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Abstract 

The development of the core competence of physicians is related to the practice of 

medical quality. As the most important field for cultivating the core competence of physicians, 

how to achieve the construction and evaluation of core competence is an important issue for 

medical education and management.  

This study uses the large core competence framework proposed by the ACGME 

(Accreditation Council for Graduate Medical Education), and use Fuzzy AHP (FAHP) and 

DEMANTEL method to analyze the weight and priority, and the cause and effect cluster.  

Study result shows that the FAHP’s importance factor ranking is (1).patient care (C1) 

(27.83%), (2).medical knowledge (C2) (20.77%), (3).professionalism (C5) (17.93%), (4). 

Interpersonal and communication skills (C4) (17.41%), (5). practice-based learning and 

improvement (C3) (15.52%), and (6). systems-based practice (C6) (8.233%). In terms of 

DEMANTEL, the effect cluster include Patient Care (C1), Professionalism (C5) and 

Systems-based practice (C6), and the cause cluster includes Medical Knowledge (C2), 

Practice-based learning and improvement (C3) and Interpersonal and Communication skills 

(C4). 

According to finding, the patient care (C1) is the result of attitude, patience, and other 

five ACGME Core Competence Items. Therefore, the development of emergency physicians’ 

also needs humanities and ethics training and practice to follows the practice-based learning 

(C3).   

This study demonstrates to show on importance factor in emergency physician’s core 

competencies cultivate. Furthermore, the current findings can serve as a reference for future 

research in the other specialists physicians cultivate. 

 

Keywords: ACGME, Fuzzy AHP, DEMANTEL, Core Competence, Emergency 

physicians 

 

1 Introduction 

In the past, the literature discusses the core competences that physicians should possess. 

Most of them are based on the core competences that physicians should have in the United 

States Medical Education Evaluation Board (ACGME). They propose effective and useful 

methods for assessing core competences, and can improve the core competence. Competent 
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education and training methods (Leach, 2002; Freyet al., 2003; Ogrinc et al., 2003; Johnson 

et al., 2004; Joyner, 2004). Frey et al. (2003) pointed out that the core competence proposed 

by ACGME is to confirm whether residents have the core competence. Massagli & Carline 

(2007) questionnaire study found that senior residents had higher grades than less resident 

residents. Second, their factor analysis results also indicate that ACGME's large core 

capabilities can effectively assess the capabilities of residents. 

Powers, J., (2013) points that assessment of electronic portfolios for ACGME Core 

Competencies may have to await more robust vocabulary to create concept identifiers capable 

of responding to issues of context for competencies such as ACGME Core Competencies 

reflecting sociologic and anthropologic content. 

The development of physician's core competencies is related to the medical quality 

learning. The hospital is the most important place to cultivate the core competence of the 

physician. It has the training plan, the learning environment of the organization, whether it 

can inherit and develop the core competence of the physician and further validate it, is an 

important subject of medical management and medical education. In this study, the six core 

competency frameworks presented by the ACGME (Accreditation Council for Graduate 

Medical Education) were used to inquire and investigate the findings of the emergency 

physicians and try to identify possible priorities and interdependent relationships and 

dependency. 

 

2 Literature review 

This study attempts to collect relevant literature on the core competencies of the 

emergency department and the large core competencies of the ACGM (Accreditation Council 

for Graduate Medical Education). 

 

2.1 Core Competence: 

The ACGME (Accreditation Council for Graduate Medical Education) takes the American 

Board of Internal Medicine (ABIM) as a case, and evaluates the results of the Residents' 

Training Program (Outcome project). A competent physician should have six core 

competencies (Kissela et al., 2006). 

In the past, the literature has discussed the core competences that physicians should 

possess. Most of them are based on the core competences that physicians should have in the 

United States Medical Education Evaluation Board (ACGME). They propose effective and 
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useful methods for assessing core competences, and can improve the core competence (Leach, 

2002; Freyet al., 2003; Ogrinc et al., 2003; Johnson et al., 2004; Joyner, 2004). (Frey et al., 

2003) study shown on, the relevant literature discussed the focus on "The Education and 

Training Methods to Enhance Core Competence", and mentions that providing good clinical 

experience and mixing practical operations in different fields to improve the core competence 

that residents physicians should have it.  

