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Abstract

Background: The willingness of healthcare workers (HCW) to respond is an important factor in the health system’s
response capacity during emergencies. Although much research has been devoted to exploring this issue, the
statistical methods employed have been predominantly traditional and have not enabled in-depth analysis focused
on absenteeism-prone employees during emergencies. The present study employs an innovative statistical
approach for modeling HCWs’ willingness to respond (WTR) following an earthquake.

Methods: A validated questionnaire measuring knowledge, perceptions, and attitudes toward an earthquake
scenario was distributed among Israeli HCWs in a hospital setting. Two regression models were employed for data
analysis – a traditional linear model, and a quantile regression model that makes it possible to examine associations
between explanatory variables across different levels of a dependent variable. A supplementary analysis was
performed for selected variables using broken line spline regression.

Results: Females under the age of forty, and nurses were the most absenteeism-prone sub-groups of employees
(showed low WTR) in earthquake events. Professional commitment to care and perception of efficacy were the
most powerful predictors associated with WTR across all quantiles. Both marital status (married) and concern for
family wellbeing, designated as statistically significant in the linear model, were found to be statistically significant
in only one of the WTR quantiles (the former in Q10 and the latter in Q50). Gender and number of children, which
were not significantly associated with WTR in the linear model, were found to be statistically significant in the 25th
quantile of WTR.

Conclusions: This study contributes to both methodological and practical aspects. Quantile regression provides a
more comprehensive view of associations between variables than is afforded by linear regression alone. Adopting
an advanced statistical approach in WTR modeling can facilitate effective implementation of research findings in
the field.
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Background
Earthquakes are liable to become mass casualty events [1, 2].
Healthcare workers (HCW) in both the pre-hospital and
hospital settings are key players in the response to such
events. They are required to provide lifesaving medical treat-
ment to an influx of patients, possibly in the face of shortages

in resources such as medical supplies and qualified man-
power [3–6]. The State of Israel has contended with numer-
ous mass casualty events caused by terrorism [7], but has
little experience in dealing with natural disasters. Israel is lo-
cated in a seismic risk area, and local experts warn that a
powerful earthquake could well occur in the near future [8].
Enhancing the preparedness of its healthcare institutions and
staff to deal with such a scenario is therefore seen as being of
vital importance.
The clinical staff is directly responsible for fulfilling the

core mission of the hospital – providing quality patient
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care – and is thus one of its key assets [9–11]. This is true
for routine care and even more so during mass casualty
events that call for patient care surge capacity [5, 12]. Ab-
senteeism of essential HCWs during such events may re-
sult in delays in providing medical aid for casualties,
increased morbidity, unnecessary complications, and pos-
sibly even loss of life [3, 13]. Much research has been de-
voted to exploring HCWs’ willingness to respond (WTR)
during and following public health emergencies, and great
efforts have been made to reduce absenteeism [14–16].
Studies from the field of human resource management
suggest that developing individual and collective compe-
tencies among core employees and addressing their needs
during emergencies can prevent absenteeism and enhance
the organization’s resilience and capacity to contain such
events [17, 18].
Three comprehensive literature reviews have sought to

identify personal-, professional-, organizational-, and
threat-related factors associated with WTR among
HCWs following a public health disaster. One review fo-
cuses exclusively on pandemic influenza [19] while the
other two relate to ‘disasters’ in general [20, 21]. Careful
scrutiny of the results reveals conflicting findings regarding
most factors. Only a few factors are in broad consensus, e.g.
gender. Among the personal-related factors, the findings re-
garding gender are consistent and indicate that women
tend to have a lower WTR than men [19, 20]. Concern for
family, loved ones, pets, and personal obligations such as
childcare and eldercare emerge as powerful barriers against
WTR [19–21]. Among the professional-related factors, the
greater part of the evidence indicates that clinicians have
higher WTR than non-clinicians [19], but at the same time
that nurses have low WTR compared with other clinicians
[19]. Belief in duty to care, knowledge, perception of effi-
cacy, and levels of training are described as facilitators of
WTR [19–21]. Organizational-related factors are not dis-
cussed at length, and it seems that confidence in the em-
ployer’s ability to meet basic needs of employees (e.g. food,
water, etc.) and other concerns is the primary factor in this
category [19, 21]. The findings regarding threat-related fac-
tors demonstrate that WTR rates are lower for events that
pose higher personal risk to employees, such as infectious
diseases and other biological, chemical, and radiological
hazards, as compared with natural disasters and techno-
logical or other man-made threats [19, 20]. This was also
supported in a more recent study [22].
Although an extensive body of literature exists in this

