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Abstract. Most papers claim that knowledge acquisition is a critical bottleneck
and has become an important research issue in knowledge management.
However they take very different perspectives on it and there is little agreement
on how it should be implemented in the industry. In this paper, we investigate
problem solving as a cognitive process and propose a new and practical
methodology for problem-driven knowledge acquisition. Our contribution
includes: (1) proposing a model for problem-driven knowledge acquisition at
cognitive level which integrates cognitive structures of problem solvers with
situations of knowledge acquisition; (2) designing a framework for
problem-driven knowledge acquisition which implements knowledge structured
from prior practical experience; (3) developing a prototype system and imple-
menting a mechanism of problem-driven knowledge acquisition. Our proposed
methodology has been applied in a real practice case. The results demonstrate
that the prototype system can be an effective tool for enterprise-wide knowledge
management practice.

Keywords: Problem-driven - Problem solving - Knowledge acquisition -
Knowledge management

1 Introduction

Knowledge undoubtedly represents the main competitive advantage of an organization.
It refers to what one knows and understands. It is “meaningful links people make in their
minds between information and its application in action in a specific setting” [1]. That is
to say, knowledge can be viewed both as a thing to be stored and manipulated and as a
process of simultaneously knowing and acting [2]. In the industry, knowledge refers to
the sum of information relevant to a certain job, and usually we get things done suc-
cessfully by knowing an answer or how to find an answer, or knowing someone who can
[3]. Since knowledge has become important for individuals and organizations increas-
ingly, knowledge management has been widely proposed as a methodology that can
manage knowledge in organizations [4]. The idea about knowledge management is
simple: apply knowledge to a work environment in order to create value.
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In this context, acquiring and creating knowledge is a key issue to improve the
performance of organizations over time. However, acquiring knowledge is difficult in
organizations for three main reasons: (1) knowledge is often implicit — it lives in the
minds of individuals. Therefore, it is difficult to transfer knowledge to another person
by means of the written word or verbal expression; (2) knowledge is situated — it is
created in a context, so it cannot be used reliably out of context where it is created;
(3) knowledge acquisition is a cognitive process — it involves both dynamic modeling
and knowledge generation activities.

In order to overcome these difficulties, a wide variety of organizational knowledge
management practices have been proposed to support knowledge acquisition, storage
and creation involving ideas from different research areas, such as psychology, soci-
ology, philosophy, and computer science [5, 6], yet the process how humans acquire
knowledge is not clear [7, 8].

All life is problem solving [9]. Problem solving is in the center of daily operations
for organizations. Workers are required to organize complex projects, deal with
interpersonal conflicts, and develop innovative products. Since 1980s, problem solving
is considered as an important, if not the most essential, feature of learning by many
instructional models like Constructivist Learning Environments, or Problem-based
Learning [10]. In the decades, problem solving that requires searching and sharing
knowledge among a group of actors in a particular context becomes an important issue
in knowledge management [11, 12]. Problem solving may enable or inhibit an orga-
nization’s or an individual’s ability on problem solving [13—15]. The researches of
problem solving may provide some guidance for the design of organizations to support
knowledge acquisition and generation [16—18].

By focusing attention on the importance of problem solving as a cognitive process,
this study proposes a new way to understand the connection between problem solving
and knowledge acquisition as well as a methodology for problem-driven knowledge
acquisition. The methodology is connected with: (1) accumulating and formalizing
prior knowledge acquisition at cognitive level, (2) presenting a cognitive knowledge
model for a new problem solving, and (3) integrating new knowledge into existing
knowledge and experiences. The main goal of this study is in two folds. First, it aims to
introduce a framework that can be used for knowledge acquisition driven by problem
solving in daily work. Second, it aims to develop a problem-driven knowledge man-
agement methodology to support organizational knowledge management practice. Our
work differs from existing literature in the following ways: (1) it incorporates cognitive
structures of problem solvers with situations of problem solving into the knowledge
acquisition model, (2) it analyzes how this methodology can be successfully applied
into enterprise-wide knowledge management practice.

