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Abstract 

Quality defects are a common problem for producing companies, but causes and consequences 

are often unknown. The purpose of this thesis assignment is to develop a step-by-step analysis 

method for identifying the root causes of quality defects based on previously examined 

consequences. The first steps focus on customer recovery meanwhile the following steps 

concentrate on process recovery. The analysis method is process-orientated as the complete 

production and delivery process are scrutinized upstream by the combination of commonly used 

quality tools. 

 

For testing the applicability of the presented method this thesis comprises a case study 

conducted at one company receiving complaints about quality defects. For the Case Study 

Company the consequences and causes of quality defects are described, analyzed and 

suggestions for improvement are developed. 

 

In the investigated case, the developed method helps to identify causes and consequences of 

incomplete delivery, the company’s major quality problem. The upstream approach proved 

advantages for two reasons. First of all including the customer side guarantees that the cause 

analysis is limited to the relevant problems. With the help of the method the severity of 

consequences depending on the customers’ awareness of defects and available time can be 

detected. Secondly problems can be scrutinized in natural order as difficulties in production once 

identified can be followed step by step to the causes in a preceding step. The main causes 

identified in this case study are a lack of process definition and of standardization. Thus, the 

portrayed case suggests that regular appearances of quality defects are not a coincidence. The 

reasons are the underlying, possibly insufficiently defined and managed processes. 

 

The general finding of the thesis assignment is the presented analysis method that comprises a 

systematic process-oriented approach designed to examine consequences and causes of quality 

defects. In contrast to the root cause analysis approaches found in literature each analysis step is 

described in detail. This makes the method easy to apply in practice. Therefore the method is a 

valid tool to deal with a high degree of complexity. The case study proved that it is effective and 

efficient to scrutinize problems with these characteristics. Under different circumstances the 

application of single quality tools might be sufficient and hence resource effective. Further 

investigation is necessary since this method has only been tested in one case study. 

 

 

Keywords: Process Analysis, Root cause, Missing parts, Standardization, Process definition, 

Process Recovery, Customer Recovery 
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1 Introduction 

The Introduction chapter intends to give a fundamental understanding of the underlying 

problem of this thesis assignment. This information will result in the purpose of this research, 

delimitations and its suggested areas of applicability.   

1.1 Introduction to the Problem Area 

Consider a ten-year-old boy who is delighted to find a new red and white bicycle beneath 

the Christmas tree. When he and his father try to assemble the bicycle, everything goes 

well until they attempt to put on the front wheel and find that a nut is missing. As a result, 

before the bicycle can be used, the father must make a trip to the bicycle store, wait in line 

to get a new nut, and return home - a waste of one hour of valuable time and 24 miles of 

travel. The cost to the organization is a 5¢ nut; the cost to the customer is 300 times more.

           (Harrington 1999, pp.227–228) 

Customer satisfaction should be of extreme significance to any company as it is decisive for 

its success. Perceived value, trust, habit and customer satisfaction determine the customer’s 

loyalty (Su et al. 2010). Quality is one critical factor in the perception of value. If products do 

not fulfill the customers’ requirements this has a negative impact on customer satisfaction. 

Quality defects can be inter alia malfunction, assembly mistakes, broken parts or 

incompleteness. From Harrington’s example above it is evident that the material cost for the 

company due to a missing part is smaller than the cost incurred to the boy and his father. 

Apart from the fuel costs for extra transportation the incident consumed valuable time; time 

the boy would have liked to use to try out his new bicycle and time the family would have 

preferred to spend together. However, as a reader, it is furthermore obvious that the true cost 

for the company is not only a 5¢ nut. Instead the company is affected by the necessary extra 

work needed by the father as well as the dissatisfaction which both father and son must feel.  

Further will both, father and son, share their experience with everyone asking about their 

Christmas, which might lead to a loss of reputation for the organization. This loss of 

reputation might be very costly to recover, and it may lead to lost opportunities in the future, 

as the boy, his siblings and friends might not want to buy bicycles from this brand in the 

future. Thus, companies have to be aware of the effect of quality defects for their customers 

and the reflection to company image plus its influence on sales. Hence, customer satisfaction 

should be important to any company not only as end in itself, but because it is crucial for a 

company’s success and growth.  

Most companies understand this interaction and aim to ensure quality in their production. 

But still it happens that products are delivered incomplete or defective, resulting in costs for 

customers and producers alike. Nevertheless, as indicated by Harrington’s (1999) example, it 

is not given that companies fully understand the consequences which their mistakes imply for 

their customers and hence cannot understand which indirect cost for the company itself are 

entailed. Further are the companies probably not even aware of the causes to why these errors 

exist in the first place. Thereby they are most likely neither aware of more beneficial solutions 

for their operations.  

It raises the question how companies can find the causes for their quality problem and how 

they can solve it. 

One company facing the problem of delivering defect and especially incomplete products 

is The Case Study Company (CSC) (name changed), a company developing and producing 

agricultural machinery. Management understands that something has to be done about the 

problem but is currently neither fully aware of the consequences resulting for the intermediate 
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and end customers nor of the causes for these errors. Thus no opportunities of improvement 

can be identified.  

1.2 Research Purpose 

The purpose of this thesis assignment is to develop a step-by-step analysis method for 

identifying the root causes of quality defects based on previously examined consequences. 

This implies that the areas of both consequences as well as causes will be investigated. 

Therefore literature studies in the areas of both consequences as well as causes will be 

conducted, which will serve as the basis for the method being developed.  

 

The applicability of the developed method usefulness will furthermore be tested through a 

case study, based on its ability to unravel the complexity of consequences as well as causes. 

Once consequences as well as causes have been unraveled the question of how the situation 

can be improved naturally emerges. Hence, potential improvement suggestions for this 

particular case will be investigated and described.  

 

This overarching investigation of consequences, causes and suggestions for improvement will 

hopefully contribute to an enhanced ability to comprehend the problem of defective products 

with special regard to the problem of incomplete products due to missing parts. 

 

To fulfill this objective a case study is conducted at one company experiencing this 

problem. The situation of The Case Study Company (CSC) is typical for a company willing to 

solve the problem of missing parts which makes CSC a suitable candidate for the case study 

and the resulting findings generalizable. 