field, data analysis approaches have tended to be trad-
itional, usually involving multivariate analysis based on
linear or logistic regression. Consequently, the findings
merely reflect general associations and cannot lead to
identification of specific factors and characteristics asso-
ciated with distinct levels of WTR – information that is
essential for ameliorating preparedness. WTR is usually

measured using an ordinal scale (i.e. Likert scale). The
use of linear regression is considered less than optimal
when analyzing ordinal data since the latter cannot be
assumed to be normally distributed; nevertheless the use
of this method is prevalent in WTR modeling [23] and
exposes the findings to possible criticism [24]. Another
common method is dichotomizing ordinal data in order
to apply logistic regression analysis [25, 26], but this en-
trains loss of data, may lead to reduction in statistical
power, and is generally not recommended [27]. A more
flexible approach toward ordinal data analysis focused
on the entire distribution of the dependent variable
would provide far more useful and reliable information
[28]. A possible candidate is quantile regression (QR)
modeling. The use of QR was first introduced in
economics [29], but it has since become popular in
fields and disciplines such as medicine and health
care [30, 31], and recently in ecological research and
community resilience modeling [32]. QR enables div-
ision of the dependent variable into homogeneous
segments (much like the structure of original data),
and the relationship with independent variables is
assessed separately for each of the segments (quan-
tiles). Thus, no loss of data occurs, and a holistic
view of the results is made possible. While QR is
concerned with modeling the dependent variables,
attention should also be paid to the modeling
methods used for the independent variables. Effect
size measures (e.g. regression coefficient and odds
ratio) provide information regarding the direction
and strength of association, but fail to identify the
exact points across the distribution of continuous
explanatory variables at which a statistically signifi-
cant change occurs in the outcome variable. This is
not an issue if the nature of the association is linear,
but may constitute a limitation in more complex re-
lationships [33]. Spline regression is a smoothly
joined piecewise regression that addresses this issue
by performing division of a continuous independent
variable into linear segments connected to each
other at their edges (called a knot). The model
makes it possible to test whether a statistically sig-
nificant change in the regression line slope occurs
above and below a specific knot location. The prop-
erties of this regression fit complex distribution pat-
terns, enabling examination of both shape and
strength of association [28, 34].
Applying these analysis methods in WTR modeling

can facilitate characterization of absenteeism-prone
sub-groups – i.e. identification of personal characteris-
tics related to HCWs with low levels of WTR – as well
as in-depth examination of the relationships between
professional and organizational factors across different
levels of WTR.
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The objectives of this study were to identify the per-
sonal and professional characteristics of HCWs with low
levels of WTR following an earthquake by using a novel
statistical approach and help develop strategies to ameli-
orate their willingness.

Methods
Survey instrument
A structured self-administered anonymous questionnaire
was designed to assess HCW demographic characteris-
tics, WTR, attitudes, perceptions, and knowledge level
regarding an earthquake scenario (see Additional file 1).
The questionnaire was a modified version of a validated
tool used to measure preparedness components among
HCWs in various emergency situations, and was ad-
justed to an earthquake scenario. Additional information
describing the survey design and validation process is
detailed in previous studies [23, 35, 36]. Information per-
taining to demographics included gender, age, marital
status, number of children residing at home, and profes-
sional role. Knowledge regarding different components
of hospital response to an earthquake was measured
through twelve multiple-choice questions, based on a
national standardized operating procedure (SOP) formu-
lated by the Israel Ministry of Health. To understand
HCW perceptions, seven questions were asked concern-
ing self- and organizational efficacy in an earthquake
scenario (α = .87), using a 7-point Likert-type scale ran-
ging from 1 (I strongly disagree) to 7 (I strongly agree).
WTR following an earthquake was assessed using two
items that dealt with personal WTR, as well as the per-
ceived willingness of colleagues. Possible barriers (2
items related to concern for family wellbeing and dam-
age to house due to the earthquake) and facilitators (2
items related to professional commitment to care for the
injured or ill, and fear of losing place of employment) of
WTR were also assessed. The items in this section were
also rated on a 7-point Likert-type scale. The question-
naire was pre-tested and piloted with a convenience
sample of 27 HCWs who were similar in their character-
istics to the study population. Based on the participants’
recommendations, minor modifications were made in
the final version.

Study design and data collection
This cross-sectional survey study was conducted from
November 2013 through June 2014 in all secondary and
tertiary hospitals in Israel (n = 24). The study population
included clinical health professionals (i.e. physicians,
nurses and paramedical staff ) employed in the five hos-
pital departments likely to be the most involved in provid-
ing treatment to earthquake casualties: the emergency
department; internal medicine division; surgical wards; or-
thopedics; and operating rooms.