This paper is organized as follows. Section 2 analyzes the process of problem
solving in coherence with the theories of cognitive psychology and knowledge man-
agement practice. Section 3 proposes a model for problem-driven knowledge acqui-
sition at cognitive level, and designs a framework consists of two phases with six steps
correspondingly. An application case of the methodology for problem-driven knowl-
edge acquisition is provided in Sect. 4. Finally, Sect. 5 concludes and presents some
future research extensions along with this work.
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2 Problem Solving

From the view of cognitive psychology, there are many theories proposed about the
cognitive process of problem solving [19, 20]. Generally, the process of problem solving
is divided into several stages with different features in each stage. Based on these
theories about the process of problem solving and knowledge practice, in this paper the
process of problem solving is divided into five stages: Describing, Analyzing,
Proposing, Implementing and Evaluating, as shown in Fig. 1. In fact, the process of
problem solving is often in a spiral pattern so that the problem can be solved completely.
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Fig. 1. The five stages of problem solving process

Stage (1): Describing

Problem solving usually begins with some description about the problem situations,
as well as the initial state and the terminal state. The problem situations include the
time, space and characters during the process of problem solving; initial state includes
the conditions or phenomena that can be directly observed or tested when the problem
happened; the terminal state includes the expected states that can be achieved when the
problem is solved completely.

Stage (2): Analyzing

Causes associated with the problem are analyzed and the successive causality
among them is then to be traced. Usually, the causes associated with the problem
should be reviewed and analyzed from the surface cause to the root one. In other words,
analyzing these causes is a process from the outside cause to the inside one, and from
the shallower cause to the deeper one about problem solving.

Stage (3): Proposing

Proposing the schema is to solve a specific problem and to give the specific plans.
Usually, the proposed schema is to find a variety of solutions according to the causes
after the analyzing stage (2). In general, appropriate solutions are proposed for the root
causes correspondingly in order to solve the problem completely. And for a relatively
complex problem, the root causes may not be single.
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Stage (4): Implementing

In fact, many problems could not be simply implemented according to the schema
from stage (3), because each problem solver has an individual’s preferences and traits.
Besides, it must be in line with the incorporation of information from multiple sources
of problem solvers’ knowledge, perspectives, and experiences, as well as the enter-
prise’s resource that can be obtained.

Stage (5): Evaluating

Although, the problems get solved from stage (1) to stage (4) or expected states are
finally achieved, the knowledge or experience during the process of problem solving
should be evaluated that may be applied into the subsequently problem solving. So
that, the knowledge or experience will continue to promote by the evaluating stage (5).

3 The Methodology

3.1 The Model

In cognitive psychology, problem solving is the cognitive process that implies the
efficient interaction between cognitive structures of problem solvers and situations
during problem solving. Through analyzing and understanding the cognitive contents
of problem solving, two-levels of knowledge are contained at least during the process
of problem solving. One is surface-level knowledge which is related to a specific
problem, e.g. the details about the problem, the time and space, some issues involved in
the process of problem solving, and so on. The other is deep-level knowledge which is
general for any problem, e.g. the basic principle, the constraint or the rule, the essence
of the problem, and so on. Although there may be differences among different prob-
lems, the cognitive structures that has been inherited in the brains of problem solver are
common. Therefore, if the surface-level knowledge is abstracted as many situational
dimensions and the deep-level knowledge is formalized as a cognitive network
respectively, the conceptual model of problem-driven knowledge acquisition is pro-
posed in Fig. 2.

Specifically, in Fig. 2 one situational dimension represents a certain type of situa-
tional elements that may be involved in the process of problem solving, such as persons,
time, space, and so on. In each situational dimension there is a certain inherent logic

T Situation,, SituationConcept

CognitiveChunk

CognitiveRelation
] Situation;

Aatiom

Fig. 2. The conceptual model of problem-driven knowledge acquisition
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relation itself. For example, the organizational structure among persons, the sequence of
time, the scope and overlapping relations of space, and so on, so that it also can makes
more detailed analysis on each situational dimension according to the characteristics of
the domain knowledge. The cognitive network is composed of a series of nodes and
their relations. One node represents a cognitive chunk, which is a knowledge unit and
composed of knowledge points with a certain logical structure. One cognitive chunk has
some significant meanings about problem solving. The cognitive chunks are connected
through cognitive relations, so that the problem can be transformed from the initial states
to the expected states, and finally the problem can be solved.

Generally, the conceptual model integrates the surface-level knowledge which is
related to a specific problem with the deep-level knowledge which is general for any
problem. The surface-level knowledge is very important for knowledge acquisition,
because problem solvers will applied the prior knowledge or experience into any new
problem in according to the surface-level knowledge. The deep-level knowledge is
inherent in problem solvers’ brains which is obtained during the prior process of
problem solving.

3.2 The Framework

A framework for problem-driven knowledge acquisition is designed based on the
conceptual model proposed in Sect. 3.1. The framework of problem-driven knowledge
acquisition consists of two stages with six steps which implement formalization from
practical experience to structured knowledge, as shown in Fig. 3.

