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Abstract

Background: In the present study, we attempted to develop and validate a participatory competency model for
medical workers and then evaluate the current status of competency characteristics of Chinese medical workers.

Methods: The competency model was constructed in a multistage process, including literature review, expert con-
sultation, critical incident and focus group interview. A pilot study was conducted to refine the initial model among
90 participators and the viability and reliability were evaluated by a questionnaire survey among 121 medical work-
ers. Then, the current status of competency characteristics was measured based on the final version of competency
model.

Results: In the pilot study, ten questionnaires were dropped for the poor quality and thus the eligible rate was 92%
(138/150). KMO value was 0.785 and Bartlett test showed that the ><2 =6464.546 (df =903) and p value <0.001. Then,
10 items with double loading and factor loading < 0.4 were deleted. Finally, 33 items were retained with the lowest
factor loading value of 0.465. The validity and reliability of competency model were determined with Cronbach’s a
coefficient of 0.975 and ICC value of 0.933. Finally, a revised competency model with 5 dimensions and 31 items was
obtained. The overall competencies of current medical workers were in a high level, except for emergency knowledge
related competencies. Age was an independent factor affecting the competencies.

Conclusions: Our competency model was a reliable and validated tool for assessing the competences of medical
staffs against public health emergencies, and the overall competencies of current medical workers in China were in a
high level, except for emergency knowledge related competencies.
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Introduction

In the past decade, there is an increasing number of

public health emergencies, which has been a challenge

for government agencies and public health agencies to

prepare and response to the successive public health
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early landmark events of health emergency [1]. Then, the
natural disaster of 2010 earthquake in Haiti has caused
225,000 deaths and a large number of homeless [2]. The
recent event of the novel coronavirus (COVID-19) out-
break continues to be the international public health con-
cern, for its rapid transmission and lethality [3]. Thus, it
is imperative to improve the ability of governments to
address the public health issues.

An emerging number of emergency medical teams has
been deployed in different countries all over the world,
with the aim to provide assistance for affected regions
against disasters [4]. For the increasing frequency and
complex of public health emergencies, an emerging
interest has been attracted in the improvement of Emer-
gency Medical Service System (EMSS) in China, since
2003 SARS. Concerns with regard to the shortage of
basic capacities and coordination of emergency medical
teams have been raised. Previous evidence determined
the insufficiency of emergency preparedness capability
of medical teams in China [5, 6]. Thus, there is an urgent
need of approaches to evaluate the quality of emergency
medical teams and improve preparedness and response
of public health emergency.

Currently, there is a lack of an approved standard for
guiding education and training of members in emergency
medical teams to improve the quality [7]. Competency
based models have been recommended [8, 9]. In the pre-
sent study, we developed and validated a competency
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model for the emergency medical teams. It is anticipated
that it is helpful in guiding the education and training of
emergency medical teams in China.

Methods
Scale development
The competency model for medical staffs was devel-
oped in a multistage process. The flow chart of compe-
tency model development was depicted in Fig. 1. The
literature review was performed to search the review
literatures about the competencies of health emergency
team. In addition, a target internet search was performed
for the internationally approved Competency Diction-
ary scaled by HayMcBer company and American CDC’s
health emergency personnel competency scale in 2002.
Based on the content review of the literatures and panel
discussion, we compiled a check table of health emer-
gency team member competencies, which contained 58
competencies.

This study was approved by the ethics committee of
Weifang University (N0.2021001), and informed consent
has been signed by all participants.

Item identification

Competences refer to individual potential traits such as
knowledge, skills, ability, values, personality and motiva-
tion that lead to high management performance [10], and
the competency elements in this study were identified by
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3 kinds of interviews. First, the expert consultation was
conducted with 3 experts (2 males and 1 female) from
National Centers for Disease Control and Prevention.
After consultation, the experts were invited to complete
the check table of health emergency team member com-
petencies. And the experts were invited according to the
following inclusion criteria: (I) leaders in national health
emergency team; or (II) leaders in provincial health
emergency team; or (III) main leaders in national health
emergency related units. Secondly, 5 members with
excellent performance (4 males and 1 female) and 5 with
common performance (3 males and 2 female) in National
CDC Health Emergency Response Team were invited
for the critical incident interview. Finally, the items were
identified by 3 rounds of focus group interview, in which
5 experts (3 males and 2 females) were interviewed. The
inclusion criteria for members with excellent perfor-
mance contained (I)>10 years of work experience for
health emergency response units; (II) professional field of
emergency management, or preventive medicine, or clin-
ical medicine and or rescue medicine; (III) associate sen-
ior or above (associate professor or associate researcher)
working experience; (IV) participated in>15 health
emergency responses.