1.3 Research Delimitations 

The present thesis assignment comprises the development of a method for process oriented 

Root Cause Analysis in quality control plus a case-based application test with focus on 

incomplete delivery. From this research purpose some delimitations for this thesis assignment 

and the case study in particular can be deduced. These delimitations are 

 This thesis only investigates the causes, consequences and solutions for missing parts, 

no other errors or problems will be considered. 

 Consequences are described CSC specific but on a general level valid for all 

subsidiaries, dealers and importers. 

 The frequency and extend of the problem will not be investigated. 

 Only three drilling machine-families will be included in the case study. 

 No financial estimations will be performed. 

 None of the suggested improvements will be implemented by the thesis writers.  
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2 Company Overview and Problem Background 

In order to get a deeper understanding of the case, the company CSC and the problems it 

faces will be presented in this chapter.  

 

The Case Study Company (CSC) is a family owned company which was established in 1968. 

The company produces agricultural machines which are renowned for their sturdiness, quality 

and durability. CSC started when the founder created a tine harrow made out of steal instead 

of the, at the time, conventional material wood. These steel tine harrow rapidly became 

popular among the local farmers, and thereby a company was born. Ever since the 

establishment in 1968 the company has been in a rapid expansion phase, where it has gained 

territorial ground on both the domestic and the international market.  

 In 2012 the company had a turnover of 

approx. Euro 240 million. In 2012 about 

90 % of the company’s turnover came 

from machines exported with primary 

focus on Europe which accounted for 84 

% of the export (94% if Sweden 

included). For 2017 CSC estimates a 

turnover of approx. Euro 400 million, 

primarily through increased export. In 

other words, the company anticipates that 

it will almost double its turnover over a 

period of five years, which should be 

viewed upon that it is an industrial 

company. This growth is estimated to 

come primarily from increased market 

share on the European market, but also by 

further broadening their territorial ground.  

 

Figure 2: Turnover (company presentation 2013) 

 

Figure 1: Sales by markets                                                    

(company presentation 2013) 
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Due to CSC’s rapid growth indicated in Figure 2 the company’s products, tools, facilities, 

working procedures, markets, number of employees and so forth is constantly due to change. 

This implies that CSC, both historically as well as currently, can be considered as a company 

in constant change.  

Missing parts have always existed at CSC in varying degrees. The relative historical 

magnitude of this problem is however hard to estimate, as it has not been measured. It is 

however evident that the expressed magnitude of importance from CSC’s subsidiaries and 

intermediates to solve these defects of missing parts has (significantly) increased during the 

past ten years. Therefore CSC has actively worked with trying to find the solutions for these 

defects for several years, and according to the intermediate companies there have been some 

visible improvements during the past two-three years. However, they say that the bulk amount 

of defects still remains. This implies that even though CSC has tried to eliminate these defects 

for several years they have so far been unsuccessful. Eliminating these defects has been 

problematic, as they occur with a seemingly randomized appearance, highly fluctuating over 

time, markets and product-families. Furthermore the origin of missing parts is unknown, as 

CSC has not noticed that any particular implementation has resulted in an increased amount of 

missing parts.  

Apparently the drain of labor hours and other resources from CSC’s intermediate 

companies due to missing parts seems to be so prominent that when CSC expressed the goal 

to double turnover in-between 2012 and 2017 to its subsidiaries, some subsidiaries started to 

protest saying that this would not be possible unless CSC lowered its output of missing parts 

with at least 90%. Otherwise, they claimed, it would not be possible to deliver this many 

machines as they stated that the missing parts takes too much time and effort to solve. The 

interesting aspect of this statement is that some subsidiaries started to protest heavily 

meanwhile other subsidiaries barely consider missing parts to be a problem. Notably the 

reasons for these market differences are currently unknown. Furthermore notable is that CSC 

currently is unaware of the consequence cost due to missing parts.  

Additionally it is currently believed to exist a big discrepancy between the “true amount” 

of missing parts experienced and solved by the intermediate companies and the amount being 

reported to CSC. This discrepancy is believed to stems from a number of reasons, such as that 

people forget to report, but also more importantly that some intermediate companies do not 

consider it resource effective to report every single missing part. Instead they believe it is 

more resource effective to solve these problems as they occur, and discuss the general issues 

with CSC’s management. Notably CSC personnel consider this to be a big hindrance for 

solving the problems of missing parts.  

The above stated background implies that CSC’s management currently believes that it 

lacks proper understanding for the consequences as well as the origin for missing parts. Since 

CSC’s management currently consider their understanding for both the problem as well as 

plausible solutions as insufficient, they currently considers themselves to be unable to take 

appropriate actions before this issue has been properly investigated. 
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3 Theoretical Framework 

This chapter intends to give some background information on the relevance of this research 

and shall help to understand the analysis. 

3.1 Consequences of Poor Quality 

Satisfying customers is an essential task for companies, not only as end in itself but because it 

is crucial for a company’s success. Defects and complaint management have a major impact 

on the customers’ satisfaction or dissatisfaction and hence their loyalty (Johnston 2001; Su et 

al. 2010). Loyal customers are a major source of growth. Repurchasing and cross-buying in 

addition to the reference effect of these customers (sharing their positive experience with 

others) increase sales (Stauss & Seidel 2007). A negative word of mouth effect, on the other 

hand, has a negative impact on business earnings. Therefore it is indispensable to react to 

customer complaints and to regain the complainants (Johnston 2001). 

Delivering high quality means pleasing the customer. The first step of delivering quality to 

customers is identifying their needs (Watson 2012). It is elementary but not enough to protect 

the customer from annoyances (Garvin 1987). Common problems of customer dissatisfaction 

have to be eliminated while sources of customer delight should be included to satisfy the 

customers. At the same time sources of customer satisfaction and dissatisfaction should be 

considered in future product development (Bergman & Klefsjö 2004). It needs to be 

understood how the customers apply the provided product and how the product provides 

utility to them (Karpen et al. 2012).    

Customer feedback is crucial for quality improvements (Bergman & Klefsjö 2004; Garvin 

1987). Thus, complaint management is an important part of Customer Relationship 

Management (CRM); especially as customers’ loyalty in general shrinks and more unsatisfied 

customers tend to turn away without complaining. From few complaints cannot be deduced 

that the great majority of customers is satisfied; 50% to 80% of the unsatisfied customers do 

not express their discontent to the supplier. Hence one aim should be to higher the number of 

unsatisfied customers that state a complaint, e.g. through eased defect report processes. 

