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Summary
Objective: Clinical pathways (CPs) have been viewed as a multidisciplinary tool to improve the 
quality and efficiency of evidence-based care. Despite widespread enthusiasm for CPs, research has 
shown that many CP initiatives are unsuccessful. To this end, this study provides a methodology to 
evaluate critical success factors (CSFs) that can aid healthcare organizations to achieve successful 
CP implementation.
Design: This study presents a new approach to evaluate CP implementation CSFs, with the aims 
being: (1) to identify CSFs for implementation of CPs through a comprehensive literature review 
and interviews with collaborative experts; (2) to use a filed study data with a robust fuzzy 
 DEMATEL (the decision making trial and evaluation laboratory) approach to visualize the structure 
of complicated causal  relationships between CSFs and obtain the influence level of these factors.
Participants: The filed study data is provided by ten clinical experts of a Chinese hospital.
Results: 23 identified CSF factors which are initially identified through a review of the literature 
and interviews with collaborative experts. Then, a number of direct and indirect relationships are 
derived from the data such that different perceptions can be integrated into a compromised cause 
and effect model of CP implementation.
Conclusions: The results indicate that the proposed approach can systematically evaluate CSFs and 
realize the importance of each factor such that the most common causes of failure of CP 
 implementation could be eliminated or avoided. Therefore, the tool proposed would help healthcare 
organizations to manage CP implementation in a more effective and proactive way.
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1.  Introduction
Clinical pathways (CPs), aiming to improve, in particular, the continuity and co-ordination of care 
across different disciplines and sectors, are one of the main tools used to manage the quality in 
healthcare concerning the standardization of care processes [1–5, 19, 31]. It has been shown that 
their implementation reduces the variability in clinical practice and improves outcomes [1, 6–8, 
32–34, 36].

However, the implementation of CPs may be not go well towards the expected direction [1, 
12–14, 33, 35]. On the contrary, it can be a risky proposition with potential for large investments but 
little or even an adverse effect upon outcomes. A number of studies have shown that a large percen-
tage of CP implementation projects have been unsuccessful [6, 9–14, 34]. There are many factors to 
guarantee or even exaggerate the effectiveness of CPs. To achieve successful implementation of CPs, 
identifying and evaluating critical success factors (CSFs) is required. By CSFs identification, various 
potential organizational, technological, and operational factors that may influence CP implemen-
tation are uncovered to help healthcare organizations capture the source of the success of imple-
menting a CP, and to determine the corresponding solution to eliminate or avoid the most common 
causes of failure in implementing CPs.

There exist number of previous research focus on the reasons of failure of CP implementation 
and deciding the CSFs for CPs [13–17, 19, 20, 23]. However, most of these researches used quali-
tative analysis to determine crucial factors of CP implementation in the hospitals. Having experts 
and managers evaluating these CSFs without a structured methodology becomes a difficult task and 
it incurs the inaccuracy in the process of determining the importance and classification of CSFs. To 
provide more accurate information as a valuable reference for CP implementation, it is necessary to 
develop a robust method that can systematically evaluate CSFs and realize the importance of each 
factor.

In this study, we propose a quantitatively oriented cognitive mapping approach for analyzing 
CSFs of CP implementation. The proposed approach can provide valuable information for cause 
and effect relationships. Through literature review and interviews with collaborative experts, CSFs 
of CP implementation are figured out. And also the description of the interrelationships among 
CSFs is given by clinical experts. Based on these field study data, we develop a fuzzy Decision 
 Making Trial and Evaluation Laboratory (DEMATEL) method [18, 27, 28, 40] to evaluate CSFs of 
CP implementation and obtain the structure of complicated causal relationships and the influence 
level of these factors. DEMATEL is a powerful group decision making model to build the structural 
relationships among the strategic objectives for a strategy map, and can see the cause-effect relation-
ship of criteria when measuring a problem [25–27, 39, 40]. Since the assigned preferences between 
the objectives are not crisp necessarily, and experts’ domain knowledge can be extracted in a fuzzy 
environment in constructing a strategy map, the extended fuzzy DEMATEL can be applied to deal 
with the ambiguities inherent of such the judgments [26, 37]. The proposed fuzzy DEMATEL-based 
approach is advantageous in revealing the relationships among factors and prioritizing factors based 
on the type of relationships and severity of their effects on other factors of CP implementation.

The study was performed in the Cardiology Department at the Chinese PLA General hospital. 
Prior approval was obtained from the data protection committee of the hospital to conduct the 
study. We state that the patient data was anonymized in this study and in the Method section of this 
paper.

2.  Research methodology
In this section, we propose a fuzzy DEMATEL model for building and analyzing a comprehensive 
model involving causal relationships between CSFs. The relationships can be used as a multi-level 
viewpoint of CP implementation. Before we go into detail with the application results of the 
 technique and analysis, we explored CSFs for CP implementation. ▶Figure 1 shows the procedure 
of the proposed fuzzy DEMATEL approach in this study.
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2.1  Critical Success Factor Selection

The literature mainly offers fairly similar and rather general CSFs for the performance of CP imple-
mentation [15–17, 20, 23], which may generally come from the four specific aspects, i.e. hospital 
 administration level, clinical staff involvement and collaboration, patient condition and engage-
ment, and healthcare information technology (HIT), respectively:
• Effective hospital administration plays an essential, critical and even strategic role for successful 

implementation of CPs. Hospital administration consists of establishing and planning activities 
for coordinating healthcare services in hospitals, and ensures that the implementation of CPs is 
well managed and specific outcomes are to be attained [21]. Consequently, there are many CSFs 
coming from hospital administration perspective, such as the level of “Hospital accreditation 
 system”, “Organization and management capacity of relevant departments”, etc., which certainly 
 affect the performance of CP implementation.

• Clinical staff, as the main participants or executors of CPs, determines the effectiveness of CP 
 implementation. In fact, their cognitive level of CPs and their mastering capabilities on the path-
ways affect the performance of CP implementation significantly. On the one hand, it is expected 
that CPs are seen as a major management approach to enhancing clinical staff involvement by 
improving communication about daily goals between clinical staff, and increasing efficiency of 
care provided by clinical staff. On the other hand, clinical staff involvement and training help in 
acceptance of CPs. Additionally, clinical staff work together horizontally across multiple depart-
ments within the hospital, which requires inter-functional communication and collaboration 
[22]. To this end, effective communication and efficient collaboration among clinical staff is 
required before and during the implementation of CPs.

• A CP is a dynamically coordinated set of treatment activities or medical services that must be 
performed on particular patients in their careflow [32]. Due to the diversity of patient status even 
suffered from the same disease, CP implementation may differ to some extent for different 
 patient individuals. For example, “Number of complications” is an essential factor that should be 
paid attention to, because patients suffering from the same disease but with more complications 
are more likely to have variations during CP execution. To this end, CP implementation is signifi-
cantly affected by the conditions of patients who follow the pathways. In addition, the degree of 
patient engagement in CPs undoubtedly impacts the performance of CP implementation, as they 
are the targeted people who actually experience the CPs.

• HIT can provide new ways for healthcare providers and their patients to readily access and use 
health information, and has the potential to improve the quality, safety, and efficiency of health-
care [24, 38]. HIT is important because it enables information sharing and efficient interoperabil-
ity of medical and health information through information systems in hospital. Generally, there 
are paper-based CP and computerized CP in the hospital. With the development of HIT, paper-
based CPs are gradually transformed to computerized CPs, which improves the interoperability 
efficiency of CPs [31]. Thus, HIT, as usually both the enabler and facilitator of CPs, has been 
 recognized as an indispensable component to CP implementation [24]. Overlooking the role of 
HIT can result in failure of CP implementation, while appropriate HIT capabilities are particu-
larly effective in realizing the other CSFs by integrating hospital managers, clinical staff, patients, 
and medical services together.

In this study, we take into account all variables arising from the hospital administration, clinical staff 
involvement and collaboration, patient conditions and engagement, and HIT to determine CSFs 
 impacting the performance of CP implementation. Most variables are classified to one specific 
 aspect while several other variables can be simultaneously classified into multiple different aspects. 
All possible CSFs affected the success of CP implementation are summarized in ▶Table 1.

In general, CSFs are complex concepts, closely related, and difficult to measure. As well, CSFs are 
not easily tied to each other. As indicated in [25–27], causal analysis techniques are suitable tools to 
gather group knowledge of domain experts, to discover and visualize the structure of complicated 
causal relationships between CSFs, and to improve the quality of decision-making of organizations. 
An amount of studies have illustrated that causal analysis can greatly improve the efficiency of CSFs 
investigation and decision-making [26–28]. However, CSFs of CP implementation are typically 
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complicated, unstructured and not readily quantifiable. Hence, the selected technique had to fulfill 
certain requirements. ▶Table 2 lists several commonly used casual analysis techniques and the 
requirements demanded in the technique selection. When a certain technique fulfills a particular 
modeling requirement, this is indicated in ▶Table 2 with √.