The contents of interviews were digitally recorded
and transformed to code format by 5 interview coding
members. The results of interviews were merged into
5 domains with coding consistency coefficient of 0.73.
According to the domains, competency items were modi-
fied or dropped. Finally, the initial competency model for
national health emergency team was developed with 5
domains and 43 items.

Model refinement

In August 25-31, 2019, there was a joint imported epi-
demic exercise in Kashgar, Xinjiang, China, which con-
tained 90 participators from 9 regional CDC health
emergency response teams. In addition, 60 participa-
tors in national disease control and health emergency
team were recruited according to the inclusion criteria:
(I) professional field of emergency management, or pre-
ventive medicine, or clinical medicine and or rescue
medicine; (II) the non-support worker. For the impor-
tance of items assessment and self-evaluation of the ini-
tial version of our competency model, a pilot study was
conducted with 150 questionnaires. The questionnaires
with half-hearted answer and more than 50% of miss-
ing items were dropped. The responses of questionnaires
were scored based on 5-point Likert scale, ranged from
1-5 points for each question. 1 represented strongly
agree, while 5 indicated strongly disagree. Among 43
questions, one question (t18) was recorded by reverse
scoring. The structural validity of scale was evaluated
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by Kaiser—Meyer—Olkin (KMO) test and Barlett test.
When KMO measure is close to 1, it means there are
common factors among the variables. P<0.05 was set as
the significant level in Barlett test, which indicated high
correlations between factors.

Structural validity and reliability analysis of the model

In 2020, a questionnaire survey based on the modified
competency model was performed. Total 121 medical
workers of 8 health emergency teams from 4 districts
(Shandong, Xinjiang, Sichuan, Shanghai) were included.
The self-evaluation of participators were rated by 5-point
Likert scale according the procedure mentioned above.
The internal consistency reliability was analyzed with
Cronbach’s a>0.7 as significant. The test—retest reli-
ability was estimated by Intraclass correlation coefficient
(ICC). ICC represents excellent, when it is>0.75, fair
to good with value>0.4 and poor with value<0.4 [11].
Confirmatory factor analysis was performed to assess
the goodness of fit for the competency model. A accept-
able model fit was considered with comparative fit index
(CFI), goodness-of-fit index (GFI) and incremental fit
index (IFI)>0.9. Additionally, the root mean square error
of approximation (RMSEA) was calculated. RMSEA <0.5
reflected a close fit, 0.05<RMSEA<0.08 indicated an
acceptable fit and 0.08<RMSEA<0.1 remained to be
acceptable, while RMSEA > 0.1 meant a poor fit.

Evaluation of the current status of competence
characteristics for emergency medical workers in China

To assess the current status of the competences of medi-
cal workers in response to the prevention and control of
COVID-19 epidemic, a questionnaire survey based on
the final version of competency model was conducted.
Total 270 subjects in national emergency medical teams
were recruited in this trial, which were from 7 regions,
including Eastern China, Central China, Northern China,
Southwest China, Northwest China, Southern China,
and Northeast China. There were total 270 question-
naires and 234 questionnaires were returned, of which
there were 227 valid questionnaires. The questionnaires
were filled by responders based on self-evaluation. Each
item was rated by 5-point Likert scale as mentioned
above. The validity and reliability of questionnaires were
detected by Cronbach’s a and ICC, respectively.

