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Abstract

Quality management is a vital link to ensure product quality in the automo-
bile production process. This paper investigates problem-solving of two au-
tomotive plants and explores the factors that influence the quality improve-
ment in the organisation. The case studies analyse the status quo and prob-
lems in the quality management organisation, problem-solving process, and
team, as well as quality management information system with particular em-
phasis on how each plant uses data, information, and knowledge to solve
quality problems from the perspective of knowledge management. The result
shows that there is a lack of utilisation of data, information, and knowledge in
problem-solving. Based on the analysis result and the demands of plants for
improving the efficiency and effectiveness of problem-solving, we propose a
knowledge management based intelligent problem-solving system (IPSS). At
the same time, a five-tier environment construction for the successful imple-
mentation of IPSS is proposed. The main shortcomings identified are com-
mon to many other plants and companies worldwide. The suggestions and
proposals put forward are of great significance for manufacturing enterprises
to improve the efficiency and effectiveness of quality problem-solving.
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1. Introduction

With the continuous improvement of living standards, the demands of consumers

regarding the quality of automotive products are also increasing (Herrmann,
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Henneberg, & Landwehr, 2010). In addition to increased competitiveness about
product performance, price, and brand, quality is a crucial factor. Various studies
show that product quality has a significant relationship with brand image and
brand trust (Hanaysha, Hilman, & Abdul-Ghani, 2014). Problem-solving plays a
vital role in quality management to ensure the high-quality product (Liang &
Zhang, 2010). Traditional models of problem-solving assume that a structured
process of problem definition, problems analysis, and root causes identification,
generation, and selection of solutions, testing, and evaluation of solutions (Macduf-
fie, 1997; Xu & Dang, 2020), while this process mainly relies on human experience
and overlooks the importance of data, as well as organisational knowledge (Lin-
derman, Schroeder, Zaheer, Liedtke, & Choo, 2004; Berends, 2005). Because of staff
mobility and inexperienced new employees, problem-solving is often a time con-
suming and cost-intensive process, which makes the organisational knowledge play
a key role in problem-solving (Postrel, 2002; Peachey & Hall, 2006).

From the perspective of improving quality management and problem-solving,
many scholars recognise the importance of knowledge management (KM) in
quality management (Xu, Dang, & Munro, 2018). Early scholars analysed the re-
lationship between quality and learning. Fine (1986) first created an analysis
model that studied failure costs and consistent costs, and found that the best
quality level increases as learning time increases. Learning has a strong connec-
tion with knowledge creation. Choo, Linderman, and Schroeder (2007) develop
a framework for learning and knowledge-based quality improvement by inte-
grating the two perspectives of learning and knowledge creation. Ibrahim and
Heng (2013) examined the relationship between learning and knowledge crea-
tion and found learning will promote organisation knowledge creation.

With the development of informatisation, the value of massive amounts of
data is increasingly valued by people (Mons, Van, Chichester, Hoen, den Dun-
nen, van, & Schultes, 2011). Another stream of KM research in quality manage-
ment focuses on using big data technology to obtain knowledge from quality
data since knowledge discovery from data is a trend in the era of the knowledge
economy (Ruikar, Anumba, & Egbu, 2007; Chen, Deng, Wan, Zhang, Vasilakos,
& Rong, 2015). The trend towards profound knowledge in the future of quality
management is emphasised by Stanleigh (Stanleigh, 2013). Using data mining
and knowledge discovery technology to provide support for quality management
is the focus of intelligent quality management (Wang, 2009).

Not only these data mining technologies, but intelligent systems with KM
feature are also highly recognised by scholars to improve quality improvement
and problem-solving. Lari (2004) discussed an intelligent system regarding the
corrective and preventive action (CPA) process which employs both case-based
reasoning (CBR) and decision support systems (DSS) components. Ch et al.
(2009) proposed a model which contains a new component of KM and intro-
duced an intelligent quality management process model (IQMP). Srikanth et al.
(2010) proposed an IQM expert system with a Post Analysis of Actionable
Knowledge Discovery (PA-AKD) framework. The application of the intelligent
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system in the more specific area of quality management is also explored. Erginel
and Sentiirk (2015) developed an intelligent system to eliminate or reduce un-
certainty on data of control charts in SPC. With the application of the Exponen-
tially Weighted Moving Average (EWMA), Aslan, Ekinci, and Toy (2016) sug-
gested an intelligent control and repair system such that in a production system,
machines are individually controlled and repaired when an out-of-control signal
is triggered in the zone with the tight control limits. Liu et al. (2014; 2013a;
2013b; 2012), Asan and Soyer (2016) combined the fuzzy evidential reasoning
approach with the belief rule-based (BRB) methodology to identify potential
failure modes and their effects (FMEA) with uncertain information. By mining
unstructured texts, Xu et al. (2020) proposed a method to construct the compo-
nent-failure mode (CF) matrix automatically for FMEA.