Sample size was determined before study initiation.
Based on previous findings indicating that levels of
WTR to different emergency situations among HCWs
ranged between 58 and 72% [26, 37, 38], a mean value of
65% participants reporting high levels of WTR (ranking
between 5 and 7 on a Likert scale) was assumed for cal-
culating the current sample size. A margin of error of
5% and a 99% confidence interval were taken in account,
and accordingly a sample of 604 HCWs was sought. In
expectation of a relatively low response rate to the sur-
veys, especially among hospital personnel, it was decided
to increase the sample size to 2400 HCWs (anticipating
a response rate of 25%).
Distribution of the survey and allocation of partici-

pants were carried out in several steps. First, the re-
search team met with hospital emergency managers in
the Emergency Division of the Israel Ministry of Health.
After the team’s objectives and study protocol had been
presented, each hospital representative was given 100
questionnaires and asked to distribute twenty to the
head nurse in each of the five departments mentioned.
The head nurses also received a guideline sheet contain-
ing information about the study and detailed instruc-
tions regarding how and to whom to circulate the
questionnaires (to six physicians, eight nurses, and six
paramedical staff employed in their department; selec-
tion of specific participants in each category was accord-
ing to the head nurse’s choice). Next, the completed
questionnaires were collected by the head nurse within 2
weeks from distribution and returned to the hospital’s
emergency manager. They were then sent back to the
Ministry of Health and collected by the researchers. The
importance of taking part in the survey was stressed at all
levels by sending designated cover letters to hospital man-
agers, heads of departments and head nurses and by in-
cluding a personal appeal to the participants in the survey.

Statistical analysis
Data analysis was performed in three main steps. In the
first step, a univariate analysis with descriptive statistics
was followed by a bivariate analysis conducted using
Spearman’s correlation, chi-square test, Mann-Whitney
U-test, Kruskal-Wallis one-way analysis of variance, and
median test to estimate the associations between the
dependent variable, namely WTR (defined as the mean
score of the two items used to measure this element),
and the other survey variables. In the second step. Two
multivariate regression models (multivariate linear regres-
sion and multivariate quantile regression) were developed
in order to identify associations between explanatory vari-
ables and WTR: gender, age, number of children residing
at home, professional role, marital status, collected ‘know-
ledge’ score (number of correct answers), ‘efficacy’ meas-
ure, and four potential barriers and facilitators for WTR.
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Linear regression modeling relies on finding a
best-fitting regression line that minimizes the sum of
squared errors of prediction. This simple and traditional
model, which uses the mean values of data to calculate
the regression line and is therefore sensitive to outliers,
may not be an ideal method for capturing a central ten-
dency of the data. Quantile regression, on the other
hand, is a non-parametric method which consists of
finding a regression line by minimizing the sum of the
absolute residuals using the median rather than the
mean value of the data across various quantiles of the
dependent variable [39–41]. Thus, not only may quantile
regression be expected to reflect the data in a more pre-
cise manner, it also illuminates associations between var-
iables at different levels of the dependent variables and
offers additional insights about the nature of these rela-
tionships [32].
Our analysis examined the regression coefficients

across quantiles 5, 10, 25, 50 and 75 of the dependent
variable (the 90th percentile was excluded due to paucity
of observations).
In the third and final step, a supplementary analysis

was performed to explore the variance of the WTR
measure over the age distribution of participants using a
broken line spline regression. To enhance the sensitivity
of the results, the analysis was performed separately for
females and males. Spline knots were fitted at ages 25,
30, 35, 40, 45, 50, 55, 60 and 64. The model was arrayed
in a hierarchical design: the first block included the vari-
ables age and profession; the second block added the
spline knots and employed a forward stepwise selection
strategy (inclusion and exclusion criteria set at p > .05
and p < .10, respectively); and the last block added statis-
tically significant explanatory variables identified in the
previous multivariate analysis described above (profes-
sional commitment and efficacy). A P value of <.05 was
considered statistically significant.
Data were analyzed using IBM Statistical Package for

the Social Sciences (version 23.0; IBM corp, Armonk,
NY) and STATA software (version 12.1; StataCorp, Col-
lege Station, TX).

Results
Participants
Of the 2400 questionnaires distributed to HCWs in the
hospitals, a total of 852 were completed and returned,
yielding a response rate of 35% (response rates ranged
from 11 to 93% across hospitals). The demographic and
professional characteristics of the participants are detailed
in Table 1. The majority of participants were nurses, fe-
male, and married (78% of all nurses were female). The
mean age was 43, and most participants had 1–3 children
residing with them at the time of the survey.