As shown in ▶Table 2, the fuzzy DEMATEL can satisfy all the requirements demanded, thus it 
has been selected in this study. The fuzzy DEMATEL is a hybrid method based on both fuzzy logic 
and the DEMATEL [26, 37]. The DEMATEL is pragmatic to visualize the structure of complicated 
causal relationships with matrices or diagraphs [39]. It is a comprehensive method for building and 
analyzing a structural model involving causal relationships between complex factors [25–27]. Thus, 
non-additive methods, fuzzy measure and fuzzy integral are used to calculate the dependent criteria 
weights and the satisfaction value of each factor or aspect for fitting with the patterns of human 
 perception. Note that human perceptions on decision factors are usually judged subjectively. In 
many practical cases, the human preference model is uncertain and might be reluctant or unable to 
assign exact numerical values to describe the preferences. To this end, the fuzzy DEMATEL method 
using linguistic expressions can be more effective for the expression of uncertainty in the decision-
making process [26, 37]. Regarding the problem of this study, the fuzzy DEMANTEL method is 
 advantageous in revealing the relationships among CSFs along with the fuzzy pair-wise comparison 
of the factors in each level of the hierarchy, and prioritizing CSFs based on the type of relationships 
and severity of their effects on each other CSFs [27, 28]. By using fuzzy DEMATEL, clinical experts 
with no technical background can understand all of the components in CP implementation. They 
can identify and consider the most relevant factors that affect the performance of CP implemen-
tation. In addition, fuzzy DEMATEL has the ability to handle problems characterized by vagueness 
and impression, which is benefitted because the judgments of clinical experts on CSFs of CP imple-
mentation are often unclear and hard to estimate by exact numerical values [27, 28]. For these 
 reasons, we think fuzzy DEMATEL is the most suitable technique to analyze CSFs of CP implemen-
tation.

2.2 Clinical Experts Selection
A fuzzy DEMATEL model represents multiple experts’ knowledge [27, 28]. To avoid inconsistency 
and unreliability of the derived model, we recommend selecting a panel of domain experts to build 
and validate the final fuzzy DEMATEL model in this study.

In general, the greater the heterogeneity of the expert panel, the fewer the number of participants 
is recommended. A heterogeneous panel is understood to be a group of people with the same know-
ledge but on a different disciplinary or professional scale – which is what took place in this study. 
Hence, clinical experts with a diverse background in the development, maintenance and implemen-
tation of CPs were invited to participate on the panel to validate CSFs, which guarantees that the 
participants have a profound knowledge of CP implementation. As a result, ten clinical experts are 
carefully selected to make up of a heterogeneous panel, in the cooperation with Chinese PLA 
 general hospital. The selected clinical experts belong to different disciplinary, i.e. two hospital man-
agers, three physicians, three nurses, and two HIT technicians. These experts belong to different 
professional scales and have a rich knowledge and experience in the field of CP implementation. 
Owing to the diversity of the expertise of the selected experts, the panelists provided viewpoints 
from the perspective of a variety of relevant stakeholders.

2.3 Methodology Application
The proposed fuzzy DEMATEL method is composed of the following major steps:

Step 1: Constructing a fuzzy direct-relation matrix of CSFs for each clinical expert. It has four 
sub-steps:

Sub-step 1.1: Designing the fuzzy linguistic scale. To deal with the ambiguities of human assess-
ments, the linguistic variable “influence” is used with five linguistic terms as no influence, very low 
influence, low influence, high influence, and very high influence that are expressed in a certain fuzzy 
membership functions, i.e., fuzzy numbers. Note that many fuzzy numbers have been used in fuzzy 
logic. Among these, the triangular fuzzy numbers are the most common in applications due to their 
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computational simplicity, and their useful in promoting representation and information processing 
in a fuzzy environment [39]. In this study, we represent the linguistic variable “influence” by positive 
triangular fuzzy numbers (lij, mij, rij), as shown in ▶Table 3. The empirical data are obtained from 
each individual expert assessment.

Sub-step 1.2: Acquiring the assessments of clinical experts and constructing a direct-relation ma-
trix for each expert. Clinical experts were asked to develop sets of pair-wise comparisons in 
 linguistic terms, which are used to measure the relationship between CSFs. As results, K fuzzy 
 matrices were obtained (K is the number of clinical experts, K=10 in this study). For each fuzzy 
 matrix provided by a specific clinical expert, it is denoted as:

(1)

Where are fuzzy values for the influence of the CSF fi on the CSF fj  given by the 
expert k.

The fuzzy matrix is established by the evaluation results of clinical experts on the pair-
wise  influence relationships between CSFs. All the principal diagonal elements of are initially 
set to the value of zero (i.e. no influence).

Sub-step 1.3: Defuzzification of the direct-relation matrix. Defuzzification is required to get the 
weights of the CSFs. In this study, we adopted the CFCS (Converting Fuzzy data into Crisp Scores) 
defuzzification method for the fuzzy aggregation procedure [29]. The CFCS method is based on the 
procedure of determining the left and right scores by fuzzy min and fuzzy max, and the total score is 
determined as a weighted average according to the membership functions [29]. Briefly, the CFCS 
method is described as follows [29]:

Formally, let indicate the fuzzy assessments of expert k about the de-
gree to which the CSF fi  effects on the CSF fj.

(1) Normalization:

(2)
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(4)

Where
(5)

(2) Computing left and right normalized value:

(6)

(7)

(3) Computing total normalized crisp value:

(8)

(4) Computing crisp value:
(9)

1 
 

෨ܼ୩ ൌ ቎
z෤ଵଵ
௞ ⋯ z෤ଵ௡

௞

⋮ ⋱ ⋮
z෤௠ଵ
௞ ⋯ z෤௠௡

௞
቏                                                       1 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯	 

෨ܼ୩  2 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯  3 

௜௝ߣ
௞ ൌ ሺ݈௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߤ
௞ ൌ ሺ݉௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߩ
௞ ൌ ሺݎ௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

Δ௠௜௡
௠௔௫ ൌ max ௜௝ݎ

௞ െ min ݈௜௝
௞  

                    ߱௜௝
௞ ൌ

ఓ೔ೕ
ೖ

ଵାఓ೔ೕ
ೖ ିఒ೔ೕ

ೖ  4 

߰௜௝
௞ ൌ

௜௝ߩ
௞

1 ൅ ௜௝ߩ
௞ െ ௜௝ߤ

௞  

௜௝ݔ
௞ ൌ

߱௜௝
௞ ൫1 െ ߱௜௝

௞ ൯ ൅ ߰௜௝
௞ ߰௜௝

௞

1 െ ߱௜௝
௞ ൅ ߰௜௝

௞  

z௠௜௡
௠௔௫ ൌ min ݈௜௝

௞ ൅ ௜௝ݔ
௞ Δ௠௜௡

௠௔௫ 

Z୩ ൌ ቎
ଵଵݖ
௞ ⋯ ଵ௡ݖ

௞

⋮ ⋱ ⋮
௠ଵݖ
௞ ⋯ ௠௡ݖ

௞
቏ 

Z ൌ ሺ∑ ܼ௞୏
୩ୀଵ ሻ/ܭ   5 

w ൌ ଵ
୫ୟ୶∑ ௭೔ೕ

೙
ೕసభ

భರ౟ರ౤	

   6 

T ൌ N ൅ Nଶ ൅⋯ ൌ ∑ ܰ௜ஶ
௜ୀଵ ൌ ܰሺ1 െ ܰሻିଵ  7 

ܴ௜ ൌ ∑ ௜௝ݐ
௡
௝ୀଵ    8 

௝ܦ ൌ ∑ ௜௝ݐ
௡
௜ୀଵ    9 

௜ܲ ൌ ሼܴ௜ ൅ ݅|௝ܦ ൌ ݆ሽ   10 

௜ܧ ൌ ሼܴ௜ െ ݅|௝ܦ ൌ ݆ሽ  11 

1 
 

෨ܼ୩ ൌ ቎
z෤ଵଵ
௞ ⋯ z෤ଵ௡

௞

⋮ ⋱ ⋮
z෤௠ଵ
௞ ⋯ z෤௠௡

௞
቏                                                       1 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯	 

෨ܼ୩  2 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯  3 

௜௝ߣ
௞ ൌ ሺ݈௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߤ
௞ ൌ ሺ݉௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߩ
௞ ൌ ሺݎ௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

Δ௠௜௡
௠௔௫ ൌ max ௜௝ݎ

௞ െ min ݈௜௝
௞  

                    ߱௜௝
௞ ൌ

ఓ೔ೕ
ೖ

ଵାఓ೔ೕ
ೖ ିఒ೔ೕ

ೖ  4 

߰௜௝
௞ ൌ

௜௝ߩ
௞

1 ൅ ௜௝ߩ
௞ െ ௜௝ߤ

௞  

௜௝ݔ
௞ ൌ

߱௜௝
௞ ൫1 െ ߱௜௝

௞ ൯ ൅ ߰௜௝
௞ ߰௜௝

௞

1 െ ߱௜௝
௞ ൅ ߰௜௝

௞  

z௠௜௡
௠௔௫ ൌ min ݈௜௝

௞ ൅ ௜௝ݔ
௞ Δ௠௜௡

௠௔௫ 

Z୩ ൌ ቎
ଵଵݖ
௞ ⋯ ଵ௡ݖ

௞

⋮ ⋱ ⋮
௠ଵݖ
௞ ⋯ ௠௡ݖ

௞
቏ 

Z ൌ ሺ∑ ܼ௞୏
୩ୀଵ ሻ/ܭ   5 

w ൌ ଵ
୫ୟ୶∑ ௭೔ೕ

೙
ೕసభ

భರ౟ರ౤	

   6 

T ൌ N ൅ Nଶ ൅⋯ ൌ ∑ ܰ௜ஶ
௜ୀଵ ൌ ܰሺ1 െ ܰሻିଵ  7 

ܴ௜ ൌ ∑ ௜௝ݐ
௡
௝ୀଵ    8 

௝ܦ ൌ ∑ ௜௝ݐ
௡
௜ୀଵ    9 

௜ܲ ൌ ሼܴ௜ ൅ ݅|௝ܦ ൌ ݆ሽ   10 

௜ܧ ൌ ሼܴ௜ െ ݅|௝ܦ ൌ ݆ሽ  11 

1 
 

෨ܼ୩ ൌ ቎
z෤ଵଵ
௞ ⋯ z෤ଵ௡

௞

⋮ ⋱ ⋮
z෤௠ଵ
௞ ⋯ z෤௠௡

௞
቏                                                       1 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯	 