Statistical analysis

All the data were analyzed by SPSS20.0 or AMOS21.0
software. The item analysis and factor analysis were
achieved by SPSS20.0 and AMOS21.0 software, respec-
tively. The reliability analysis was performed by SPS$520.0.
The continuous data were represented as mean =+ stand-
ard deviation (SD) and the enumeration data were
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displayed by percentage. Two-group comparison was
conducted by t test and the multi-group analysis was per-
formed by multivariate analysis of variance (MANOVA).

Results

Competency model refinement

In the pilot study, total 150 medical workers were invited
to full fill the questionnaires according to initial version of
competency model. The response rate was up to 98.67%
(148/150). Ten questionnaires were dropped for the poor
quality and the eligible rate was 92% (138/150). Based on
the data of 148 questionnaires, KMO value was deter-
mined to be 0.785, close to 1, which indicated common
factors among variables. Additionally, the results of Bart-
lett test showed that the x* value was 6464.546 (df =903)
and p value was<0.001, suggesting that there were cor-
relations between common factors. The results indicated
that the scale was suitable for factor analysis. As shown
in Fig. 2 and Table 1, factor analysis revealed that there
were 5 domains and the cumulative percentage of vari-
ance of 2 domains was 79.32%. After several rounds of
factor analysis, 10 items with double loading and factor

loading < 0.4 were deleted. Finally, 33 items were retained
with the lowest factor loading value of 0.465.

Competency model validation

To assess the construct validity and reliability of compe-
tency model, a cohort of 121 subjects were surveyed with
33-item questionnaire. Total 118 questionnaires were
responded, among which 110 ones were valid with the
effective rate of 91%. The basic characteristics of the 118
respondents were depicted in Table 2. All the respond-
ents aged 21 to 60 years, among which 60.2% aged 31
to 40 years, 63.6% were males, and 39.8% had interme-
diate professional titles. The years of emergency work
ranged from 1 to 16. The number of training courses
respondents attended ranged O to 20, with the mean
value of 3.97 £3.64. According to the validity and reli-
ability analysis, Cronbach’s « coefficient was 0.975 for
total questionnaire survey and ranged 0.887 and 0.975 for
each questionnaire, which suggested that the scale was
credible. ICC value of scale was 0.933, and the ICCs of
5 domains were 0.945 (professional quality), 0.902 (psy-
chological resilience), 0.891 (ability to assess aftermath),
0.894 (emergency knowledge), 0.931(emergency skills),
respectively. Factor analysis of the 5 domain scale showed
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Table 1 Results of factor anlaysis in the questionaire survey of
the pilot study

Question  Factor 1 Factor2 Factor3 Factor4 Factor5

t1 0.607

t3 0.793

t4 0.668

t5 0.704

t7 0.831

t8 0.782

t9 0.767

t10 0.695

t13 0.675

t26 0.502

t31 0.737

t32 0.723

t33 0.746

t34 0.710

t35 0.680

t36 0.559

t37 0.675

t14 0.805
5 0.666
6 0.852

7 0.693

8 0.654

t19 0.706

t24 0.558

t27 0.465

t20 0.813

t21 0.801

t22 0.830

t23 0.769

t28 0.642
t38 0.455
t39 0.595
t40 0.516

that x>=1001.461, df=485, p<0.001, RMR=0.042,
IFI=0.920, TLI=0.906, CFI=0.977, RMSEA=0.079,
indicating a close fit.

According to the fit revision index, yj33 and yj34 items
showed high similarity and the question about yj34 item
was dropped. For another round of fit revision, k43 and
s53 items were deleted and k55 item was merged to the
domain of emergency skill. After revision, factor analy-
sis elicited that x>=722.4, df=2395, p<0.001, IFI=0.939,
TLI=0.927, CFI=0.991, RMSEA =0.067, which indi-
cated a better model fit. The final version of competency
model with 5 dimensions and 31 items was illustrated in
Fig. 3.
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Current status of competency development of medical
workers

In order to assess the current status of competency
development in medical workers the emergency medi-
cal team against COVID-19, we conducted a question-
naire survey based on the final version of the competency
model. Total 227 of 270 participators responded to the
questionnaires effectively. As depicted in Table 3, the
age of the 227 participators ranged from 21 to 60 years
and the emergency work experience ranged from
1-16 years. The mean number of trainings for medical
workers was 3.960+ 3.643 (range: 0—20). There were 161
males accounting for 70.9%. In addition, subjects aged
31-40 years took account for 61.2% and those with inter-
mediate titles accounted for 39.6%. All these suggested
that the majority of members in emergency medical
teams were young males. Besides, the overall Cronbach’s
a coefficient was 0.975 and the sub-Cronbach’s a coef-
ficient ranged from 0.887 to 0.975. All these indicated a
good quantity of internal consistency and viability of the
competency model.