Complaints are the best source of information on how to increase customer loyalty and quality 

and consequently financial performance (Stauss & Seidel 2007). This high operational value 

of complaints needs to be acknowledged and thus both customer satisfaction and operational 

improvement need to be the main aims of complaint management (Johnston 2001). Defect 

reports do not only help customers to receive reimbursement for the extra time and material 

they had to invest but even create a database helping the supplier to improve production. 

Offering solutions for the emerging problems and demonstrating customers that their concerns 

are taken seriously inspires the customer’s trust and commitment (Stauss & Seidel 2007).   

For the customer poor quality entails dissatisfaction and possibly even more costs. For the 

company poor quality does in one way or the other always result in costs. Consequently action 

is required to satisfy the customer and to prevent further defects. 

3.1.1 Cost of Quality 

The terms “Costs of Quality” (CoQ, used hereinafter), “Cost of Poor Quality” or “Poor-

Quality Costs” are not completely self-explanatory as they include both the necessary 

expenses for delivering the right quality and hence satisfying the customer (Costs of Good 

Quality) and the costs resulting from not delivering quality from the beginning and thereby 

not meeting the customers’ expectations (Costs of Poor Quality).  

Costs of Poor Quality are composed of direct costs for corrective actions and indirect costs 

emerging from the customer’s dissatisfaction. The direct costs contain internal and external 
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failure costs. Internal failure costs arise before delivery, examples are rework, stand-still and 

waiting times. External failure costs emerge after delivery and include inter alia complaints 

and warranty. Indirect costs are customer-incurred costs and all costs resulting from goodwill 

loss through customer dissatisfaction. The latter include omitted repeated buying and cross-

buying of an unsatisfied customer and a loss of reputation for the company and lost-

opportunity costs as dissatisfied customers are likely to share their experience with friends, 

colleagues and their family (Stauss & Seidel 2007). The brands reputation and the customer’s 

former experience have a strong influence on perceived quality which plays an important role 

in the customer’s purchase decision (Garvin 1987).   rqvist ( 001) compares these indirect 

costs to the invisible (underwater) part of an iceberg.  

Expenditures connected to good quality are appraisal costs such as inspection as well as 

prevention costs for quality stimulating activities such as implementing quality systems, 

education in quality, and audits of suppliers. While failure costs are avoidable, expenditures 

for quality control initiatives and prevention are unavoidable and justified as long as they do 

not extend the costs resulting from product failure (e.g. Garvin 1987; Bergman & Klefsjö 

2004). Gembrys and Herrmann (2008) stress that the latter should be seen as investment and 

as means to foster growth since the enhanced quality makes the products more attractive and 

binds customers. An overview of the elements of Costs of Quality is given in the table below 

(see Table 1); examples for each element are listed in Appendix 1. 

Table 1: The elements of Costs of Quality 

Costs of Quality Unavoidable  

(Costs of Good Quality) 

Avoidable 

(Cost of Poor Quality) 

Direct 

Controllable 

Prevention cost 

Appraisal cost 

Resultant 

Internal error costs 

External error cost 

Indirect 

  Customer-incurred cost 

Customer-dissatisfaction cost 

 - Loss-of reputation cost 

 - Lost-opportunity cost 

 

Most of the quality-related costs result from poor quality and thus are avoidable (Gryna 

1999). The sources for these costs emerge in all functions within the company including 

production, development, engineering, sales, product engineering, manufacturing, quality 

assurance, programming, personnel, etc. In total it tends to be cheaper providing products of 

good quality than of poor quality (Harrington 1987). According to Harrington (1999) the CoQ 

often numbers more than 40% and presumably never less than 20% of the sales price. 

At the same time the customer often is cheaper off buying quality than choosing low price 

alternatives (Becka 2012). Quality has to be recognized as a means of competitive advantage 

(Schiffauerova & Thomson 2006; Garvin 1987). In a multiple experiment-based study Bertini 

et al. (2012) provide evidence that in a highly competitive market quality becomes more 

decisive and price rather negligible. If expectations are not met, the regret is all the greater. To 

satisfy the customer, his expectations have to be at least fulfilled. Otherwise his goodwill 

could be lost (Harrington 1987).   

For Crosby (1979) and Harrington (1999) measuring the CoQ is an effective mean to 

obtain the management’s attention and to clarify the problem’s significance for the 

employees. Additionally, measuring CoQ provides the opportunity to quantify a problem’s 

extend, to  identify appropriate areas for amelioration such as opportunities for cost reduction 

and reduction of customer dissatisfaction, to measure the return of improvement activities and 
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finally to harmonize the quality objectives with the company aim (Gryna 1999; Harrington 

1999; Johnston & Mehra 2002). Still identifying and publishing the CoQ does not directly 

lead to improvement but leads to an improvement process that has to follow. The underlying 

causes need to be diagnosed and removed (Gryna 1999; Harrington 1999; Schiffauerova & 

Thomson 2006). A benchmark study Schiffauerova & Thomson (2006) conducted showed 

that the application of formal CoQ methods in industrial practice is quite rare even though 

companies make intensive quality efforts using other means to measure their quality and are 

satisfied with their program, e.g. percentage of defective products or on-time delivery. 

However, measuring CoQ enables a company to prioritize opportunities for improvement and 

to compare the investment costs for prevention to the cost reduction in form of avoided Costs 

of Poor Quality (Crosby 19 9    rqvist  001   chiffauerova   Thomson 2006). 

  rqvist ( 001) sees the analysis of operations with help of process mapping and error 

recognition as a part of ascertaining CoQ. He recommends to execute the analysis upstream 

by asking the involved workers not only about their mistakes but also about the problems they 

experience, i.e. errors emerging earlier in the process chain. After studying the processes with 

the affiliated methods and routines the frequency of errors and difficulties can be measured to 

estimate the resulting Costs of Poor Quality (  rqvist  001). Improvement process 

methodologies often applied are process redesign, process reengineering or benchmarking 

(Harrington 1999). 

