Z‘ I El' A International Information and

Engineering Technology Association

Ingénierie des Systémes d’Information
Vol. 24, No. 5, October, 2019, pp. 473-480

Journal homepage: http://iieta.org/journals/isi

An Information System of Clinical Pathway Management Based on the Integration Between
Knowledge Management and Learning Organization

Jiali Liu, Kai Li"

Zhejiang Chinese Medical University, Hangzhou 310053, China

Corresponding Author Email: kaili@fudan.edu.cn

https://doi.org/10.18280/isi.240503

ABSTRACT

Received: 28 April 2019
Accepted: 20 August 2019

Keywords:
clinical pathway (CP), knowledge
management, learning organization,

organizational performance, structural
equation modelling (SEM)

Inspired by the integration between knowledge management and learning organization (K-L
integration), this paper sets up a clinical pathway (CP) management model based on K-L
integration, and puts forward several hypotheses on the chain of positive impacts between CP
management process, CP organizational optimization and CP performance. To verify the
effectiveness of the model, a questionnaire survey was carried out at a provincial first-class
hospital, and the survey data were subjected to reliability and validity tests. The proposed
hypotheses were verified based on the reliable and valid samples. The data analysis shows that
the proposed model has good fitting effect. Based on the model, the authors established an
information system of CP management that enhances the CP knowledge among medical
personnel, promotes medical quality and reduces the medical cost. The research results shed

new light on the CP management in hospitals.

1. INTRODUCTION

Clinical pathway (CP) is a gradually digitized, standard
medical process that treats and tests diseases [1, 2]. The CP
has been widely adopted to facilitate the communication
between medical personnel and patients, train and educate
medical students, standardize and optimize medical processes,
as well as design and implement digitized information systems
[3, 4]. With the aid of information technology, the CP
encourages patient involvement in the evaluation of medical
service quality, promotes the efficiency of clinical work and
enhances the quality of medical services and reduces the rate
of CP wvariation [5, 6]. Practical applications in various
hospitals have proved the effectiveness of the CP in ensuring
medical quality, controlling medical cost and optimizing
medical processes. But there is a discrepancy between current
and ideal clinical pathways whereby some patients are
experiencing quality of care that is inefficient, disjointed, and
less than ideal [7].

Traditionally, the CP is mainly implemented by medical
personnel to prepare the most suitable and timely care plan for
diagnosis. The dawn of the knowledge era raises new
requirements on the CP: provide the patients with the best care
by minimizing recovery delay and resource waste and
maximizing the efficiency of clinical work and quality of
medical services [8]. Hence, synchronous knowledge
management is necessary before implementing the CP module
in regional information network [9].

There are three dimensions in knowledge management:
knowledge base, favorable environment and knowledge
practice [10]. Crucial to success of organizing activities and
strategies, knowledge management is a necessary measure to
maintain competitive advantages in the knowledge-driven
global economy [11, 12]. In 1990, Peter M. Senge proposed
the concept and construction disciplines of learning
organization in The Fifth Discipline. Since then, this concept
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has been extensively used in organization and management.
Learning organizations should be able to create, acquire and
transfer knowledge and to adjust their behaviors adaptively to
new knowledge in time [13]. For an organization, its
competitiveness directly hinges on learning and knowledge.
Facing intense competitions, medical institutions must
increase the quality and efficiency of medical services through
learning and knowledge management [14, 15].

Previous studies have shown that the CP implementation
can promote organizational performance, but the promoting
effect is rather weak [16]. In fact, several key intermediate
factors between CP and organizational performance have been
neglected. In an era when intangible assets have become the
source of wealth and progress, knowledge management and
learning organization may be the missing factors. To make up
for the gap, this paper introduces the integration between
knowledge management and learning organization (K-L) to
the management of CP process, and builds a CP management
information system based on the K-L integration, with the aim
to provide the best medical care to patients.

2. MODEL CONSTRUCTION
2.1 Theoretical analysis

2.1.1 Matching between knowledge management and CP
management

Knowledge management aims to apply professional
knowledge in a systematic and organized manner. Such
knowledge enables employees to work more effectively [17].
The basic activities of knowledge management include the
creation, acquisition/storage, transfer and application of
knowledge.

