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Abstract
Background: Improving the capacity of health care, disease diagnosis and treatment of primary medical
workers was the key to hierarchical diagnosis and treatment services. Electrocardiogram (ECG) played an
important role in the diagnosis of cardiac diseases and should be regarded as the most basic tool for
primary clinical medical workers in China.

Objectives: To investigate the competency of Chinese medical workers in electrocardiographic
interpretation skills, especially in the primary care hospitals, to explore the insu�ciency of
electrocardiographic interpretation skills and the improvement methods.

Methods: A cross-sectional questionnaire study was conducted via the internet from March to October
2019. The questionnaire consists of 6 parts: basic information, equipping with an electrocardiograph,
operating electrocardiograph, receiving electrocardiographic theory, testing of electrocardiographic
interpretation, and improving electrocardiographic interpretation skills.

Results: The effective quantity of this questionnaire was 2307, with an effective rate of 96.57%. The
overall reliability was α=0.895. There were no signi�cant differences among primary, private and class-
hospitals in the aspects of equipping with an electrocardiograph (χ2=3.794, 3.104, P 0.05), operating the
electrocardiograph (χ2=1.857, P 0.05) and receiving electrocardiographic theoretical study (χ2=6.701, P
0.05). Medical workers in private and class-  hospitals had a stronger interpretation competency of ECG,
including common or life-threatening ECGs (P 0.01). The development of talent echelon in primary
hospitals affected the electrocardiographic interpretation skills of medical workers (P 0.01). In primary
hospitals, the age was mainly ≥ 40 years (79.0%), the education background was mainly bachelor and
below degree (80.9%), the professional quali�cation was mainly physician assistant (58.6%) and primary
physician (31.4%). The interpretation competency of ECG of medical workers in private or class-
hospitals was higher than that in primary hospitals (P 0.05 or 0.01).

Conclusions: In China, the examination of electrocardiograph had been popularized. Due to the
unreasonable development of talent echelon in primary hospitals, the electrocardiographic interpretation
skills of primary medical workers were worrying. We should improve electrocardiographic teaching
methods with the help of the internet, to enhance the electrocardiographic interpretation skills of primary
medical workers.

Background
The 17th National People’s Congress (NPC) of China adopted “every citizen enjoys basic medical and
health services” as the goal of the reform and development of medical and health undertakings, and
focused on the principle of “ensuring basic medical treatment, strengthening the construction of primary
care hospitals, improving the construction of mechanism” to solve the problem of “di�cult and expensive
medical treatment”. The 18th NPC of China further proposed “reasonable allocation of medical and
health resources, construction of hierarchical diagnosis and treatment service system”, which pointed out
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the direction for the reform of medical and health service system and basic medical security system. The
connotation of hierarchical diagnosis and treatment is “the disease was �rst diagnosed in primary
hospitals, two-way referral, the separate treatment of critical and chronic diseases, and interaction
between upper and lower hospitals” [1]. Improving the diagnosis and treatment competency of diseases
of primary care medical workers is the key prerequisite to achieving hierarchical diagnosis and treatment
service. Otherwise, even if the policy is carried out, primary care hospitals can’t meet the needs of disease
prevention and treatment.

ECG has been applied in clinical work for more than 100 years, and it is still the most easily available, the
cheapest and the most important irreplaceable diagnostic tool in cardiology [2]. ECG is a technique that
records the patterns of depolarization and repolarization of cardiomyocyte electrical activity during each
cardiac cycle [3]. Electrocardiographic abnormalities are frequently the �rst manifestation of arrhythmia,
myocardial ischemia, myocardiopathy, electrolyte metabolism, poisoning and coma, especially serious
life-threatening arrhythmia and other critical patients [2–6]. ECG is also used in preventive health care and
is an important tool for screening people at high risk of sudden death [2, 6–7]. The right manner of
electrocardiographic interpretation should be the basic skill of every clinical medical worker, especially the
life-threatening ECG. Misinterpretation of an ECG can lead to misdiagnosis and mistreatment, even life-
threatening. Statistics show that 10,000 people die every year in the USA from ECG misinterpretation [8].
Other studies have shown that 3.6 percent of patients are misdiagnosed with atrial �brillation each year
and inadequately administration of antiarrhythmic and anticoagulant medications [9].