෨ܼ୩  2 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯  3 

௜௝ߣ
௞ ൌ ሺ݈௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߤ
௞ ൌ ሺ݉௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߩ
௞ ൌ ሺݎ௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

Δ௠௜௡
௠௔௫ ൌ max ௜௝ݎ

௞ െ min ݈௜௝
௞  

                    ߱௜௝
௞ ൌ

ఓ೔ೕ
ೖ

ଵାఓ೔ೕ
ೖ ିఒ೔ೕ

ೖ  4 

߰௜௝
௞ ൌ

௜௝ߩ
௞

1 ൅ ௜௝ߩ
௞ െ ௜௝ߤ

௞  

௜௝ݔ
௞ ൌ

߱௜௝
௞ ൫1 െ ߱௜௝

௞ ൯ ൅ ߰௜௝
௞ ߰௜௝

௞

1 െ ߱௜௝
௞ ൅ ߰௜௝

௞  

z௠௜௡
௠௔௫ ൌ min ݈௜௝

௞ ൅ ௜௝ݔ
௞ Δ௠௜௡

௠௔௫ 

Z୩ ൌ ቎
ଵଵݖ
௞ ⋯ ଵ௡ݖ

௞

⋮ ⋱ ⋮
௠ଵݖ
௞ ⋯ ௠௡ݖ

௞
቏ 

Z ൌ ሺ∑ ܼ௞୏
୩ୀଵ ሻ/ܭ   5 

w ൌ ଵ
୫ୟ୶∑ ௭೔ೕ

೙
ೕసభ

భರ౟ರ౤	

   6 

T ൌ N ൅ Nଶ ൅⋯ ൌ ∑ ܰ௜ஶ
௜ୀଵ ൌ ܰሺ1 െ ܰሻିଵ  7 

ܴ௜ ൌ ∑ ௜௝ݐ
௡
௝ୀଵ    8 

௝ܦ ൌ ∑ ௜௝ݐ
௡
௜ୀଵ    9 

௜ܲ ൌ ሼܴ௜ ൅ ݅|௝ܦ ൌ ݆ሽ   10 

௜ܧ ൌ ሼܴ௜ െ ݅|௝ܦ ൌ ݆ሽ  11 

1 
 

෨ܼ୩ ൌ ቎
z෤ଵଵ
௞ ⋯ z෤ଵ௡

௞

⋮ ⋱ ⋮
z෤௠ଵ
௞ ⋯ z෤௠௡

௞
቏                                                       1 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯	 

෨ܼ୩  2 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯  3 

௜௝ߣ
௞ ൌ ሺ݈௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߤ
௞ ൌ ሺ݉௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߩ
௞ ൌ ሺݎ௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

Δ௠௜௡
௠௔௫ ൌ max ௜௝ݎ

௞ െ min ݈௜௝
௞  

                    ߱௜௝
௞ ൌ

ఓ೔ೕ
ೖ

ଵାఓ೔ೕ
ೖ ିఒ೔ೕ

ೖ  4 

߰௜௝
௞ ൌ

௜௝ߩ
௞

1 ൅ ௜௝ߩ
௞ െ ௜௝ߤ

௞  

௜௝ݔ
௞ ൌ

߱௜௝
௞ ൫1 െ ߱௜௝

௞ ൯ ൅ ߰௜௝
௞ ߰௜௝

௞

1 െ ߱௜௝
௞ ൅ ߰௜௝

௞  

z௠௜௡
௠௔௫ ൌ min ݈௜௝

௞ ൅ ௜௝ݔ
௞ Δ௠௜௡

௠௔௫ 

Z୩ ൌ ቎
ଵଵݖ
௞ ⋯ ଵ௡ݖ

௞

⋮ ⋱ ⋮
௠ଵݖ
௞ ⋯ ௠௡ݖ

௞
቏ 

Z ൌ ሺ∑ ܼ௞୏
୩ୀଵ ሻ/ܭ   5 

w ൌ ଵ
୫ୟ୶∑ ௭೔ೕ

೙
ೕసభ

భರ౟ರ౤	

   6 

T ൌ N ൅ Nଶ ൅⋯ ൌ ∑ ܰ௜ஶ
௜ୀଵ ൌ ܰሺ1 െ ܰሻିଵ  7 

ܴ௜ ൌ ∑ ௜௝ݐ
௡
௝ୀଵ    8 

௝ܦ ൌ ∑ ௜௝ݐ
௡
௜ୀଵ    9 

௜ܲ ൌ ሼܴ௜ ൅ ݅|௝ܦ ൌ ݆ሽ   10 

௜ܧ ൌ ሼܴ௜ െ ݅|௝ܦ ൌ ݆ሽ  11 

1 
 

෨ܼ୩ ൌ ቎
z෤ଵଵ
௞ ⋯ z෤ଵ௡

௞

⋮ ⋱ ⋮
z෤௠ଵ
௞ ⋯ z෤௠௡

௞
቏                                                       1 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯	 

෨ܼ୩  2 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯  3 

௜௝ߣ
௞ ൌ ሺ݈௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߤ
௞ ൌ ሺ݉௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߩ
௞ ൌ ሺݎ௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

Δ௠௜௡
௠௔௫ ൌ max ௜௝ݎ

௞ െ min ݈௜௝
௞  

                    ߱௜௝
௞ ൌ

ఓ೔ೕ
ೖ

ଵାఓ೔ೕ
ೖ ିఒ೔ೕ

ೖ  4 

߰௜௝
௞ ൌ

௜௝ߩ
௞

1 ൅ ௜௝ߩ
௞ െ ௜௝ߤ

௞  

௜௝ݔ
௞ ൌ

߱௜௝
௞ ൫1 െ ߱௜௝

௞ ൯ ൅ ߰௜௝
௞ ߰௜௝

௞

1 െ ߱௜௝
௞ ൅ ߰௜௝

௞  

z௠௜௡
௠௔௫ ൌ min ݈௜௝

௞ ൅ ௜௝ݔ
௞ Δ௠௜௡

௠௔௫ 

Z୩ ൌ ቎
ଵଵݖ
௞ ⋯ ଵ௡ݖ

௞

⋮ ⋱ ⋮
௠ଵݖ
௞ ⋯ ௠௡ݖ

௞
቏ 

Z ൌ ሺ∑ ܼ௞୏
୩ୀଵ ሻ/ܭ   5 

w ൌ ଵ
୫ୟ୶∑ ௭೔ೕ

೙
ೕసభ

భರ౟ರ౤	

   6 

T ൌ N ൅ Nଶ ൅⋯ ൌ ∑ ܰ௜ஶ
௜ୀଵ ൌ ܰሺ1 െ ܰሻିଵ  7 

ܴ௜ ൌ ∑ ௜௝ݐ
௡
௝ୀଵ    8 

௝ܦ ൌ ∑ ௜௝ݐ
௡
௜ୀଵ    9 

௜ܲ ൌ ሼܴ௜ ൅ ݅|௝ܦ ൌ ݆ሽ   10 

௜ܧ ൌ ሼܴ௜ െ ݅|௝ܦ ൌ ݆ሽ  11 

1 
 

෨ܼ୩ ൌ ቎
z෤ଵଵ
௞ ⋯ z෤ଵ௡

௞

⋮ ⋱ ⋮
z෤௠ଵ
௞ ⋯ z෤௠௡

௞
቏                                                       1 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯	 

෨ܼ୩  2 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯  3 

௜௝ߣ
௞ ൌ ሺ݈௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߤ
௞ ൌ ሺ݉௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߩ
௞ ൌ ሺݎ௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