To enhance its competitiveness through knowledge
management, an organization must have a clear understanding



of the process of knowledge management and boast the knowledge management. Therefore, the authors constructed a

relevant abilities. In general, knowledge management can be conceptual model of CP management according to the
implemented in four stages: knowledge acquisition, knowledge management process. As shown in Figure 1, the
knowledge utilization, knowledge transfer and knowledge model adopts a four-stage process: CP assessment, CP
protection [18]. In the regional information network, the CP preparation, CP execution and CP completion.

module cannot be implemented without synchronous

Knowledge Knowledge Knowledge Knowledge Knowledge
Management Process | | Acquisition Utilization Transfer Protection

Matching Process of CP CP CP CP
CP Management Assessment Preparation Execution Completion

Figure 1. Matching between CP management and knowledge management

2.1.2 Matching between learning organization and CP interests satisfied and will share their knowledge in an active
management manner [21]. To become a learning organization, ordinary
Learning organization refers to a collection or team of organizations must shift their focus of learning from individual
people that continuously enhance their creativity [19]. There performance to team/organizational performance [22].
are three levels (individual learning, team learning and Drawing on the relevant literature, this paper defines
organizational learning) and seven dimensions of learning learning organization from four aspects, namely, structural
organization [20]. design, individual learning, team learning and systematic
A typical learning organization should continually provide thinking. On this basis, a conceptual CP management model
its members with learning opportunities conducive to fulfilling was established. As shown in Figure 2, this model covers CP
their goals. If so, the organization will achieve better structural design, CP individual learning, CP team learning
performance, while its members will find their personal and CP systematic thinking.

Aspects of Learning | Structural Individual . Systematic
Organization Design Learning Team Learning Thinking
Matching Process of CP Structural CP Individual CP Team CP Systematic
CP Management Design Learning Learning Thinking

Figure 2. Matching between CP management and learning organization

2.1.3 CP management and performance evaluation based on non-financial indices of knowledge assets are not easy to
K-L integration quantify, and their impact on the financial index is mediated
Using the balance scorecard (BSC), the knowledge assets of by the appreciation of knowledge assets.

an organization can be measured by three indices: financial Through the above analysis, this paper proposes a
growth, internal process and customer [23]. According to the relationship model between knowledge learning and
research results based on the BSC and fuzzy analysis, the organizational performance. As shown in Figure 3, the model
knowledge management has a positive impact on supply chain assumes that the K-L integration affects financial growth,
performance [24]. The financial growth of an organization is which in turn influences the internal process, and then
affected by each aspect of learning organization. The influence customer satisfaction and financial performance.

mechanism is similar to chain transmission [25]. However, the

Knowledge Influence Internal Customer Financial
. Growth . .
Learning Process Satisfaction Performance

BSC——Indices of Knowledge Assets
(Non-Financial Indices)

Organizational performance

Figure 3. The relationship model between knowledge learning and organizational performance

2.2 CP management model based on K-L integration knowledge assets related to organizational business. These
knowledge assets will be subjected to individual learning and

Through knowledge acquisition, utilization, transfer and team learning by the learning organization. Therefore,
protection, knowledge management sums up and refines knowledge management provides the learning contents to the
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learning organization, while the learning organization
organizes the results of knowledge management into an
organic form. In our research, the learning organization
depends greatly on the subjective initiative of medical
personnel.