Frey et al. (2003) pointed out that the core competence proposed by ACGME is to confirm 

whether residents have the core competence. Massagli & Carline (2007) questionnaire study 

found that senior residents had higher grades than less resident residents. Second, their factor 

analysis results also indicate that ACGME's large core capabilities can effectively assess the 

capabilities of residents.  

Powers, J., (2013) points that assessment of electronic portfolios for ACGME Core 

Competencies may have to await more robust vocabulary to create concept identifiers capable 

of responding to issues of context for competencies such as ACGME Core Competencies 

reflecting sociologic and anthropologic content. 

 

2.2 ACGME (Accreditation Council for Graduate Medical Education) 

In the year of 1991, the Physician's core competence established by the American Medical 

Education Committee (ACGME, Accreditation Council for Graduate Medical Education) : 1. 

Patient care, 2. Medical knowledge, 3.Practice-based learning and improvement, 4. 

Interpersonal and communication skills, 5. Professionalism, 6. Systems-based practice. The 

six Core Competencies contents are as follows (Show on Table 1): 

Table 1: ACGME (Accreditation Council for Graduate Medical Education) 

Code Core Competence Items Contents 

C1 Patient Care 

⚫ Show concern and respect when interacting with 

patients and family members; 

⚫ Collect necessary and accurate information 

during interviews with patients; 

⚫ Can make informed decisions about diagnosis and 

treatment based on patient information and their 

wishes, the latest scientific evidence, and clinical 

judgment 

⚫ Formulate and implement patient treatment plans; 

⚫ Consultation and health education for patients and 

their families; 

⚫ Decision-making and health education using 

information technology and supporting patient 

care 
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⚫ Fully capable of performing medical and invasive 

procedures required for practice 

⚫ Prevention of disease or the provision of relevant 

medical care; 

⚫ Share work with other medical professionals to 

provide patient-centric medical care. 

C2 Medical Knowledge 

⚫ Show concern and respect when interacting with 

patients and family members; 

⚫ Collect necessary and accurate information 

during interviews with patients; 

⚫ Can make informed decisions about diagnosis and 

treatment based on patient information and their 

wishes, the latest scientific evidence, and clinical 

judgment 

C3 
Practice-based learning 

and improvement) 

⚫ Self-reflective assessment learning； 

⚫ Self-directive learning； 

⚫ Lifelong Learning 

C4 
Interpersonal and 

communication  skills 

⚫ Establish and maintain appropriate medical and 

ethical relationships with patients; 

⚫ Use effective listening skills and use effective 

non-spoken, narrative, questioning, and writing 

skills to elicit and provide information; 

⚫ Work effectively with members of the same and 

cross-cutting medical team. 

C5 Professionalism 

⚫ Altruism and respect for others; 

⚫ Medical behaviors consistent with medical ethical 

principles; 

⚫ Can be sensitive to differences in other people's 

culture, age, gender, and disability 

C6 Systems-based practice 

⚫ Understand how your own medical care for 

patient care and other medical personnel affects 

other medical personnel, medical institutions and 

the social environment, and how each element of 

these systems affects your own medical 

operations; 

⚫ Know the differences between the models of 

medical operations and care systems, including 

methods of cost control and resource allocation; 

⚫ Implement cost-effective medical care and 

resource allocation without compromising quality 

of care; 

⚫ Promote quality patient care and help patients 

deal with the complexities of the system; 

⚫ Know how to work with health care managers 

and health care providers to evaluate, coordinate, 

and improve health care, and understand how 

these activities can affect system performance. 

Data source#: ACGME (Accreditation Council for Graduate Medical Education)  
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3 Methodology 

3.1 Methodology choice 

This study serves as evaluating the relative importance of core competencies to the 

emergency physicians in Taiwan. Two multi-criteria decision-making methodologies said 

Fuzzy AHP (FAHP) and DEMATEL, using expert opinion input, are used for the relative 

importance of practices determination. 

