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Abstract
Introduction: Terrorism and natural catastrophes have made disaster preparedness a cri-
tical issue. Despite the documented vulnerabilities of children during and following dis-
asters, gaps remain in health care systems regarding pediatric disaster preparedness. This
research study examined changes in knowledge acquisition of pediatric disaster prepared-
ness among medical and non-medical personnel at a children’s hospital who completed an
online training course of five modules: planning, triage, age-specific care, disaster man-
agement, and hospital emergency code response.
Methods: A multi-disciplinary team within the Pediatric Disaster Resource and Training
Center at Children’s Hospital Los Angeles (Los Angeles, California USA) developed an
online training course. Available archival course data from July 2009 to August 2012 were
analyzed through linear growth curve multi-level modeling, with module total score as the
outcome (0 to 100 points), attempt as the Level 1 variable (any module could be repeated),
role in the hospital (medical or non-medical) as the Level 2 variable, and attempt by role as
the cross-level effect.
Results: A total of 44,115 module attempts by 5,773 course participants (3,686 medical
personnel and 2,087 non-medical personnel) were analyzed. The average module total
score upon first attempt across all participants ranged from 60.28 to 80.11 points, and
participants significantly varied in how they initially scored. On average in the planning,
triage, and age-specific care modules: total scores significantly increased per attempt across
all participants (average rate of change ranged from 0.59 to 1.84 points) and medical
personnel had higher total scores initially and through additional attempts (average dif-
ference ranged from 13.25 to 16.24 points). Cross-level effects were significant in the
disaster management and hospital emergency code response modules: on average, total
scores were initially lower among non-medical personnel compared to medical personnel,
but non-medical personnel increased their total scores per attempt by 3.77 points in the
disaster management module and 6.40 points in the hospital emergency code response
module, while medical personnel did not improve their total scores through additional
attempts.
Conclusion: Medical and non-medical hospital personnel alike can acquire knowledge of
pediatric disaster preparedness. Key content can be reinforced or improved through suc-
cessive training in an online course.
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Introduction
Terrorism and natural catastrophes have made disaster prepared-
ness a critical issue. Children are likely victims in disasters, due to
their physiological and psycho-developmental needs, which are
different from and more vulnerable than those of adults.1-3 For
example, children have a shorter trachea and smaller lungs, which
makes their airway harder to secure and maintain against respira-
tory distress, and children may not be able to verbalize their pain
and symptoms, especially younger children.2 Although suscept-
ibilities to physical and psychological injuries during disasters are
higher among children, there are gaps in health care systems
regarding pediatric disaster preparedness.4,5 In recognizing
pediatric issues in disasters, local efforts have led to the develop-
ment of in-hospital training.6

Preparing for children’s needs in disasters pertains to all in-
hospital medical personnel who provide direct patient care, such as
physicians, nurses, mental health practitioners, and prehospital
workers.7 However, non-medical hospital personnel should like-
wise be trained to contribute integrative efforts that help protect
children from further harm.8,9 These personnel include all others
working at the hospital since they indirectly affect pediatric care,
such as housekeeping service workers, maintenance engineers, and
administrative staff.9

The aim of this research study was to better understand how
medical and non-medical hospital personnel interface with online
training regarding pediatric disaster preparedness. In this research
study, changes in knowledge acquisition of pediatric disaster pre-
paredness were examined within and between medical and non-
medical personnel of a children’s hospital who all participated in
an online training course. Research and evaluation of training
courses on pediatric disaster preparedness are necessary before a
nation-wide curriculum can be designed and implemented.10

Methods
This research study was part of a larger, federally-funded project.
The Institutional Review Board at Children’s Hospital Los
Angeles (Los Angeles, California USA) approved the study.

Setting and Participants
The research setting was an academic children’s hospital that
serves a diverse, urban population in a large, metropolitan area. In
2008, a multi-disciplinary team within the Pediatric Disaster
Resource and Training Center at Children’s Hospital Los Angeles
developed an online training course, using the Developing A
CUrriculuM (DACUM) methodology (ie, storyboarding to
explicate a worker’s duties, tasks, knowledge, skills, tools, and so
on).11 The course is composed of five modules: planning, triage,
age-specific care, disaster management, and hospital emergency
code response. Specifically, the planning module covers different
types of disasters, pediatric vulnerabilities, patient flow, staff
identification, response team development, supplies, and language
services; the triage module covers different patient acuity levels and
the nuances of triaging children during disasters; the age-specific
care module covers patient care considerations (eg, nutrition) by
group (ie, newborn, infant, toddler, preschool, primary school, or
adolescent); the disaster management module covers patient
safety, transport, family reunification, infection control, and eva-
cuation; and lastly, the hospital emergency code response module
covers the hospital’s disaster policy.