Most of these studies dig out knowledge from quality management data from
a technical perspective, but lack a management perspective to analyse why the
problem-solving process lacks knowledge and how knowledge can promote
quality management. Based on the current research, our study below will further
promote the research on the combination of quality management and KM. We
investigate the quality management, especially problem-solving of two typical
automotive plants to explore the key factors affecting problem-solving. Moreo-
ver, based on these critical factors, we intend to seek an intelligent approach to
increase the efficiency and effectiveness of problem-solving.

This paper is organised as follows: In Section 2, we introduce the case study
backgrounds and research questions. Section 3 explores and compares the prob-
lem-solving situations in two case plants and the problems they faced during
problem-solving. The questionnaire analysis is conducted in Section 4. In Section
5, we propose the IPSS that will promote the effectiveness and efficiency of prob-

lem-solving. The final section concludes the entire paper and presents future work.

2. Case Study Backgrounds, Methodology and Research
Questions

2.1. Case Plants Background

Our research sites for this study were two vehicle manufacturing plants in Chi-
na. The case plant, BBA, founded in 2003 in Shenyang, China, is a joint venture
of BMW and a local Chinese Automotive company. The case company, SGM,
founded in 2004 in Shenyang, is a joint venture of General Motors and a local
Chinese Automotive company. The two companies, as Sino-foreign joint ven-
tures, own very mature quality management systems. Their quality management
processes and systems are introduced from their foreign parent companies. Ad-
ditional background information for these two plants is presented in Table 1,
including plant characteristics not investigated during the field visits, plant
productivity and production scale, product category, and quality problems from
Initial Quality Survey conducted by J.D. Power. Average quality for the other

companies is included for comparison purpose.
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Table 1. Background information on case plants.

Characteristic BBA SGM Industry Average
Plant Age Builtin 2003 Built in 2004 -
Product Category (Vehicle Models) 7 3
Productivity (Jobs Per Hour) 64.2 60 -
Quality* (Problems per 100 vehicles) 108 120 128

Production Scale (Vehicles per day) 1000 - 1100 690 - 720 -

*Source: J.D. Power 2020 Initial Quality Survey (IQS).

2.2. Research Methodology and Fieldwork Activities

This article researches two case companies in the form of interviews, question-
naires and field trips. The researchers stayed five weeks at BBA, three days a
week. We talked with 24 interviews and participated in 20 quality-related meet-
ings during the period. We spent four weeks at SGM, and three days each week.
At this plant, we interviewed 18 people and participated in 14 quality meetings.
In the horizontal view, the interviewees come from related departments such as
quality, R & D, procurement, and production. Vertically speaking, the intervie-
wees cover plant managers, workshop directors, quality managers, quality spe-
cialists, engineers, and operators.

In order to better acquire employees’ understanding and advice on quality
management, especially on problem-solving, we designed an “Automobile Qual-
ity Management Questionnaire.” The questionnaire contains closed questions
and open questions. It mainly consists of quality awareness, quality tools, quality
management methods, problem-solving culture, teams, and processes, as well as
data, information and knowledge in quality management. The main questions
contained in the questionnaire are presented in the Appendix. In BBA and
SGM, 256 questionnaires and 189 questionnaires were distributed. The number
of questionnaires returned was 228 and 169, of which valid questionnaires were
220 and 165. The effective recovery rates were 85.9% and 87.3%, respectively.

At all of these plants, we received permission to walk around the plant, to talk
with workers, team leaders, engineers, quality analysts, production and quality
managers, and to gather relevant documents. In each plant, we asked about the
same questions, observed the same production processes and quality focused

group activities.

2.3. Research Questions

During the investigation, we mainly considered the factors that affected the
problem-solving, including quality management organisational structure, prob-
lem-solving process, problem-solving team, as well as the use of data, informa-
tion, and knowledge in problem-solving. In the interviews and fieldwork activi-
ties, we asked the following questions:

1) Problem-solving process
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Is there a structured problem-solving process? Is there a standard description
of problems? How to evaluate the severity of the problem? How to conduct root
cause analysis? Is the plant equipped with mature technology to analyse prob-
lems?

2) Problem-solving team

Who is involved in problem-solving? Is the team leader clear? Are the partici-
pants in problem-solving team qualified? How broad is the organisational
knowledge utilised in problem-solving?

3) Use of data, information, and knowledge

How to collect and use data, information, and knowledge to solve the prob-
lem? Can quality data be recorded and documented with accuracy and shared
among departments?

In addition to these questions, we also surveyed the quality organisation
structure and quality management information systems. We collect, summarise
and analyse the current situation and existing problems of quality management
and problem-solving of the two plants. The use of data, information, and know-
ledge is paid more attention. Combine the results of our analysis with the actual
demands of the company, method, and path to improve the efficiency and effec-

tiveness of problem-solving by fully exploiting quality solving data is proposed.