 

3.2 Fuzzy AHP method 

3.2.1 Questionnaire design  

This study uses ACGME six core competence items as Fuzzy AHP (Saaty, 1980 ; Herrera 

et al., 2004) evaluation criteria and symbols (Show on Figure 1) as follows: Patient Care (C1), 

Medical Knowledge (C2), Practice-based learning and improvement (C3), Interpersonal and 

communication skills (C4), Professionalism (C5), and Systems-based practice (C6). (Shown 

on Appendix I) 

Goal
ACGME (Accreditation Council for Graduate Medical Education) 

Six Core Competence Items

Patient Care 

(C1)

Practice-based 

learning and 

improvement (C3)

Medical 

Knowledge (C2)

Interpersonal and 

communication  

skills (C4)

Systems-based 

practice (C6)

Professionalism 

(C5)Criteria

 

Figure 1. Hierarchy model of the relative importance of factors 

3.2.2 FAHP calculation formula process 

In this section, we briefly review the concepts of fuzzy hierarchical evaluation. The 

subsequent sections detail the computational processes of the FAHP. 

The FAHP is based on fuzzy interval arithmetic with TFNs (Triangular Fuzzy Numbers) 

(Figure 2 and Table 2) and a confidence index with an interval mean approach to determine 

the weights for evaluative elements; therefore, this method is suitable for analyzing small 

samples of questionnaire feedback provided by Taiwan emergency physicians’ expert.  
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Figure 2: Linguistic variables for the importance weight of each criterion (Chang, 1996) 

 

Table 2: Fuzzy Linguistic Scale of Fuzzy Numbers (example) (Gumus, 2009) 

Fuzzy number Linguistic Scale of fuzzy number 

9 Perfect (8, 9,10) 

8 Absolute (7, 8, 9) 

7 Very good (6, 7, 8) 

6 Fairly good (5, 6, 7) 

5 Good (4, 5, 6) 

4 Preferable (3, 4, 5) 

3 Not bad (2, 3, 4) 

2 Weak advantage (1, 2, 3) 

1 Equal (1, 1, 1) 

 

The procedures involved in executing the FAHP method are outlined as follows. 

Step 1: Construct pairwise comparison matrices among all the criteria in the dimensions of 

the hierarchical system. Assign linguistic terms to the pairwise comparisons by 

determining which is the more important of every two dimensions, as indicated in the 

following matrix �̃� (shown in equation (1)): 

 

�̃� = [

1    
�̃�21    

⋮   
�̃�n1     

�̃�12

1
⋮

�̃�𝔫2

    ⋯
    ⋯
    ⋱

     ⋯

    

�̃�1𝔫

�̃�2𝔫

⋮
1

] = [

1  
1/�̃�12 

⋮
1/�̃�1n

  �̃�12

  1
  ⋮

  1/�̃�1n

   ⋯
   ⋯
   ⋱

    ⋯

   

�̃�1𝔫

�̃�2𝔫

⋮
1

] ⋯ (1)  

Where 

�̃�ij = {
9̃−1, 8̃−1, 7̃−1, 6̃−1, 5̃−1, 4̃−1, 3̃−1, 2̃−11̃−1, 1̃, 2̃, 3̃, 4̃, 5̃, 6̃, 7̃, 8̃, 9̃,   1, 𝑖 ≠ 𝑗
  1                                                                                                                  𝑖 = 𝑗

 

Step 2: Apply the geometric mean technique to define the fuzzy geometric mean and fuzzy 

weights of each criterion, as demonstrated by Hsieh et al. (2004) (shown in equation 

(2)):  

1 

0.5 

0 

µ 

1 3 5 7 9 

Equally 

Important 

Moderately 

Important 

Strongly 

Important 

Very Strongly 

Important 

 

Extremely 

Preferred 
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γ̃𝔦 = (α̃𝔦1 ⊗ ⋯ ⊗ α̃ij ⊗ ⋯ ⊗ α̃𝔦𝔫)
1/𝓃

                                  

w̃𝔦 = γ̃𝔦 ⊗ [γ̃1 ⊗ ⋯ ⊗ γ̃𝔦 ⊗ ⋯ ⊗ γ̃𝔫]−1       (2) 

In this equation (2), α̃ij is the fuzzy comparison value of dimension i with criterion j ; 

thus, γ̃𝔦 is the geometric mean of the fuzzy comparison values of criterion i with each other 

criterion. In addition, iw is the fuzzy weight of the ith criterion, and it can be indicated by a 

TFN; ),,( iiii uwmwlww = , where 
ilw , imw , and iuw  represent the lower, middle, and upper 

values of the fuzzy weight of the ith dimension, respectively (Sun, 2010). 