Δ௠௜௡
௠௔௫ ൌ max ௜௝ݎ

௞ െ min ݈௜௝
௞  

                    ߱௜௝
௞ ൌ

ఓ೔ೕ
ೖ

ଵାఓ೔ೕ
ೖ ିఒ೔ೕ

ೖ  4 

߰௜௝
௞ ൌ

௜௝ߩ
௞

1 ൅ ௜௝ߩ
௞ െ ௜௝ߤ

௞  

௜௝ݔ
௞ ൌ

߱௜௝
௞ ൫1 െ ߱௜௝

௞ ൯ ൅ ߰௜௝
௞ ߰௜௝

௞

1 െ ߱௜௝
௞ ൅ ߰௜௝

௞  

z௠௜௡
௠௔௫ ൌ min ݈௜௝

௞ ൅ ௜௝ݔ
௞ Δ௠௜௡

௠௔௫ 

Z୩ ൌ ቎
ଵଵݖ
௞ ⋯ ଵ௡ݖ

௞

⋮ ⋱ ⋮
௠ଵݖ
௞ ⋯ ௠௡ݖ

௞
቏ 

Z ൌ ሺ∑ ܼ௞୏
୩ୀଵ ሻ/ܭ   5 

w ൌ ଵ
୫ୟ୶∑ ௭೔ೕ

೙
ೕసభ

భರ౟ರ౤	

   6 

T ൌ N ൅ Nଶ ൅⋯ ൌ ∑ ܰ௜ஶ
௜ୀଵ ൌ ܰሺ1 െ ܰሻିଵ  7 

ܴ௜ ൌ ∑ ௜௝ݐ
௡
௝ୀଵ    8 

௝ܦ ൌ ∑ ௜௝ݐ
௡
௜ୀଵ    9 

௜ܲ ൌ ሼܴ௜ ൅ ݅|௝ܦ ൌ ݆ሽ   10 

௜ܧ ൌ ሼܴ௜ െ ݅|௝ܦ ൌ ݆ሽ  11 

1 
 

෨ܼ୩ ൌ ቎
z෤ଵଵ
௞ ⋯ z෤ଵ௡

௞

⋮ ⋱ ⋮
z෤௠ଵ
௞ ⋯ z෤௠௡

௞
቏                                                       1 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯	 

෨ܼ୩  2 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯  3 

௜௝ߣ
௞ ൌ ሺ݈௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߤ
௞ ൌ ሺ݉௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߩ
௞ ൌ ሺݎ௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

Δ௠௜௡
௠௔௫ ൌ max ௜௝ݎ

௞ െ min ݈௜௝
௞  

                    ߱௜௝
௞ ൌ

ఓ೔ೕ
ೖ

ଵାఓ೔ೕ
ೖ ିఒ೔ೕ

ೖ  4 

߰௜௝
௞ ൌ

௜௝ߩ
௞

1 ൅ ௜௝ߩ
௞ െ ௜௝ߤ

௞  

௜௝ݔ
௞ ൌ

߱௜௝
௞ ൫1 െ ߱௜௝

௞ ൯ ൅ ߰௜௝
௞ ߰௜௝

௞

1 െ ߱௜௝
௞ ൅ ߰௜௝

௞  

z௠௜௡
௠௔௫ ൌ min ݈௜௝

௞ ൅ ௜௝ݔ
௞ Δ௠௜௡

௠௔௫ 

Z୩ ൌ ቎
ଵଵݖ
௞ ⋯ ଵ௡ݖ

௞

⋮ ⋱ ⋮
௠ଵݖ
௞ ⋯ ௠௡ݖ

௞
቏ 

Z ൌ ሺ∑ ܼ௞୏
୩ୀଵ ሻ/ܭ   5 

w ൌ ଵ
୫ୟ୶∑ ௭೔ೕ

೙
ೕసభ

భರ౟ರ౤	

   6 

T ൌ N ൅ Nଶ ൅⋯ ൌ ∑ ܰ௜ஶ
௜ୀଵ ൌ ܰሺ1 െ ܰሻିଵ  7 

ܴ௜ ൌ ∑ ௜௝ݐ
௡
௝ୀଵ    8 

௝ܦ ൌ ∑ ௜௝ݐ
௡
௜ୀଵ    9 

௜ܲ ൌ ሼܴ௜ ൅ ݅|௝ܦ ൌ ݆ሽ   10 

௜ܧ ൌ ሼܴ௜ െ ݅|௝ܦ ൌ ݆ሽ  11 

1 
 

෨ܼ୩ ൌ ቎
z෤ଵଵ
௞ ⋯ z෤ଵ௡

௞

⋮ ⋱ ⋮
z෤௠ଵ
௞ ⋯ z෤௠௡

௞
቏                                                       1 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯	 

෨ܼ୩  2 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯  3 

௜௝ߣ
௞ ൌ ሺ݈௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߤ
௞ ൌ ሺ݉௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߩ
௞ ൌ ሺݎ௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

Δ௠௜௡
௠௔௫ ൌ max ௜௝ݎ

௞ െ min ݈௜௝
௞  

                    ߱௜௝
௞ ൌ

ఓ೔ೕ
ೖ

ଵାఓ೔ೕ
ೖ ିఒ೔ೕ

ೖ  4 

߰௜௝
௞ ൌ

௜௝ߩ
௞

1 ൅ ௜௝ߩ
௞ െ ௜௝ߤ

௞  

௜௝ݔ
௞ ൌ

߱௜௝
௞ ൫1 െ ߱௜௝

௞ ൯ ൅ ߰௜௝
௞ ߰௜௝

௞

1 െ ߱௜௝
௞ ൅ ߰௜௝

௞  

z௠௜௡
௠௔௫ ൌ min ݈௜௝

௞ ൅ ௜௝ݔ
௞ Δ௠௜௡

௠௔௫ 

Z୩ ൌ ቎
ଵଵݖ
௞ ⋯ ଵ௡ݖ

௞

⋮ ⋱ ⋮
௠ଵݖ
௞ ⋯ ௠௡ݖ

௞
቏ 

Z ൌ ሺ∑ ܼ௞୏
୩ୀଵ ሻ/ܭ   5 

w ൌ ଵ
୫ୟ୶∑ ௭೔ೕ

೙
ೕసభ

భರ౟ರ౤	

   6 

T ൌ N ൅ Nଶ ൅⋯ ൌ ∑ ܰ௜ஶ
௜ୀଵ ൌ ܰሺ1 െ ܰሻିଵ  7 

ܴ௜ ൌ ∑ ௜௝ݐ
௡
௝ୀଵ    8 

௝ܦ ൌ ∑ ௜௝ݐ
௡
௜ୀଵ    9 

௜ܲ ൌ ሼܴ௜ ൅ ݅|௝ܦ ൌ ݆ሽ   10 

௜ܧ ൌ ሼܴ௜ െ ݅|௝ܦ ൌ ݆ሽ  11 

1 
 

෨ܼ୩ ൌ ቎
z෤ଵଵ
௞ ⋯ z෤ଵ௡

௞

⋮ ⋱ ⋮
z෤௠ଵ
௞ ⋯ z෤௠௡

௞
቏                                                       1 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯	 

෨ܼ୩  2 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯  3 

௜௝ߣ
௞ ൌ ሺ݈௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߤ
௞ ൌ ሺ݉௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߩ
௞ ൌ ሺݎ௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

Δ௠௜௡
௠௔௫ ൌ max ௜௝ݎ

௞ െ min ݈௜௝
௞  

                    ߱௜௝
௞ ൌ

ఓ೔ೕ
ೖ

ଵାఓ೔ೕ
ೖ ିఒ೔ೕ

ೖ  4 

߰௜௝
௞ ൌ

௜௝ߩ
௞

1 ൅ ௜௝ߩ
௞ െ ௜௝ߤ

௞  

௜௝ݔ
௞ ൌ

߱௜௝
௞ ൫1 െ ߱௜௝

௞ ൯ ൅ ߰௜௝
௞ ߰௜௝

௞

1 െ ߱௜௝
௞ ൅ ߰௜௝

௞  

z௠௜௡
௠௔௫ ൌ min ݈௜௝

௞ ൅ ௜௝ݔ
௞ Δ௠௜௡

௠௔௫ 

Z୩ ൌ ቎
ଵଵݖ
௞ ⋯ ଵ௡ݖ

௞

⋮ ⋱ ⋮
௠ଵݖ
௞ ⋯ ௠௡ݖ

௞
቏ 

Z ൌ ሺ∑ ܼ௞୏
୩ୀଵ ሻ/ܭ   5 

w ൌ ଵ
୫ୟ୶∑ ௭೔ೕ

೙
ೕసభ

భರ౟ರ౤	

   6 

T ൌ N ൅ Nଶ ൅⋯ ൌ ∑ ܰ௜ஶ
௜ୀଵ ൌ ܰሺ1 െ ܰሻିଵ  7 

ܴ௜ ൌ ∑ ௜௝ݐ
௡
௝ୀଵ    8 

௝ܦ ൌ ∑ ௜௝ݐ
௡
௜ୀଵ    9 

௜ܲ ൌ ሼܴ௜ ൅ ݅|௝ܦ ൌ ݆ሽ   10 

௜ܧ ൌ ሼܴ௜ െ ݅|௝ܦ ൌ ݆ሽ  11 

1 
 

෨ܼ୩ ൌ ቎
z෤ଵଵ
௞ ⋯ z෤ଵ௡

௞

⋮ ⋱ ⋮
z෤௠ଵ
௞ ⋯ z෤௠௡

௞
቏                                                       1 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯	 

෨ܼ୩  2 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯  3 

௜௝ߣ
௞ ൌ ሺ݈௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߤ
௞ ൌ ሺ݉௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߩ
௞ ൌ ሺݎ௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