Univariate and bivariate analysis of study measures
Gender and profession were significantly associated with
WTR. Females had significantly lower levels of WTR
compared with male participants, as represented by me-
dian score (MD) and interquartile range (IQR): MD= 5
(IQR = 4–6) vs. MD= 5.5 (IQR = 5–6.5); p < .001, respect-
ively. Nurses had significantly lower levels of WTR com-
pared with physicians: MD= 5 (IQR = 4–6) vs. MD= 5.8
(IQR = 5–6.5); p > .001, respectively. Age was positively
correlated with WTR (rs = .14, p < .001). Other demo-
graphic characteristics did not reach statistical significance
(p > .05).
Knowledge was measured through twelve multiple

choice questions. An average knowledge score was calcu-
lated based on the participants’ number of correct an-
swers. Participants’ responses are detailed in Table 1. The
median knowledge score of participants was relatively low:
MD= 6 (IQR = 5–8). When examined per profession,
nurses had the highest knowledge score, namely MD= 7
(IQR = 6–8), versus MD= 6 (IQR = 4–8) for physicians
and MD= 5 (IQR = 3–6.5) for paramedical staff (p < .001).
Four knowledge questions had a correct response rate
lower than 50%. These items related to: appropriate ac-
tions to protect oneself during an earthquake (39%); indi-
cating the person authorized to evacuate a department
following an earthquake (8%); familiarity with the treat-
ment protocol of a common earthquake-related injury
(32%); and communication procedures with external insti-
tutions or organizations (e.g. EMS services) following an
earthquake (26%).
Efficacy in an earthquake scenario was measured using

seven items related to self- and organizational efficacy. An
efficacy measure was calculated based on the mean of rat-
ings of all seven items. The median efficacy score was 4.8
(IQR = 4–5.5) (out of 7), similar to its sub-dimensions
scores of self-efficacy: MD= 4.6 (IQR = 3.5–5.5) and
organizational efficacy MD= 5.2 (IQR = 4–6). When ex-
amined per profession, nurses demonstrated a signifi-
cantly higher rate of efficacy, namely MD= 5.1 (IQR =
4.3–5.7), as compared with MD= 4.5 (IQR = 3.4–5.5) for
physicians and MD= 4.3 (IQR = 3.3–5.2) for paramedical
staff (p < .001).
Willingness to respond to an earthquake scenario was

measured through two items (personal WTR and per-
ceived WTR of colleagues). Seventy six percent of partici-
pants reported they had “high WTR” (rating between 5
and 7 on a Likert scale). Only 72% of nurses reported high
WTR, significantly lower compared with 82% among phy-
sicians and 80% among paramedical staff (p = .02).
‘Concern for family wellbeing’ and ‘Professional commit-

ment to care for the injured or ill’ were reported by the
largest number of participants as factors that could
strongly affect the decision to report to work (91 and 92%
of participants, respectively, rated these items between 5
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and 7 on a Likert scale), followed by “Concern for house
possibly damaged in the quake” (67%) and “Fear of losing
place of employment” (34%). A significantly higher pro-
portion of nurses (94%) noted “Concern for family well-
being” as a possible barrier to WTR compared with
physicians (84%) and paramedical staff (90%) (p = .001).
Similar results were demonstrated for “Concern for house
possibly damaged in the quake” – 70% of nurses indicated
this as a possible barrier, compared with only 57% among
physicians and 65% among paramedical staff (p = .01). No
statistically significant differences were demonstrated for
the remaining two items (p > .05).

Multivariate analysis
Two multivariate regression models were employed to
identify statistically significant associations between study

variables and WTR. The linear regression results revealed
six statistically significant predictors. Age (per year), beta
(standardized regression coefficient) = .01, 95% CI: (.01,
.02); efficacy score, beta = .24, 95% CI: (.16, .31); professional
commitment, beta = .61, 95% CI: (.53, .68); being a nurse
(compared with paramedical staff), beta = −.46, 95% CI:
(−.70, −.22); being married (compared with being single),
beta = −.25, 95% CI: (−.49, −.03); and ‘concern for family’s
wellbeing’, beta = −.11, 95% CI: (−.18, −.03) had significant
predictive value for WTR (see Table 2). The quantile regres-
sion results indicated statistically significant associations re-
garding eight predictors (see Table 2): gender, age, number
of children, being a nurse, being married, efficacy score,
concern for family’s wellbeing, and professional commit-
ment. Gender was statistically significant only in Q25. Age
was statistically significant across Q5 to Q50, the effect size

Table 1 Demographics, professional characteristics and knowledge regarding hospital response to an earthquake of participants (n= 852)a

Demographics N (Total) = 852

N (%)

1 Gender Female 532 (62)

Male 320 (38)

2 Age (years): Mean (SD) 43.3 (11.2)

3 Marital Status Single 122 (14.5)

Married/Common law 640 (76.5)

Divorced/Widowed 72 (8.6)

Other 3 (0.4)

