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Abstract
Objective: The purpose of this study is to evaluate resident’s assessment of respiratory distress compared
to attending’s assessment in the academic setting.

Results: We evaluated resident’s assessment of respiratory distress in children through inter-rater
reliability of a bronchiolitis severity assessment tool among pediatric attendings and pediatric
residents. Inter-rater reliability (IRR) was assessed using a one-way random, average measures intra-class
correlation (ICC) to evaluate the degree of consistency and magnitude of disagreement between inter-
raters. Value of >0.6 was considered substantial for kappa and good internal consistency for ICC. Twenty
patients were evaluated. Analysis showed fair agreement for the presence of retractions (K=0.31),
auscultation (K=0.33), and total score (K=0.3). The RR (ICC=0.97), peripheral saturation (ICC=1.0),
auscultation (ICC=0.77), and total score (ICC=0.84) were scored similarly across both raters, indicating
excellent IRR. The identi�cation of retractions had the least level of agreement.

Introduction
Patient history and physical examination are essential to clinical practice. Literature suggests that
medical students and residents are de�cient in aspects of physical diagnosis; auscultation being the
most prominent1. The challenge with the resident-teaching faculty rests in identifying subtle and obvious
mistakes made by residents in history and physical examinations2; in conjunction with medical evidence
of accuracy in exam maneuvers, including sensitivity, speci�city, and clinical diagnostic reasoning.

Pediatric residents’ growth, acquisition of knowledge, and clinical diagnostic reasoning is usually
measured by the descriptive performance expectations from the combination of resident milestones from
the Accreditation Council for Graduate Medical Education (ACGME), and the American Academy of
Pediatrics (AAP)3. Although resident milestones are objective assessment instruments, they rely on the
subjective appraisal of the attending. Therefore, the use of a standardized instrument may complement
the evaluation of resident diagnostic skills in the academic setting. The objective of this study is to
evaluate resident’s assessment of respiratory distress through inter-rater reliability of a bronchiolitis
severity assessment tool among pediatric attendings and pediatric residents.

Methods

Study design and setting
This is a cross-sectional study performed in a community teaching hospital. The mainly urban population
under study consisted of a convenience sample of children under 24 months of age who presented to the
Pediatric Emergency Department (PED) from January 01, 2014 to June 30, 2014. We included children
with a primary or secondary diagnosis of clinical bronchiolitis. The principal investigators identi�ed
patients with potential for recruitment. Bronchiolitis was de�ned as clinical evidence of lower respiratory
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tract involvement such as wheezing, rhonchi, crackles or chest wall retractions with or without upper
respiratory tract infection. We excluded children who required immediate therapeutic management or
intubation per the physician’s clinical criteria, prematurity, chronic lung disease, bronchopulmonary
dysplasia, bronchiectasis, gastroenteritis, liver function impairment, or congenital heart disease; and
patients with a diagnosis of pneumonia by chest radiography.
A pediatric resident and either a non-board-certi�ed general pediatrician or board-certi�ed general
pediatric attending, known as raters, evaluated each recruited patient. Rater pairs were formed based on
the availability of another physician. We excluded patients when there was only one physician available
or the other physician was not of a different level of clinical background. Both physicians were instructed
to perform a complete physical examination on the pediatric patient while awake and at rest. Each
member of the rater pairs performed a patient evaluation simultaneously but independently from each
other, and before initiation of therapeutic intervention. The physicians were instructed to record the
�ndings of the respiratory examination in individual bronchiolitis score sheets that had the same
identi�cation number. We also recorded the patient’s age in months and the level of clinical background
of the rater (i.e., non-board-certi�ed general pediatrician, board-certi�ed general pediatrician, or pediatric
resident). The raters were blinded to each other’s assessment and the meaning of the total score. The
bronchiolitis score was not used in treatment decisions of patients.

Measurements
The bronchiolitis score included standard respiratory parameters. The clinical evaluation tool from
Goebel et al.4 was modi�ed to include an age-based respiratory rate5 − 7. The modi�ed bronchiolitis
severity assessment tool included four sub-scores: 1) age-based respiratory rate (RR) (score of 1–3); 2)
anatomic location of retractions (score 0–3); 3) peripheral saturation (score 0–3); and 4) quality of
wheezes (score 0–3) (Table 1). Peripheral capillary oxygen saturation (SpO2) was recorded as the �rst
read after 30 seconds of stable signal during spot check, while the child was breathing room air. Total
score ranged from 1 to 12 points, with higher scores indicating greater respiratory distress. The sum of
the sub-scores determined mild (1–6 points), moderate (7–9 points) or severe bronchiolitis (10–12
points). Prior to the implementation of the modi�ed bronchiolitis assessment tool, the instrument was
validated between the non-board-certi�ed general pediatrician and board-certi�ed general pediatrician
and found to be a reliable instrument with almost perfect agreement and excellent internal consistency.
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Table 1
Modi�ed bronchiolitis scorea