With the increasingly serious aging problem in China, coronary heart disease (CHD), diabetes,
hypertension, and other chronic diseases have gradually become the main diseases affecting health [10].
In China, primary care hospitals generally include clinics, Class-I and Class-  Hospitals. The medical
technology and quality of primary care hospitals are still relatively weak, and even in the situation of “a
stethoscope, a sphygmomanometer and a thermometer”, which is di�cult to accommodate the growing
medical needs and the implementation of the hierarchical diagnosis and treatment system.
Electrocardiograph is still the most powerful examination tool in primary care hospitals [2, 11]. Primary
care medical workers can perform electrocardiographic examination for patients with chest pain, chest
stu�y, abnormal breathing, palpitations or dizziness at any time, diagnosing life-threatening diseases and
informing the superior hospital through communication devices in a timely manner, so as to shorten the
time of �rst-aid for life-threatening diseases, such as patients with ST-Elevation Myocardial Infarction
(STMI) [2, 4–6, 11]. Primary medical workers can also evaluate the condition assessment and health
guidance of patients with chronic diseases, such as CHD, through electrocardiographic examination [6,
11].

To investigate and assess the competency of Chinese clinical medical workers in electrocardiographic
interpretation skills, especially in the primary care hospitals, in order to explore the insu�ciency of
electrocardiographic interpretation ability of primary clinical medical workers and the improvement
methods.
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Hence, using a cross-sectional structured questionnaire study, we investigated and assessed the
equipment of electrocardiograph in primary care hospitals, the competency of primary clinical medical
workers to operate electrocardiograph, and the competency of Chinese clinical medical workers in
electrocardiographic interpretation skills, especially in the primary care hospitals. We further analyzed the
reasons that affect the competency of electrocardiographic interpretation skills of primary medical
workers.

Methods
Design questionnaire

This cross-sectional questionnaire study was a structural questionnaire and conducted via the internet
between march and October 2019. There were 6 parts in this questionnaire. Part 1, basic information:
province or municipality, age, education background, occupational identity, professional quali�cations
and the level of the hospital. Part 2, whether hospitals or departments were equipped with an
electrocardiograph. Part 3, whether skilled in operating electrocardiograph. Part 4, whether having
received electrocardiographic theory. Part 5, the competency of electrocardiographic interpretation, and
this part contains three aspects. Firstly, we selected 20 types of ECGs commonly interpreted in clinical
practice, and then the respondents were asked to evaluate themselves. According to whether it affects
hemodynamics and life-threatening, each ECG score was performed, as shown in table 1 [2,6,12-14].
Secondly, we selected 10 types of ECGs commonly interpreted in critically ill patients, and then the
respondents were asked to evaluate themselves. According to the severity of hemodynamic disturbance
and life-threatening, each ECG score was performed, as shown in table 2 [2,6,12-14]. Finally, we selected

10 typical ECGs commonly used in clinical work to test respondents, and each electrocardiogram was
setting 6 options. According to the severity of hemodynamic disturbance and life-threatening, each ECG
score was performed, as shown in table 3 [2,6,12-14]. Part 6, the methods to improve the competency of
electrocardiographic interpretation.

Respondents

The questionnaire was conducted via the internet platform -Wenjuanxing from march to October 2019.
The internet address is https://www.wjx.cn/m/34324651.aspx. Inclusion criteria for respondents: Medical
workers engaged in clinical work in hospitals or clinics at various levels. Has the clinical practitioner
quali�cation certi�cate. More than 2 years of working experience. Volunteer for this questionnaire. Be able
to �ll in the questionnaire realistically.

Exclusion criteria

We had set up a dedicated questionnaire survey team, including investigators, questionnaire online
instructors, data entry clerks, data auditors, and data analysts. The exclusion criteria for this
questionnaire were: Using the same IP address to complete the questionnaire. The whole questionnaire
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was �lled in with the same option. It was not consistent with the inclusion criteria of the questionnaire.
More than two-thirds of the questions were unanswered.

Statistical analysis

All the data were statistically analyzed by the software of IBM SPSS Statistics 24. Cronbach’s α was used
to test the reliability of the questionnaire. Measurement data were represented as mean ± standard
deviation (SD). Enumeration data were represented as numbers and percentages. The one-way ANOVA
test was used for the comparison of measurement data, and the c2 test was used for the comparison of
enumeration data. A P-value of 0.05 or 0.01 was considered statistically signi�cant.