4 Number of children residing in household
(Under 17 years of age): Median (Interquartile Range)

2 (1–3)

5 Professional role Physician 220 (26)

Nurse 499 (58.5)

Paramedical staff 133 (15.5)

Knowledge

Correct Incorrect

N (%) N (%)

Safety measures to protect immobile patients 392 (54) 333 (46)

Actions to protect self 307 (39) 484 (61)

Actions to be taken immediately after an earthquake 497 (61) 320 (39)

Safety measures with damaged infrastructures 568 (71) 234 (29)

Who is authorized to evacuate a department? 65 (8) 761 (92)

Patient registration procedure 487 (60) 326 (40)

Recommended treatment protocol for crush syndrome 258 (32) 549 (68)

Appropriate action when casualty with minor injury presents to hospital 460 (57) 348 (43)

Appropriate action when casualty with major injury presents to hospital 603 (74) 210 (26)

Appropriate action when an anxiety-stricken patient presents to hospital 656 (80) 161 (20)

Command, control and communication in hospital after an earthquake 673 (83) 141 (17)

Communication with external institutions after an earthquake 203 (26) 574 (74)

Average knowledge score (number of correct answers) 6 ± 2.4 (MD = 6, 0–11)b

aWithout missing values; the rate of missing values ranged from 1 to 5% for the different variables
bOut of brackets – mean ± SD; In brackets – median, minimum-maximum
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being strongest in Q5 and decreasing gradually thereafter.
Number of children was statistically significant only in
Q25. Being a nurse was statistically significant in Q10 to
Q75, the strongest effect size occurring in Q10. Being mar-
ried was significant only in Q10. Concern for family’s well-
being was statistically significant but only in Q50. Efficacy
score and professional commitment were statistically sig-
nificant across all quantiles of WTR. Figure 1 presents the
statistically significant covariates (found to be statistically
significant in more than one quantile) and the change in
their effect size across various quantiles of WTR.

Supplementary analysis – age and WTR (spline regression)
To gain in-depth understanding of the relationship be-
tween the statistically significant demographic variable
‘age’ and WTR, an additional analysis was conducted
using a linear regression model with spline. This analysis
was conducted separately for females and for males. The
results are described in Table 3 and Fig. 2.
The results of the analysis conducted for the female

participants revealed that the fitted spline curve was sta-
tistically significant (p < .001). The slope took a signifi-
cant turn at one knot: age > 40 (beta = .05, p = .01),
meaning that WTR increases significantly among fe-
males older than forty. The results for the males group
did not reveal any statistically significant spline knots, as
they were all excluded from the regression equation

during a stepwise selection process. This indicates a ra-
ther linear relationship between age and WTR among
males.

Discussion
Mitigating absenteeism is one of the most important
challenges facing healthcare organizations in their strug-
gle to improve response capabilities in the face of emer-
gency and disaster situations. The present study sheds
new light on the association of factors influencing WTR
following an earthquake and discusses advanced statis-
tical methods that might be applied for their identifica-
tion and estimation.
The general high WTR rate (rating between 5 and 7 on

a Likert scale) we found (76%) agrees with the rate re-
ported in an earlier study, namely 78% WTR following an
earthquake scenario; that study examined the response of
hospital employees to various emergencies and disasters
in the U.S. [42]. The WTR rate reported by nurses (70%)
in the present study is higher than that cited in a previous
Israeli study, in which only 57% of nurses indicated that
they would report for duty following an earthquake [37].
This difference may be attributable to the inclusion of
nursing students in the earlier study and its relatively
small sample size. The WTR rate reported for nurses in
the present study is also higher than the actual rate of Jap-
anese nurses reporting for work following the Great East
Japan earthquake in 2011 (48%) [15]; however, the

Table 2 Unstandardized coefficient estimates for linear regression analysis and quantile regression analysis (selected quantiles)

Variable Linear Regression
Coefficient (p value)

Quantile Regression – Coefficient (p value)

5th 10th 25th 50th 75th

Gender (female) .15 (p = .12) .20 (p = .55) .42 (p = .06) .35 (p = .01) .07 (p = .43) .13 (p = .28)

Age (per year) .01 (p < .001) .04 (p = .01) .03 (p = .01) .01 (p = .02) .01 (p = .01) .01 (p = .11)

No. of children −.05 (p = .16) −.01 (p = .85) −.03 (p = .70) −.09 (p = .04) −.03 (p = .25) −.05 (p = .16)

Profession (Paramedical staff) Physician −.06 (p = .66) −.30 (p = .50) −.23 (p = .46) −.06 (p = .72) .10 (p = .37) −.09 (p = .57)