3. Analysis of Related Factors Affecting Problem-Solving

In this section, we analyse five aspects that will influence problem-solving effi-
ciency and effectiveness, including quality management organisation structure,
quality management information system, problem-solving process, and team, as
well as the use of data, information, and knowledge. For each part, we first
present the actual situation in the case plants and evaluate the similarities and

differences between them.

3.1. Quality Management Organisation Structure

Both BBA and SGM have two levels of quality management department, plant
level, and workshop level. The plant Total Quality Management (TQM) depart-
ment at BBA is responsible for the quality management system, product audit,
problem-solving, vehicle validation, geometric measurement, fault analy-
sis/diagnostics, laboratories, start-up and change control, and various plant
projects. The TQM department at SGM includes Quality Assurance, Vehicle
Quality, and Quality Engineering. Each function contains a lower level of quality
sub-departments.

In BBA, each workshop has its quality department and the final product audit
set in the workshop reports for the workshop. The plant quality makes the final
audit from the customer’s point of view. However, in SGM, the final audit sta-
tion in each workshop belongs to the plant quality department. This kind of or-
ganisation strategy in BBA is more modern than SGM. While it also means each

workshop checks its products, which may hide some quality problems for

DOI: 10.4236/ajibm.2021.118057

937 American Journal of Industrial and Business Management


https://doi.org/10.4236/ajibm.2021.118057

Z.G.Xu, Y. Z. Dang

workshop Key Performance Indicator (KPI). Although the main audit of the
plant will inspect the vehicles, the later the problem is found, the more money
they should pay.

Another big difference between the two plants lies in the analysis centre.
BBA’s plant quality department has its analysis centre. However, SGM does not
have its analysis centre. Analysis centre is quite important especially for quality
problems related to suppliers. BBA can analyse the supplier parts in plant analy-
sis centre, while SGM can only rely on the supplier’s report. When we talked
with quality managers at SGM, they also believe that it is a risk in prob-

lem-solving.

3.2. Quality Management Information System

Both BBA and SGM have a complete set of the quality management information
system; this paper mainly focuses on defect record system and problem man-
agement system. These two kinds of systems for each plant are listed in Table 2.

The defect record system (DRS) is used to record the quality defects found in
various aspects of the production process, and also track the rework of these de-
fects. For each car, if one of the records in the DRS is red, the car cannot be
viewed as a customer car. Although the names of the DRS of BBA and SGM are
inconsistent, they have similar functions.

Problem Management System (PMS) is an essential platform for recording
related problem-solving data. For BBA, as an IT support tool for Problem Man-
agement Process (PMP), Product Quality Management (PQM) has penetrated all
business departments and runs through the entire process chain. Since the in-
troduction of PQM in July 2010, one in every 10 BBA employees has used PQM,
which has also made PQM a pillar of BBA’s product quality management and
problem-solving. However, the system is subject to intellectual property filtering.
BBA can only use a part of its functions and view a part of data. What’s more,
this system is opened to some key users.

Problem Communication Report (PCR) system of SGM is also introduced by
the United States parent company. Before the introduction of PCR, the company
stored the data and critical information in the problem-solving process in word
documents. Each problem has a dedicated word document. Since 2008, SGM has
been using the PCR system. Due to the intellectual property agreement between
the joint venture and their foreign parent companies, SGM also has limited
access to the data in the PCR.

A search function is integrated into both PQM and PCR. When a new quality
problem occurs, users can search the system by inputting the keyword. This search

Table 2. Typical quality management information systems at BBA and SGM.

Plant BBA SGM
Defect Record System (DRS) IPS-Q GSIP
Problem Management System (PMS) PQM PCR
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engine-like function provides users with related data and information. However,
it is a painful task to pick up useful information from a large number of search
results. So problem solvers prefer to consult relevant personnel through emails
and telephones to acquire the historical information about the problem. During
our interviews with these system users, we found that they urgently need the

system to directly and accurately provide relevant knowledge of quality problems.

3.3. Problem-Solving Process

The research in this section introduced the status quo of the problem-solving
process of the two case companies and compared their similarities and differ-
ences.

BBA has a complete quality management process, which is called the Problem
Management Process (PMP). As shown in Figure 1, the PMP is divided into 14
stages, each stage corresponds to a different task, and different roles are also in-
volved.

Sensors are employees and systems that detect and indicate any variances
from nominal, describe them in a PQM incident and then transfer them to a
Melder (Incident Indicator). As a general rule, once the problem processing is
complete, they carry out the secondary proof of effectiveness. Melders check,
accept and reconcile the incidents that the Sensors have picked up, assign them
to existing problems, generate new problems, or open a closed problem that,
once assessed, can be moved into the steering level. Q-Lenkers steer and control
the PMP process in status 1 - 100. The person responsible for the solution, also
known as Problem Owner (LV) manages the problems in status 30 - 90, which
includes generating immediate measures, carrying out a systematic cause analy-
sis and finding a solution. The person responsible for an individual activity
(MAV) is responsible for processing the solutions timely to problems at status
60 - 70. His job is to make sure that validation trials can confirm the primary
proof of effectiveness so that the cause of the problem is permanently eliminated.