Through the analysis in Subsection 2.1, this paper puts
forward a conceptual model for CP management based on K-
L integration. As shown in Figure 4, the influence of CP
knowledge management on CP organizational performance is
mediated by the aspects of CP learning organization.
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Figure 4. Conceptual model for CP management based on K-L integration

2.3 Research dimensions

According to the theories on knowledge management and
CP management, this paper identified four research
dimensions: CP assessment, CP preparation, CP execution and
CP completion. Based on the theories on learning organization
of CP management, another four dimensions were determined:
CP structural design, CP individual learning, CP team learning
and CP systematic thinking. In addition, four more dimensions
were proposed for the BSC-based CP performance evaluation:

CP growth, medical quality, patient service and cost control.
2.4 Empirical analysis method

To verify its effectiveness, the established CP management
model based on K-L integration was subjected to empirical
analysis on CP process management, CP organizational
optimization and CP performance. The workflow of the
empirical analysis is shown in Figure 5.
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Figure 5. Workflow of empirical analysis

2.5 Research hypotheses

2.5.1 Hypotheses on CP management process

In CP assessment, the medical personnel need to select
suitable information and knowledge assets according to the
situation of the patient and the hospital. Meanwhile, CP
preparation is to classify, organize and systematize the
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selected information and knowledge for preservation. Since
CP assessment lays the basis for CP preparation, Hypothesis 1
was put forward.

Hypothesis 1 (H1): CP assessment has a positive impact on
CP preparation.

CP execution refers to the transfer of patient situation
between medical personnel, using the patient information and



medical knowledge. Hence, the authors proposed another
hypothesis.

Hypothesis 2 (H2): CP preparation has a positive impact on
CP execution.

During the CP process, patient information is transmitted
and exchanged among medical personnel. The privacy of the
patient must be protected throughout the process. On this basis,
Hypothesis 3 was developed by the authors.

Hypothesis 3 (H3): CP execution has a positive impact on
CP completion.

2.5.2 Hypothesis on the relationship between CP management
process and CP organizational optimization

CP completion marks the end of CP management process.
The knowledge assets generated in CP management process
will be assessed at the beginning of CP organizational
optimization. The assessment helps the hospital to design
standards on how to utilize the knowledge assets. Thus, the
following hypothesis was made on the relationship between
CP management process and CP organizational optimization.

Hypothesis 4 (H4): CP completion has a positive impact on
CP organizational optimization.

2.5.3 Hypotheses on CP organizational optimization

Based on the objectives, management standards and
evaluation criteria of the CP, the medical personnel have the
opportunity to analyze and solve problems in work, create the
learning environment, and individualize training and software
for each staff member. The CP structural design provides the
feedback mechanism needed for effective individual learning
of the CP, which arouses the learning interests of medical
personnel. Therefore, Hypothesis 5 was designed on the
relationship between CP structural design and CP individual
learning.

Hypothesis 5 (HS): CP structural design has a positive
impact on CP individual learning.

Through individual learning, medical personnel are
familiarized with how to implement and manage CP, and think
about new CP knowledge or tackle CP problems with
evidence-based medical tools. All these have a positive
influence on team learning of CP. In light of this, Hypothesis
6 was presented on the relationship between CP individual
learning and CP team learning.

Hypothesis 6 (H6): CP individual learning has a positive
impact on CP team learning.

The team learning takes on various forms. For example, the
team may visit benchmark hospitals, attend meetings and learn
medical policies, with the aim to improve the internal
management of CP. Thus, the team learning is beneficial to the
systematic thinking of CP. On this basis, Hypothesis 7 was
developed on the relationship between CP team learning and
CP systematic thinking.

Hypothesis 7 (H7): CP team learning has a positive impact
on CP systematic thinking.

2.5.4 Hypothesis on the relationship between CP
organizational optimization and CP performance

Through CP organizational optimization, the medical
personnel of the hospital can think of CP systematically. Both
individuals and the medical team can realize continuous
growth in their understanding of CP. As a result, Hypothesis 8
was presented on the relationship between CP systematic
thinking and CP performance.

Hypothesis 8 (H8): CP systematic thinking has a positive
impact on CP growth.
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2.5.5 Hypotheses on CP performance

With the growing understanding of CP, medical personnel
have better abilities to use evidence-based medical tools,
improve the CP system and solve the relevant problems. In this
case, the quality of CP will obviously improve. This naturally
leads to another hypothesis.

Hypothesis 9 (H9): CP growth has a positive impact on
medical quality.

The improved medical quality, coupled with patient-
friendly CP, will boost the satisfaction of the patient.
Therefore, Hypothesis 10 was suggested on the impact of
medical quality on patient service.