Results
Description of the sample

A total of 2,389 questionnaires were collected, among which 2,307 were effective, with an effective rate of
96.57%. The overall Cronbach’s α of this questionnaire was 0.895, greater than 0.80, indicating that this
questionnaire has good reliability. As shown in table 4, the respondents were mainly distributed in north
China (894, 38.7%), the age of respondents was mainly between 40 and 50 (1007, 43.6%), the
respondents’ educational background was mainly focused on bachelor’s degree and below (bachelor
degree: 800, 34.7%. junior college and below: 759, 32.9%), most of them are clinicians (1927, 83.5), the
respondents were mainly physician assistants (993, 43%), and the respondents were mainly in class-
hospitals (1117, 48.4%).

The examination of electrocardiograph has been popularized in China

We analyzed whether the hospitals or departments in which the respondents worked were equipped with
an electrocardiograph, as shown in table 5. Almost all hospitals were equipped with an
electrocardiograph, there were no signi�cant differences among primary hospitals (97.4%), private
hospitals (100.0%) and class-  hospitals (98.5%) (χ2=3.794, P 0.05). Most of the departments were also
equipped with an electrocardiograph, there were no signi�cant differences among primary hospitals
(81.7%), private hospitals (87.4%) and class-  hospitals (84.5%) (χ2=3.104, P 0.05). Almost all medical
workers could operate the

electrocardiograph, there were no signi�cant differences among primary hospitals (92.9%), private
hospitals (96.3%) and class-  hospitals (94.2%) (χ2=1.857, P 0.05). Most clinical medical workers have
received a theoretical study on ECG, there were no signi�cant differences among primary hospitals
(76.9%), private hospitals (78.1%) and class-  hospitals (71.2%) (χ2=6.701, P 0.05).

Improving the interpretation competency of ECG of primary medical workers

The competency of respondents in electrocardiographic interpretation was scored according to the
developed Scoring criteria (table 1-3), and the scores of medical workers were further analyzed according
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to the level of hospitals, as shown in Fig.1. Firstly, the respondents were asked to self-assessed 20 types
of commonly ECGs and 10 types of life-threatening ECGs. As show in Fig.1 A and B, compared with
medical workers in primary hospitals, medical workers in private and class-  hospitals were better able to
interpret commonly or life-threatening ECGs (P 0.01), there was no signi�cant difference between medical
workers in private and class-  hospitals (P 0.05). Finally, the respondents were asked to choose the
correct interpretation of the 10 types of electrocardiographic images that we provided. As shown in Fig.1
C, compared with medical workers in primary hospitals, medical workers in private and class-  hospitals
were able to more accurately interpret electrocardiographic images (P 0.01), there was no signi�cant
difference between medical workers in private and class-  hospitals (P 0.05). As show in Fig.1 D, further
analyzed the total

score of the two parts of the appeal, the interpretation competency of ECG of medical workers in private
or class-  hospitals was higher than that of medical workers in primary hospitals (P 0.01), there was no
signi�cant difference between medical workers in private and class-  hospitals (P 0.05).

The effect of basic information on the electrocardiographic interpretation skills of medical workers

The basic information which we de�ned as a medical worker, included age, educational background,
occupational identity, and professional quali�cation. The total score of electrocardiographic self-
assessment and test, which represented the interpretation competency of ECG of medical workers. As
shown in Fig.2 A, with the increasing of age, the electrocardiographic interpretation skills of medical
workers gradually decreased, compared with medical workers aged 20-30 years, the electrocardiographic
interpretation skills of medical workers aged over 40 years was signi�cantly decreased (P 0.05),
especially ≥ 50 years old (P 0.05). As shown in Fig. 2 B, compared with medical workers with the
education background of junior college and below, medical workers with the education background of
bachelor degree could signi�cantly improve their electrocardiographic interpretation skills (P 0.01), there
were no signi�cant differences among the education background of bachelor, master and doctoral Degree
(P 0.05). As shown in Fig. 2 C, occupational identity did not signi�cantly affect the electrocardiographic
interpretation skills of medical workers, there was no signi�cant difference between the
electrocardiographic interpretation skills of doctor and nurse (P 0.05). As shown in Fig. 2 D, with the
increasing of professional quali�cation, the electrocardiographic interpretation skills of medical workers
gradually increased, compared with the primary physician, the electrocardiographic interpretation skills of
medical workers with the professional quali�cation of intermediate physician was signi�cantly ibcreased
(P 0.01), especially senior physician (P 0.01).