In the first stage, the practical experience form problem solving is transformed to
the semi-structured knowledge. In the second stage, the semi-structured knowledge is
formalized to the full-structured knowledge. The following describes the six steps in
the framework in detail.
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Fig. 3. The framework of problem-driven knowledge acquisition
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Step (1) collecting

Under the coordination of decision makers, managers, senior technicians, and the
front-line workers, the knowledge engineers endeavor to collect related records during
the processes of problem solving and domain knowledge base.

Step (2) semi-structured

According to the five stages about the process of problem solving proposed in
Sect. 3, the experience in the records and knowledge base can be semi-structured to
problem solving facts.

Step (3) sub-theme analyzed

There are many particular knowledge domains in related to problem solving, so the
knowledge base must be analyzed according different aspects about the processes of
problem solving. After that, some concepts or words about different knowledge
domains are obtained.

Step (4) structured

The problem solving facts are abstracted to a cognitive network with cognitive
chunks and their relations. The cognitive network is structured so that the knowledge
can be applied into the subsequent problem solving by knowledge retrieval and
knowledge organization.

Step (5) standardized

The concepts or words are classified into different situational dimensions, and the
standardized terminology is formed. Also, the situational dimensions provide a stan-
dardized of the semantics required for knowledge application.

Step (6) integrated

The cognitive network from step (4) is integrated with many situational dimensions
from step (5), and the model of problem-driven knowledge acquisition is constructed
finally.

4 The Application

This section presents the results of a case study about management practices of the
methodology of problem-driven knowledge acquisition, and we have developed a
knowledge management prototype system applying the methodology in the workshop
for line-stop problems on automatic production lines. We have deliberately simplified
the methodology to provide understandable explanations.

4.1 Background

To begin with we will provide a brief background on the case study. This enterprise
involved in this practical study is a car manufacturer. In car manufacturing, the
stamping process is an important way of metal forming. In order to manufacture mental
parts, stamping workshops of modern auto-mobile industry usually use flexible and
efficient automatic production lines. There are five automatic production lines in the
example stamping workshop, and Line A and Line B are the main production lines.
There are various types of stamping molds on Line A and Line B with 2200 stamping
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molds in the workshop. The productivity of a production line depends not only on how
many working strokes, but also on the stop-line time of production line. According to
the investigations, the average stop-line rate of production lines in the stamping
workshop is as high as 21.6 %, which has brought to the workshop big loss in economy
and credibility. Therefore, how to solve stop-line problems on the production lines
effectively can not only help the enterprise to reduce production costs, but also meet the
urgent needs for just-in-time production.

Usually, when stop-line problems happened, the phenomena on the production line
can occur in a variety of ways, and these phenomena often occur overlap together,
which have brought great difficulty to restore the production line in a short time. During
the process of problem solving, stamping experts are usually able to make correct
judgments rapidly by combing pieces of cognitive chunks together in an unconscious
process. But when they attempt to explain the problem solving process, it takes often an
in-complete and non-sequential form that is not suitable for knowledge acquisition and
communication. Even if the relevant participants records the experience, but due to the
lack of a structural framework for guidance, important knowledge or experience is
difficult for communicating and sharing. And with the expansion of production and
update of technology, more and more stop-line problems will occur frequently.
Therefore, the aim is to identify technical support for collecting and reusing knowledge
and experience about problem solving.

In this project, we employ the methodology for developing a problem-driven
knowledge management prototype system so that the workers and managers in the
stamping workshop can apply it for providing feedback and guidance to their problem
solving and knowledge management.

4.2 The Model of Stop-Line Problem-Driven Knowledge Acquisition

Technicians and experts have much experience about stop-line problem solving from
practice over the years. Capturing the experience and knowledge, storing them and
distributing them within and across the stamping workshop, are important issues in
workshop management. To obtain first-hand information and problem solving expe-
rience, we collected the loggings of stop-line problem solving processes from 2012 to
2013, and all the information collected for the project is stored on a local server. Then,
we discussed and communicated with experienced technician and experts to understand
the stamping process. Finally, we filed 1459 semi-structured records of stop-line
problem solving processes stored as Excel sheets, as in Fig. 4. Some English notes
have been added in the table headers to describe the problem sheet. Each experience
record includes five contents: describing, analyzing, proposing, implementing and
evaluating. According to the contents and structures provided in the check sheet,
relative participants can express the problem solving process in detail.

Figure 5 shows a cognitive network according to problem solvers’ cognitive
structures during the process of stop-line problem solving. The cognitive network of
the strop-line problem includes two kinds of cognitive chunks: declarative and pro-
cedural. Declarative and procedural chunks are separately used to describe some causes
and solutions during the process of problem solving. After abstracting from the excel
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Fig. 5. The cognitive network of stop-line problem solving

sheets, our study get 117 declarative cognitive chunks and 42 procedural cognitive
chunks. While circle nodes demotes the declarative cognitive chunks, square nodes
denote the procedural cognitive chunks. The thickness of the link between nodes means
the probability of the various chunks. The cognitive network offers the visualization for
problem analysis and solution.