The mean scores of subscales were 4.635+0.580 for
professional quality, 4.367 +0.624 for psychological resil-
ience, 4.0004.367 +0.717 for ability to assess aftermath,
and 4.1301+0.645 for emergency skills, respectively. All
the scores were more than 4, indicating that the com-
petences in the four domains were relatively eligible.
The mean score for emergency knowledge domain was
3.848+0.690, suggesting the shortage of emergency
knowledge in medical workers.

There were 161 male responders, more than female
responders (n=66), which was in line with the charac-
teristics of health emergency work. However, there was
no significant difference in the scores of 5 competency
domains with regard to gender (data not shown). Nota-
bly, the scores in 5 domains were remarkably different
among responders from 7 different regions (all p <0.001,
Table 4).

Then, the difference between any two groups were
analyzed by Post hoc test. Results showed that the pro-
fessional quality scores for responders from Eastern
China were remarkably higher than those from South-
west China, Southern China and Northeast China (all
p<0.05). Additionally, the mean score in Northeast
region group was significantly lower compared with
north China, Southwest, Northwest region and South
China group (all p<0.05). All the results suggested that
the performance of responders in professional quality
domain from Eastern China was relative good, while the
responders from northeast region exhibited poor qual-
ity. Similarly, responders in Eastern China group showed
a higher level performance in psychological resilience
domain than other regions (all p<0.05), and those from
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Table 2 Basic information of 118 participators
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Characteristics

Participators (n=118) Percentage (%)

Male
Female
21-30
31-40
41-50
51-60
1-3
4-6
7-9
10-12
13-15
>16

Senior

Gender

Age (year)

Experience of emergency work (year)

Professional titles
Associate senior
Intermediate
Junior
Worker
Emergency training (time)

o N Oy AN — O

O

10

14
Regions Shandong
Xinjiang
Sichuan
Shanghai

75 63.6
43 36.4
14 1.9
71 60.2
24 203
9 76
27 229
43 36.1
21 17.8
15 12.7
5 4.2
7 59
10 8.5
27 22.8
47 398
33 27.9
1 0.8
23 194
10 11.8
17 144
20 169
13 11.0
13 12.0
7 59
3 25
1 0.9
2 2.2
8 7.0
1 0.8
37 314
32 27.1
22 18.6
27 22.8

northeast region exerted a lower level of performance
(all p<0.05). In the domain of aftermath assessment,
responders in Eastern China presented the highest ability,
followed by Northern China, Northeast region and Cen-
tral China, which was similar regarding to the domain
of emergency knowledge. Furthermore, Eastern China
group showed the highest score in emergency skills
domain, followed by northwest and North China group
(Supplemental Table 1). All these suggested that medi-
cal workers in Eastern China group performed well in all
dimensions of competences, while the medical workers
from Northeast China had a relatively poor performance
in five dimensions.

Then, we analyzed the competency level of health
emergency responders at different ages, working expe-
riences, professional titles. Results showed that there
was an obvious difference in the competency scores of 5
domains among different ages (all p<0.05, Table 4). As
depicted in supplemental Table 2, the competency score
was increased in a age-dependent manner (all p<0.05).
Responders aged 31-60 showed highest competency
scores in 5 domains, while those aged 21-30 presented
with lowest competency scores. Additionally, the com-
petency score of medical workers was correlated with
working experience (Table 4). There were significant dif-
ferences in competency scores of medical workers with
different length of emergency working (all p<0.05).
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Medical workers with the years of medical working
above 13 had relatively preferable competency score in 5
domains. Post hoc test revealed that the medical work-
ers with 1-3 years of medical working showed the low-
est competency scores in 5 domains. Significantly lower
competency scores in the domains of ability to assess
aftermath, emergency knowledge, emergency skills were
observed in subjects with 1-3 years of medical working
than those with medical working experience of 7-9 years,
13-15 years and above 16 years. It was worth noting
that there was no significant difference in the psycho-
logical resilience score of medical staffs with 1-3 years
of medical working compared with those with working