Variable 0 point 1 point 2 points 3 points

Respiratory rate        

Age ≤ 2 months   ≤ 60 61–69 ≥ 70

Age 2–12 months   ≤ 50 51–59 ≥ 60

Age 12–24 months   ≤ 40 41–44 ≥ 45

Flaring/Retractions None Subcostal
or
intercostal

2 of the
following:
subcostal,
intercostal,
substernal OR
nasal �aring

3 of the following: subcostal,
intercostal, substernal,
suprasternal, supraclavicular
OR nasal �aring/head bobbing

Oxygen saturation
(% at room air)

> 95 90–94 85–89 < 85

Auscultation Normal
breath
sounds,
no
wheezing

End-
expiratory
wheezes
ONLY

Full expiratory
wheeze

Inspiratory and expiratory
wheeze OR diminished breath
sounds OR both

aAdapted from Goebel J et al.4

Outcome measures
The primary outcome measure was to evaluate resident’s assessment of respiratory distress through
inter-rater reliability of the bronchiolitis severity assessment tool among pairs of pediatric attendings and
pediatric residents.

Statistical Analysis
Data was analyzed using descriptive statistics, including dispersion measures such as standard
deviation and frequency distribution. Categorical variables were analyzed using frequency and
percentages; continuous variables were analyzed using means and standard deviation if normally
distributed, or median (interquartile range) and percentages, if not normally distributed. The comparison
between level of clinical backgrounds was evaluated by level of agreement for overall severity of illness
classi�cation (i.e., mild, moderate or severe) and the numeric value of the modi�ed bronchiolitis severity
assessment score. Pearson correlation was used to assess correlation between patient’s age and the
inter-rater level of agreement by overall score and diagnosis. Inter-rater level of agreement was measured
with Cohen’s kappa (K) for discrete variables and Spearman’s Rho for ordinal variables. Inter-rater level of
agreement is considered to be slight if kappa ranges below 0.2, fair from 0.21 to 0.4, moderate from 0.41
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Results
Twelve providers (10 pediatric residents, 1 non-board-certi�ed general pediatrician and 1 board-certi�ed
general pediatrician) participated in the completed assessment of 20 patients for a total of 40 clinical
assessments during a 6-month period. Patients’ ages ranged from 1 to 15 months, with a mean age of 6
months (SD 4). The inter-raters’ total scores had a wide distribution that ranged from 1 to 7, with a
median score of 3 for both raters (Fig. 1).

Sub-score analysis showed almost perfect agreement in RR (K = 0.9) and SpO2 (K = 1.0) (Table 2). Inter-
raters had fair agreement for the presence of retractions (K = 0.31), auscultation (K = 0.33), and total
severity score (K = 0.3). But presented, however, high-moderate correlation between ranked variables. Inter-
item correlation was high-moderate for auscultation (R = 0.61; p = 0.004) and total severity score (R = 0.72;
p = 0.001), and showed near perfect correlation with RR (R = 0.95; p = 0.001). The sub-score for RR (ICC = 
0.97), SpO2 (ICC = 1.0), auscultation (ICC = 0.77), and total severity score (ICC = 0.84) were scored
similarly across both raters, indicating excellent internal consistency and IRR. The presence of retractions
showed the least agreement across all statistical analyses.

to 0.6, substantial from 0.61 to 0.8, and almost perfect if kappa is greater than 0.818. Because the raters
were paired from a convenience sample of pediatric resident physicians within the PED, we performed an
inter-rater reliability (IRR) test using a one-way random, average measures intra-class correlation
coe�cient (ICC). This prevents the ICC from accounting for systemic deviations due to speci�c raters or
two-way coder-subject interaction by the newly paired raters for each subject. The ICC was used to assess
the degree of consistency and the magnitude of disagreement between inter-rater scores. Intra-class
correlation is considered to have poor internal consistency if the value is 0.39 or below, fair from 0.4 to
0.59, from 0.6 to 0.74, and excellent if the value is over 0.75. A value > 0.6 was considered as substantial
agreement for kappa, and as good internal consistency for ICC8. A sample size of twenty patients per pair
was estimated to detect a correlation coe�cient of 0.5 at an alpha error of 5% and beta error of 20%. A p
value < 0.05 was considered statistically signi�cant. Statistical analyses were made with SPSS 21 for
Mac OS X Windows (IBM Corp., Armonk, NY, USA).
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Table 2
Inter-rater reliability and internal consistency by sub-score

  Cohen’s
kappa

Spearman’s
Rho

Pearson’s
correlation

Intra-class correlation (95%
CI)

Respiratory rate 0.90* 0.92* 0.95* 0.97 (0.93–0.99)

Retractions 0.31* 0.48* 0.39 0.57 (-0.10-0.83)

Oxygen
saturation

1.0 1.0 1.0 1.0

Auscultation 0.33* 0.63* 0.61* 0.77 (0.41–0.91)

Total score 0.30* 0.72* 0.72* 0.84 (0.59–0.94)

Diagnosis 0.44* 0.44* 0.44* 0.63 (0.07–0.86)

*P value < 0.05 as statistically signi�cant.