Since 2009, the hospital’s Offices of Human Resources and
Medical Staff have mandated hospital-wide completion of this

course. All medical personnel (eg, physicians, nurses, and nurse
practitioners) and non-medical personnel (eg, housekeeping ser-
vice workers, maintenance engineers, and administrative staff)
may repeat any module for any number of times.

Data Analysis
Archival course data from July 2009 through August 2012 were
analyzed in IBM Statistical Package for the Social Sciences (IBM
SPSS) Version 23 (IBM Corporation; Armonk, New York USA)
using linear growth curve multi-level modeling.12,13 This analytic
approach was conducted five times to investigate each of the five
modules. In analyzing each module, the outcome variable was
module total score (0 to 100 points), the Level 1 (within partici-
pants) variable was attempt (any module could be repeated), the
Level 2 (between participants) variable was role in the hospital
(medical or non-medical), and the cross-level interaction was
attempt by role (to test whether medical and non-medical per-
sonnel had significantly different average rates of change in
module total score per attempt). Compared to repeated measures
analysis of variance, growth curve multi-level modeling is a more
flexible analytical approach because it does not require units to be
uniform (j participants uniformly have i repeated measures), and it
uses all available information from the dataset.12,13 There is no
ideal sample size for multi-level modeling, but having more units
per level is recommended.14

Model Testing—For each module, linear growth curve multi-level
modeling was applied through a sequence of models.12,13 This
analytical approach began with an unconditional means model as the
null model, which contained the fixed and random effects of the
intercept (average module total score upon first attempt and the
variance of that average) and generated the intra-class correlation
(ICC) indicating the amount of outcome variance existing
between participants. If the ICC was substantial, then the
approach proceeded to an unconditional linear growth model, which
added the fixed and random effects of attempt (slope) to test
whether module total score significantly changed, on average,
across attempts. Next in the approach was a conditional linear
growth model, which added the fixed effect of role in the hospital, a
time-invariant covariate, to test whether medical and non-medical
personnel significantly differed, on average, in how they scored
initially and through additional attempts. Role was a time-
invariant covariate because participants did not switch roles while
attempting the modules, and it was therefore analyzed as a fixed
effect only. Last in the approach was a conditional linear growth
model with cross-level interaction to test whether medical and non-
medical personnel had significantly different slopes (different
average rates of change in module total score per attempt). Table 1
summarizes how linear growth curve multi-level modeling was
applied in this research study.

Model Specifications—Since module total score was a continuous
outcome, the estimation procedure chosen for each model was
maximum likelihood.14 By default, the covariance matrix type for
each unconditional means model (null model) was identity. In sub-
sequent models, the covariance matrix type was set to unstructured
to most flexibly model the module dataset; the unstructured type
allows the variances of the intercept and slope to freely covary.15

However, when a model failed to converge, the matrix type was
changed to variance components, which is less flexible because it
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assumes that the variances of the intercept and slope do not
covary.15

Model Comparisons—To determine the best fitting model for each
module dataset, model comparisons were conducted through the
X2 difference test, which compared the deviances (-2 log likelihood
values) between models and indicated that the model with a
comparatively smaller value showed better fit.15

Results
A total of 44,115 module attempts by 5,773 participants (3,686
medical personnel and 2,087 non-medical personnel) were analyzed.
As shown in Table 2, the ICC for each module indicated a sub-
stantial amount of outcome variance existing between participants.

