given no information regarding the accuracy of their responses.

Sessions Two, Three, and Four—Children were asked to determine if an increase in 

the resistance to breathing occurred during specific (target) breaths. Each session consisted 

of five blocks of 20 trials each (10 signal and 10 non-signal); within each block the order of 

signal and non-signal trials was random. There was a short rest period (50 sec) between each 

set of blocks. Each block of trials was started by a 1 KHz warning tone 2 sec in duration. 

The trial number (range, 1 to 20) in each block was displayed on a computer monitor placed 

before the participants. After each stimulus presentation the child was asked to indicate 

whether or not there was a change in the resistance to breathing on the preceding breath by 

pressing keys on a response board. After responding all children were next asked to select 

the level of confidence in their judgment on a five-point scale (1 = very confident, 2 = 

mostly confident, 3 = somewhat confident, 4 = not really confident, 5 = not at all confident) 

by pressing keys on the response board. Immediately thereafter, the children assigned to the 

feedback condition were given feedback regarding the accuracy of their responses. 

Specifically, a message displayed on the computer monitor reminded the child about the 

decision they made (“change in resistance” or “no change in resistance”) and provided the 

child feedback as to the accuracy of their response (“correct” or “incorrect”). The children 

assigned to the no feedback condition were kept uninformed about their performance; no 

messages were displayed to remind them either about their decision or as to the accuracy of 

their response.

The resistive load used as the stimulus for the ‘signal’ trials in the three signal detection 

sessions varied between participants based on performance in the threshold resistance 

breathing task (Session One). In previous experiments, healthy young adults and young 

adults with asthma reliably detected a resistive load in a signal detection task with feedback 

selected a priori as one-half the magnitude of a threshold load determined by the method of 

constant stimuli (23). Accordingly, in the present study involving children we adopted the 

same approach: each participant was assigned a priori a resistive load (i.e., ‘signal’) as close 
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as possible, within the limits of the breathing circuit (9 possible levels), to one-half the 

magnitude of the threshold resistance to breathing determined in the first session. The 

resistive load assigned to each participant was used in each of the three signal detection 

sessions.

Data Reduction and Statistical Analysis

Data are presented as mean ± standard deviation (s.d.) or N (%) as appropriate. We 

subsequently characterize the treatment of data separately for Session One and for Sessions 

Two-Four and later we report only significant effects that also satisfied the Greenhouse-

Geisser adjustment for repeated measures. We used SPSS version 17.0 for all analyses 

(SPSS Inc., Chicago, IL).

Session One—The threshold resistance to breathing was determined for each participant 

by regressing the added resistance of the loads against the proportion of “yes” responses 

(adjusted for false alarm rates) and predicting the load detected 50% of the time (25). 

Average threshold resistance levels, and the average intensity of loads used in the signal 

detection task derived from these levels, were compared between children assigned at 

random to feedback conditions with separate unpaired t tests.

Sessions Two, Three, and Four—On each trial children were asked to determine if an 

increase in the resistance to breathing occurred yielding four possible signal detection 

outcomes including: a ‘hit’ (a yes response on a signal trial); a ‘miss’ (a no response on a 

signal trial); a ‘false alarm’ (a yes response on a no signal trial); or a ‘correct rejection’ (a no 

response on a no signal trial). Our primary analysis focused on the differential effects of 

training on the cumulative number of correct responses (i.e., hits plus correct rejections) 

between sessions. In our case the number of correct responses, which has been used to index 

perception in various physiological detection tasks (e.g., 26–28), reflected the ability of 

individuals to accurately discriminate between both the presence and absence of increased 

resistance to breathing. We conducted an analysis of variance (ANOVA) testing for effects 

due to “training condition” (2 levels), “session” (3 levels), and “blocks of trials” (5 levels), 

with repeated measures on the last two factors. We also conducted exploratory analyses to 

examine effects of age, gender, race, asthma severity and duration, and lung function on 

training.