experience below 15 years (Supplemental Table 3). Fur-
thermore, we analyzed the effect of professional title on
the competency score. One-way ANOVA suggested that
the competency scores in 5 domains were title depend-
ently. The medical workers with senior professional title
had the highest scores, while workers without titles were
present with lowest scores (Table 4). Afterwards, post hoc
test revealed that medical staffs with junior and worker
titles had lower competency score in both professional
quality, psychological resilience and emergency skills
domain than those with other three titles (all p <0.05). In
the ability to assess aftermath, the mean score of workers
with junior title was remarkably lower than those with
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Table 3 The basic information of 227 participators
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Table 4 Multi-way ANOVA for the competency scores with
regard to region, age, working experience, and professional title

Variables Count Percentage (%)
Variables Domains N Tty F
Region Professional Estern 4 828+0.358 4.795%%%
quality Central 643+0.610
Gender Male 161 709 NZ‘;I :m 6= 51455
Southwest 6+0.931
Nortl st 7£0.352
Female 66 29.1 Southern R
Northeast 150+0.577
— Est 7270361 14.425%%*
Age (yea r) 2" 30 23 ‘l O w resilience C::tr:l 238+0.664
orthern 618+0.452
31-40 139 61.2 outhwest 3630790
orthwest 259+0.581
outher 354+0.580
41 ’50 48 21 . 1 o:t e;:t 582:0.409
Ability to assess. Estern 4 4140.571 6.302%%%
. aftermath tral .54550.791
51-60 17 75 e
. . outhwest 112£0.795
Working experience (year) 1-3 57 25.1 orthwest 98320556
outhern 891+0.693
heast 695+0.472
4_6 7‘| 3 ] 3 Emergency E;’xrc‘n:d:‘ 4 156+0.616 4474
knowledge Central 527 i
7_9 44 ’I 9 4 Northern 907
‘ Southwest 836
Northwest 988
10-12 32 14.1 Southern 543
Northeast 835+0.4
E skills Est 354+0.54¢ 3911*
13-15 9 40 e ci:r':l 830=0.77
orthern 186+0.671
outhwest 63£0.674
>16 14 6.2 onthwest 1720459
. . . outhern 61+0.664
lortheast 70£0.531
PrOfESSIOma‘ tltles Senlor 20 8 8 Age (year) Professional 21-3 3 174£1.017 6.202%*%
. . quality 31-40 39 [4.631:0.526
Associate senior 52 229 - a8 [4755:0430
-~ 1 897+0.218
. - 2 044+1.045 4.521*
Intermediate 90 39.6 resilience 4 139 4.392:0.545
- 4 401=0.586
i - 1 510£0 508
'JU n IOY 63 278 Ability to assess - 2 457+0.923 5.965**
aftermath -4 139 012+0.677
Worker 2 09 E # e
. . . Emergency - 2 3100 628 6 833%%*
Emergency training (time) 0 39 172 knowledge : 1391384820688
- 4 044+0.629
¢ 1 029+0.620
1 20 88 Emergency skills - 2 489+0.78) 10.794%**
- 139 14620 61
2 25 ‘I “ O - 4 3130.53°
o - 1 35320.47¢
‘Working experience (year) Professional 13 5 452+0.77¢ 2.589*
3 38 16.7 quality 46 7 669=0.51
. 79 44 61420 47
10-12 2 789+0.49¢
4 25 1 W O 13-15 750+0.433
=16 4 857+0.363
13 7 289+0.749 2.601*
5 29 ]28 resilience 4-6 1 3790 545
79 44 270=0.550
6 ’I4 6 2 10-12 32 4.441£0.726
- 13-15 9 4.457+0.476
216 14 4.706+0.406
7 7 3.1 Ability to assess | 1-3 57 [3763:0774 2668*
aftermath 4-6 71 3.980+0.644
79 44 4.119+0.584
8 2 09 10-12 2 .035£0.886
13-15 278+0.555
=16 4 38420 666
9 5 2.2 Emergency 13 7 [3.610:0.692 2.915%
knowledge 4-6 1 828+0.671
79 44 020+0 557
]O ] 6 70 10-12 2 3.887£0.803
13-15 264+0 557
12 1 04 =16 4 03620.730
Emergency skills | 1-3 7 939:0.704 2.618*
4-6 1 106=0 594
‘|4 2 09 79 44 .278+0.495
10-12 2 109+0.820
13-15 528+0.384
16 1 04 =16 4 357+0.535
Professional titles Professional Senior 0 913+0.247 9.249%**
20 3 ’I 3 quality Associate senior 2 779+0.373
. E 48 2 ] “ Intermediate 90 467520 529
egions stern .
u 5
R Junior 63 4.42520.625
‘Worke 2 3.000+2.829
Central 28 123 s;"mfr 20 | 46280413 52137
resilience ‘Associate senior 52 4.532+0.456
Northern 39 172 el 90 |4 5006
Junior 63 4.162+0.658
SOUthWESt 1 9 84 ‘Worker 2 3.333£2.357
Ability to assess. Senior 20 4.263+0.603 2.877*
aftermath ‘Associate senior 52 4.142+0.575
orthwes .
Intermediate 90 397540 758
Southern 38 16.7
Junior 63 3.849+0.736
NOrthea St 25 -I ‘l O T ‘Worker 2 3.625£1.945
o rgency Senior 20 4.000£0.692 2.918*
knowledge ‘Associate senior 52 4.072£0.624
Intermediate 90 38100722
Junior 63 3.689+0.638
‘Worker 2 3.313%1.326
Emergency skills | Senior 20 43630 503 5.663%%%
. . . . . . Associate senior 52 43610491
senior and associate senior (p <0.05). Besides, differential S N —
scores related with emergency knowledge were observed s RSN