Nurse −.46 (p < .001) −.66 (p = .12) −.71 (p = .02) −.42 (p = .01) −.45 (p < .001) −.31 (p = .03)

Marital status (Single) Married −.25 (p = .04) −.58 (p = .15) −.55 (p = .04) −.21 (p = .21) −.15 (p = .19) −.01 (p = .98)

Divorced −.02 (p = .91) −.43 (p = .50) −.40 (p = .35) .12 (p = .62) .15 (p = .37) .19 (p = .38)

Other −.18 (p = .78) .20 (p = .73) −.36 (p = .50) −.83 (p = .08) .34 (p = .51) .28 (p = .50)

Knowledge score (% correct) −.01 (p = .68) −.03 (p = .96) −.01 (p = .84) −.02 (p = .40) −.01 (p = .64) .01 (p = .79)

Efficacy score (average) .24 (p < .001) .35 (p = .02) .30 (p = .01) .30 (p < .001) .28 (p < .001) .13 (p = .01)

Concern for family −.11 (p = .01) −.16 (p = .24) −.14 (p = .16) −.10 (p = .09) −.07 (p = .05) −.08 (p = .06)

Concern for house .02 (p = .42) −.02 (p = .82) .01 (p = .97) −.01 (p = .67) −.03 (p = .28) .04 (p = .25)

Professional commitment to care for injured
or ill

.61 (p < .001) .59 (p < .001) .69 (p < .001) .65 (p < .001) .71 (p < .001) .71 (p < .001)

Fear of losing place of employment .02 (p = .40) .04 (p = .61) .06 (p = .25) .06 (p = .09) .01 (p = .46) −.01 (p = .82)

Constant .79 (p = .02) −2.15 (p = .02) −1.97 (p = .01) −.40 (p = .37) .06 (p = .83) 1.24 (p = .002)

Notes: Adjusted R2 for linear regression model = .35; adjusted R2 for quantile regression: 5th = .26; 10th = .27; 25th = .25; 50th = .24; 75th = .20
Reference groups for ‘gender’, ‘profession’, and ‘marital status’ are indicated in parentheses (female, paramedical staff, and single, respectively)
p values set in boldface indicate statistical significance (p<0.05)
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radiological hazard posed by that event may have affected
the nurses’ decision to report.
A comprehensive examination of our results reveals

statistically significant differences between HCWs with
respect to WTR and other elements of earthquake pre-
paredness and response depending on profession. Nurses
exhibited the highest levels of knowledge and efficacy,
but also the lowest levels of WTR (compared with physi-
cians). Being a nurse (in comparison with paramedical
staff ) was found to be a significant predictor of WTR,
especially in the case of participants with lower levels of
WTR. Knowledge was not a significant predictor of
WTR. These are interesting findings that call into ques-
tion theories that link knowledge and efficacy as deter-
minants of behavioral change – represented in this study
by participants’ WTR following an earthquake [43, 44].
To some degree our findings also stand in contradiction

with several empirical studies that report a positive associ-
ation between knowledge levels, self-efficacy, and partici-
pation in education and training programs (knowledge-
and efficacy-enhancing activities), on one hand, and WTR
following an earthquake [37] or other menacing scenarios
[19, 20, 26], on the other. Our results agree in part with
two studies conducted in the US and one in the UK,
which found that physicians were more likely to be willing
to report for duty during a catastrophic event than nurses
[45–47]. However, only one of the latter three studies dir-
ectly examined earthquakes, making it difficult to com-
pare their results with our own. One possible explanation
for this disparity might be the higher incidence of nurses
pointing to family wellbeing and safety of the house as
possible barriers to WTR (as compared with physicians
and paramedical staff). Concern for family and loved ones
emerges as one of the most powerful barriers to WTR

Fig. 1 Quantile plots for ‘Willingness to respond’ displaying the statistically significant parameters in the multivariate regression analysis. The x-axis
represents the location in the distribution (i.e. quantile) of the willingness measure; the y-axis represents the size of the unstandardized coefficient
values at each point of the outcome distribution (controlling for all other variables). The black diamond-shaped markers represent the coefficient
values across different quantiles; the red dashed line represents an estimation of coefficient values across a range of quantile distribution (Q5 to
Q75); vertical lines (error bars) indicate 95% confidence interval; the horizontal black dashed line represents the unstandardized coefficient value
in the linear regression (for each parameter)
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reported in the literature. This is confirmed by two litera-
ture reviews that examined factors associated with health-
care personnel WTR following disaster situations [20] and
during an influenza public health emergency [19]. (Con-
cern for damage to the house was not generally discussed
in these earlier studies, as that barrier is specific to earth-
quake scenarios.) The fact that nurses reported such bar-
riers more frequently may be cultural; it may reflect the
fact that nursing is a profession with female dominance
and that women are still perceived (even by themselves) as
the ones primarily responsible for dealing with household
and family matters.
A strong positive association was found between the par-