The FAHP framework is constructed in the form of a matrix, and a local priority vector 

can be derived as an estimate of relative importance associated with the components being 

compared by solving the equation (3): 

wwA max=          (3) 

where A is the matrix of the pair-wise comparison, w  is the eigenvector, and max is the 

maximum eigenvalue. Saaty (1996) suggested the use of a consistency index (C.I) for 

executing test procedures (C.I ＜ 0.1, permissible errors range). A consistency ratio (C.R) 

can also be used for consistency determination; if C.R ＜ 0.1, then the consistency level of 

the matrix already exceeds the allowed error range and decision-makers should reconsider 

their decision-making relationship. The C.I and C.R are calculated using equations (4) and 

(5): 

1
C.I max

−

−
=

n

n
       (4) 

R.I

C.I
  = C.R               (5) 

Where R.I represents the average CI obtained from numerous simulation runs, and it varies 

according to the matrix order (Table 2). 

Table 2: Reference Values of the R.I. for Different n Values 

n 1 2 3 4 5 6 7 8 9 10 

R.I. 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 

Source: Enyinda et al. (2010); Developed by Saaty 

Overall hierarchy consistency can be tested according to equation (6): 

R.I.H

C.I.H
  = C.R.H           (6) 
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=


=

+=
n

j

n

i
jiij ICWHIC

1 1
1,...  


=


=

+=
n

j

n

i
jiij IRWHIR

1 1
1,...  

ijW = the total weight of the ith element of Layer j 

1,. +jiIC = the C.I of all elements of Layer 1+j against the i th element of Layer j . 

1,. +jiIR = the R.I of all elements of Layer 1+j against the i th element of Layer j . 

In this equation, C.R.H represents the consistency ratio hierarchy, C.I.H represents the 

consistency index hierarchy, and R.I.H represents the random index hierarchy. An 

acceptable inconsistency limit should be 0.1 (Saaty, 1980). 

 

3.3 DEMATEL method 

3.3.1 Questionnaire design 

The second questionnaire designed for DEMATEL (Tzeng et al., 2007). This 

questionnaire designed for pairwise comparison to evaluate the influence of each score, where 

scores of 0, 1, 2, and 3 represent: (no influence), (low influence), (high influence), and (very 

high influence), respectively (Tamura and Akazawa, 2005). (Show on Table 3)  

Table 3 The DEMATEL questionnaire of Taiwan emergency physicians’ core competencies 

 Code C1 C2 C3 C4 C5 C6 

Code Question 

P
atien

t C
are 

M
ed

ical K
n

o
w

led
g

e 

P
ractice-b

ased
 

learn
in

g
 an

d
 

im
p

ro
v

em
en

t 

In
terp

erso
n

al an
d

 

co
m

m
u
n

icatio
n

 sk
ills 

P
ro

fessio
n

alism
 

S
y

stem
s-b

ased
 

p
ractice 

C1 Patient Care N/A      

C2 Medical Knowledge  N/A     

C3 
Practice-based learning 

and improvement 
  N/A    

C4 
Interpersonal and 

communication skills 
   N/A   

C5 Professionalism     N/A  

C6 Systems-based practice      N/A 

Score：0: no influence,  1: low influence 2: high influence 3: very high influence 

3.3.2 Analyses process： 

Step 1: acquire and compute the average initial matrix  
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Suppose L experts and n factors are considered in a study. A pair-wise comparison 

with respect to the influence of factor i on factor j is determined (𝑓𝑖𝑗) and is quantified 

using a 4-point (0–3) measurement scale. See 3.3.1 for the linguistic assignments of each 

level of the scale. Each expert will be asked to provide a completed n × n non-negative 

response matrix 𝑢𝑥 = [𝑢𝑖𝑗
𝑥 ], with 1 ≤ x ≤ 𝐿. Where 𝑢1, 𝑢2, … 𝑢𝐿 represents each of the 𝐿 

experts response matrices, 𝑢𝑦
𝑥 is an integer (scale measure) representing each element of 

𝑢𝑥 and diagonal elements of each response matrix 𝑢𝑥 set to zero. 