Preventing defects and reducing the CoQ means to increase profit without investment in 

new equipment or employees and without raising sales (Crosby 1979). Arising prevention and 

appraisal costs are not avoidable, but they are much lower than the avoided direct and indirect 

failure costs (e.g.  uran   De Feo  010b    rqvist  001). 

3.1.2 Complaint Management 

Defects are not always avoidable. Which consequences they have and if they result in 

customer dissatisfaction depends strongly on how detected and reported defects are managed 

(Kau & Loh 2006). Complaint handling and management is an area which was widely 

researched and developed in service management area, but the theories developed apply even 

to the manufacturing sector. Michel et al. (2009, p.267) define complaint management as  

“… the integrative actions a company takes to re-establish customer satisfaction and 

loyalty after a […] failure (customer recovery), to ensure that failure incidents encourage 

learning and process improvement (process recovery) and to train and reward employees 

for this purpose (employee recovery).”   

                     (Michel et al. 2009, p.267) 

Michel et al. (2009) suggest that complaint management comprises three different 

perspectives, namely customer recovery, process recovery, and employee recovery. Customer 

recovery through complaint handling needs to be integrated with staff-friendliness and in-

house improvement processes, i.e. learning from complaints and avoiding defects to reoccur 

(Johnston 2001; Vos et al. 2008; Michel et al. 2009).  

Customer recovery aims to satisfy and bind the customer after a reported defect. It includes 

all actions taken with the direct purpose to resolve the matter of the customer’s complaint 

(Vos et al. 2008). Lodging a complaint ought to be as easy and uncomplicated as possible. 

Once lodged, the complaint has to be handled quickly, with concern and empathy. Complaints 

should be taken seriously and answered individually following a defined strategy (Michel et 

al. 2009).  Depending on the situation (e.g. available time) the customer may perceive the 

criticality of a defect differently. This requires different recovery strategies; while customers 

in highly critical situations prefer an immediate mending of the defect, at low criticality they 

prefer a discount (Michel et al. 2009). Johnston and Michel (2008) summarize seven key 
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activities for satisfying the customer after he reported a defect: acknowledging that a problem 

has occurred, showing empathy and trying to understand the problem from the customer’s 

point of view, apologizing, taking ownership of the customer and the issue, trying to fix the 

problem for the customer, providing assurance that the problem has been or will be sorted and 

should not occur again, and finally depending on the severity and criticality of the problem, 

providing compensation in form of a refund. Satisfying and recovering customers is decisive 

for customer loyalty and their repurchase intentions. Thus it is important to encourage 

customers to complain, e.g. good complaint-procedures and easy processes are one approach. 

Further feedback could be collected through customer surveys investigating satisfaction and 

critical incidents (Johnston & Michel 2008). Apart from the directly customer-oriented actions 

of complaint handling further indirect actions of complaint management need to be 

performed. These include internal planning and control of complaint handling as well as a 

long-term analysis of complaints combined with the resolution of problems bringing about 

complaints (Vos et al. 2008). In fact, many customers complain not only because they want 

their reported defect to be solved, but also because they want producers and service providers 

to improve their operations for future customers (Johnston & Michel 2008). Recapitulatory 

customer recovery does not only require competent complaint handling but even long-term 

improvements (Vos et al. 2008). 

Employees are expected to be pleasant, helpful and attentive when processing customer 

complaints. At the same time customers blame them for mistakes they personally might not 

have any influence on (Michel et al. 2009). As mediator between dissatisfied customers and 

unchangeable organization policies “front-line” employees can be exposed to high levels of 

stress, especially if complaint management processes are poor (Johnston & Michel 2008). 

This makes it very important to see every complaint as an opportunity for organizational 

learning and a creation-process for internal and external satisfaction (Michel et al. 2009; 

Johnston & Mehra 2002). The company needs to impart to the staff that errors are inevitable 

and acceptable but that once they are detected the causes need to be eliminated. Therefore 

customer complaints as well as employee concerns and improvement suggestions are 

important sources of betterment and ultimately financial benefit (Johnston 2001; Johnston & 

Mehra 2002). As delivery and service are the first levels of contact to the customers they have 

to be coordinated with the sales process. Information sharing is an important aspect here. In 

this way the delivery and service units act as sales resources and as relationship ameliorants 

(Kowalkowski & Kindström 2012). Hence it is important to communicate reoccurring 

subjects of complaints centrally, e.g. through a direct input from service personnel in strategic 

planning meetings. Further ought complaint handling be decentralized and service employees 

should be empowered to send goodwill presents if necessary for customer retention (Johnston 

& Mehra 2002). For an effective complaint management employees need to be satisfied with 

their job. Satisfied employees relate positive to the company and work better. If employees 

feel unfairly treated, they treat customers unfairly and their negative feelings reflect in the 

way they handle customer complaints. Hence the organization has to help its employee in 

dealing with customer complaints and recovering customers. Therefore it is important to listen 

carefully to internal complaints, problems experienced by employees and suggestions and 

pocess them. Poor quality from one area of the business to another may result in poor quality 

for the customers. Hence internal and external complaints must be used to improve 

operational processes and complaint processes in order to satisfy employees (Johnston & 

Mehra 2002). 
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Table 2: Principles of successful complaint management (adapted from Michel et al. 2009; 

Johnston 2001; Johnston & Mehra 2002; Johnston & Michel 2008)   

Recovery Perspectives Customer recovery Process recovery Employee recovery 

Orientation  Focus on customer 
experience 

 Aim to satisfy the 
customer after a 
failure 

 External and 
personal factors 

 Marketing 
perspective 

 Focus on 
production and 
delivery and how to 
learn from failures 
to improve 
processes to 
prevent failures  in 
the future 

 Internal and 
procedural 
technology factors 

 Operations 
perspective 

 Focus on helping 
employees 
succeed in 
attempting to 
recover customers 
or to recover 
themselves from 
negative feelings 
from failure 
situations 

 Internal and 
personal factors 

 HRM perspective 

Recovery effectiveness 
fundamentals 

 Take complaints 
seriously 

 Fair treatment of 
the customer 

 Do not fail twice 

 Collect data on 
process to learn 
about failure points 

 Analyze failure 
data to improve 
processes 

 Practice “internal 
recovery” of staff 

 Limit negative 
“spillover” from 
employees to 
customers 

Factors for a “good” 
complaint management 
process 

 Quick response  

 Consistency of the 
response 

 Single point of 
contact 

 Complaint process 
easy to access and 
to use 

 Keep the 
complainant 
informed 

 Soliciting and 
personal contact  

 Follow-up 
procedures to 
check with the 
customers after 
resolution 

 Encourage 
complaints through 
appropriate 
methods 

 Use the data to 
engineer-out the 
problems 

 Focus on cause 
reduction rather 
than complaint 
volume reduction 

 Ensure that 
problems do not 
recur. 