The talent development of primary hospitals was worrying

We analyzed the basic information about medical workers at all levels of

hospitals. As shown in table 6, The age of medical workers in primary hospitals was mainly ≥ 40 years
old (79.0%), but in class-  hospitals, it was mainly between 30 and 50 years old (71.4%), there were
signi�cant  differences in the distribution of primary and class-  hospitals in all age groups (χ2=50.93,
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147.51, 661.05, 621.39, P 0.01). As shown in table 7, The education background of medical workers in
primary hospitals was mainly bachelor and below degree (80.9%), but in class-  hospitals, it was mainly
bachelor and above degree (91.0%), there were signi�cant  differences in the distribution of primary and
class-  hospitals in all education background groups (χ2=1175.91, 328.97, 186.05, 238.24, P 0.01). As
shown in table 8, The professional quali�cation of medical workers in primary hospitals was mainly
physician assistant (58.6%) and primary physician (31.4%), but in class-  hospitals, it was mainly
intermediate physician (41.5%), there were signi�cant  differences in the distribution of primary and class-
 hospitals in all professional quali�cation groups (χ2=1326.41, 591.41, 131.50, 99.61, 154.36, P 0.01).

The worrying talent development hindered the electrocardiographic interpretation skills of primary
medical workers

As shown in Fig. 3, in the same age, educational background and professional quali�cation conditions,
the interpretation competency of ECG of medical workers in private or class-  hospitals was higher than
that of medical workers in primary hospitals (P 0.05 or 0.01), there was no signi�cant difference between
medical workers in private and class-  hospitals (P 0.05).

How to improve the electrocardiographic interpretation skills of medical workers?

As shown in table 9, almost all medical workers believed that electrocardiographic interpretation skills
were helpful for clinical work (99.1%). More than 80% of medical workers believed that characteristics of
ECG in various diseases (89.5%), repeating clinical practice (82.9%), and combining practice with theory
(83.3%) were the key to improve the electrocardiographic interpretation skills. 74.8% of the medical
workers believed that improving electrocardiographic teaching methods for medical students was helpful
to improve electrocardiographic interpretation skills. 71.5% of the medical workers chosen the internet as
a way to improve the electrocardiographic interpretation skills.

Discussion
We believed that this was the �rst questionnaire about electrocardiographic equipment and the
electrocardiographic interpretation skills of medical workers in China. To our delight, the examination of
electrocardiograph had been popularized. Almost all hospitals and departments were equipped with an
electrocardiograph, including primary, private and class-  hospitals. Almost all medical workers could
operate the electrocardiograph and have received a theoretical study on ECG. Classi�cation, which
according to the severity of diseases and the di�culty of treatment, was the essence of hierarchical
diagnosis and treatment service system [1, 10]. Medical institutions with different service capacities
undertaken the treatment of different diseases and carried out timely and convenient referrals according
to the changing conditions of patients [1]. Primary hospitals had low medical equipment con�guration
and poor medical environment. Electrocardiograph is the most easily available, the cheapest and the
most important irreplaceable diagnostic tool in any medical place [2–4]. More and more primary medical
units are equipped with an electrocardiograph, and more and more primary medical workers are quali�ed
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to perform an electrocardiographic examination for patients. Therefore, it is necessary to have the
interpretation competency of ECG, especially in rescuing critically ill patients.

ECG is an important reference for diagnosis, prevention, and evaluation of diseases [2–9]. Accurate
diagnosis is the prerequisite for effective treatment, and ECG can be used as an auxiliary reference for the
diagnosis of many diseases, especially in primary medical units and pre-hospital emergency treatment
where laboratory examination and other means are lacking[15–17]. In the current study, we showed that
compared with the medical workers in private and class-  hospitals, the primary medical workers had the
lower interpretation competency of ECG, including commonly or life-threatening ECGs. Shortening
reperfusion time is essential to reduce the necrotic area and cardiovascular events in STMI, which
diagnosed according to chest pain and other symptoms, ECG and the change of myocardial enzyme [5,
18]. Therefore, improving the interpretation competency of ECG of primary medical workers could shorten
the rescue time of life-threatening diseases.