The task in each status is listed in Table 3.

Compared with BBA PMP, SGM problem-solving process is relatively more
concise. Figure 2 shows the problem-solving process, the responsible persons at

each stage, and the status of the problem.

Indicating Steering Solving

PMP Status 0 1 3 56 10 15 30 50 60 70 80 90 100

Sensor . -
veider R |

Qlener [ INEEEGEGEEEEEE——
|
I

LV
MAV

Figure 1. Problem management process at BBA.
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Table 3. Problem management process at BBA.

PMP Status Criteria
0 Topic occurred at Sensor; new incident created
1 Incident transferred to indicating line/indicating process
3 Incident matched within the indication line
5 The incident is matched against all indication lines
6 Problem is consolidated and generated

10 Problem is rated

15 Problem is transferred to steering level

30 Problem is transferred to PV/LV

50 Validated immediate measures E/T/V available

60 Causes knew

70 Solutions for all derivatives/projects validated and approved
80 Solutions implemented on first derivative/project/plant
90 Solutions for all derivatives/projects implemented in all cases (date of implementation)
100 Problem processing completed
Owner Status
1. Quality problem definition Quality Engineer 0/4
v
2. Root cause analysis Problem Responsible 1/4
v
3. Short term Solution and verification Problem Responsible 2/4
v
4. Long term Solution Problem Responsible 3/4
5. File update Problem Responsible
v
6. Long term solution verification Sensor 3/4
v
7. QE Approval Quality Engineer
v
8. Problem closed System 4/4

Figure 2. The problem-solving process at SGM.

BBA problem-solving process is more complicated and contains more prob-
lem status than SGM process. SGM divides problem-solving into four phases,
which is relatively more concise. What’s more, we found that the sequence of
immediate measures and root cause analysis is slightly different. BBA first car-
ries out immediate measures, then conduct root cause identification. SGM, on
the other hand, performs the root cause analysis first and then takes short-term

solutions.
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To uncover the factors that affecting problem-solving from a micro level,
based on the five-stage model of problem solving (Xu et al., 2018), we analyse
the following aspects of the problem-solving process, including, problem crea-
tion, problem definition, root cause analysis, solution formulation and imple-
mentation.

1) Problem creation

In BBA, the sensors who detect the quality defects create PQM based on the
PQM creation rules. The PQM creation rule describes when a PQM needs to be
created. For example, all the problems discovered by the road test need to create
PQM. However, the rules are not very transparent, and sometimes they do not
follow these rules. A worse situation is that they are not willing to expose the
problem and do not create a PQM, which leads to the hidden of some problems.
The advantage of this strategy is that the sensors have first-hand information on
the problem and can input the relevant information of the problem into the
PQM system with relatively high accuracy. However, problem creation is hard to
be standardised due to the distribution of sensors.

In SGM, sensors do not create PCR; they input the quality problems into the
Global Quality Data System (GSIP) system. Quality engineers daily review the
data in this system and create PCR according to the PCR creation rules. They are
well-trained and able to describe problems in a standardised way. However, they
are not the sensors and don’t have the first-hand information about the problem.

2) Problem definition: Striving for a common language.

One prerequisite for problem definition is developing a common descriptive
language that can be understood across the department and organisational lines.
Different people in different department use different words for the same prob-
lem. For example, the record “Fuel tank cover part not to specification” in GSIP
system, is the same problem with the record “offset between fuel tank cover and
body in white” in Audit III system in SGM. However, it is described in different
languages. In another example, during the falling of the glass, some noise is
sharp and harsh, and some noise is jittery noise, and the Sensor often records
them as Disturbing noise.

To address this issue, BBA developed a set of standardised descriptions of
quality problems, internally referred to as Vehicle Fault Coding (VFC). The VFC
provides a set of standardised terms containing defect location, defect type, and
defect condition. In the various quality management systems of BBA, the func-
tion of VFC has been introduced.

3) Root Cause Analysis (RCA)

RCA is a very important part of the problem-solving process. We found that
Fishbone diagram analysis and “five whys” are commonly used in two case
plants in RCA. When conducting fishbone diagram analysis, problem-solving
team brainstorms together to analyse the most likely underlying root causes. We
think it depends on personal experience heavily. At the same time, the “root”
cause is often ignored. To solve problems faster, problem solvers formulate solu-

tions for the shallow causes. Meanwhile, the “root” cause is still there which
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leads to the situation that some same type problems occur repeatedly. What’s
more, for some complex problems, it’s difficult to discover all the root causes. So
the contributing factors to the problem cannot be solved completely. An inter-
esting phenomenon in two case plants is people seem to easily blame “operator”.
When we look through the root cause records, “operator mistake” occupy a large
proportion. However, the other contributing factors such as material quality,
material size, and equipment wear are not focused.