between medical workers with associate senior and
those with intermediate and junior titles. However, there
was no significant difference in the scores of senior and
worker title group compared with others (Supplemental
Table 4).

*p<0.05,**p<0.01,**p<0.001

Correlation analysis

The correlations of competency score with working expe-
rience, number of training and age were analyzed by
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Pearson correlation analysis. Results indicated that the
length of emergency work was positively correlated with
the competency scores in domains of professional quality
(r=0.187, p=0.005), psychological resilience (r=0.132,
p=0.048), ability to assess aftermath (r=0.217,
p=0.001), emergency knowledge (r=0.205, p=0.002),
emergency skills (r=0.191, p=0.004). Thus, medical
workers with long working years were correlated with
high-level competences. Similarly, age was positively cor-
related with competency scores in 5 domains, reflected
by r=0.25 and p <0.001 for professional quality, r=0.133
and p=0.045 for psychological resilience, r=0.215
and p=0.001 for ability to assess aftermath, r=0.242
and p<0.001 for emergency knowledge, r=0.288 and
p<0.001 for emergency skills. Moreover, the number of
training trials were positively correlated with the compe-
tency scores in professional quality (r=0.149, p=0.025),
ability to assess aftermath (r=0.162, p=0.014), and
emergency skills (r=0.135, p=0.042). However, no sig-
nificant correlation was found between the number of
training trials with the scores in psychological resilience
(r=0.104, p>0.05) and emergency knowledge (r=0.113,
p>0.05). Thus, significant associations were found
between basic variables and competency scores, suggest-
ing it was suitable for regression analysis.