 Incorporate 
complaint data into 
strategic planning 
systems 

 Centralized teams 
with responsibility 
for analysis and  
improvement 
policies 

 Seeking 
information about 
problems and their 
resolution 

 Having clear, 
easily accessible 
procedures 

 Empower 
employees to deal 
with the situation 

 Decentralized 
collection of 
information 

  'No-blame' culture 
that accepts 
mistakes and 
makes complaints 
a normal but 
positive part of 
organizational life 

 Organization-wide 
circulation of 
complaint issues 
and learning points 

 Employees should 
be used as a major 
source of ideas 

 

Process recovery means to learn from failures and to turn internal and external complaints 

and suggestions into real improvement. The focus is on optimizing processes and performance 

instead of pleasing and recovering individual customers (Michel et al. 2009). Therefore failure 

data is to be analyzed and interpreted by combining different approaches. The subject-matters 

of complaints should be categorized by their frequency of occurrence and their relevance and 

potential impact. To link customer outcomes (effects), i.e. defects to operational factors 

(causes) tools as for example Root Cause Analysis and Fault Tree Diagrams can be applied to 

identify causes and need for action. The collected information can be used to formulate 
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solutions and problem prevention activities (Johnston & Michel 2008). Johnston (2001) 

suggests that the costs for process improvement are probably lower than the return of this 

investment as it leads to long-term cost reduction. Through process improvement defect 

causes can be eliminated reducing future failures and dissatisfied customers. Furthermore 

inefficient and ineffective processes are detected and can be removed in an early stage. This 

results in less unsolved problems and therefore fewer complaints need to be handled. 

Harrington (1999) chimes in with that saying that instead of investing money in fixing defects 

and pleasing dissatisfied customers it is better and cheaper to do right from the beginning and 

to please customers from the start.  

Table 2 highlights the orientation and prerequisites for complaint management concerning 

the different perspectives. 

To summarize, complaints allow organizational learning. If they are taken seriously and 

appropriate improvements are implemented, they are a valuable source of long-term customer 

relationship. An important aspect for reaching this aim is open information exchange and 

sharing. For understanding complaints dialog with the customers is an essential requirement 

(Vos et al. 2008). Additional methods of data collection are for example an online customer 

feedback system and customer satisfaction research (Johnston & Michel 2008). This leads to 

the fortunately situation that information needs to be shared internally and transparency is 

created. Transparency makes it possible to learn about problems and defects for enabling the 

analysis of the complaints and to increase the insight into the causes. Possible ways of 

information distribution are for example the intranet or mail alerts to involved employees. For 

solving the matters of complaints sustained improvement processes, both for complaint 

handling and for internal operations, are needed. Therefore employees from different units 

need to corporate and identify the best overall solutions together (Vos et al. 2008). A unified 

system has a positive impact on staff motivation, leads to fewer failures, higher customer 

satisfaction and retention,  lower costs and finally higher profitability (Johnston & Mehra 

2002; Michel et al. 2009). 

For a successful complaint management all three perspectives need to be combined. 

Allover good complaint management procedures - including a good complaint culture and 

good complaint  processes - lead to customer satisfaction resulting in customer loyalty and 

finally improved financial performance (see Figure 3) (Johnston & Mehra 2002; Johnston 

2001; Johnston & Michel 2008). However, even though complaint management is an 

opportunity to satisfy or even delight customers (Johnston 2001), an investigation conducted 

by Kau & Loh (2006) disproved the so called “recovery paradox” (see Johnston & Michel 

2008). This implies that customers satisfied with the recovery process are still less satisfied 

than customers not experiencing a defect. Further do customers who are dissatisfied with the 

way their complaint was handled more likely share their negative experience than dissatisfied 

customers who did not complain. Hence, it is very important to eliminate sources of failure 

and to satisfy customers right from the beginning (Kau & Loh 2006). The prime outcome of 

complaint management should therefore be organizational improvement, i.e. process recovery 

(Johnston & Michel 2008). Thus the focus of this thesis work is on processes and process 

recovery. 
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Figure 3: The conceptual model (Johnston & Michel 2008) 

 
 

3.2 Process Orientation 

The customer requirements are the cause of action implemented in a company’s processes 

(Rentzhog 1996). Processes apply determined activities to transform inputs in form of 

material and information into outputs. Several interrelated processes build a productive 

system. Each of the single processes makes a contribution to the objectives of the system 

(Melan 1995). Hence, improvement in favor of the customers’ benefit requires a process-

focused approach. This means not to concentrate on outcomes but on how these outcomes are 

brought off. Melan (1995) lists four decisive advantages of applying a process orientation: 

cost reduction, quality improvement, productivity increase and the provision of a cross-

company system basis for quality improvement. A study conducted by Bronzo et al. (2013) 

proved the positive impact process orientation has on organizational performance. It is the 

processes that need to be controlled and improved. Therefore cooperation within the process 

and with customers is indispensable (Rentzhog 1996). For that it is extremely important to get 

feedback from customers and to give feedback to suppliers (Fryman 2002). There are two 

kinds of customers: internal and external. The internal customer of a process is the next 

process within the company receiving the product. External customers are not part of the 

company, they are either end customers or prelocated facilities that work with the products 

leaving the company semi-finished or as components for other products (Fryman 2002). 

Reversely there are correspondingly internal and external suppliers. An interactive 

relationship is decisive when it comes to understanding the customers’ needs and desires 

(Vargo & Lush 2004; Karpen et al. 2012). Hence improvement requires constant feedback and 

information from customers (Wysocki 2004). For overall emendation it is important not only 

to get feedback from external customers but also from internal customers. First the customer 

requirements have to be identified and then quality in production has to be ensured 

(Harrington 1999). Therefore it is crucial that construction is completed before production of 

new or changed products starts (Crosby 1979). To identify possible improvement it is 

important to detect the underlying causes for complaints and CoQ (  rqvist  001). 