When conducting RCA, the root causes that were verified correctly are rec-
orded in the PQM or PCR system. However, those non-real root causes are often
not recorded, which we think are essential treasures to problem-solving because
they will remind the problem solver not to take a detour.

4) Long term solution, not immediate measure

Immediate measures are taken to “fix” the problem and ensure the vehicles
are of good quality before they are sent to the customers. While sometimes they
are regarded as long-term solutions in production line especially in cases that
root causes are difficult to uncover. After the vehicle is used for some time by the
customer, the immediate measure will expire, and the problems come back. We
saw some cases in BBA such as door noise problem, which is caused by the fric-
tion between the two mechanical devices inside the door panel. The immediate
measure is to apply some grease to the mechanical devices before assembly.
However, after the car ran for thousands of kilometres, the grease dried or
stained with dust and the noise reappeared.

Sometimes the description of long term solutions is too general. When we
look through the solution report in PCR at SGM plant, “strengthening inspec-
tions” and “strengthening the focus on issues” are some common long-term so-
lutions, which is absolutely not the real long-term solution. For example, in PCR
Number 152398628, the long-term solution description is: Operator will pay
more attention to check the impurity and keep packaging material for steering
tool clean. In this kind of situation, we think the long term solution description

should be more precise and detailed.

3.4. Problem-Solving Team

1) Support but not lead

A complex problem-solving team usually contains employees from different
departments, such as the quality department, four workshops, supplier quality,
logistics, and so on. Because the cause of the problem is not clear, few depart-
ments in the team are willing to lead the problem-solving. The word we hear
most in the two case factories is “support.” Unclear team leader leads to the
problem-solving meeting and activities inefficient. At BBA, this situation will be
better. Because the analysis centre in BBA acts as a judge; their pre-analysis re-
sults tend to point to the main contributor who is often the leader of the prob-
lem-solving team.

2) To evade responsibility, rather than proactive to help

For some problems caused by many factors, it is difficult to find the responsi-
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ble party. Sometimes even if the problem-solving team outcrop potential con-
tributors, the problem is trying to hand over. These potential contributors tend
to prove that these problems are not caused by them, rather than think about
what they can do to promote problem-solving.

3) Who knows how to solve?

For some complex problems, ordinary team members cannot propose solu-
tions. At this point, the problem solving team needs to seek the help of experts.
Sometimes the problem-solving member knows who the expert on the problem
based on experience is, or who has previously solved a similar problem. Howev-
er, in some cases, problem solving team members do not know who the expert in
this area is.

We found an interesting case at BBA, which is E84 rear taillight cracking
problem. The size of the taillight is not qualified or the dimensions of the body
have deviation could be the potential root causes. Therefore, a measurement da-
ta is needed to prove who is contributing to this problem. However, the mea-
surement benchmarks of the analysis center and body shop are inconsistent.
Each side has their own modeling standards. Just when the two sides are dead-
locked on the measurement benchmark for this problem, a senior manager from
assembly shop who has been working in the analysis center for a long time, sug-
gested to the analysis center how to find the benchmark and how to model it.
The analysis center improved the measurement method and the measurement
benchmark according to the manager’s suggestion, and then unified the data
with the car body shop. Finally, based on unified data, the problem solving team
found the root cause. In this case, the senior manager was not a member of this
problem team, but he had experience in solving related problems so he could
propose a good solution. But on the other hand, if the manager does not take the
initiative to make these suggestions, the problem solving team does not know
that he is an expert in this area. This shows that know who is very important in
quality problem solving.

4) Problem-solving team member not qualified

When we walked around the two plants, we found that many workers and
even managers are very young, which is very different from some European ve-
hicle manufactures. Due to the rapid development of China’s auto industry, staff
mobility is relatively large, which results in unqualified quality management em-
ployees. This situation makes it more difficult to solve the quality problem and
reduce the problem solving efficiency. At the same time, higher requirements are

placed on problem solving relying on data rather than experience.

3.5. Accumulation and Use of Data, Information, and Knowledge

Each step in the problem-solving process requires human knowledge and expe-
rience, but also creates new experience and knowledge. However, judging from
the case companies, they not only lack effective management of knowledge but
also lack knowledge acquisition and accumulation, which makes the “know-

ledge,” a precious resource for quality management, wasted. Whether it is the
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Just Do It (JDT) related experience from the production line or the information
and data recorded in the process of complex problem-solving. Whether it is
stored in the system and Email, or the employee’s memory, these experiences,
data, and information are essential for problem-solving. Therefore, how to orga-
nise these experiences, data, and information, transform them into knowledge,
and use the knowledge in the new problem-solving is an important issue worthy
of study.