Our secondary analysis focused on the effects of training on signal detection outcomes: 

“sensitivity,” the ability of individuals to accurately discriminate ‘signal’ (the presence of a 

load) from ‘noise,’ and “response bias” (the criterion used to judge the presence or absence 

of a signal) (29,30). To accomplish this, hit rates (percent “yes” responses to the 50 signal 

trials) and false alarm rates (percent “yes” responses to the 50 non-signal trials) were 

determined for each child, and used to compute non-parametric signal detection indices of 

both sensitivity (A′) and response bias (B′) for each session (31). Values for A′ vary 

between 0.5 and 1; an A′ value of 0.5 indicates chance levels of discrimination whereas a 

value of 1 indicates perfect discrimination. Values for B′ vary between − 1 and 1; increasing 

negativity reflects an increasingly lax or risky criterion and increasing positivity reflects an 

increasingly cautious or strict criterion. We estimated baseline sensitivity and response bias 
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measures during Session One (a no feedback task for all participants) by calculating hit rates 

to the load that was later assigned to each child in Sessions Two-Four and false alarm rates 

to the 10, “catch” trials. Average A′ and B′ baseline estimates were compared between 

children with separate unpaired t tests. Additionally, sensitivity and response bias were 

analyzed with separate ANOVAs testing effects due to “training condition” (2 levels) and 

“session” (4 levels), with repeated measures on the latter factor.

Finally, we put in place analyses to demonstrate the reliability of our training task between 

feedback conditions and between sessions. Response times for keyboard presses and 

confidence ratings were recorded on each trial to examine potential variations in attention, 

motivation, or similar factors that may have emerged between feedback conditions to 

inadvertently affect task-oriented behavior. Differences in response times and confidence 

ratings were evaluated with separate ANOVAs testing for effects due to “training condition” 

(2 levels), “session” (3 levels), and “behavioral decision” (4 levels) with repeated measures 

on the latter three factors. We recorded peak inspiratory pressure and inspiratory time 

continuously on every trial for two breaths (the breath immediately preceding the warning 

cues (control breath) and the target breath) to examine breathing patterns between feedback 

groups and further document the reliability of our experimental setup. Differences in levels 

of inspiratory pressures and times in the signal detection task were evaluated with separate 

ANOVAs testing for effects due to “training condition” (2 levels), “breath” (control or target 

breath; 2 levels) and “session” (3 levels) with repeated measures on the latter two factors, 

for each behavioral decision (hit, miss, false alarm, and correct rejection).

Results

Participants

The number of children that completed training in the feedback and no feedback conditions 

was 78 and 77 respectively. The sample numbered 97 boys and 58 girls; 75 were non-

Hispanic Black and 68 were non-Hispanic White. Their age, on average, was 10.1 ± 1.7 

years of age, and they had been diagnosed with asthma for 6.7 ± 2.9 years prior to their entry 

into the program. Their average age at diagnosis was 3.3 ± 2.6 years. The children exhibited 

some symptoms of asthma over the course of the previous year. They reported an average of 

20 asthma attacks during the previous 12 months, and missed approximately 4–5 days of 

school. The proportion of children assigned to each experimental condition did not vary 

reliably either by gender (p = 0.35) or by race (p = 0.44). Demographics, measures of self-

reported asthma severity, and anthropometric data were collected from all participants when 

they enrolled in the program and are shown in Table 1, separated by experimental group. 

Average lung function values recorded at the start of Session 2 are also shown in Table 1. 

Statistical differences were observed between the two groups for actual forced vital capacity 

(FVC) values (higher in the no feedback children) and the forced expiratory volume in one 

second/forced vital capacity ratio (FEV1/FVC ratio) (higher in the feedback children). Lung 

function values (percent predicted values and the FEV1/FVC ratio) were within normal 

limits, however, for all participants.
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Session One

Children randomly assigned to the feedback condition did not differ in the threshold 

resistance to breathing from those assigned to the no feedback condition: 7.81 ± 6.0 

cmH20/l/s versus 6.33 ± 5.3 cmH20/l/s, respectively. This comparison was limited, however, 

to children whose threshold values were judged a priori to be interpretable based on the 

correlation between resistive load levels and “yes” responses.

Children were subsequently assigned a training load for Sessions Two to Four about one-

half the magnitude of the threshold resistance to breathing based on performance in Session 

One; those who did not exhibit an interpretable level of performance in the threshold task 

{feedback condition (n = 21); no feedback condition (n = 18)} were assigned a priori the 

largest load in the circuit (7.58 cmH20/l/s). Ultimately, the average level of resistance of the 

training load used for children in the feedback condition (M = 5.3 ± 2.5 cmH20/l/s) was 

statistically equivalent to the average level of resistance of the training load (M = 4.9 ± 2.6 

cmH20/l/s) used for children in the no feedback condition {t(153) = −1.29, p = 0.20}.