In China, the rural population base is huge and rural medical talents are in great demand. In recent years,
with the rapid development of the economy, more and more young people with high education
background choose to move from the countryside to the city, which makes the rural medical “no
successor” [1, 10]. In the current study, we showed that the development of talent echelons of primary
hospitals was worrying, which characterized by older age, lower educational background, and lower
professional quali�cation. We further analyzed the in�uence of talent echelon on the electrocardiographic
interpretation skills of primary medical workers and demonstrated that the worrying talent development
hindered the electrocardiographic interpretation skills of primary medical workers. In the same age,
educational background or professional quali�cation conditions, the interpretation competency of ECG of
medical workers in private or class-  hospitals was higher than that in primary hospitals. According to
Han and colleagues’ investigation, most of the patients sought treatment in class-  hospitals, which
accounts for 63.7% of the total outpatient volume, while the outpatient volume of primary hospitals
accounts for 36.3%, especially community medical service stations, which only account for 6.3% [19].
Previous studies have shown that at least 33% of ECGs, even experienced cardiologists, had serious
misinterpretation. The correct interpretation of electrocardiogram required not only a profound knowledge
of electrocardiogram but also rich clinical experience [2, 20]. A large number of patients poured into class-
 hospitals for treatment, resulting in the lack of clinical experience of medical workers in primary

hospitals.

Although electrocardiographic interpretation was a basic skill for clinical medical workers, the best
teaching method for improving the interpretation of ECG had not been determined [21–22]. The basic
theory of ECG was abstruse, the image characteristics of ECG were scattered and complicated, and the
manifestations of pathological electrocardiogram were multifarious [23–24]. For reasons discussed
above, reduced the enthusiasm of medical workers to learn ECG, and also caused the psychological
resistance, even some medical workers chose to give up the study. Training medical students to develop a
good habit of electrocardiographic interpretation, which was the key to improve the electrocardiographic
interpretation skills of clinical medical workers, reduced the error rates of electrocardiographic
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interpretation [21–22]. Just as we did in this questionnaire, 74.8% of the medical workers believed that
improving electrocardiographic teaching methods for medical students was helpful to improve
electrocardiographic interpretation skills. Through the multimedia teaching, the discussion of the picture,
the team cooperation analysis, computer-human interaction model, combining of theory with the clinical
case, and so on, gradually cultivating the interest of medical students, letting the medical student active
study, arousing the medical student to master the enthusiasm of electrocardiographic interpretation
ability[21–22, 25–26].

Conclusions
Hierarchical diagnosis and treatment services have pointed out the direction for the reform of China’s
medical and health service system and the basic medical security system. At present, in China, including
hospitals and departments, the examination of electrocardiograph had been popularized. However, due to
the unreasonable development of talent echelon in primary hospitals, the electrocardiographic
interpretation skills of primary medical workers were worrying. We should improve electrocardiographic
teaching methods with the help of an internet platform, in order to enhance the electrocardiographic
interpretation skills of primary medical workers, which was conducive to the implementation of our
hierarchical diagnosis and treatment services system.
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Casing
hemodynamic
disorders and
life-threatening 3
points

Potentially causing
hemodynamic
disorders and life-
threatening 2 points

Unconspicuous
causing hemodynamic
disorders and life-
threatening 1 points

Cannot interpret
any
electrocardiogram
0 points

Myocardial infarction

Ventricular flutter

Ventricular fibrillation

Atrioventricular block

Cardiac arrest

Sinus tachycardia

Sinus cardiac arrest

Left ventricular hypertrophy

Right ventricular hypertrophy

Room sex premature beat

Ventricular premature beat

Atrial flutter

Atrial fibrillation

Preexcitation syndrome

Sick sinus syndrome

Normal electrocardiogram

Sinus bradycardia

Sinus block

Right bundle branch block

Left bundle branch block

 

 

 

Table 2 Scoring criteria for 10 types of critical ECGs
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Casing hemodynamic
disorders and life-
threatening 2 points

Potentially causing
hemodynamic disorders and life-
threatening 1 points

Cannot interpret any
electrocardiogram 0
points

Acute myocardial infarction

Acute pulmonary embolism

Aortic dissection

Massive pericardial effusion

Cardiac arrest

Digitalis drug poisoning

Hyperkalemia

Acute pericarditis

Hypokalemia

High calcium crisis

 