Below we analyse the accumulation and use of data, information, and know-
ledge of the case plants in the process of problem-solving.

1) Lack of long-term data analysis

In the survey, we found that the case plants tend to focus on issues that are
happening right now, and they rarely carry out systematic analysis and summary
of long-standing quality problems. In this situation, problem-solving turns to be
a “firefighting” behaviour. The focus of quality management personnel often
shifts with the emergence of new quality issues. If every problem is treated
equally, it will waste many workforces and material resources. Grasping the
fundamental problems, prioritising the problems, and looking at the problems
from a global perspective rather than a local perspective, will effectively use
problem-solving resources to reduce the cost of human and material resources
for the company.

2) Poor data collection and storage

The quality problem solving team rarely uses some quality tools to collect in-
formation about defects. At the same time, there is a lack of unified archiving of
data during problem-solving. The only part of the data is stored in PQM or PCR.
However, much data is transmitted via email, telephone, or stored in a free disk.
Document and data stored in two case companies’ quality management infor-
mation systems are incomplete.

3) Lack of utilisation of data, information, and knowledge

Both the BBA’s PQM system and the SGM’s PCR system store a large number
of historical data. However, we found that they often do not attract people’s at-
tention. When a new problem occurs, employees tend to use memory to judge
whether the problem has occurred or not, or inquire the relevant person by mail
or phone, instead of going to the systems to check the historical record. At the
same time, due to the limitation of the search function in PQM and PCR system,
problem solvers do not have easy access to the root cause and solution know-

ledge.

4. Questionnaire Survey Results

Questionnaire survey results show that the questions raised in Section 3 are also
reflected in the questionnaire. We calculated the scores of each question in the
questionnaire and tried to find out the critical factors that affected the prob-
lem-solving. We extracted those questions with an average score below 4 points

and renumbered them to form the results shown in Table 4. In the five-rank Likert
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Table 4. Low satisfactory questions at two case companies.

Average Score

No. Item
BBA SGM
1 Quality problem definition is clear and with a unified standard 34 3.8
2 Quality-related data are recorded clearly and accurately. 3.8 3.6
3 The quality analysis equipment is ample and advanced 4.6 3.8
4 The results of the analysis can always be recognised by quality 37 32
executives and have a strong convincing ’ ’
5 Lesson Learned can be well stored and documented 3.8 3.8
6 The problem-solving team leader is clear 2.8 3.4
The problem-solving team collects and uses a wide range of
7 - 1 3.5 3.3
data, information and knowledge to solve the problem.
8  Data, information, and knowledge, can be found promptly 3.3 3.1

scale, one represents strong disagree, two represents disagree, three represents
neither disagree nor agree, four represents agree, and five represents strongly
agree.

From Table 4 we can see that the employees of the two companies are be-
tween either disagree nor agree and agree concerning question 1, 2, 4, 5, 6, 7, and
8. The result shows that quality management stakeholders believe that the com-
pany needs improvement in these areas. For the third question, BBA scored
higher than SGM, which means that BBA’s analysis equipment is more abundant
than SGM, and quality management personnel are also satisfied. Overall, the re-
sults of the questionnaire and the survey results in Section 3 are more consistent.
In the next section, we will propose a comprehensive solution to these problems,

especially the use of data, information, and knowledge in quality management.

5. Proposals to Improve Problem-Solving

5.1. Knowledge Management Based Intelligent Problem-Solving
System (IPSS)

Through investigation, it is found that the lack of utilisation of data, informa-
tion, and knowledge of quality management, especially in problem-solving, is a
common problem in typical automobile companies. In the era of informationi-
zation where the level of automation is getting higher and higher, and the level
of digitisation is gradually increasing, the manufacturing industry has accumu-
lated a great deal of data in the process of production and quality management.
How to make these data fully play a role in quality management is a question we
raise. What’s more, some automotive companies like BBA and SGM, which are
young and growing organisations, are also facing the problem of employee
turnover which leads to the turnover of experience. Under this circumstance,
there is an increasing demand for these companies to accumulate its prob-

lem-solving data and make full use of this data for better decision making in
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quality management which finally will increase the product quality. Based on
this idea, we propose knowledge management based intelligent problem-solving
system (IPSS). At the same time, we regard the five aspects of technological en-
vironment construction (TEC), personnel quality construction (PQC), organisa-
tional environment construction (OEC), institutional environment construction
(IEC) and cultural environment construction (CEC) as the guarantee of this
model.

The structure of the IPSS is shown in Figure 3.

Based on the problem-solving process, as well as internal and external know-
ledge resources, the architecture shown in Figure 3 can be summarised as “4321
architecture”, which is “four subsystems, three databases, two levels, one goal.”
The architecture expresses the whole process from data collection to data
processing and then using problem-solving knowledge to support problem-solving.