Sessions Two, Three, and Four

Overall, children in the feedback condition discriminated more accurately between both the 

presence and absence of increased resistance to breathing (i.e., evidenced more "correct 

responses") than children in the no feedback condition {F(1, 153) = 13.5, p < .001}. 

Moreover, differences between groups increased both within sessions and between sessions 

as a function of training: both the feedback condition × block {F(4, 153) = 11.9, p < .001} 

and feedback condition × session interactions {F(2, 153) = 13.7, p < .001} were reliable 

(Figure 2). One reliable effect, for self-rated asthma severity, emerged from the results of 

exploratory analyses {F(1, 151) = 6.2, p = .014}. Children who rated their asthma as mild or 

moderate evidenced more correct responses (M = 202 ± 50) compared to those who rated 

their asthma as moderate to severe (M = 185 ± 39; t(153) = −2.34, p = 0.021).

Before training, average A′ and B′ baseline estimates were equivalent between children in 

the two feedback conditions {t(153) = −0.41, p = 0.68 and t(153) = −0.31, p = 0.76, 

respectively}. Children in the feedback condition were more sensitive to increases in the 

resistance to breathing (i.e., evidenced significantly greater A′ values) than children in the 

no feedback condition {F(1, 153) = 8.9, p = .003} but the feedback condition × session 

interaction did not reach statistical significance {F(3, 153) = 1.7, p = 0.17} (Figure 3). No 

differences in response bias were evident either between training conditions {F(1, 153) = 

0.83, p = 0.36} or between training sessions {F(3, 153) = 0.29, p = 0.82} (Figure 4).

Behavioral Responses—Response times did not vary between groups {F(1, 153) = 1.59, 

p = 0.21} but decreased reliably between sessions (median and IQR = 1162 (807–1534), 645 

(467–1019, and 615 (369–787)) msec respectively, in Session Two, Three, and Four) {F(2, 

306) = 101.35, p < .001}. No differences in confidence ratings were observed between 

training conditions {F(1, 153) = 0.07, p = 0.78}. Average ratings observed in Sessions Two 

(M = 1.86 ± 0.6) and Three (M = 1.83 + 0.7), however, were less confident than those 

evident in Session Four (M = 1.70 ± 0.7) {F(2, 153) = 7.86, p < .001}.
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Physiological Responses—No differences in inspiratory pressures were observed 

between feedback groups {F(1, 153) = 0.02, p = 0.87}but inspiratory pressures on target 

breaths were significantly greater than those on control breaths. The analyses for inspiratory 

pressures yielded no other reliable terms (Figure 5). No differences in inspiratory times were 

observed between feedback groups {F(1, 153) = 0.01, p = 0.97}, but inspiratory times for 

“target” breaths (553 ± 187 msec) were significantly longer than those for “control” breaths 

(456 ± 146 msec) {F(1, 153) = 91.72, p < .001. Inspiratory times in Session Two (M = 545 ± 

277 msec) were longer than those in Sessions Three (M = 488 ± 178 msec) and Four (M = 

481 ± 160 msec) {F(2, 153) = 6.31, p = .004}.

Discussion

We demonstrated that (1) children in the feedback condition discriminated more accurately 

between the presence and absence of increased resistance to breathing than children in the 

no feedback condition; (2) discrimination between the presence and absence of resistive 

loads increased both within sessions and between sessions as a function of feedback 

training; and (3) children in the feedback condition evidenced greater sensitivity (greater A′ 

values) to increased airflow obstruction although such differences did not vary reliably as a 

function of feedback training session. The effect of feedback on the ability of children to 

more accurately discriminate between both the presence and absence of increased resistance 

to breathing emerged during the initial training session, and persisted throughout the balance 

of training. Feedback often leads to a gradual acquisition of discrimination, a phenomenon 

similar to the fairly robust acquisition of discrimination between feedback and no feedback 

conditions that we observed. The effects of feedback suggested that perception of respiratory 

sensations may be subject to modification.

Health care decisions are influenced by the visibility of symptoms and by the frequency of 

their occurrence. However, application of methodologies to improving patient recognition of 

the presence or absence of relevant physiological warning signs through reinforcement is not 

common. We have demonstrated that in children with asthma perception of internal state 

improves as a function of feedback experience. Feedback for correct responses 

(reinforcement) may yield adaptive self-regulatory behaviors through improved appraisal of 

respiratory sensations. Increases in discriminative capacities (for example, when to continue 

with an activity or when to stop and rest) are relevant not only to those patients who might 

underestimate the presence of airflow obstruction but also to those patients who might 

overestimate the presence of airflow obstruction. Stimulus discrimination is an important 

ingredient in self-management programs that have been effective in improving outcome 

measures in asthma (1).