Figure 6 presents the generalized situations, which encompasses person, equip-
ment, material, technique, and environment situation. Five situational dimensions are
constructed for stop-line problem solving on the production lines. A domain expert or
manager’s role comprises setting up a hierarchy, connecting situational concepts to the
dimension. Each situational dimension also can be refined and expanded gradually so
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that these dimensions can also be used for indexing and retrieving knowledge. This
study defined 519 concepts about these situational dimensions of stop-line problem
solving. In the Fig. 6, a part of the concepts and their relationship is showed.

4.3 The Architecture of Stop-Line Problem-Driven Knowledge
Acquisition

Based on the cognitive process of problem solving and knowledge management
techniques in industry, the architecture for problem-driven knowledge management is
developed to effectively support knowledge capitalization and exploitation in each
stage of problem solving, as shown in Fig. 7. This designed architecture has four
layers: the knowledge base and repository layer, the problem solving model for
knowledge acquisition layer, the knowledge application layer and the participant layer.

On the bottom of the architecture in Fig. 7, there are an experience base and a
domain knowledge repository. Information and knowledge directly acquired during
problem solving are stored to a Problem Solving Experience Base by problem solvers.
Each experience is saved as a detailed and semi-structured description of problem
solving according to the five stages of problem solving process. Besides, the resources
for all the domain information related to problem solving come primarily from the
domain knowledge repository, e.g. engineering hand-books, product specification,
product functionality, and manufacturing process specification files.

The model for stop-line problem-driven knowledge acquisition is a cognitive net-
work with multi-situational dimensions which incorporates cognitive structures of
problem solvers and situations of knowledge acquisition in order to support knowledge
acquisition.

Knowledge application layer consists of a problem-solving module, a decision-
making module, a knowledge learning module and a knowledge retrieval module. In the
problem-solving module, progressive tools are designed to guide problem solvers to
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Fig. 7. The architecture of problem-driven knowledge management system

conduct problem solving activities, including requirements description, analysis/
simulation, experiences description, and so on. In decision making module, relative
tools help decision makers to collect, analyze, and evaluate knowledge of problem
solving. In knowledge learning and retrieval module, the participants can be guided to
browse, retrieve, and trace knowledge.

This designed architecture has three types of participants: problem solvers, decision
makers and domain experts. Problem solvers represent the users who need obtain some
knowledge to solve a problem. They have some basic and general knowledge about the
domain. After problem solving, problem solvers need to describe the process of
problem solving as an experience record and store to the experience base for knowl-
edge capitalization. Decision makers are the users who make decision. They can rate
the process of the problem solving and its components in order to provide feedback for
the problem solvers and domain experts. Domain experts are the users who have the
deep knowledge and the necessary experience. Their responsibility lies in the assess-
ment of the problem solving process in order to provide a measure of their quality.
They can define the concepts of cognitive situations and chunks of cognitive structures
through a knowledge editor.
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5 Conclusion

This study makes both theoretical and practical contributions. From the theoretical
perspective, this study provides a better understanding of knowledge acquisition at
cognitive level. Our problem-driven model for knowledge acquisition captures two
important aspects of knowledge acquired in problem solving, that is, the cognitive
structures of problem solvers and situations of knowledge acquisition. More important
is to introduce knowledge acquisition as a cognitive process, as a spiral of epistemo-
logical content that grows upward by transforming tacit knowledge into explicit
knowledge, which becomes the basis for a new spiral of knowledge generation. As for
its practical implications, our study contributes to the development of an effective
methodology for knowledge acquisition during daily work. Our methodology for
problem-driven knowledge acquisition can also be applied to enterprise-wide knowl-
edge management practice.

We should note several limitations of our study. Firstly, we assume the relation
between cognitive chunks is “or” relation. However in practice, not only the “or”
relation but also “and” relation are existed between two cognitive chunks. It is needed
to extend the knowledge acquisition model to a multi-type relation model. Secondly,
we do not consider the different layers of cognitive chunks. In cognitive psychology,
the cognitive structures are layered. So how to model the cognitive structures of
problem solvers in layers is very important for the subsequent research. Thirdly, to
make the research more accessible and relevant to actual implementation, it is a
research topic for future to evaluate knowledge quantitatively and qualitatively based
on the proposed model of problem-driven knowledge acquisition.
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