The four subsystems refer to Data Acquisition System (DAS), Ontology Ge-
nerating Module (OGM), Knowledge Transformation Module (KTM) and
Knowledge Inference Module (KIM). The three databases refer to the Prob-
lem-Solving Database (PSDB), the standard terminology and ontology database
and Problem-Solving Knowledge Base (PSKB). The two levels refer to the appli-
cation system level and the primary system level, which are: front-end data acqui-
sition system and decision support system; background knowledge processing
system and background maintenance system. A goal refers to all the data, infor-
mation and knowledge in the system serve the goal of solving quality problems.

DAS is used for collecting various data during problem-solving. For example,
IPS-Q, GSIP, PQM, and PCR in the two case companies can all be regarded as
data acquisition systems. Based on various data in DAS, OGM builds a standar-
dised and unified ontology of problems, immediate measures, root causes and
long-term solutions. These ontologies serve as the universal language for com-
munication among various departments, and also lay the foundation for the

Knowledge
Inference Module
(KIM)
Knowledge Problem-solving
—————» Transformation ————————— Knowledge Base
Module (KTM) (PSKB)
Ontology
Generating Module ——p St_andard
terminology &
(OGM)
ontology

Figure 3. The architecture of knowledge management based intelligent problem-solving
system (IPSS).
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construction of subsequent knowledge bases. Based on the ontology constructed
above, the KTM uses a series of intelligent algorithms to transform the original
data into corresponding knowledge which constitute the PSKB, including quality
problem knowledge base, immediate measure knowledge base, root cause know-
ledge base and solution knowledge base. These knowledge bases serve as the ba-
sis for the inference of new quality problems and are the core part of the intelli-
gent problem-solving system.

The KIM provides various knowledges to the user when the user retrieves the
knowledge base system. Knowledge inference process is shown in Figure 4.

Step 1. The user inputs the problems with the free text, the system pre-processes
the query and calculates the similarity between the text of the query and the
quality problem knowledge base. Then the system extracts the quality problem
with similarity higher than a certain threshold to form a set of quality problems.

Step 2. When the user clicks on the immediate measure in the system inter-
face, the system outputs all the sets of historical immediate measures for the
problem based on the extracted problem sets and the entity relationship diagram
(ERD) between the quality problem knowledge base and the Immediate Measure
knowledge base.

Step 3. When the user clicks on the root cause in the system interface, based
on the extracted problem set, and the ERD of the quality problem knowledge
base and the root cause knowledge base, the system outputs and presents the
root causes set in the form of a fishbone diagram.

Step 4. When the user clicks on the solution in the system interface, based on
the output root cause, and the ERD between the root cause knowledge base and
the solution knowledge base, the system outputs the solution set for this root
cause.

IPSS provides problem solvers with appropriate knowledge at different stages
of quality problem analysis and resolution. This knowledge includes what im-
mediate measures are taken for each problem, what are the root causes of the

EE

%H N
Outp 1

Figure 4. Knowledge inference process.
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problem, and what are the long-term solutions to the problem? Not only that,
the system can provide “know-who” at all stages of problem-solving, providing
relational knowledge for domain experts. This system, similar to a ques-
tion-and-answer engine, improves the efficiency and effectiveness and reduces
the cost of problem-solving. At the same time, from the perspective of company
KM, the system provides a systematic method of knowledge storage, accumula-

tion, transformation, and application.

5.2. A Five-Tier Environment to Ensure the Implementation of
IPSS

In addition to the architecture of Figure 3, IPSS needs five aspects to ensure its
successful implementation, including technological environment construction
(TEC), personnel quality construction (PQC), organisational environment con-
struction (OEC), institutional environment construction (IEC) and cultural en-
vironment construction (CEC). These five elements are shown in Figure 5.

The TEC is mainly to build an information network environment for the
overall architecture of KM in Figure 3. TEC uses information technology, data-
base technology, and network communication technology to develop intelligent
problem-solving technology systems. The PQC means that all employees need to
have specific KM literacy. Quality management and problem-solving are related
to every employee in the company, so is KM. Experience and knowledge exist in
the brains of employees consist of their wealth. Whether employees are willing
to share their own experience with others is a fundamental issue in KM. If em-
ployees are not willing to share, the best methods and techniques are useless.
Because of the hidden and unspoken nature of knowledge, even if employees are
willing to share, it will be helpless due to the lack of feasible expressions. So it
requires training to improve the quality and expression ability of employees.
OEC refers to how to coordinate numerous related personnel and employees
involved in problem-solving and form a specific organisational model. From the
perspective of IEC, the company needs to formulate relevant incentive systems
and form incentive mechanisms for KM so that every employee should regard

KM as “work within the company” instead of “extra burden.” As for CEC, it

Technological
Environment

Cultural Personnel
Environment Quality
IPSS System
Institutional Organizational
Environment Environment

Figure 5. Construction of “I + 5” for IPSS.
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takes a relatively long period of mechanical cultivation. If the KM system is a
“hard constraint,” then the KM culture is a “soft constraint.”