Total score analysis in relation to the distribution of bronchiolitis severity was 90% for mild bronchiolitis
and 10% for moderate bronchiolitis. An analysis controlling for age group (1–3, 4–6, 7–9, 10–12, 13–15
months) showed high-moderate correlation with inter-rater agreement based on total severity score (R = 
0.69; p = 0.001); but low-moderate correlation based on diagnosis of severity (R = 0.45; p = 0.052).

Discussion
The modi�ed bronchiolitis score showed signi�cant reliability across paired raters in their assessment of
respiratory distress in children with bronchiolitis. There were higher levels of agreement for observed
quantitative parameters (i.e. oxygen saturation and respiratory rate) than for subjective parameters (i.e.
retractions and wheezing). This may be because the assessment of auscultatory �ndings relies on the
clinician’s experience, acuity of hearing, and personal interpretation9. Inter-rater comparison showed that
pediatric residents had a wider range of total scores and a 50% reduced ability to identify the presence of
2 or more retractions versus the pediatric attending. This inconsistency in the physical examination can
lead to inaccurate assessment of respiratory distress, which in turn may affect the management of
airway compromise. An analysis controlling for age group showed an effect on the level of agreement for
the variation seen in total score and diagnosis of severity. These �ndings differ from Gajdos et al.5 who
determined that the use of a respiratory score between a physician, nurse and respiratory therapist for
assessment of respiratory status of children hospitalized with bronchiolitis showed no differences in
weighted kappa estimates in accordance to age group. In our study, the age distribution was skewed to
the right, with younger children being more frequently affected with bronchiolitis. The disconnect between
high-moderate correlation for total severity score and low-moderate correlation for diagnosis of severity
may be explained by the respiratory assessment tool’s range in points required for a diagnosis to be
made for mild bronchiolitis when compared to moderate bronchiolitis severity.
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Respiratory assessment tools can be easily implemented bedside given its strong relationship with
respiratory distress, and reproducibility5,10−12. Respiratory assessment is considered an integral part of
the clinical reasoning process for physicians-in-training13. Auscultation is used to assess lung sounds
that may be associated with respiratory pathologies or dysfunction14. However, the presence or absence
of retractions is more telling about the degree of respiratory distress than auscultatory �ndings15, given
that the use of accessory muscles is a depiction of the chest cavity maintaining adequate ventilation, and
is therefore a representation of work of breathing16. Respiratory rate has been associated with lower
respiratory tract infection17,18, and has been stressed as a predictive value in the assessment of
respiratory distress in bronchiolitis19. Furthermore, pulse oximetry is an objective and easily reproducible
parameter, which may not require inter-observer assessment as evidenced by its almost perfect
agreement and excellent internal consistency20.

There are standardized tests that evaluate physicians-in-training through medical school, but not in
residency21. There is limited literature on the implementation of standardized scoring tools for the
assessment of resident skills. Studies have shown that trainees often enter residencies with signi�cant
de�ciencies in clinical skills22 − 24, with a lack of pro�ciency in physical examination25,26. It is the role of
the faculty to assess, and directly observe resident learners to evaluate competence and milestone
achievement on the appropriateness and accuracy of history-taking, and physical examination
techniques, as well as the interpretation of their �ndings27 − 32. Therefore, the implementation of an
assessment scoring tool provides education bene�ts by standardizing resident exposure to evidence-
based medicine, such as the assessment of respiratory distress, and improvement of skills at
communicating respiratory status33 − 25.

Conclusions
The use of a scoring tool would enhance resident teaching and evaluation of clinical diagnostic
reasoning through early identi�cation of diagnostic challenges. This allows for more effective resident
remediation, improved patient and resident outcomes, and promotes a more standardized teaching and
evaluation process.

Limitations
As part of the study, we did not collect identi�able information about the resident. This prevented us from
evaluating whether the resident’s clinical de�ciencies were persistent or deviated from patient to patient.
We also lacked information about year of training, and therefore were unable to perform a secondary
analysis on inter-rater agreement strati�ed by the level of training. We did not provide follow up on the
residents that showed de�ciency in their clinical skills as shown by higher degree of disagreement
between raters to show improvement in clinical skills after remediation using the same modi�ed clinical
scoring tool. Patients’ low disease severity, given that 90% of patients had mild bronchiolitis, may have
played a role in the residents’ ability to assess subtle clinical differences between mild and moderate
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disease. We did not consider confounding variables that may have affected the physical evaluation of
the patient; such as tachypnea secondary to dehydration, or as a result of undiagnosed pneumonia.

Abreviations
IRR: Inter-rater reliability

ICC: Intra-class correlation

ACGME: Accreditation Council for Graduate Medical Education

AAP: American Academy of Pediatrics

PED: Pediatric Emergency Department
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SpO2: Oxygen saturation

K: Cohen’s kappa

SD: Standard deviation
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Figures

Figure 1

Total modi�ed bronchiolitis score distribution among raters.