Companies can only be and stay competitive by constantly improving their operations 

(Wysocki 2004). Effective processes create output that meets the customers’ requirements. If 

this is achieved at the lowest possible costs it is efficient. Due to conflicts between the 

interests of different department processes often are neither effective nor efficient (De Feo 

2010a). If the process remains effective and efficient despite the changes and adaptations over 
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time, it is called adaptable. Anyhow, with changes over time rework often becomes a fix part 

of processes and the organizations’ norm (De Feo 2010a). To achieve efficiency and 

effectiveness processes need to be managed. 

3.2.1 Process Management 

Melan (1995) and De Feo (2010a) list some indispensable preconditions for the manageability 

of processes. Both see the establishment of process ownership as the most essential 

prerequisite to achieve effective processes. Yet, a lack of ownership in complex processes is 

not unusual in practice. The process owner is responsible for process performance and has the 

competence to modify and improve the process. He and his team focus on process 

effectiveness and efficiency measurements, quality control and improvement. Rentzhog 

(1996) believes that process ownership is a full-time assignment. A further challenge is the 

definition of the process, its interfaces and its boundaries. A process diagram is a useful tool 

for illustration. Establishment of control points and measurements prevents defective output 

and enables feedback and continuous improvement. The indicators typically used are 

measures of conformance (defects, errors), cycle time and repetition (rework). Common 

graphs to visualize defect levels and trends are inter alia Pareto Charts, Histograms and 

Control or Pie Charts. A processes’ performance shall be stable, predictable and repeatable 

(Melan 1995; De Feo 2010a). 

Proactive managers are rather interested in sources than in problems. Once the defect 

causes are found it is not difficult to find a solution, as it is often intuitively. Additionally 

experts can be invited for brainstorming (Gembrys & Herrmann 2008). Typical examples for 

error causes are unclear work instruction, missing habit patterns, lack of training (Crosby 

1979). Furthermore  the application of processes might  not have been considered in process 

design for different purposes (Ljungberg & Larsson 2001). Crosby (1979) identifies the 

removal of error causes as one step in quality improvement programs and recommends to 

interview employees on problems that impede their work performance. For analyzing the 

causes Juran and De Feo (2010b) recommend to start with analyzing the symptoms, e.g. the 

number of occurrences, costs, downtime or delay. These symptoms can be defined, quantified 

and visualized to identify the primary symptom. Analyzing and improving processes as well 

as defining working procedures and standards are essential tasks in process management. If no 

standard exists deviations cannot be detected nor can problems be identified. Besides 

standardized work is an important mean to guarantee safety and good ergonomics, a stable 

quality and constantly rising efficiency through applying best common knowledge (Petersson 

et al. 2010). Variations in processes directly lead to variations in results (Rentzhog 1996). 

When a mistake is detected it needs to be clarified whether a standard exists. In case there is 

no standard, it has to be created and established. If a standard exists it has to be checked if it is 

followed in everyday practice. If not, employees have to be instructed why it is important and 

trained to use it. If mistakes happen even though a standard exists and is adhered, the standard 

is not good enough and has to be revised (Petersson et al. 2010). Through standardization and 

leveled production processes  results become stable and predictable which allows smaller 

buffers (Petersson et al. 2010; Liker 2004). Only when flow efficiency has been achieved a 

move towards resource efficiency becomes rational (Modig & Åhlström 2011). 
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3.2.2 Process Oriented Analysis (POA) 

Process Oriented Analysis (POA) is a method to investigate complex production systems with 

the aim to concept, maintain, modernize or optimize processes. Development, modeling and 

structuring of business processes is one example for an application field of POA as well as the 

support and documentation for operation and maintenance of complex production lines 

(Meyer et al. 2007). De Feo (2010a) commends the analysis of processes as ideal means to 

expose the underlying causes of faulty output. Petersson et al. (2010) stress the necessity of a 

precise knowledge not only about the situation but also about the facts that add value to the 

customer to ensure that a change will be an improvement. Therefore the analysis should be 

conducted upstream, excluding problem causes one-by-one to find the root cause. 

Improvements can then be applied to single processes with the aim to improve the value 

stream as a whole (Petersson et al. 2010). Fryman (2002) agrees and declares that obtaining 

quality through process improvement starts with the identification of customer requirements 

followed by flowcharting, root cause analysis and evaluation. Modig and Åhlström (2011) 

name customer focus and flow efficiency as the two most important aspects of well-

functioning production. Once the customer requirements are identified, the suitability of the 

processes can be examined. Petersson et al. (2010) argue that for improvement the whole 

system has to be taken into consideration but actually it is the single processes with its details 

that have to be changed and improved. The handover points are of special interest since every 

interface bears possible mistakes (Sharp & McDermott 2009). Wysocki (2004) argues that for 

the optimization of entire processes a graphical description of the process is needed. Liker 

(2004) stresses the importance of visualization and transparency of processes for elimination 

of waste and for improvement. 

The POA consists of a static and a dynamic analysis each containing several models 

(Meyer et al. 2007). The static analysis is a functional description of the As-Is Process, i.e. 

operations employees and machines perform for transforming material, resources and data. 

The relationships between these activities are also concerned (Meyer et al. 2007). The model 

applied is a flow diagram. A flow diagram is a simplified graphical representation of 

processes within a system, including the conducted activities transforming input into output 

and the flows as interfaces between the activities. Process specifications, workflow 

organization and identification of gaps in the information flow help to understand the system. 

Optimizing a system means process reengineering, flow rerouting, interface reduction and 

elimination of unnecessary processes and flows (Meyer et al. 2007). The dynamic analysis can 

be understood as a behavioral view adding sequences and conditions to the static view. To 

investigate scenarios different values and parameters can be tested in a simulation model. This 

is of special interest for the creation of the aspired To-Be Model of automated production 

systems (Meyer et al. 2007). For error analysis process maps help to identify where problems 

occur and often they even show why these deficits happen (Ljungberg & Larsson 2001). Once 

processes are mapped potential for improvement can be noticed. Furthermore does the process 

mapping itself help to detect if processes are not clearly defined or standardized. Stable and 

standardized processes in leveled production are a precondition for improvements (Petersson 

et al. 2010; Liker 2004). 