Δ௠௜௡
௠௔௫ ൌ max ௜௝ݎ

௞ െ min ݈௜௝
௞  

                    ߱௜௝
௞ ൌ

ఓ೔ೕ
ೖ

ଵାఓ೔ೕ
ೖ ିఒ೔ೕ

ೖ  4 

߰௜௝
௞ ൌ

௜௝ߩ
௞

1 ൅ ௜௝ߩ
௞ െ ௜௝ߤ

௞  

௜௝ݔ
௞ ൌ

߱௜௝
௞ ൫1 െ ߱௜௝

௞ ൯ ൅ ߰௜௝
௞ ߰௜௝

௞

1 െ ߱௜௝
௞ ൅ ߰௜௝

௞  

z௠௜௡
௠௔௫ ൌ min ݈௜௝

௞ ൅ ௜௝ݔ
௞ Δ௠௜௡

௠௔௫ 

Z୩ ൌ ቎
ଵଵݖ
௞ ⋯ ଵ௡ݖ

௞

⋮ ⋱ ⋮
௠ଵݖ
௞ ⋯ ௠௡ݖ

௞
቏ 

Z ൌ ሺ∑ ܼ௞୏
୩ୀଵ ሻ/ܭ   5 

w ൌ ଵ
୫ୟ୶∑ ௭೔ೕ

೙
ೕసభ

భರ౟ರ౤	

   6 

T ൌ N ൅ Nଶ ൅⋯ ൌ ∑ ܰ௜ஶ
௜ୀଵ ൌ ܰሺ1 െ ܰሻିଵ  7 

ܴ௜ ൌ ∑ ௜௝ݐ
௡
௝ୀଵ    8 

௝ܦ ൌ ∑ ௜௝ݐ
௡
௜ୀଵ    9 

௜ܲ ൌ ሼܴ௜ ൅ ݅|௝ܦ ൌ ݆ሽ   10 

௜ܧ ൌ ሼܴ௜ െ ݅|௝ܦ ൌ ݆ሽ  11 

1 
 

෨ܼ୩ ൌ ቎
z෤ଵଵ
௞ ⋯ z෤ଵ௡

௞

⋮ ⋱ ⋮
z෤௠ଵ
௞ ⋯ z෤௠௡

௞
቏                                                       1 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯	 

෨ܼ୩  2 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯  3 

௜௝ߣ
௞ ൌ ሺ݈௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߤ
௞ ൌ ሺ݉௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߩ
௞ ൌ ሺݎ௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

Δ௠௜௡
௠௔௫ ൌ max ௜௝ݎ

௞ െ min ݈௜௝
௞  

                    ߱௜௝
௞ ൌ

ఓ೔ೕ
ೖ

ଵାఓ೔ೕ
ೖ ିఒ೔ೕ

ೖ  4 

߰௜௝
௞ ൌ

௜௝ߩ
௞

1 ൅ ௜௝ߩ
௞ െ ௜௝ߤ

௞  

௜௝ݔ
௞ ൌ

߱௜௝
௞ ൫1 െ ߱௜௝

௞ ൯ ൅ ߰௜௝
௞ ߰௜௝

௞

1 െ ߱௜௝
௞ ൅ ߰௜௝

௞  

z௠௜௡
௠௔௫ ൌ min ݈௜௝

௞ ൅ ௜௝ݔ
௞ Δ௠௜௡

௠௔௫ 

Z୩ ൌ ቎
ଵଵݖ
௞ ⋯ ଵ௡ݖ

௞

⋮ ⋱ ⋮
௠ଵݖ
௞ ⋯ ௠௡ݖ

௞
቏ 

Z ൌ ሺ∑ ܼ௞୏
୩ୀଵ ሻ/ܭ   5 

w ൌ ଵ
୫ୟ୶∑ ௭೔ೕ

೙
ೕసభ

భರ౟ರ౤	

   6 

T ൌ N ൅ Nଶ ൅⋯ ൌ ∑ ܰ௜ஶ
௜ୀଵ ൌ ܰሺ1 െ ܰሻିଵ  7 

ܴ௜ ൌ ∑ ௜௝ݐ
௡
௝ୀଵ    8 

௝ܦ ൌ ∑ ௜௝ݐ
௡
௜ୀଵ    9 

௜ܲ ൌ ሼܴ௜ ൅ ݅|௝ܦ ൌ ݆ሽ   10 

௜ܧ ൌ ሼܴ௜ െ ݅|௝ܦ ൌ ݆ሽ  11 

1 
 

෨ܼ୩ ൌ ቎
z෤ଵଵ
௞ ⋯ z෤ଵ௡

௞

⋮ ⋱ ⋮
z෤௠ଵ
௞ ⋯ z෤௠௡

௞
቏                                                       1 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯	 

෨ܼ୩  2 

୧୨ݖ̃
୩ ൌ ൫l୧୨

௞, 	݉௜௝
௞ , ௜௝ݎ

௞൯  3 

௜௝ߣ
௞ ൌ ሺ݈௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߤ
௞ ൌ ሺ݉௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

௜௝ߩ
௞ ൌ ሺݎ௜௝

௞ െ min ݈௜௝
௞ ሻ/Δ௠௜௡

௠௔௫ 

Δ௠௜௡
௠௔௫ ൌ max ௜௝ݎ

௞ െ min ݈௜௝
௞  

                    ߱௜௝
௞ ൌ

ఓ೔ೕ
ೖ

ଵାఓ೔ೕ
ೖ ିఒ೔ೕ

ೖ  4 

߰௜௝
௞ ൌ

௜௝ߩ
௞

1 ൅ ௜௝ߩ
௞ െ ௜௝ߤ

௞  

௜௝ݔ
௞ ൌ

߱௜௝
௞ ൫1 െ ߱௜௝

௞ ൯ ൅ ߰௜௝
௞ ߰௜௝

௞

1 െ ߱௜௝
௞ ൅ ߰௜௝

௞  

z௠௜௡
௠௔௫ ൌ min ݈௜௝

௞ ൅ ௜௝ݔ
௞ Δ௠௜௡

௠௔௫ 

Z୩ ൌ ቎
ଵଵݖ
௞ ⋯ ଵ௡ݖ

௞

⋮ ⋱ ⋮
௠ଵݖ
௞ ⋯ ௠௡ݖ

௞
቏ 

Z ൌ ሺ∑ ܼ௞୏
୩ୀଵ ሻ/ܭ   5 

w ൌ ଵ
୫ୟ୶∑ ௭೔ೕ

೙
ೕసభ

భರ౟ರ౤	

   6 

T ൌ N ൅ Nଶ ൅⋯ ൌ ∑ ܰ௜ஶ
௜ୀଵ ൌ ܰሺ1 െ ܰሻିଵ  7 

ܴ௜ ൌ ∑ ௜௝ݐ
௡
௝ୀଵ    8 

௝ܦ ൌ ∑ ௜௝ݐ
௡
௜ୀଵ    9 

௜ܲ ൌ ሼܴ௜ ൅ ݅|௝ܦ ൌ ݆ሽ   10 

௜ܧ ൌ ሼܴ௜ െ ݅|௝ܦ ൌ ݆ሽ  11 

Research Article

W. Dong, Z. Huang. Evaluation of Critical Factors for CP Implementation

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



655

© Schattauer 2015

As a result, the crisp direct-relation matrix Zk is derived:

(10)

Sub-step 1.4: Combining all direct-relation matrices Z1, Z2, ..., ZK into an aggregate matrix using an 
averaging process as follows:

(11)

The aggregated direction relationship matrix of this study is shown in ▶Table 4.
Step 2: Constructing the normalized direct-relation matrix. On the basis of the aggregate direct-

relation matrix Z, the normalized direct-relation matrix N can be obtained using the following ex-
pressions:

N = w · Z (12)

(13)

The matrix N of this study is shown in ▶Table 5.
Step 3: Constructing the total relation matrix (T) using the following expression: 

(14)

The matrix of this study is shown in ▶Table 6.
Step 4: Developing the causal influence and digraph diagram in DEMATEL. It consists of three 

sub-steps:
Sub-step 4.1: Determining row (Ri) and column (Dj) sums for each row i and column j from the 

total relation matrix (T). These can be obtained using the following expressions:
(j=1, 2, … , n) (15)
(i=1, 2, … , n) (16)

The row values Ri represent the sum of direct and indirect influence by CSF fi on other CSFs of CP 
implementation. Similarly the column values Dj show the sum of direct and indirect influence that 
CSF fj is receiving from other CSFs.

Sub-step 4.2: Determining the overall importance or prominence of CSF fi and net effect of CSF fj 
using the following expressions:

(17)
(18)

The value of Pi indicates the total cause of effect. The larger the value of Pi, the greater the overall 
prominence of CSF fi in terms of overall relationships with other CSFs. The value of Ei indicates the 
net effect or cause of fi. If Ei > 0, fi is a net cause for other CSFs. If Ei < 0, fi is a net effect of other CSFs. 
The results for CP implementation evaluation are shown in ▶Table 7.

Sub-step 4.3: Developing the overall DEMATEL prominence-causal graphs. ▶Figure 1 shows a 
graphic of the overall prominence-causal relationships derived from ▶Table 7, on which we can 
 observe general patterns and relationships amongst all CSFs. Due to the relatively large number of 
CSFs, we only mapped those relationships that are over a threshold value θ. In this study, θ is empiri-
cally set as 0.16. All the relationships that equal or larger than the threshold value are highlighted in 
the overall T matrix. The dynamic relationships are then plotted using dashed lines.