An averaged n × n matrix 𝐴  using all the experts’ comparisons is determined by 

averaging the L experts’ scores using expression (1):  

     𝐴 = (𝑓𝑖𝑗) =
1

𝐿
∑ [𝑢𝑖𝑗

𝑥 ]
𝐿

𝑥=1
      (7) 

Step 2: compute the normalized initial direct-relation matrix D  

There is normalized the direct relation matrix, that is multiply the elements of the 

entire matrix A by S, 

Let  𝑆 =
1

MAX
1≤𝑖≤𝑛

∑ 𝑋𝑛
𝑖=1 𝑖𝑗

                           (8) 

 

Then, it can be get a normalized initial direct-relation matrix D,  

𝐷 = 𝐴 × 𝑆 =  
𝑋

𝑀𝐴𝑋
1≤𝑖≤𝑛

∑ 𝑋𝑛
𝑖=1 𝑖𝑗

                (9) 

Step 3: compute the total relation matrix T 

Where                                   𝛵 =
 𝐷

 𝐼− 𝐷
                              (10) 

and I is unit matrix,  

through the formula：Matrix T = Matrix D + Matrix ID (in-direct-relation matrix) 

and  𝑇 = 𝐷 + 𝐼𝐷 = ∑ 𝐷𝑖 = 𝐷 + 𝐷2 + 𝐷3 + ⋯ … + 𝐷∞ (11)∞
𝑖=1  

             𝐷 × 𝑇 = 𝐷2 + 𝐷3 + ⋯ + 𝐷∞                                             (12) 

and equations (11) − (12), get (𝐼 − 𝐷) × 𝐷 = D − 𝐷∞+1 , 𝐷∞+1 ≈ 0   

then  𝛵 =
 𝐷

𝐼−𝐷
 , 𝑇 = [𝑡𝑖𝑗]

𝑛×𝑛
 , 𝑖, 𝑗 = 1,2 … … , 𝑛 

Step 4 Drawing the Causal diagram 

The 𝐷𝑥 and 𝑅x are respectively the sums of rows, and columns from the total-relation 

matrix 𝑇, then calculate the degree of effect (D+R) and the degree of cause (D-R), where 
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(D+R) represents the strength of the relationship between the criteria, and (D-R) represents 

the strength of the criterion's influence or impact. 

There are (D+R) and (D-R) values of each criterion are plotted on the graph, with 

(D+R) as the horizontal axis; (D-R) as the vertical axis. (Show on Figure 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3：Causal diagram 

3.2 Research object 

This study is based on the architecture of a physician's core competence established by the 

ACGME (Accritation Council for Graduate Medical Education) (Show on Figure 1) 

 

3.3 Sampling  

In this study, we collected in the Taiwan teaching hospital with teaching duty of the 

attending physician (Visiting Staff) above the emergency physicians by the questionnaire 

objective. 

 

3.4 Ethic requirement 

This is study are use FAHP and DEMATEL questionnaire to inquire the physician 

(Visiting Staff) above the emergency physicians opinion, and we don't use medical record, 

therefore we don't need to approval with the ethics committee. 

This study all of methods were carried out in accordance with relevant guidelines and 

regulations. 

This questionnaire is emergency physicians reply after filling out, so they know and are 

willing to reply. 

 

D-R 

D+R 

0 

I 
 

Cause factors 
of perceived 

benefits 

 

II 
 

Cause factors 
of perceived 

risks 

 

III 
 

Effect factors 
of perceived 

risks 

 

IV 
 

Effect factors 
of perceived 

benefits 

 

Mean 

High core factor Low core factor 

Cause cluster 

Effect cluster 
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4 Results 

In this study, we totally collective 21 Taiwan emergency physicians questionnaire, and 

the descriptive statistics are as follows: (Show on Table 4).  

Table 4. The demographic variables of 21 experts 

Demographic variables Number (N = 21) Percentage 

Level 

Superintendent 0 0% 

Assistant administrator 6 28.57% 

Director 10 47.62% 

Visiting Staff 5 23.81% 

Resident 0 0% 

The career length field  

>21 years 8 38.10% 

>16 and <20 years 7 33.33% 

>11 and <15 years 4 19.05% 

>6 and <10 years 2 9.52% 

 

4.1 Fuzzy AHP analysis result 

As follows 3.2.2 calculation formula process, we found that CI = 0.09591 (< 0.1), CR = 

0.0773 (< 0.1), and eigenvector (λmax) = 6.48; this result is acceptable (Appendix II). The 

weights and rankings are C1: 27.8%, C2: 20.8%, C3:15.5%.C4:17%, C5:17.9% and C6:8.2%.  