3.2.3 Implementation of Improvement 

Decisions on process improvement are usually made on basis of complaints from customers 

or employees because of management preferences or perceived importance. Further reasons 

could be process size and costs or the degree of opportunity for improvement (Melan 1995). If 

processes are used with a high frequency it is worth correcting even small deficits (Ljungberg 

& Larsson 2001). The opportunity for improvement becomes apparent, when benchmarking, 
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i.e. searching for the best industry practice, reveals a deficit relative to the benchmark (Melan 

1995). 

Changes should be carried out by cross functional improvement teams consisting of experts 

of all processes that need to be taken into account (Melan 1995). There are two ways of 

reforming a process: (incremental) improvement and process reengineering or redesign. 

Process improvement implies adjustments, low costs and a predictable result with a low risk 

of unwanted side-effects. It often comprises the elimination of redundant activities and the 

implementation of control points. However, if processes have poor design only reengineering 

such as significant process changes or new technology can make them effective and 

competitive (Rentzhog 1996; Melan 1995). Reengineering signifies radical changes starting 

with the process’ purpose and customer needs to find better approaches and processes 

(  rqvist  001). Through good process design many problems can be prevented (De Feo 

2010b). Modeling helps to test combinations of different variables. For the execution one 

major question is to which degree automation is possible and how software and human 

intervention can be combined (De Feo 2010b). Redesign often becomes favorable when new 

IT solutions can improve processes rapidly (Rentzhog 1996). Permanent monitoring and 

optimization of the new process are imperative (De Feo 2010b). Even when redesigning a 

process the old process needs to be understood. Otherwise the reasons for redesign might be 

overseen, aspects might be forgotten, old problems might be repeated and measuring the 

improvement becomes difficult (Rentzhog 1996). Changing processes includes replacing old 

habits with new ones. To establish new habits the involved employees have to understand the 

meaning of the change. Therefore it is crucial to involve the employees in the process 

investigation and ask them about their ideas and suggestions for improvements. Once changes 

are decided, it is crucial to communicate the value of the change and to train employees in the 

new processes (Wysocki 2004). A process view helps the employees to be aware of the 

contribution of their work on customers' delight (Rentzhog 1996). 

3.3 Improvement Tools 

Companies deciding to analyze and improve their processes have the choice between many 

quality control and management tools. If collecting the right data and combining tools 

supplementary they make up an effective mean to identify problems and causes as well as  

appropriate solutions (Bergman & Klefsjö 2004). Some useful tools for problem identification 

and Root Cause Analysis will be further described herein under. The problem identification 

tools presented are Process Map, Affinity Diagram and Risk Analysis Tool. For the Root 

Cause Analysis the methods 5-Why, Fault Tree Diagram, Matrix Diagram and 

Interrelationship Diagram are introduced. 

3.3.1 Process Map 

Flow Diagrams first emerged in the 1950s in software design. Today Process Maps are 

commonly used and a key element of process analysis. They give a graphical description of 

the process, illustrating the operations and sequences from left to right or top-down. Standard 

symbols are applied for flow directions and activities. The most frequent symbols are the 

rectangle for an activity, the arrow for the flow and a diamond for a decision or control point 

(Melan 1995). Figure 4 represents a simple example of a Process Map. 
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Figure 4: Example Process Map 

 

For process mapping different methods can be applied. Melan (1995) differentiates three 

sources of information for developing flowcharts: interviews with process participants, 

observation and documents in form of written process and job descriptions. He sees 

interviews as the most reliable source as the process participants have the best knowledge of 

their activities. The actual activities might even differentiate from the defined standard 

documented. Meyer et al. (2007) describe four different approaches and starting points for 

building the model: walk-through, walk-around, bottom-up, top-down. The first possible 

procedure is to walk through the different production steps along with the material flow. 

When applying a walk-around procedure additionally all in- and outputs as information flows 

are taken into account. Other approaches are a bottom-up procedure, starting with one single 

shop floor, or a top-down procedure, starting very general and specifying the departments, 

processes and activities of interest (Meyer et al. 2007). Usually the collection of data and the 

creation of the model are conducted simultaneously as information collected may directly help 

for better understanding and be added to the model (Meyer et al. 2007).  

3.3.2 Affinity Diagram 

The Affinity Diagram organizes verbal data like ideas, complaints, customer desires or 

opinions by clustering items of  a similar type  (De Feo 2010b). In this way large amounts of 

information collected through interviewing or brainstorming can be structured. It is important 

to collect everyone’s opinion on the topic. Notes can then be clustered and summarized by 

contents under matching headings. Possibly these subcategories can be accumulated to a more 

general category (see Figure 5) (Bergman & Klefsjö 2004). The Affinity Diagram is helpful 

for both, identifying problems and finding appropriate remedies.   
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Figure 5: Example Affinity Diagram 

 

3.3.3 Risk Analysis Tool 

The Risk Analysis Tool summarizes the impact of different factors on the outcome.  It is often 

used to show how the combination of different influences affects the risk or probability of a 

certain event. Classically this tool is used to bring together the likelihood of an event and the 

resulting consequences in a two-dimensional matrix. The Risk Matrix approach is based on 

two input variables of which each can be divided into several numerical intervals from low to 

high. The consequence or result of the combination of different values for these variables is 

represented by the position in the matrix and usually indicated by coloration, where green 

often indicates a positive result or low risk respectively and red stands for a negative result or 

high risk. Medium values can be represented in yellow or orange (Ni et al. 2010). Figure 6 

displays a classic example with the dimensions consequences and risks. In the combination of 

these dimensions, green symbolizes a low (L), yellow a medium (M) and red a high (H) 

venture. 

Figure 6: Example Risk Matrix 
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3.3.4 5-Why Analysis 

Toyota introduced the simple but effective 

method to ask five times “why” to identify 

the root cause of a problem (see Figure 7). 

In practice this means to question every 

source found until the real cause is found 

(Liker 2004). The Root Cause Analysis 

starts with a problem statement on the top. 

Below this the second level contains one or 

more reasons for this problem. If the causes 

on the second level are classified true and 

relevant further “why”-questions are asked. 