The training effects we observed raised questions concerning the factors that might facilitate 

perception of resistive loads. One likely factor relates to the highly structured laboratory 

protocol we employed. For example, equivalences between groups for behavioral responses 

(response times and confidence ratings) suggest that participants were engaged or otherwise 

highly occupied with the task. For improved perception of respiratory sensations to matter 

clinically the parameters and goals of training must be more clearly delineated. In terms of 

approach, we recommend close examination of the magnitude of the training stimulus. We 

Harver et al. Page 9

Psychosom Med. Author manuscript; available in PMC 2015 December 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



derived a stimulus intensity based on the threshold resistance to breathing; such a labor-

intensive decision might be streamlined by simply selecting a resistance about equivalent to 

a patient’s intrinsic airway resistance. On the other hand, larger training loads may both 

rapidly increase discrimination of load and no-load trials and contribute to its utility as a 

self-monitoring tool. Finally, in the current project the resistive load assigned to each 

participant was used in each of the three signal detection sessions. As the effects of feedback 

emerge it would be interesting to consider the effects of varying resistive load intensities on 

performance, either within sessions or between sessions.

The resistive load assigned to most children for use in the signal detection task was based on 

the threshold resistance to breathing - and in the proportion of children whose threshold 

resistance values were judged to be interpretable in Session One (75%) - our threshold and 

background resistance measures were consistent with those reported elsewhere. For 

threshold resistance to breathing, our values were similar to those reported by McQuaid and 

colleagues (32) and by Fritz and colleagues (33). In terms of background resistance, 

detection thresholds have been shown to vary consistently as a function of intrinsic airway 

resistance according to Weber’s law (e.g., 34). Unfortunately we were unable to record 

airway resistance in our participants. However, we subsequently used reference values 

provided by Koopman and colleagues (35) to estimate airway resistance of each child 

measured by the interrupter method (M = 4.22 cmH2O/l/s) and by body plethysmography 

(M = 6.44 cmH2O/l/s). Our estimated resistance values yielded Weber fractions equivalent, 

respectively, to those reported by Davenport and Kifle (36) and by Fritz, McQuaid, and 

colleagues (32,33,37). We judged our recording procedures comparable to those of others.

Patients with asthma vary widely in their ability to perceive airway obstruction and some 

asthmatics seem more aware of symptoms than others despite similar degrees of airway 

obstruction. A reflection of that variability was evident, in part, in the number of children 

whose threshold resistance values were judged to be uninterpretable in Session One. The 

proportion of children who did not exhibit an interpretable level of performance in the 

threshold task in our study (25%) was similar, however, to previous experiments involving 

school-aged children (e.g., 29% in McQuaid et al. (32) and 32% in children with asthma in 

Fritz et al. (33)). These and similar observations raise issues over the factors that contribute 

to reliable perception of increased airflow obstruction in children. Koinis-Mitchell et al. (38) 

recently characterized the role of attentional-based mechanisms in symptom perception. As 

a field of study, however, attention has focused far more on the clinical significance of 

reduced perception of airflow obstruction in the control of asthma rather than on the 

attributes of “good perceivers” of asthma. A spectrum of cognitive and physiological 

variables are worthy of future consideration (39).

Reduced perception of declines in lung function may lead to symptom under-recognition, 

underestimation of the seriousness of acute asthma, and undertreatment. Among the factors 

that influence reduced symptom perception, one often considered is sensory adaptation (3). 

Sensory adaptation is evident in findings that the symptom-peak flow relationship declines 

during asthma exacerbation (40) and that the sudden bronchoconstriction of early asthma is 

detected more easily than the relatively more gradual bronchoconstriction that occurs in late 

asthma (41). In our exploratory analyses, children who rated their asthma as mild or 
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moderate evidenced more correct responses as a function of feedback training compared to 

those who rated their asthma as moderate to severe. Although these outcomes were 

dependent on subjective ratings and not necessarily changes in lung function, the experience 

of more severe asthma alone may serve to interfere with accurate self-monitoring of asthma 

control.