 

4.1.1 Fuzzy AHP Overall object and criteria weights and ranking analysis results 

    Based on empirical analysis of the Fuzzy AHP questionnaire results (Table 5), We found 

that the first-ranked importance factor is C1 patient care (27.83%), the second-ranked is 

medical knowledge (C2) (20.77%), the third-ranked is professional literacy (C5) (17.93%), 

fourth-ranked is Interpersonal and communication skills (C4) (17.41%), fifth-ranked is 

Practice-based learning and improvement (C3) (15.52%), and sixth-ranked is systems-based 

practice (C6) (8.233%). 

 

Table 5: Overall object and criteria weights and ranking 
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4.3 DEMANTEL analysis results 

4.3.1. DEMANTEL analysis process 

As follows 3.3.2 analyses process and found result below: 

Step 1: Acquire and compute the average initial matrix A by 21 Taiwan emergency physicians 

questionnaire. The resulted show on table 6. 

Table 6 Overall average expert opinion matrix (matrix A)  

A= C1 C2 C3 C4 C5 C6     

C1 0 1.909091 1.727273 2.090909 2.181818 2.090909   10  

C2 2.545455 0 1 1.454545 1.272727 1.272727   7.545455 Max 

C3 2 1.454545 0 1.090909 1.636364 1.454545  S= 7.636364 10 

C4 2.090909 1.090909 1.454545 0 1.545455 1.363636   7.545455  

C5 2.272727 1.363636 1.181818 1.636364 0 1.636364   8.090909  

C6 2.090909 1.636364 1.363636 1.090909 1.454545 0   7.636364  

 

Step 2: Compute the normalized initial direct-relation matrix D, show on table 7. 

Table 7 Normalized direct relation matrix (matrix D)  

D=A×S C1 C2 C3 C4 C5 C6 

C1 0 0.190909 0.172727 0.209091 0.218182 0.209091 

C2 0.254545 0 0.1 0.145455 0.127273 0.127273 

C3 0.2 0.145455 0 0.109091 0.163636 0.145455 

C4 0.209091 0.109091 0.145455 0 0.154545 0.136364 

C5 0.227273 0.136364 0.118182 0.163636 0 0.163636 

C6 0.209091 0.163636 0.136364 0.109091 0.145455 0 

 

Step 3: Compute the total relation matrix T, show on table 8. 

Table 8: Total impact matrix (matrix T) 

T= C1 C2 C3 C4 C5 C6 Rx 

C1 0.956864 0.856995 0.783282 0.869952 0.929987 0.902976 5.3000562 

C2 0.974029 0.56265 0.605961 0.691481 0.719637 0.702735 4.2564929 

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00%

C6

C3

C4

C5

C2

C1

8.23%

15.52%

17.41%

17.93%

20.77%

27.83%

Weights

Criteria 
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C3 0.934853 0.689121 0.512067 0.660618 0.74522 0.715142 4.2570207 

C4 0.933725 0.6559 0.636068 0.556944 0.734258 0.703693 4.2205888 

C5 0.995087 0.711824 0.646952 0.73312 0.637517 0.76069 4.4851882 

C6 0.94263 0.703958 0.632617 0.661619 0.732116 0.588729 4.2616686 

Dx 5.737189 4.180448 3.816948 4.173733 4.498734 4.373964 0.7439171 

 

Step 4: Drawing the Causal diagram 

1. Analyzing the degree of central role and relation: 

As get the analyzed result the matrix T (Show on table 8), then, we can calculate 

the degree of central role (Dx + Rx) and (Dx - Rx) values.  

The degree of central role (Dx + Rx) and (Dx - Rx) in DEMATEL represents the 

strength of influences both dispatched and received. On the other hand, if the (Dx - Rx) 

is positive, then the evaluation criterion x dispatches the influence to other evaluation 

criteria more than it receives. If the (Dx - Rx) is negative, the evaluation criterion x 

receives the influence from other evaluation criteria more than it dispatched. The (Dx 

- Rx) values are reported in Table 9.  