Regression analysis

In the present study, multiple regression analysis was
conducted to evaluate the effect of 3 variables on medi-
cal worker competency (Table 5). Based on backward
elimination procedure, there were three approved mod-
els for the independent variables of number of training
trials, age and working experience on professional qual-
ity competency (all p<0.01). The regression analysis
revealed that age showed a positive association with pro-
fessional quality competency reflected by $=0.168 and
p<0.01 in model 1, =0.178, p<0.001 in model 2, and
p=0.196, p<0.001 in model 3. Age as an independent
variable could explain 5.8% (adjusted R*>=0.058) variance
of professional quality competency. In addition, model
3 was supported for variance of psychological resilience
domain. In model 3, age was the independent variable
(B=0.112, p<0.05) for the psychological resilience com-
petency and 1.3% (adjust R>=0.013) of variance could be
explained by age. With regard to ability to assess after-
math domain, two models were approved (all p<0.001).
Based on model 2, age and number of training trials
explained 0.5% (adjust R>=0.05) variance of the abil-
ity to assess aftermath. Age had the positive relationship
with the ability to assess aftermath (3=0.179, p<0.001).
In the multiple regression analysis of emergency knowl-
edge as dependent variable, three regression models
were significant. In the model 3, 5.4% (adjust R*=0.054)

Page 9 of 12

of variance of emergency knowledge competency could
be explained by the independent variable of age. There
was positive relationship between age and emergency
knowledge (p=0.226, p<0.001). Furthermore, three
regression models for emergency skills were supported
(all p<0.001). Model 2 showed the optimal model fit-
ting (adjusted R*=0.055, p<0.001), in which age was
positively correlated with emergency skills (p=0.237,
p<0.001). All these discovered that age was an independ-
ent risk factor for the medical worker competency in 5
domains.

Discussion

A growing number of public health emergencies in the
past decade has posed threat to the public health world-
wide, such as natural disaster, terrorist attacks and epi-
demic outbreak. To address the health emergency issues,
a large number of emergency medical teams has been
deployed. The preparedness and response capability of
these teams has been reported to be insufficient in China.
Identification of the competence of medical workers in
emergency medical teams plays a critical role in improv-
ing emergency response capability. Competency based
model has been widely developed for identifying the
competencies of workers in medical field. Wei et al. has
developed a competency model for assessing the compe-
tencies and assist the training of general practitioner in
rural areas [12]. In the study of Ni et al.,, a competency
model for family physicians was developed to improve
the primary care quality and patients outcomes [13].
However, the validated tools for assessing the compe-
tences of medical workers in emergency medical teams
are rare.

In this study, we constructed a competency model for
health emergency teams in China to assess the compe-
tences of medical workers in health emergency teams.
This tool was refined from the initial version containing
5 domains and 43 items to final version of 5 dimensions
(including professional quality, psychological resilience,
ability to assess aftermath, emergency knowledge, emer-
gency skills) and 31 items. In the comparison with the
competency models in other countries, there are some
similarities. The previous competency models for public
health works [14—16] highlighted the competences with
regard to the domains of communication, professional
knowledges, emergency response capacity, which was
similar with our results. In addition, a recent study of the
competences for public health center workers has sup-
ported that the psychological factors including disaster
risk perception and the self-efficacy of disaster should be
taken into consideration [15]. In our competency model,
‘psychological resilience’ domain was emphasized, which
was consistent with the previous study [15].
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Table 5 Regression analysis of independent variables with 5 competency domains
Dependent variable Modle Independent variable beta, B adjust R2 Significance
Professional quality 1 Constant 4.012%** 0.057 5.590**
Age 0.168**
Working experience 0.009
Number of training trails 0.013
2 Constant 4.001%*% 0.061 8.389***
Age 0. 178***
Working experience 0.014
3 Constant 3.996*** 0.058 14.971%%%
Age 0. 196***
Psychological resilience 1 Constant 4.040% 0012 1.885
Age 0.067
Working experience 0.026
Number of training trails 0011
2 Constant 4.005* 0.014 2.607
Age 0.096
Working experience 0013
3 Constant 4.001* 0.013 4.057*
Age 0.112%
Ability to assess aftermath 1 Constant 3.407%** 0.051 5.110%**
Age 0.119
Working experience 0.054
Number of training trails 0.018
2 Constant 3328*** 0.050 6.887***
Age 0. 179%**
Number of training trails 0.022
Emergency knowledge 1 Constant 3.164%% 0.052 5.099***
Age 0.173*
Working experience 0.036
Number of training trails 0007
2 Constant 3.169%** 0.055 7.526%%%
Age 0.175*
Working experience 0042
3 Constant 31120 0.054 13.996***
Age 0.226***
Emergency skills 1 Constant 3377 0.052 5.099%**
Age 0.240%**
Working experience -0.002
Number of training trails 0.011
2 Constant 3.314%** 0.055 7.526%%*
Age 0.237%%*
Working experience 0011
3 Constant 33771% 0.054 13.996***
Age 0.2571%**