ticipants’ efficacy and professional commitment to care for

the injured and ill and their WTR; the two variables were
also identified as significant predictors of WTR in both re-
gression models and across all WTR levels (quantiles).
These factors seem to overshadow other potential barriers,
such as concern for the safety of the home and fear of los-
ing one’s place of employment, neither of which was found
to be statistically significant in any of the models. While
professional obligation is perceived almost as a moral im-
perative by HCWs and has been identified as a powerful
factor influencing WTR even in scenarios that pose a per-
sonal risk for the worker (e.g. infectious diseases) [19, 20], it
also lies at the heart of a complex conflict with personal
and family obligations (e.g. child or elder care) [21]. This
conflict is reflected in the present finding that ‘number of

Table 3 Results of multivariate linear spline regression (spline knots calculated for the variable ‘age’) per gender

Gender Model B (95% CI)
Unstandardized coefficients

Beta
Standardized coefficients

p value

Female (n = 529) 1 (Constant) 4.26 (3.70, 4.81) – <0.001

Age .020 (.01, .03) .15 <0.001

Profession (paramedical staff) Physician −.18 (−.67, .32) −.03 .49

Nurse −.14 (−.47, .19) −.04 .40

2 (Constant) 5.73 (4.59, 6.88) – <0.001

Age −.02 (−.06, .01) −.19 .14

Age > 40 .07 (.02, .11) .36 .004

Profession (paramedical staff) Physician −.09 (−.59, .41) −.02 .73

Nurse −.10 (−.43, .22) −.03 .53

3 (Constant) 1.34 (.21, 2.47) – .02

Age −.02 (−.04, .01) −.13 .21

Age > 40 .05 (.01, .09) .25 .01

Profession (paramedical staff) Physician .03 (−.39, .46) .01 .87

Nurse −.34 (−.67, −.11) −.12 .007

Efficacy .24 (.15, .34) .20 <0.001

Professional commitment .54 (.45, .69) .44 <0.001

Male (n = 318) 1 (Constant) 4.91 (4.19, 5.64) – <0.001

Age .02 (.01, .03) .14 .01

Profession (paramedical staff) Physician −.21 (−.70, .28) −.07 .40

Nurse −.47 (−.98, .04) −.16 .07

2a – –

3 (Constant) .58 (−.27, 1.43) – .18

Age .01 (−.01, .01 .04 .43

Profession (paramedical staff) Physician −.21 (−.60, .19) −.07 .30

Nurse −.75 (−1.16, −.34) −.26 <0.001

Efficacy .20 (.08, .31) .17 .001

Professional commitment .66 (.54, .78) .52 <0.001

Note: the table describes the results of a hierarchical spline regression analysis (performed separately and identically for females and males). The first block
included the variables age and profession; the second block added age-based spline knots. a stepwise selection was employed; the table includes only significant
knots (if any); the last block added significant explanatory variables – professional commitment and efficacy
aThe results for the males group did not reveal any statistically significant spline knots, thus, they were all excluded from the regression equation during the
stepwise selection process
p values set in boldface indicate statistical significance (p<0.05)
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children’ and ‘concern for family wellbeing’ are statistically
significant predictors of WTR (although the quantile model
did not identify them as significant at the lowest levels of
WTR). The supplementary analysis also revealed that
young females (< 40 of age), and nurses (both females and
males) were the most prone to absenteeism groups in re-
gard to WTR following an earthquake. Here too tensions
between professional and personal considerations could be
at play, since in Israel’s family oriented society most women
in this age group have childcare obligations. Indeed, as
noted above, rates of concern for family and the home were
high among this group.
The present findings should be taken into account when

designing programs and activities aimed at improving staff
preparedness for earthquake situations, both at the stage
of pinpointing ‘at-risk’ groups among those employees
whose participation is regarded as vital and in the selec-
tion of contents for seminars, drills, etc. For example, our
results revealed that staff had low-to-medium levels of
knowledge about their hospital’s standard operating pro-
cedure following an earthquake. Areas of acute shortage
of knowledge were also identified; it is recommended that

these areas be targeted in future activities. Special em-
phasis should be placed on enhancing the employees’
sense of efficacy and professional commitment in the con-
text of duty to care following an earthquake, but at the
same time they should be encouraged to voice their con-
cerns regarding potential barriers and conflicts [23]. The
healthcare system should do everything in its power to
minimize these conflicts and strengthen the moral
grounds for duty to care by providing employees with so-
lutions during emergencies, such as childcare centers in
the hospital compound and other family support measures
[48, 49]. Planning for an appropriate workforce to address
these issues should be carried out well in advance. This is
also noted in the World Health Organization recommen-
dations for developing a public health response to emer-
gencies [50].
To the best of our knowledge, this study is the first to

suggest the use of advanced regression models (quantile
and spline regression) to analyze data related to know-
ledge, attitudes, and beliefs among healthcare personnel in
the context of emergency and disaster situations. Employ-
ing regression equations that perform analysis of variables