Linear Growth Curve Multi-Level Modeling Results
Table 3 shows the model testing, specifications, and comparisons
for all five modules. Table 4 details the final (best fitting) models.
The average module total score upon first attempt across all parti-
cipants ranged from 60.28 to 80.11 points (out of a total of 100
points possible), and participants significantly varied in how they
initially scored. The conditional linear growth model showed the best
fit for the planning, triage, and age-specific care modules. For the

planning module, the results indicated that on average, medical
personnel initially scored higher than non-medical personnel
(average difference was 16.42 points), but they did not differ in slope
(average rate of score change per attempt across all participants was
1.84 points). For the triage module, the results indicated that on
average, medical personnel initially scored higher than non-medical
personnel (average difference was 13.25 points), but they did not
differ in slope (average rate of score change per attempt across all
participants was 0.97 points). For the age-specific care module, the
results indicated that on average, medical personnel initially scored
higher than non-medical personnel (average difference was 15.27
points), but they did not differ in slope (average rate of score change
per attempt across all participants was 0.59 points).

The conditional linear growth model with cross-level interaction
showed the best fit for the disaster management module. The
results indicated that on average, non-medical personnel initially
scored lower than medical personnel (average difference was 12.62
points), but they increased per attempt by 3.77 points, while
medical personnel did not improve their total scores through
additional attempts.

Following the null model in the hospital emergency code
response module, convergence was an issue. It was resolved when
model testing proceeded without the random effect of attempt

Module N Participants N Attempts Range of Attempts ICC

Planning 5,760 11,010 1–54 0.22

Triage 5,647 7,755 1–29 0.23

Age-Specific Care 5,603 8,395 1–20 0.21

Disaster Management 5,577 10,747 1–43 0.34

Hospital Emergency Code Response 5,567 6,208 1–16 0.27
Pham © 2018 Prehospital and Disaster Medicine

Table 2. Participants, Attempts, and ICC Per Module
Abbreviation: ICC, intra-class correlation.

Model Components Primary Purpose

Unconditional Means (Null Model) Fixed and random effects of intercept Null model with ICC

Unconditional Linear Growth Fixed and random effects of intercept Test for average change in score per attempt
(slope)

Fixed and random effects of attempt (slope)

Conditional Linear Growth Fixed and random effects of intercept Test for average difference in score across
attempts due to role

Fixed and random effects of attempt (slope)

Fixed effect of role (time-invariant covariate)

Conditional Linear Growth
with Cross-Level Interaction

Fixed and random effects of intercept Test for slope difference due to role

Fixed and random effects of attempt (slope)

Fixed effect of role (time-invariant covariate)

Cross-level effect of attempt (slope) by role
Pham © 2018 Prehospital and Disaster Medicine

Table 1. Linear Growth Curve Multi-Level Modeling Approach
Abbreviation: ICC, intra-class correlation.
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(without slope variance), which was found to be non-significant
(P= .26) in the unconditional linear growth model with the covar-
iance matrix type set to variance components. The subsequent con-
ditional linear growth model assuming no slope variance showed
better fit, but it was surpassed by the conditional linear growth
model with cross-level interaction assuming no slope variance as the
final model. These results indicated that on average, non-medical
personnel initially scored lower than medical personnel (average
difference was 10.95 points), but they increased per attempt by
6.40 points, while medical personnel did not improve their total
scores through additional attempts.

Discussion
A better understanding of how hospital personnel interface with
online training for pediatric disaster preparedness was the aim of this
research study. Accordingly, this study examined changes in knowl-
edge acquisition of key content areas (planning, triage, age-specific
care, disaster management, and hospital emergency code response)

within and between medical and non-medical personnel of Chil-
dren’s Hospital Los Angeles who all participated in an online train-
ing course. The results altogether suggest that medical and
non-medical hospital personnel alike can acquire knowledge of
pediatric disaster preparedness through an online course, and that key
content can be reinforced or improved through successive training.