3. Results
Using the final results, we can identify the most important (prominent) factors and the most impor-
tant relationships amongst CSFs of CP implementation. Prominence includes the integration of 
these factors from both cause (influencing) and effect (resulting) perspectives. This analysis can tell 
us from a temporal perspective which factors need to be in place in the initial stage of CP implemen-
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tation, and which ones require attention in the later stage of CP implementation. As follows, we 
 separate and evaluate each of these relationships.

3.1 Cause Factors
From ▶Figure 1, we can see that the four most important factors are the cognitive level of hospital 
administrators, hospital accreditation system, the cognitive level of clinical staff, and feedback of CP 
implementation. It is not surprising that the cognitive level of clinical staff is one of the most promi-
nent factors. In general, the cognitive level of clinical staff is not only important factors for successful 
implementation of CPs, but also the most critical factors of medical quality and healthcare manage-
ment, as indicated in many studies. Feedback of CP implementation, without any doubt, can help 
clinical staff in variation processing and posteriori analysis of CP variation by presenting the analy-
sis result of CP implementation, so as to optimize and redesign CPs.

The cognitive level of hospital administrators and hospital accreditation system, with the highest 
score of , are primarily hospital-related. It strengthens the point that CP is not only an operational 
issue for medical service delivery, but also the strategic concern for healthcare organizations. They 
not only play a significant role in CP implementation, but also affect other CSFs. Note that the direc-
tion of significant influence between the cognitive level of hospital administrators and posteriori 
analysis of CP variation is unidirectional. The evaluation from this observation is that (1) cognitive 
level of hospital administrators needs to make sure that posteriori analysis of CP variation occurs, 
and (2) contribute to CP implementation when cognitive level of hospital administrators is in place. 

In addition, other CSFs, e.g. records of pathway, feedback of CP implementation, etc. also 
 influence posteriori analysis of CP variation. These are hospital-related factors that are in place to 
further make sure that the goals for posteriori analysis of CP variation. Note that prominence 
 includes the integration of the factors from both a cause and effect perspective. This analysis can 
provide an ordinal perspective on what factors need to be considered initially (e.g. in CP design 
phase), and which ones require attention at a future time in CP implementation.

Besides, using the derived relationships among CSFs, we also found that the general understand-
ing of CPs may be slightly different to clinical experts. For example, we notice that the way of pay-
ment for medical service is not the main cause for any other CSFs. As shown in ▶Figure 1, it has a 
standalone, less prominent presence when compared to other CSFs. This finding is interesting since 
CPs are in general recognized as a new channel for medical service payment in the hospital. This 
may indicate that, for successful implementation of CPs, healthcare organizations should pay their 
attention less on the “financial issue”, but more on the relative importance of technicalities of hospi-
tal administration, cognitive level of hospital administrators and clinical staff, and usage of feed-
backs of CP implementation, etc.

3.2 Effect Factors
The net effect CSFs, as the most influenced, resulting factors, may be the last ones a healthcare or-
ganization needs to address such that CP implementation achieves success. A net  effect CSF can 
serve as the ultimate gatekeeper for the success of CP implementation. From ▶Figure 1, we can 
identify several key net effect CSFs.

Management capacity of relevant departments, HIT support for CP, variation processing, and 
posteriori analysis of CP variation are not significant causes for any other CSFs while they are 
prominent CSFs. The significant causes of these three factors are very similar, including the cogni-
tive level of hospital administrators, hospital accreditation system, the cognitive level of clinical staff, 
and feedback of CP implementation. Such results indicate that variation processing and posteriori 
analysis of CP variation, are generally serious issues at later stages in CP implementation, and can be 
addressed when the cognitive level of hospital administrators, hospital accreditation system, the 
 cognitive level of clinical staff, and feedback of CP implementation are concerned in the early stage 
of CP implementation. Additionally, we find that the cognitive level of patients, adherence between 
computerized CPs and CP templates evidence for diagnosis and communications between patients 
and clinical staff are not related to any other CSFs, which indicates that these factors may require 
specific attention during CP implementation.
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A more in-depth check of ▶Figure 2 shows that hospital accreditation system, the cognitive level 
of clinical staff, the cognitive level of hospital administrators, and feedback of CP implementation 
are four key cause factors on posteriori analysis of CP variation. It indicates that all these four factors 
contribute to assure that posteriori analysis of CP variation occurs when they are in place. Practi-
cally, if hospital managers and clinicians receive posteriori analysis results of CP variation, these four 
factors will help guarantee greater posteriori analysis of CP variation and greater CP implemen-
tation. ▶Figure 1 also shows that feedback of CP implementation, as a key cause for posteriori 
analysis of CP variation, is also dependent on hospital accreditation system. It indicates that poster-
iori analysis of CP variation can be partly traced to poor strategic concern of healthcare organiz-
ations. For this small sample, the cognitive level of administrators was the most prominent CSF, 
 followed by hospital accreditation system, which closely related to the basic situation of medical 
 service delivery in hospitals in China.

3.3 Research Implications
The results present some initial guidance on successful implementation of CPs. It is benefited to dis-
tinguish whether a critical factor belongs to the cause group factors or the effect group. To reach a 
high level of performance of CP implementation, it requires a high level of focus on the cause group 
factors rather than the effect group. As shown in ▶Figure 2, we have found that some CSFs are 
cause factors to successful implementation of CP. For example, the cognitive level of clinical staff 
needs to be developed for the general CPs. From a managerial perspective having cause factors CSFs 
being well addressed will be necessary to make sure that other CSFs are controlled at later stages in 
CP implementation. Appropriate planning and solutions can then be carried out to achieve a greater 
degree of success in CP implementation. But knowing which CSFs are cause factors and which ones 
are dependent is an important aspect of CP implementation that has rarely been investigated. The 
proposed methodology allows for this initial evaluation. 

Note that the proposed method can be valuable for developing a series of research propositions. 
For example, we can make a proposition that there are direct and indirect effects of the cognitive 
level of hospital administrators on posteriori analysis of CP variation. The indirect relationship is 
that the relationship between the cognitive level of hospital administrators and posteriori analysis of 
CP variation is mediated by strategic alignment perceptions. In addition, with the proposed fuzzy 
DEMATEL method, the hospital can segment a list of CSFs into expressive groups for making deci-
sions in the CP implementation initiative. According to the results of segmentation, it was revealed 
that the most crucial factors are the cognitive level of hospital administrators, and hospital accredi-
tation system, not HIT. Although the cognitive level of hospital administrators and hospital accredi-
tation system are not easy changed, they are the core part of promoting a successful CP implemen-
tation and the root of achieving high quality of medical service delivery in CPs. Hence, the hospital 
must emphasize the importance of the cognitive level of hospital administrators and hospital 
 accreditation system to succeed in its CP implementation initiatives.

4.  Conclusion
The results of this study indicate that the proposed method can measure importance of CSFs and 
the ordinal relationships among CSFs, so as to provide initial insights into CP implementation. This 
is quite helpful for hospital managers to identify critical factors that need to be focused upon for 
 successful implementation of CPs. The proposed approach provides a basis for further studies, and 
we believe that there is ample opportunity to investigate how the proposed tool can be used to 
achieve successful CP implementation. In particular, the proposed approach can not only be used as 
a way to handle the interdependencies within a set of criteria, but also provide more valuable infor-
mation for making decisions. The achievements of this study are expected to be of interest to the 
policy makers, health providers and HIT vendors. More customized and effective technological 
 innovations can therefore be developed for successful implementation of CPs and to improve the 
quality of medical service delivery.
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For future studies, some limitations of the proposed approach will be underlined. What we have 
shown in this study is a static representation of the relationships between CSFs such that critical 
 factors can be identified for successful implementation of CPs. Over time, the relationships between 
CSFs may change dynamically, and it requests to provide what-if analysis based on the dynamic 
 behavior of CSFs. In addition, the accuracy of the proposed fuzzy DEMATEL is strongly dependent 
on the experts’ judgments Note that experts may look insight into CPs from their unique perspec-
tives, and thus, we cannot expect that the selected experts have the same perception on CPs. 
 Inevitably, bias exists in the experimental dataset. Therefore, matters such as the selection of the 
 panelists in the domain studied, the feedback with them, and the method used to build the tool are 
critical.
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Fig. 1 The procedure of the proposed approach.
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Fig. 2 Overall fuzzy DEMATEL prominence-causal relationship diagram. Some CSFs are cause factors to successful 
implementation of CP. For example, the cognitive level of clinical staff needs to be developed for the general CPs. From 
a managerial perspective having cause factors CSFs being well addressed will be necessary to make sure that other 
CSFs are controlled at later stages in CP implementation.
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Table 1 Critical factors for successful CP implementation.