Fig. 2 The relationship between participants’ age and mean value of willingness measure (WTR), according to gender (right column for males
and left column for females); (a + b) describe the results of two multivariate spline regression models, the dependent variable being ‘willingness
to respond’: (a) independent variables included in the model are age and spline age-based knots (X25, X30, X35, X40, X45, X50, X55, X60, X64); (b)
independent variables included in the model are spline knots and age, profession, efficacy, and professional obligation. *The blue lines represent
the observed values of WTR. Red dashed lines represent expected WTR.
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by dividing them into more homogeneous sections en-
ables assessment of complex (nonlinear) relationships and
can increase the sensitivity of the results. Such a capability
can be particularly valuable for organizational heads (e.g.
hospital directors) as it provides a prognostic tool enabling
the identification of vulnerable sub-groups of a certain
population and determining the factors that may influence
these groups [32, 51–54]. This can help target prepared-
ness efforts, and improve their efficiency.
In the present analysis, being a nurse (in comparison

with paramedical staff ) and age were found to be signifi-
cantly associated across almost all levels (quantiles) of
WTR, in contradistinction with other personal charac-
teristics (e.g. gender and number of children), which
were significantly associated only in the 25th quantile of
WTR (a relatively low level of WTR) and did not even
reach statistical significance in the traditional linear
model. Being married (in comparison with being single)
and concern for family wellbeing were singled out as sta-
tistically significant predictors in the linear model, but in
the quantile model the two were significantly associated
only at Q10 (low level of WTR) and Q50 (medium level
of WTR), respectively. Efficacy and professional commit-
ment to care were found to be statistically significant
factors associated with all levels of WTR. An additional
analysis using broken line spline regression was per-
formed to determine the point across the participants’
age distribution at which a statistically significant change
occurred in WTR levels (females under/above forty).
The use of quantile and broken line spline regressions
provides a more comprehensive view of the relationships
between variables and is especially important when the
source of interest lies at the ends of the distribution of
the dependent variable (characterizing, for instance,
HCWs with low WTR) [51, 52].
The present study demonstrates that the adoption of

robust non-parametric regression analysis methods for
exploring and characterizing a diverse population group
such as healthcare employees provides insights that
would not have been revealed had a traditional analysis
been used. The implications of these findings go far be-
yond the present context of emergency and disaster pre-
paredness. The use of a statistical approach that enables
in-depth investigation of a particular variable of interest
at all levels of the distribution makes it easier to trans-
late research findings into practical and effective mea-
sures in the field. In this study, our ultimate purpose
was to make vital information available to the heads of
relevant authorities – hospital directors, department
heads and emergency officers – in order to support deci-
sion and policy making aimed at improving prepared-
ness and response capabilities in a future earthquake
scenario. However, this approach can also be utilized to
explore other issues related to organizational culture

and the behavior of healthcare personnel, whether dur-
ing routine operation or in emergencies.
The present study has certain limitations. One is that

it relies on self-reported data regarding intention to re-
spond following an earthquake. Another is that the ana-
lysis does not encompass administrative and ancillary
staff, who also have an important role to play in the hos-
pital’s response to earthquake events and who may
present their own unique characteristics. The relatively
low response rate in the current study may also pose a
certain limitation, as it has implications for potential
nonresponse bias, which may affect generalizability of
study results. However, this was anticipated and taken
under consideration while planning the data collection
process and calculating sample size. Further research is
needed along two fronts, first to explore and characterize
the entire hospital workforce, and second to examine the
proposed statistical approach in the context of other
emergency and disaster scenarios, each posing its own dis-
tinct threats and risks to hospital personnel.

Conclusions
The present study shows that the use of quantile regres-
sion and broken line spline regression analysis for mod-
eling healthcare workers’ knowledge, attitudes, beliefs
and intended behavior in the context of a future disaster
provides a more comprehensive and sensitive view of
the data than can be achieved by traditional regression
analysis. These advanced analysis strategies can promote
our understanding of the issues investigated and facili-
tate effective implementation of research findings in the
field. We recommend adoption of the statistical approach
presented in this study for analysis of issues related to the
organizational behavior of healthcare personnel. In the
context of an anticipated earthquake scenario, this can
help healthcare institutions improve their preparedness ef-
forts, ultimately enhancing response capabilities.
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