 

 

Table 3 Scoring criteria for 10 types of ECGs

Casing
hemodynamic
disorders and life-
threatening 3
points

Potentially causing
hemodynamic
disorders and life-
threatening 2 points

Unconspicuous causing
hemodynamic disorders
and life-threatening 1
points

False or
unclear
interpretation 0
points

Question 1: Ventricular

fibrillation

Question 4: No pulsating

electrical activity

Question 5: Cardiac arrest

Question 8: Acute anterior

myocardial infarction

Question 3: Myocardial ischemia

Question 6: Brugada syndrome

Question 7: Atrial fibrillation

Question 9: hyperkalemia

Question 10: Paroxysmal

supraventricular tachycardia

Question 2: Normal electrocardiogram  

 

 

Table 4 The basic information of the questionnaire
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Basic Information Number of Cases (n) Percentage (%)  

Region Eastern China 553 24.0  
South China 166 7.1  

Central China 197 8.6  
North China 894 38.7  

Northwest China 200 8.6  
Southwest China 197 8.6  
Northeast China 100 4.4  

Age (Y) 20-30 281 12.2  
30-40 467 20.2  
40-50 1007 43.6  
≥50 552 23.9  

Education Background Junior College and Below 759 32.9  
Bachelor Degree 800 34.7  
Master Degree 507 22.0  

Doctoral Degree 241 104  
Occupational Identity Clinician 1927 83.5  

Nurse 380 16.5  
Professional Qualifications Physician Assistant 993 43.0

Primary Physician 576 25.0
Intermediate Physician 423 18.3

Associate Senior Physician 170 7.4
Senior Physician 145 6.3

Hospital Level Clinic 65 2.8  
Class-I Hospital 305 13.2  
Class-  Hospital 1117 48.4  
Private Hospital 215 9.3  
Class-  Hospital 605 26.2  

Total   2307 100.0  

           

 

Table 5 The distribution of electrocardiographic examination in all levels of

hospitals in China
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  Clinical medical workers Total χ2 P

Primary

hospital

Private

hospital

Class-

hospital

The working hospital is equipped with electrocardiograph Yes Number (n) 1448 215 596 2259 3.794 0.051

Percentage

(%)

97.4 100.0 98.5 97.9

No Number (n) 39 0 9 48

Percentage

(%)

2.6 0.0 1.5 2.1

The working department is equipped with

electrocardiograph

Yes Number (n) 1215 188 511 1914 3.104 0.078

Percentage

(%)

81.7 87.4 84.5 83.0

No Number (n) 272 27 94 393

Percentage

(%)

18.3 12.6 15.5 17.0

Operating electrocardiograph Yes Number (n) 1381 207 570 2158 1.857 0.173

Percentage

(%)

92.9 96.3 94.2 93.5

No Number (n) 106 8 35 149

Percentage

(%)

7.1 3.7 5.8 6.5

Received electrocardiographic theory Yes Number (n) 1144 168 431 1743 6.701 0.065

Percentage

(%)

76.9 78.1 71.2 75.6

No Number (n) 343 47 174 564

Percentage

(%)

23.1 21.9 28.8 24.4

 

 

Table 6 The characteristics of the age distribution of medical workers in

hospitals of different rank
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  Clinical medical workers  

Primary hospital Private hospital Class-  hospital Total χ2 P

Age (Y)

 

20-30 Number (n) 109 39 133 281 50.93 0.000

Percentage (%) 7.3 18.1 22.0  

30-40 Number (n) 203 33 231 467 147.51 0.000

Percentage (%) 13.7 15.3 38.2  

40-50 Number (n) 715 91 201 1007 661.05 0.000

Percentage (%) 48.1 42.3 33.2  

≥50 Number (n) 460 52 40 552 621.39 0.000

Percentage (%) 30.9 24.2 6.6  

 

 

Table 7 The characteristics of education background distribution of medical

workers in hospitals of different rank
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  Clinical medical

workers

     

Primary

hospital

Private

hospital

Class-

hospital

Total χ2 P

Education

Background

Junior College

and Below

 

Number (n) 697 57 5 759 1175.91 0.000

Percentage

(%)

46.9 28.4 0.9  

Bachelor

Degree

Number (n) 505 112 183 800 328.97 0.000

Percentage

(%)