Label

f1

f2

f3

f4

f5

f6

f7

f8

f9

f10

f11

f12

f13

f14

f15

f16

Factor Name

The way of payment for 
medical service [20, 30]

Hospital accreditation 
system [30]

Cognitive level of clinical 
staff [3, 12, 16, 20, 23]

Cognitive level of 
 patients [12] 

Cognitive level of hospi-
tal  administrators [12, 
16]

Working environment of 
hospital for the imple-
mentation of CP [8, 16, 
20, 24]

Management capacity of 
 relevant departments [12, 
16, 20]

HIT support for CP [1, 3, 
8, 20, 23, 24]

Establishment of respon-
sible  office for CP imple-
mentation [12, 16, 30]

Diseases for CP execution 
[1]

Quality of CP templates 
[1, 16, 20]

Adherence between com-
puterized CPs and CP 
templates [1, 24]

Evidence for diagnosis [1, 
6, 20]

Evidence for therapy op-
tions [1, 6, 20]

Standard for inclusion 
and  exclusion [13 ,20]

Number of complications 
[3, 13]

Description

The way patients pay their medical service, 
 determined by the assurance owned by them

The ratio of applying CP in patient careflow is one 
of the most important measures that has already 
been adopted by health authority to evaluate the 
level of hospital

Clinical staff’s awareness of the importance and 
benefits of CPs 

Patients’ awareness of the importance and 
 benefits of CPs 

The awareness of the importance and benefits of 
CPs for the development of hospital held by 
 hospital administrators who may make 
 mobilization of clinical staff to be aware of the 
importance and benefits of CP

The basic working infrastructure for CP 
 implementation consists of medical resource 
equipment and knowledge equipment

The distribution of medical resource and clinical 
staff in relevant departments, and collaborations 
between departments for the implementation of 
CPs

Using HIT to support CP execution and improve 
quality of CP

responsible office for the implementation of CPs 
to assess and increase the actual application ratio 
of CPs in hospital

Choice of diseases that are suitable to perform CP

Rationality of the workflow design for CPs

The computerized CP should be adherent with the 
established CP templates

The evidence recorded in CP templates which 
clinical staff adopted to diagnosis the disease 
 patients were suffering 

Evidence recorded in CP templates which clinical 
staff adopted for choosing specific treatment 
 interventions in CP execution

Standard constraints patients entering CP or 
 exiting CP

The number of complications patients were 
 suffering during the treatment process

Classification

Hospital administration 
level / patient condition 
and engagement

Hospital administration 
level

Clinical staff involve-
ment and collaboration

Patient condition and 
engagement

Hospital administration 
level/ clinical staff 
 involvement and collab-
oration 

Hospital administration 
level / clinical staff 
 involvement and collab-
oration

Hospital administration 
level / clinical staff 
 involvement and collab-
oration

Healthcare information 
technology

Hospital administration 
level

Clinical staff involve-
ment and collaboration

Hospital administration 
level /clinical staff 
 involvement and collab-
oration

Healthcare information 
technology

Clinical staff involve-
ment and collaboration

Clinical staff involve-
ment and collaboration

Clinical staff involve-
ment and collaboration

Patient condition and 
engagement
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Table 1 Continued

Label

f17

f18

f19

f20

f21

f22

f23

Factor Name

Communication between 
clinical staff and patients 
[20]

Quality control during 
pathway execution [20]

Records of pathway [1, 
13, 20]

Variation processing [6, 
20]

Evaluation indicators [6, 
20]

Posteriori analysis of CP 
variation [1, 6, 20]

Feedback of CP imple-
mentation [1, 6, 20]

Description

Communication related to the treatment 
 procedure and new arising variation between 
medical staff and patients

Timely monitoring of the medical quality during 
pathway execution

Recording medical interventions and patient 
 behaviors related to the treatment process

Measures clinical experts taken to handle the 
variation during the treatment process

Determine the indicators used to evaluation the 
implementation of CP and quality of CP

Analysis the data related to variations recorded in 
treatment process after the implementation of CP

Present implementation result of CPs to clinical 
experts to help them optimize and redesign CPs

Classification

Clinical staff involve-
ment and collaboration 
/ patient  condition and 
engagement

Clinical staff involve-
ment and collaboration

Clinical staff involve-
ment and collaboration

Clinical staff involve-
ment and collaboration

Clinical staff involve-
ment and collaboration

Clinical staff involve-
ment and collaboration

Clinical staff involve-
ment and collaboration

Table 2 Requirements for the selected causal analysis technique.

Requirements

Capable of represent-
ing all possible 
 connections among 
CSFs

Processing uncertain 
information

Processing scarce in-
formation

Variations in strength 
of relationships 
amongst CSFs and 
two-way relationships

Causal analysis techniques

Bayesian 
Networks

√

√

Fuzzy Cogni-
tive Maps

√

√

√

Interpretive Struc-
tural  Modeling

√

√

DEMATEL

√

√

√

Fuzzy 
 DEMATEL

√

√

√

√

Table 3 The fuzzy linguistic scale.Linguistic terms

No influence

Very low influence

Low influence

High influence

Very high influence

Triangular fuzzy numbers

(0, 0, 0.25)

(0, 0.25, 0.5)

(0.25, 0.5, 0.75)

(0.5, 0.75, 1.0)

(0.75, 1.0, 1.0)

Research Article
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Table 4  The overall direct-relation matrix Z.

f1
f2
f3
f4
f5
f6
f7
f8
f9
f10
f11
f12
f13
f14
f15
f16
f17
f18
f19
f20
f21
f22
f23

f1
.000

.000

.000

.302

.302

.000

.000

.000

.000

.000

.000

.000

.000

.208

.167

.000

.167

.125

.167

.000

.198

.125

.198

f2
.334

.000

.458

.000

.447

.167

.000

.631

.000

.000

.354

.000

.000

.250

.208

.000

.125

.302

.250

.250

.510

.391

.354

f3
.447

.625

.000

.250

.688

.406

.292

.302

.616

.510

.406

.000

.208

.406

.406

.000

.458

.559

.354

.167

.406

.559

.559

f4
.447

.208

.616

.000

.406

.000

.125

.167

.616

.000

.000

.000

.167

.208

.000

.000

.729

.406

.250

.458

.302

.447

.447

f5
.447

.854

.458

.250

.000

.631

.292

.406

.559

.406

.000

.000

.000

.302

.292

.125

.208

.406

.354

.391

.458

.250

.503

f6
.167

.688

.563

.000

.875

.000

.510

.744

.759

.354

.406

.198

.167

.302

.333

.125

.167

.447

.250

.334

.510

.354

.391

f7
.000

.688

.542

.167

.759

.631

.000

.500

.688

.292

.542

.125

.208

.167

.354

.167

.302

.631

.503

.458

.559

.458

.802

f8
.125

.759

.503

.125

.759

.616

.510

.000

.503

.575

.167

.510

.208

.447

.354

.125

.125

.406

.559

.354

.616

.447

.729

f9
.000

.816

.677

.000

.631

.559

.510

.563

.000

.354

.250

.000

.000

.208

.302

.125

.000

.447

.503

.391

.503

.302

.616

f10
.391

.406

.616

.125

.688

.503

.500

.000

.406

.000

.447

.125

.447

.677

.406

.292

.000

.302

.000

.503

.406

.559

.559

f11
.000

.406

.688

.208

.406

.672

.510

.583

.250

.750

.000

.458

.575

.575

.503

.354

.302

.302

.354

.250

.406

.391

.631

f12
.334

.677

.631

.198

.354

.616

.510

.000

.406

.406

.354

.000

.406

.167

.447

.250

.167

.334

.000

.000

.198

.125

.447

f13
.000

.167

.503

.208

.354

.391

.208

.000

.000

.334

.334

.510

.000

.250

.250

.672

.250

.000

.447

.391

.198

.125

.354

f14
.302

.354

.802

.156

.616

.616

.292

.510

.000

.816

.750

.458

.744

.000

.354

.729

.510

.302

.250

.447

.354

.391

.503

f15
.167

.559

.672

.000

.391

.559

.458

.000

.510

.744

.750

.510

.672

.672

.000

.677

.000

.167

.406

.000

.354

.616

.616

f16
.000

.302

.250

.302

.278

.250

.000

.125

.000

.616

.616

.167

.000

.000

.167

.000

.198

.334

.198

.447

.125

.198

.391

f17
.000

.563

.583

.616

.677

.500

.583

.167

.278

.208

.563

.000

.000

.391

.302

.000

.000

.559

.503

.503

.354

.458

.503

f18
.302

.559

.510

.000

.559

.616

.802

.688

.759

.510

.816

.250

.000

.167

.391

.208

.559

.000

.631

.447

.447

.559

.575

f19
.167

.458

.583

.167

.688

.503

.510

.292

.616

.250

.672

.000

.000

.000

.447

.250

.447

.688

.000

.625

.688

.688

.503

f20
.167

.406

.616

.167

.563

.391

.510

.458

.616

.458

.583

.631

.458

.542

.447

.406

.559

.744

.744

.000

.616

.631

.688

f21
.198

.447

.503

.125

.744

.447

.406

.688

.616

.250

.563

.000

.302

.447

.334

.503

.208

.559

.559

.672

.000

.616

.503

f22
.250

.559

.616

.000

.542

.334

.583

.631

.616

.406

.510

.250

.559

.542

.391

.559

.503

.802

.927

.802

.616

.000

.759

f23
.188

.631

.344

.000

.802

.269

.688

.678

.759

.575

.688

.000

.391

.354

.391

.302

.447

.744

.678

.678

.448

.759

.000
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Table 5 The normalized direct-relation matrix N.