Specifically, the study found that medical personnel scored
higher than non-medical personnel initially and through additional
attempts in the planning, triage, and age-specific care modules of
the online training course, but they did not significantly differ in
their average rates of score change per attempt. The implication
from this pattern of findings is that even if non-medical personnel
begin the course knowing little about pediatric disaster prepared-
ness, their knowledge acquisition rate can still match that of
medical personnel. This implication parallels a previously pub-
lished study in which disaster response knowledge increased
for community citizens and professional emergency responders
who all participated in the same disaster drill exercises.16

Module Model Covariance Matrix Deviance Model Comparisons

Planning A. Unconditional Means Identity 95889.75 A & B: X2(1)=364.74;
P< .001

B & C: X2(1)=1029.25;
P< .001

C & D: X2(1)= 0; P=1.00

B. Unconditional Linear Growth Unstructured 95525.01

C. Conditional Linear Growth Unstructured 94495.76

D. Conditional Linear Growth with Cross-Level
Interaction

Unstructured 94495.76

Triage A. Unconditional Means Identity 68695.39 A & B: X2(1)=24.98;
P< .001

B & C: X2(1)=584.15;
P< .001

C & D: X2(1)= .13; P= .72

B. Unconditional Linear Growth Unstructured 68670.41

C. Conditional Linear Growth Unstructured 68086.25

D. Conditional Linear Growth with Cross-Level
Interaction

Unstructured 68086.12

Age-Specific
Care

A. Unconditional Means Identity 74676.35 A & B: X2(1)=40.41;
P< .001

B & C: X2(1)=748.13;
P< .001

C & D: X2(1)= 2.76;
P= .10

B. Unconditional Linear Growth Unstructured 74635.94

C. Conditional Linear Growth Variance Components 73891.65

D. Conditional Linear Growth with Cross-Level
Interaction

Variance Components 73888.89

Disaster
Management

A. Unconditional Means Identity 90381.49 A & B: X2(1)=173.93;
P< .001

B & C: X2(1)=721.09;
P< .001

C & D: X2(1)= 5.84;
P= .02

B. Unconditional Linear Growth Unstructured 90207.56

C. Conditional Linear Growth Unstructured 89486.47

D. Conditional Linear Growth with Cross-Level
Interaction

Unstructured 89480.63

Hospital
Emergency
Code
Response

A. Unconditional Means Identity 52151.44 A & B:X2(1)=3.92;P= .05

B & C: X2(1)=615.52;
P< .001

C & D: X2(1)= 8.10;
P= .004

B. Unconditional Linear Growth Variance Components 52147.52

C. Conditional Linear Growth Variance Components 51532.00

D. Conditional Linear Growth with Cross-Level
Interaction

Variance Components 51523.90

Pham © 2018 Prehospital and Disaster Medicine

Table 3. Linear Growth Curve Multi-Level Modeling Results
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Furthermore, the present study also found that scores in the
disaster management and hospital emergency code response
modules improved through additional attempts by non-medical
personnel, but not by medical personnel. This pattern of findings
implies that a ceiling effect can emerge when providing training
in certain areas of disaster preparedness in which personnel may
already be knowledgeable.16 Regarding disaster management
and hospital emergency code response, medical personnel
may not necessarily need as much training as non-medical
personnel.

Limitations
This study adds to research and evaluation of training courses for
pediatric disaster preparedness, which are necessary before a
nation-wide curriculum can be designed and implemented.10

However, the limitations of this study should be noted. First,
knowledge acquisition of pediatric disaster preparedness was
assumed to transpire linearly over successive attempts of the
online training course modules. Other patterns of knowledge
acquisition (non-linear) are possible, which may be examined in
future research. Second, knowledge may not necessarily translate
into effective behavior. Future research and evaluation should
explore not only how medical and non-medical hospital per-
sonnel interface with pediatric disaster preparedness training,

but also how they apply their acquired knowledge to disaster
drills.

Conclusion
This research study found that on average, medical personnel
initially scored higher than non-medical personnel in the plan-
ning, triage, and age-specific care modules of an online training
course for pediatric disaster preparedness, but they did not differ in
their rates of score change in these three modules. This study also
found that on average, non-medical personnel initially scored
lower than medical personnel in the disaster management and
hospital emergency code response modules, but they had higher
rates of score change in these two modules and their scores
improved through additional attempts.

Moreover, medical and non-medical hospital personnel alike
can acquire knowledge of pediatric disaster preparedness. Even
among personnel whose official roles do not involve providing
direct medical care, their work at the hospital still indirectly affects
patients. Thus, both medical and non-medical personnel should
be trained to contribute integrative efforts that help protect chil-
dren from further harm during disasters. Acquiring preparatory
knowledge is necessarily a critical first step for all hospital per-
sonnel. Key content can be reinforced or improved through suc-
cessive training in an online course.
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