34.0 52.1 30.2  

Master Degree Number (n) 254 25 228 507 186.05 0.000

Percentage

(%)

17.1 11.6 37.7  

Doctoral

Degree

Number (n) 31 17 193 241 238.24 0.000

Percentage

(%)

2.1 7.9 31.9  

 

 

Table 8 The characteristics of professional qualifications distribution of

medical workers in hospitals of different rank
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  Clinical medical

workers

     

Primary

hospital

Private

hospital

Class-

hospital

Total χ2 P

Professional

Qualification 

Physician

Assistant

Number (n) 872 65 56 993 1326.41 0.000

Percentage

(%)

58.6 30.2 9.3  

Primary

Physician

Number (n) 467 47 62 576 591.41 0.000

Percentage

(%)

31.4 21.9 10.2  

Intermediate

Physician

Number (n) 100 72 251 423 131.50 0.000

Percentage

(%)

6.7 33.5 41.5  

Associate Senior

Physician

Number (n) 25 27 118 170 99.61 0.000

Percentage

(%)

1.7 12.6 19.5  

Senior Physician Number (n) 23 4 118 145 154.36 0.000

Percentage

(%)

1.5           1.9    19.5  

 

 

Table 9 The key aspects and useful methods to improve the

electrocardiographic interpretation skills
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    Number
(n)

Percentage
(%)

Whether the ECG interpretation skills are
helpful to clinical work

  Yes 2286 99.1

No 21 0.9

Which aspects are the key to improve ECG
interpretation skills

A The electrophysiological mechanism

that forms ECG

Yes 1605 69.6

No 702 30.4

B: Characteristics of ECG in various

diseases

Yes 2065 89.5

No 242 10.5

C: Repeated clinical practice Yes 1913 82.9

No 394 17.1

D: To strengthen training Yes 1616 70.0

No 691 30.0

E:  Combine practice with theory Yes 1921 83.3

No 386 16.7

Which methods are helpful to improve
ECG interpretation skills?

A:  Learning through the Internet Yes 1649 71.5

No 658 28.5

B: Learning through ECG training course Yes 1466 63.5

No 841 36.5

C: Improve ECG teaching methods for

medical students

Yes 1725 74.8

No 582 25.2

D: Placing ECG readings in the medical

area

Yes 1295 56.1

No 1012 43.9

E: Improving the automatic analysis

ability of electrocardiograph

Yes 1605 69.6

No 702 30.4

Total 2307 100.0

 

Figures
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Figure 1

The interpretation competency of ECG of medical workers in different levels of hospitals. The
respondents were asked to self-assessed 20 types of commonly ECGs (A). The respondents were asked
to self-assessed 10 types of life-threatening ECGs (B). The respondents were asked to choose the correct
interpretation of the 10 types of electrocardiographic images that we provided (C). The total score of
electrocardiographic self-assessment and test, which represented the interpretation competency of ECG
of medical workers (D). Data were represented as mean ± standard deviation (SD) and analyzed by the
software of IBM SPSS Statistics 24 with a one-way ANOVA, A P-value of 0.05 or 0.01 was considered
statistically signi�cant.
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Figure 4

The effect of basic information on the interpretation competency of ECG. The effect of age on ECG
interpretation skills (A). The effect of education background on ECG interpretation skills (B). The effect of
occupational identity on ECG interpretation skills (C). The effect of professional quali�cations on ECG
interpretation skills (D). Data were represented as mean ± standard deviation (SD) and analyzed by the
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software of IBM SPSS Statistics 24 with a one-way ANOVA, A P-value of 0.05 or 0.01 was considered
statistically signi�cant.

Figure 6

The effect of talent development on the interpretation competency of ECG. The effect of different age on
ECG interpretation skills of primary clinical medical workers (A). The effect of different education
background on ECG interpretation skills of primary clinical medical workers (B). a: Junior College and
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Below, b: Bachelor Degree, c: Master Degree, d: Doctoral Degree. The effect of different professional
quali�cations on ECG interpretation skills of primary clinical medical workers (C). a: Physician Assistant,
b: Primary Physician, c: Intermediate Physician, d: Associate Senior Physician, e: Senior Physician. Data
were represented as mean ± standard deviation (SD) and analyzed by the software of IBM SPSS
Statistics 24 with a one-way ANOVA, A P-value of 0.05 or 0.01 was considered statistically signi�cant.