Hypothesis 10 (H10): Medical quality has a positive impact
on patient service.

The efficiency of patient service obviously suppresses the
cost of hospitalization, including drug cost, inspection cost and
material cost. Hence, the final hypothesis comes into being.

Hypothesis 11 (H11): Patient service has a positive impact
on PC cost control.

3. CASE STUDY
3.1 Methodology and data source

3.1.1 Methodology

The research data were collected through a questionnaire
survey based on random sampling. The survey data were
subjected to reliability and validity tests. The reliable and valid
data were analyzed in details to see if our hypotheses are valid.

3.1.2 Data source

Considering the research scope, the questionnaire survey
was carried out at a provincial first-class hospital with 2,725
beds. The hospital has more than 4,100 medical personnel,
working in 53 specialties, 75 wards, and 86 business
departments. The respondents are clinical physicians and
nurses from different departments and of varied titles.

3.2 Survey process

The dimensions of the CP management model based on K-
L integration were compiled into the questionnaire. Each
question was rated by the respondents based on the Likert 5-
point scale. The five points correspond to strongly disagree,
weakly disagree, neutral, weakly agree and strongly agree,
respectively. The positive scoring method was adopted
throughout the questionnaire. In other words, the higher the
score, the greater the recognition of the dimension.

Both physical and online questionnaires were handed out in
the said hospital. A total of 500 questionnaires were issued,
and 476 were recovered, putting the recovery rate at 95.20%.
After discarding 8 invalid questionnaires, the authors obtained
468 valid samples.

3.3 Data analysis

3.3.1 Validity tests

The correlations between variables were measured by
Kaiser-Meyer-Olkin (KMO) test of sampling adequacy and
Bartlett’s test for sphericity. The test results in Table 1 show
that, the KMO value of all variables of our model was 0.828,
above the 0.6 threshold; the significance of Bartlett’s chi-
square was below 0.05. Therefore, the null hypothesis is



rejected, and the variables were significant the Bartlett’s test
for sphericity, i.e. our research samples have high overall
validity.

3.3.2 Hypotheses verification

The structural equation modelling (SEM) is a statistical
method to analyze latent variable through regression. The
method fully considers the relationship between latent

(PLS: partial least squares), a robust SEM method, is adopted
to verify our hypotheses. According to the SEM results in
Figure 6, all the 11 hypotheses are well supported. In other
words, the established model can effectively improve the CP
performance.

Table 1. Results of validity tests

variables, and can process latent variables and their indices at KMO 0.828
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Figure 6. The SEM results

4. DESIGN OF INFORMATION SYSTEM
4.1 Model construction

The SEM analysis confirms that the CP management
process has a positive impact on CP organizational
optimization, which in turn has a positive impact on CP
performance. Therefore, there is a chain of positive impact
among the variables. Thus, a CP management model (as
shown in Figure 7) based on K-L integration was established
based on the conceptual model in Subsection 2.2.
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4.2 Implementation of information system

Both clinical work efficiency and medical service quality
can be improved by implementing informatized and digital CP.
Based on the above CP management model, the authors
constructed an information system that fully digitalize the CP
management. The logic and framework of the information
system are illustrated in Figures 8 and 9, respectively.

As shown in Figure 9, the proposed information system
extracts the patient information from the hospital information
system, and load the extracted information to the CP data



storage system. The core storage components include NoSQL, information system improves the clinical efficiency and CP
HBase and Hive. Then, the CP analysis and evaluation are quality, offering patients better medical services.
performed on machine algorithms like StreamDB. The
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Figure 8. The logic of the information system
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5. CONCLUSIONS

This paper demonstrates the chain of positive impacts
between CP process management, CP organizational
optimization, and CP performance. Based on the theory of K-
L integration, the authors built a CP management information
system that solves common CP problems among medical
personnel, such as low completion rate and high mutation rate.
The proposed information system helps to optimize hospital
organization, improve the knowledge of medical personnel,
and optimize the CP and the overall organizational
performance. The research findings provide a good reference
for hospital implementation of CP management, and the
provision of high-quality medical services.
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