 

        Table 9: The degree of central role (D+R and D-R) sheet 

 C1 C2 C3 C4 C5 C6 

D+R 11.03724 8.436941 8.073968 8.394322 8.983922 8.635632 

D-R -0.437133 0.076045 0.440073 0.046856 -0.013546 -0.112295 

 

      2. Drawing causal diagram  

The graphical representation (the prominence-causal diagram) and digraphical 

relationships are now constructed. This step will allow a clearer visualization of the 

structure and relationships amongst the emergency physicians’ core competencies 

criteria. One of the first activities of this sub-step is to plot the various emergency 

physicians’ core competencies criteria on a two-axes the prominence horizontal axis 

(R + D) and the net cause/effect vertical axis (R –D) (Show on Figure 4). There are can 

help us observe general patterns and relationships amongst all the programs 

simultaneously and in pairs. For example, we can see that C3 have very stronger 

influence/effect on the other programs, and is more of an effect or influenced by others. 

The development of the digraphs in Figure 4 shows the interrelationships amongst 

each of the individual core competencies selection criteria. We can also observe general 

clusters into cause and effect groups. Generally the core competencies selection criteria 

that are part of the effect cluster include C1, C5 and C6; the cause cluster includes C2, 
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C3 and C4. The causal relationships among core competencies selection criteria can be 

depicted as the causal diagram (Show on Figure 4).this figure is shown that Practice-

based learning and improvement (C3) is the most influence and the strongest 

connection to other criteria.  

 

Using  symbol for evaluating criteria: Patient Care (C1), Medical Knowledge (C2), Practice-based learning and 
improvement (C3), Interpersonal and communication skills (C4), Professionalism (C5), and Systems-based practice 
(C6) 

Figure 4: Causal diagram 

5 Conclusion and Discussion  

This study uses the fuzzy AHP and DEMATEL methods to analyze the relative importance 

factors of Taiwan emergency physicians’ core competencies. The results of this study may 

hopefully help the emergency physicians that core competencies are crucial factors found in 

this study. From the fuzzy AHP results, we can understand that first-ranked important is 

Patient Care (C1) (27.83%). Moreover, the second-ranked important is Medical Knowledge 

(C2) (20.77%), and the third-ranked important is Professionalism (C5) (17.93%). Therefore, 

the medical education managers should be pay special attention to Patient Care. 

The development of the digraphs in Figure 4 shows the interrelationships amongst each of 

the individual core competence items. We can also observe general clusters into Cause and 

Effect Groups. Generally the core competence items that are part of the effect cluster include 

Patient Care (C1), Professionalism (C5) and Systems-based practice (C6); the Cause cluster 

includes Medical Knowledge (C2), Practice-based learning and improvement (C3) and 

Interpersonal and Communication skills (C4).The causal relationships among of Taiwan 

emergency physicians’ core competencies criteria can be depicted as the causal diagram (Fig. 
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4). This figure is shown that Practice-based learning and improvement (C3) is the most 

influence and the strongest connection to other criteria. 

From the DEMATEL results, we can understand the Practice-based learning and 

improvement (C3) is the most influence and the strongest connection to other criteria. 

According to DEMATEL analysis results, the Practice-based learning and improvement (C3) 

could directly or indirectly influence many other characteristics such as Medical Knowledge 

(C2) and Interpersonal and Communication skills (C4). One major limitation is the evaluation 

effort required with these techniques. Any combination of the ACGME five entries reflects 

all competencies with the exception of practice-based learning (C3). This deficit can be 

corrected with revision of portfolio guidelines. (Jarviset, etc., 2004).  The patient care (C1) is 

the result of attitude, patience, and other five ACGME Core Competence Items. Therefore, 

the development of emergency physicians also needs humanities and ethics training and 

practice to follows the practice-based learning by this research finding. 

In this study, we present Fuzzy AHP and DEMATEL as a generalized method to the 

relative importance factors of Taiwan emergency physicians’ core competencies under a 

fuzzy environment.  

6 Limitations and Further Research  

For this study evaluators to each method (Fuzzy AHP and DEMATEL) had to each 

complete six comparisons (ACGME six core competencies). Fatigue is easily a possibility 

which may cause some confuse problems. 

There are other multiple attribute decision-making methods such as Fuzzy ANP, TOPSIS 

and ELECTRE, which could be applied for ranking and relative the Taiwan emergency 

physician’s criteria.  

Further research, it may be the application of these methods to the other specialists 

physician’s core competencies evaluation and the comparison of the results.  
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