IPSS is a development strategy of the company and should be incorporated
into the overall development strategy of the company. KM work is also a stra-
tegic job. Whether the accumulation of knowledge or the formation of collective
wisdom is a process, its effect will not be immediate, and its value is also strateg-
ic. KM work is generally considered to be “important but not urgent” and is of-
ten squeezed by other “urgent” things, which makes it important for companies

to have “strategic strength” and “strategic patience.”

6. Conclusion

With a case study of two automotive manufacturers, this research investigates
the problem-solving of two typical automotive plants to explore the key factors
affecting problem-solving. Two plants which are owned by joint ventures in
China are selected for the study. By comparing and analysing the status quo and
problems in problem-solving of these two plants from the perspective of KM via
interviews, questionnaire distribution and filed work activities in the case plants,
we detected the key factors that influence problem-solving. The result shows that
there is a lack of utilisation of data, information, and knowledge in prob-
lem-solving in the automotive industry.

According to the analysis results, we propose knowledge management based
intelligent problem-solving system (IPSS). By the current problem-solving process
and utilising basic knowledge inside and outside the company, IPSS utilises the
historical problem-solving data to generate a common language for the description
of problems, immediate measure, root causes and long-term solutions. Then it
transfers the historical problem-solving data into useful knowledge which in turn
support the new quality problem-solving via the system interface. A five-tier en-
vironment is also proposed to ensure the successful implementation of IPSS.

The method and the system structure make the quality management process,
especially problem-solving step by step towards the process of knowledge and

wisdom, and gradually increase the efficiency and effectiveness of problem-solving.
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Appendix 1. Closed Questions in the Questionnaire

fitirszzilrz disagree neutral agree st:;)igely
1. Problem-solving process
1.1. Quality problem definition
1) Quality problem definition is clear and with unified standard 1 2 3 4 5
2) The problem description is clear and can be understood by various departments 1 2 3 4 5
3) Quality-related data are recorded clear and accurate. 1 2 3 4 5
4) The evaluation criteria for the severity of the problem or defect are uniform and can be
understood and applied by the staff of the relevant departments ! 2 3 4 >
1.2. Problem Analysis
1) The quality analysis equipment is ample and advanced 1 2 3 4 5
2) The quality problems can be analysed in time and the analysis results can be obtained in time 1 2 3 4 5
3) Analysis results are recognized by the problem-solving team and are very persuasive 1 2 3 4 5
4) Analysis of the results can always be recognized by quality executives and has a strong ) ) 3 4 5
convincing
1.3. Root cause analysis (RCA)
1) Carry out RCA scientifically rather than directly to the proposed solution 1 2 3 4 5
2) RCA relies mainly on personal experience rather than data 1 2 3 4 5
3) RCA tools is diversified and can be understood and used by most employees 1 2 3 4 5
4) The root cause of the problem can always be found and comprehensive 1 2 3 4 5
1.4. Solution
1) Solution implementation and validation has certain standards 1 2 3 4 5
2) Temporary solutions are used as long term solution 1 2 3 4 5
3) The solutions will be evaluated and then implemented 1 2 3 4 5
4) Implementation effect of the solution will been evaluated 1 2 3 4 5
1.5. Lessons Learned (LeLe)
1) The company do lesson learn after the problem is solved 1 2 3 4 5
2) LeLe can be well stored and documented 1 2 3 4 5
3) LeLe plays an important role in solving new quality problems 1 2 3 4 5
2. Human factors
2.1. Leadership
1) The CEO/Administrator is a primary driving force behind quality improvement efforts. 1 2 3 4 5
2) The senior executives allocate adequate organizational resources to improving quality. 1 2 3 4 5
3) The senior executives have articulated a clear vision for improving the quality of products. 1 2 3 4 5
4) The senior executives act on suggestions to improve the quality of products. 1 2 3 4 5
2.2. problem-solving team
1) When quality problems occur, can quickly organize the relevant personnel to form the ) ) 3 4 5

problem-solving team
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Continued

2) problem-solving team leader is clear

3) The problem-solving team effectively coordinate their efforts with others to solve the quality
problems

4) The team members have a certain level of competency and problem-solving skills
3. Data, Information & Knowledge

1) Problem-solving team collects and uses a wide range of data, information and knowledge to
solve the problem.

2) The company continually tries to improve how it uses data, information and knowledge on
the problem-solving.

3) Quality data can be recorded and documented with accuracy
4) Data, information and knowledge can be found in a timely manner

5) Data, information and knowledge can be effectively shared between the relevant departments

4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
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