f1
f2
f3
f4
f5
f6
f7
f8
f9
f10
f11
f12
f13
f14
f15
f16
f17
f18
f19
f20
f21
f22
f23

f1
.000

.000

.000

.024

.024

.000

.000

.000

.000

.000

.000

.000

.000

.017

.013

.000

.013

.010

.013

.000

.016

.010

.016

f2
.027

.000

.037

.000

.036

.013

.000

.050

.000

.000

.028

.000

.000

.020

.017

.000

.010

.024

.020

.020

.041

.031

.028

f3
.036

.050

.000

.020

.055

.032

.023

.024

.049

.041

.032

.000

.017

.032

.032

.000

.037

.045

.028

.013

.032

.045

.045

f4
.036

.017

.049

.000

.032

.000

.010

.013

.049

.000

.000

.000

.013

.017

.000

.000

.058

.032

.020

.037

.024

.036

.036

f5
.036

.068

.037

.020

.000

.050

.023

.032

.045

.032

.000

.000

.000

.024

.023

.010

.017

.032

.028

.031

.037

.020

.040

f6
.013

.055

.045

.000

.070

.000

.041

.059

.061

.028

.032

.016

.013

.024

.027

.010

.013

.036

.020

.027

.041

.028

.031

f7
.000

.055

.043

.013

.061

.050

.000

.040

.055

.023

.043

.010

.017

.013

.028

.013

.024

.050

.040

.037

.045

.037

.064

f8
.010

.061

.040

.010

.061

.049

.041

.000

.040

.046

.013

.041

.017

.036

.028

.010

.010

.032

.045

.028

.049

.036

.058

f9
.000

.065

.054

.000

.050

.045

.041

.045

.000

.028

.020

.000

.000

.017

.024

.010

.000

.036

.040

.031

.040

.024

.049

f10
.031

.032

.049

.010

.055

.040

.040

.000

.032

.000

.036

.010

.036

.054

.032

.023

.000

.024

.000

.040

.032

.045

.045

f11
.000

.032

.055

.017

.032

.054

.041

.047

.020

.060

.000

.037

.046

.046

.040

.028

.024

.024

.028

.020

.032

.031

.050

f12
.027

.054

.050

.016

.028

.049

.041

.000

.032

.032

.028

.000

.032

.013

.036

.020

.013

.027

.000

.000

.016

.010

.036

f13
.000

.013

.040

.017

.028

.031

.017

.000

.000

.027

.027

.041

.000

.020

.020

.054

.020

.000

.036

.031

.016

.010

.028

f14
.024

.028

.064

.012

.049

.049

.023

.041

.000

.065

.060

.037

.059

.000

.028

.058

.041

.024

.020

.036

.028

.031

.040

f15
.013

.045

.054

.000

.031

.045

.037

.000

.041

.059

.060

.041

.054

.054

.000

.054

.000

.013

.032

.000

.028

.049

.049

f16
.000

.024

.020

.024

.022

.020

.000

.010

.000

.049

.049

.013

.000

.000

.013

.000

.016

.027

.016

.036

.010

.016

.031

f17
.000

.045

.047

.049

.054

.040

.047

.013

.022

.017

.045

.000

.000

.031

.024

.000

.000

.045

.040

.040

.028

.037

.040

f18
.024

.045

.041

.000

.045

.049

.064

.055

.061

.041

.065

.020

.000

.013

.031

.017

.045

.000

.050

.036

.036

.045

.046

f19
.013

.037

.047

.013

.055

.040

.041

.023

.049

.020

.054

.000

.000

.000

.036

.020

.036

.055

.000

.050

.055

.055

.040

f20
.013

.032

.049

.013

.045

.031

.041

.037

.049

.037

.047

.050

.037

.043

.036

.032

.045

.059

.059

.000

.049

.050

.055

f21
.016

.036

.040

.010

.059

.036

.032

.055

.049

.020

.045

.000

.024

.036

.027

.040

.017

.045

.045

.054

.000

.049

.040

f22
.020

.045

.049

.000

.043

.027

.047

.050

.049

.032

.041

.020

.045

.043

.031

.045

.040

.064

.074

.064

.049

.000

.061

f23
.015

.050

.027

.000

.064

.021

.055

.054

.061

.046

.055

.000

.031

.028

.031

.024

.036

.059

.054

.054

.036

.061

.000
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Table 6 The total-relation matrix T.

f1
f2
f3
f4
f5
f6
f7
f8
f9
f10
f11
f12
f13
f14
f15
f16
f17
f18
f19
f20
f21
f22
f23

f1
.009

.021

.022

.030

.047

.018

.017

.017

.019

.016

.018

.007

.010

.030

.026

.011

.026

.028

.031

.017

.033

.028

.037

f2
.049

.056

.090

.015

.097

.061

.045

.094

.050

.045

.075

.020

.027

.057

.053

.028

.041

.072

.066

.062

.087

.078

.084

f3
.071

.140

.091

.043

.153

.109

.095

.097

.126

.109

.108

.031

.059

.091

.090

.045

.085

.121

.101

.084

.108

.120

.135

f4
.060

.081

.110

.018

.103

.054

.061

.064

.104

.048

.055

.020

.041

.057

.042

.030

.094

.089

.074

.086

.078

.089

.099

f5
.067

.145

.114

.039

.089

.114

.084

.096

.113

.091

.068

.026

.036

.075

.073

.047

.059

.100

.091

.091

.103

.088

.118

f6
.050

.148

.135

.024

.169

.081

.112

.132

.139

.099

.108

.047

.056

.084

.086

.055

.062

.114

.094

.096

.118

.105

.124

f7
.041

.160

.146

.039

.174

.138

.084

.124

.146

.104

.130

.045

.064

.081

.095

.064

.080

.139

.124

.116

.132

.125

.166

f8
.052

.162

.140

.035

.171

.135

.120

.082

.129

.122

.100

.073

.064

.100

.094

.061

.065

.119

.124

.105

.133

.121

.158

f9
.035

.150

.136

.021

.145

.116

.107

.114

.077

.094

.093

.029

.040

.072

.079

.051

.047

.109

.108

.096

.113

.098

.134

f10
.066

.120

.135

.033

.149

.114

.107

.071

.107

.070

.110

.042

.079

.110

.089

.069

.049

.099

.072

.106

.105

.117

.132

f11
.041

.134

.155

.043

.145

.140

.120

.123

.108

.138

.088

.072

.095

.111

.105

.080

.078

.110

.108

.097

.116

.116

.151

f12
.054

.123

.118

.034

.105

.107

.093

.056

.092

.086

.087

.023

.064

.059

.080

.054

.050

.085

.055

.052

.074

.069

.105

f13
.025

.075

.101

.034

.095

.083

.064

.047

.054

.075

.080

.061

.030

.059

.060

.083

.054

.054

.082

.077

.066

.062

.089

f14
.065

.132

.166

.042

.162

.138

.105

.118

.090

.146

.147

.074

.109

.070

.096

.110

.096

.112

.102

.114

.114

.118

.144

f15
.052

.141

.150

.026

.138

.128

.111

.077

.121

.136

.143

.074

.101

.115

.064

.104

.053

.096

.107

.076

.108

.128

.145

f16
.023

.077

.074

.038

.081

.066

.044

.052

.049

.090

.094

.033

.027

.037

.049

.027

.046

.073

.058

.076

.056

.063

.085

f17
.038

.136

.137

.071

.153

.116

.118

.088

.104

.087

.121

.031

.043

.090

.083

.045

.053

.124

.114

.110

.106

.115

.132

f18
.066

.158

.151

.030

.168

.144

.151

.142

.157

.126

.157

.058

.053

.086

.104

.070

.102

.098

.139

.120

.130

.138

.158

f19
.053

.139

.146

.039

.165

.126

.121

.106

.139

.098

.139

.035

.048

.068

.101

.069

.090

.142

.085

.126

.139

.140

.143

f20
.061

.154

.170

.046

.177

.136

.137

.131

.153

.131

.151

.091

.093

.120

.114

.093

.110

.162

.155

.094

.149

.151

.176

f21
.056

.140

.143

.037

.172

.125

.114

.137

.138

.103

.133

.038

.072

.102

.094

.091

.074

.134

.129

.132

.089

.136

.145

f22
.068

.169

.173

.034

.181

.135

.145

.148

.156

.130

.149

.064

.102

.122

.113

.107

.108

.170

.173

.158

.153

.108

.185

f23
.060

.167

.144

.031

.190

.123

.146

.146

.160

.136

.153

.043

.085

.104

.107

.083

.098

.158

.148

.143

.135

.157

.120
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Table 7 The degree of prominence and net cause/effect of CSFs.

Factor

f1
f2
f3
f4
f5
f6
f7
f8
f9
f10
f11
f12
f13
f14
f15
f16
f17
f18
f19
f20
f21
f22
f23

R

1.160

2.929

2.949

.801

3.230

2.506

2.304

2.261

2.531

2.281

2.506

1.039

1.397

1.900

1.898

1.478

1.621

2.508

2.339

2.232

2.445

2.471

2.966

D

0.519

1.354

2.213

1.558

1.927

2.238

2.515

2.465

2.063

2.150

2.477

1.726

1.512

2.570

2.394

1.318

2.213

2.706

2.457

2.955

2.536

3.051

2.837

Prominence D+R

1.679

4.283

5.162

2.360

5.157

4.745

4.819

4.726

4.594

4.431

4.983

2.765

2.909

4.470

4.292

2.796

3.835

5.214

4.797

5.188

4.981

5.522

5.803

Net effect R-D

0.641

1.575

0.736

-0.757

1.304

0.268

-0.212

-0.204

0.468

0.131

0.030

-0.687

-0.115

-0.671

-0.495

0.160

-0.592

-0.198

-0.118

-0.723

-0.090

-0.580

0.129
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