The design of our pediatric asthma education research program precluded testing of the 

independent effects of feedback of training on asthma-related outcomes; sensitivity to 

patient burden precluded additional signal detection sessions including those that might have 

involved withholding feedback from both groups. Also as evidenced in our approach, we did 

not set out to evaluate “poor” or “good” asthma symptom perception. However, of the 

procedures that afford accurate discrimination of asthma episodes, added load training 

appears to have potential. It is objective and focuses solely on airflow obstruction, a measure 

closely related to an asthma exacerbation. Unlike peak flow measurement, it does not 

require use of a meter or necessitate implementation of a recording procedure. Therefore, 

patients may find the results of added load training simpler to execute – and therefore of 

greater value - than peak flow monitoring.

On the other hand, several issues pose difficulty for added load training. First, it is not clear 

that added loads are similar to intrinsic resistive loads associated with asthma although they 

have been used extensively to identify neural pathways and brain regions involved in 

respiratory control and respiratory perception (42). The question is controversial, and 

evidence has been marshaled both for (43–44) and against (37,45–47) the relationship 

between perception of various physiological events. Resolving discrepancies among 

subjective experiences, however, may not be critical if resistive load training was 

worthwhile within the context of asthma management. Second, it is not clear that added load 

training will generalize to either environments or to periods beyond those unique to the 

training setting. For example, children were cued to attend to specific, target breaths as part 

of the protocol. In addition, a robust literature relates to emotional and contextual factors 

that affect perception of asthma symptoms (e.g., 48) and it is unknown how these factors 

might influence patient decision criterion. Third, a practical matter may discourage patients 

from seeking added load training: as the parameters of training become more clearly 

delineated it could require an experience more involved and of longer duration than either 

symptom or peak flow monitoring. Only resolution of these various questions will establish 

whether resistive load training can take its place in the arsenal of approaches to asthma self-

management.
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List of Abbreviations

A′ a prime (a non-parametric alternative to d prime)

ANOVA analysis of variance

B′ b prime (a non-parametric alternative to beta)

cmH2O/l/sec centimeters of water, per liter per second (1.36 cmH2O = 1 mmHg)

FEV1 forced expiratory volume in one second (expiratory volume exhaled at the 

end of the first second of a forced expiratory maneuver)

FVC forced vital capacity (total expiratory volume exhaled at the end of a 

forced expiratory maneuver)

IQR inter-quartile range

msec millisecond

PVC polyvinyl chloride

yrs years
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Figure 1. 

Harver et al. Page 15

Psychosom Med. Author manuscript; available in PMC 2015 December 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 
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Table 1

Characteristics of participants (n = 155) in each signal detection condition

Variable Condition

Feedback
(n=78)

No Feedback
(n=77)

Sex

 Boys (n) 46 51

 Girls (n) 32 26

Race

 Black (n) 35 40

 White (n) 37 31

Age (yrs) 9.9 ± 1.6* 10.2 ± 1.9

Age at asthma diagnosis (yrs) 3.6 ± 2.8 3.1 ± 2.4

School missed the previous 12 months due to asthma (days) 4.9 ± 5.8 3.9 ± 4.8

Asthma attacks the past 12 months (number) 24.2 ± 70.9 19.2 ± 46.8

Self-reported asthma severity1

 Severe 2.7 ± 1.2 2.4 ± 1.1

 Managed 2.8 ± 1.1 2.7 ± 1.1

 Troublesome 2.9 ± 1.2 2.7 ± 1.1

Anthropometrics

 Height (cm) 144.8 ± 12.1 147.3 ± 12.9

 Weight (kg) 43.8 ± 15.9 47.9 ± 17.9

 BMI2 20.4 ± 4.9 21.5 ± 5.3

Lung function

 FEV1
3 (l) 1.9 ± 0.5 1.9 ± 0.5

 FEV1 percent predicted 99.9 ± 23.1 99.6 ± 22.7

 FVC4 (l)** 2.2 ± 0.6 2.4 ± 0.8

 FVC percent predicted 99.7 ± 19.5 104.7 ± 24.1

 FEV1/FVC** 85.9 ± 9.5 81.5 ± 14.6

1
Asthma severity was rated from mild (“1”) to severe (“5”), from very well managed (“1”) to not managed at all (“5”), and from hardly noticeable 

(“1”) to very troublesome (“5”)

2
BMI = body mass index

3
FEV1 = forced expiratory volume in one second

4
FVC = forced vital capacity..

*
Averages are mean ± SD. Differences between conditions were examined with separate unpaired t tests.

**
Difference between conditions, p < .05.
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