*P<0.05,**P<0.01, and ***P<0.001

Besides, in our study, we re-defined the domain of pro-
fessional quality that was closely correlated with tradi-
tional culture and national consciousness of China. The

national consciousness of individuals is one of the conno-
tations of Chinese traditional culture, which could pro-
mote the development of the community in a positive and
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benign direction. The epidemic of COVID-19 was broken
out at the end of December 2019 in Wuhan, China, which
was declared to be the public health emergency. This dis-
ease is characterized by human-to-human transmission
[17]. Up to 25 January, 75,815 cases were estimated to be
affected by COVID-19 in Wuhan [18] and by the end of
January, it had spread to most cities of China and at least
19 other countries [18]. To address the public health con-
cern of COVID-19, the medical team was assembled with
about 4000 medical staff from other regions of China to
support Wuhan. Notably, two designated makeshift hos-
pitals and additional mobile cabin hospitals were built to
response to the epidmic of COVID-19 [19]. Patients were
treated by the first-line medical workers with courage and
conviction all day and all night. The dedication of medi-
cal workers contributed to the prevention and control of
epidemic situation as soon as possible [20]. Patriotism
was determined to be the core competence of profes-
sional quality domain by several rounds of expert discus-
sion, which made the model with Chinese characteristics,
in line with China’s national conditions, and close to the
post characteristics of health emergency team members.
Furthermore, the current competency characteristics
of Chinese emergency medical workers for the prepar-
edness and response to COVID-19 were measured by a
questionnaire survey based on the final version of our
competency model. Our results showed that the com-
petency scores in 4 domains were higher than 4 points,
while the score of emergency knowledge related compe-
tences was 3.848. These suggested that the overall level of
competencies in Chinese medical workers was relatively
high and there was a shortage of emergency knowledge
in medical workers, which was consistent with the study
of current status of health emergency human resources
in Shanghai, China [21]. This phenomenon might be due
to two causes. Firstly, the current status of medical work-
ers competency was evaluated post COVID-19 outbreak.
The fight against COVID-19 pandemic improved the
emergency skills, the ability to solve crisis and patriotism
of medical workers. Besides, the big scoring interval for
the competency domains could be a limitation.
Moreover, our results revealed that age was an inde-
pendent factor affecting the competencies of medi-
cal workers. The competency scores in 5 domains were
increased in an age-dependent manner. A previous study
of the factors affecting emergency preparedness com-
petency showed that the general competency score of
public health inspectors aged 50-59 years was signifi-
cantly higher than those aged 20-29 years [22]. A recent
study of Kim et al. [23] indicated that the nursing com-
petency for clinical practice was significantly different
with regard to age of participators. The older the partici-
pators, the higher the nursing competency scores. These
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findings were consistent with our results. The post hoc
test in our study revealed that the scores of emergency
competency of medical workers in 21-30 years age group
was obviously lower than those in 41-50 years age and
51-60 years age group. According to the previous study
[24, 25], the clinical career could be divided into 5 stages
including novice stage, advanced beginner, competent
stage, proficient stage and expert. In this paper, medical
workers in 21-30 years age class were in naive stage or
advanced beginner stage and the main task of these staffs
were to identify themselves, understand the meaning of
work, and explore work preference. Thus, the compe-
tency of medical workers in 21-30 years age class was
lower than other age classes.

Conclusion

In summary, a public health emergency competency
model was developed with 5 domains and 31 items in
our study, and the competency model was an effective
and reliable tool to assess the competences of medical
workers. Moreover, the overall competencies of current
medical workers in China were in a high level, except for
emergency knowledge related competencies.
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