Each “why”-question leads to one or more 

answers on the next level and each answer 

may rise more than one “why”-question 

(Wysocki 2004). The different causes may 

be examined in different depth depending on 

their relevance and controllability. 

According to Monroe (2010) the root causes 

are found, i.e. enough “whys” have been 

asked, when no more questions and 

additional theories lie beyond a level of cause. Another stop criterion is if the proposed root 

cause is not tangible and controllable. This means that only its effects can be controlled, 

further investigation does not lead any further. On the way theories proofed wrong or 

unimportant can be discarded to continue with more likely ones. 

3.3.5 Tree Diagram 

The Tree Diagram is used in order to systematically divide a problem into its constituents. 

These constituents can further be divided in more specific causes which divided far enough 

also can be seen as improvement suggestions. Therefore the Tree Diagram is applicable when 

a more specified problem shall be investigated and structured into appropriate improvement 

suggestions. Furthermore the Tree Diagram is appropriate when all plausible causes for a 

problem shall be investigated, as major constituents can be grouped into smaller constituents 

starting with a non-desired top event and identifying its immediate causes, going backwards 

till the basic event on detail-level is identified the different root causes for the top event and 

their interaction can be represented (Bergman & Klefsjö 2004). The Fault Tree Diagram is 

even a helpful tool to display the root causes identified through the 5-Why analysis. It 

includes a graphical presentation of which defects must occur together (AND) or separately 

(OR) for the problem to arise. These are represented by using symbols for AND- and OR-

gates, stating if both ( ), at least one (≥1), or exactly one (=1) of the defects has to occur to 

cause problems on a higher level (De Feo 2010b) (see Figure 8). 

     Figure 7: Example 5-Why 
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Figure 8: Example Fault Tree Diagram 

 
 

3.3.6 Matrix Diagram 

The Matrix Diagram is a helpful tool to organize large amounts of information through 

graphical visualization. It can be used to evaluate how the entities of one sample affect each 

entity of a second sample (see Figure 9). Often this impact is rated with the values 9 (high 

effect, ●), 3 (medium effect, ) and 1 (low effect, ○). Multiplied with a weight assigned to the 

entities of the second sample these values can be summed up to the entity’s overall impact 

(Bergman & Klefsjö 2004). An effective way to utilize the Matrix Diagram is to combine the 

problems identified in the Affinity Diagram with the causes found in the Tree Diagram. 

Further the diagram can be applied to relate problems with possible solutions. Thereby the 

severity of the various problems can be multiplied with the remedy’s believed ability to solve 

the problem, resulting in a suggested order for which solutions should be implemented first. 

Figure 9: Example Matrix Diagram 
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3.3.7 Interrelationship Diagram 

The Interrelationship Diagram illustrates relationships between different issues. It provides a 

clear overview on which causes influence each other and how the identified major problem 

results from these connections. In the center of the diagram stands the resulting problem and 

around it the fundamental causes (see Figure 10). Arrows represent the relations between 

different causes and their impact on the result. The issues having no incoming arrows, i.e. are 

not influenced by any other problems, are the real root causes (e.g. Issue 4 in Figure 10). 

Those issues having many outbound arrows are the major deficits. The Interrelationship 

Diagram gives a better clarity than for example the Fault Tree Diagram if one mistake has 

several consequences. A Fault Tree Diagram can be translated into an Interrelationship 

Diagram (Bergman & Klefsjö 2004).  

Figure 10: Example Interrelationship Diagram 
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4 Methodological Approach 

In this chapter the underlying methodological approach and the applied methods are 

introduced. 

 

The sparse information available at the beginning of the project led to an open research 

question about the root causes and consequences. The consequences should be understood to 

see the complete picture and to determine which problem types to concentrate on. Still the 

central question in this research was how to solve the problem with missing parts. This 

automatically pulled the question, why the problem occurs and where it arises. So the 

complexity and linkage between departments involved in “producing” missing part problems 

should be unraveled and described. Consequently a discovery led, inductive logic is required 

(Denscombe 2007). While deductive approaches aim to establish and to test a theory by an 

explanation, illustration or experiment, discovery led case studies render descriptions, 

explorations or comparisons of unprecedented situations or problems  (Denscombe 2007). 

This research is designed as an explorative case study applying a mixed method approach. Yin 

(1994) regards case studies as an adequate way to address “how”- and “why”-questions about 

contemporary conditions which the researcher cannot influence. Denscombe (2007) stresses 

several advantages of a case study towards other research strategies, beginning with the 

possibility to scrutinize a given particular problem at the company in detail and to reveal its 

complexity. Further allows the application of a case study a holistic view on the particular 

problem within its natural setting and relationships (cf. Table 3). 

Table 3: Case study research (Denscombe 2007, p.37) 

Case study research characteristically emphasizes 

Depth of the study rather than Breadth of study 

The particular rather than The general 

Relationships/processes rather than Outcomes and end-products 

Holistic view rather than Isolated factors 

Natural settings rather than Artificial situations 

Multiple sources rather than One research method 

 

Case studies favor a multiple method approach which comprises the combination of 

qualitative and quantitative methods as well as the use of multiple sources of data and hence 

facilitates the validation of data through triangulation (Denscombe 2007; Yin 1994) (see 4.4). 

Commonly qualitative and quantitative components do not have the same weight when 

employing both. Instead one approach is used subsidiary to check and complete the data 

gained through the other. 

Open research questions and hence inductive approaches are often connected with 

qualitative research, especially in organizational research where the researcher does not know 

what happens. In the course of research concepts and relations might come to mind and be 

tested with quantitative data. The research phases of investigating, establishing theories and 

testing interact with each other  (Jonker & Pennink 2009).  

In order to get a complete picture of the case to investigate a mixed method approach is 

applied and various sources of evidence are used.  

Direct observation and systematic interviewing are helpful techniques to gain in-depth 

understanding (Yin 1994). In addition  does Yin (1994) name inter alia documents, archival 

records, direct observation, physical artifacts and photographs as possible sources of evidence; 



21 

 

furthermore he stresses the importance of using multiple sources of evidence. According to 

Jonker and Pennink (2009) observation, informal conversation and in-depth interviews are the 

main data sources when trying to understand a specific occurring phenomena and 

organizational reality. 

4.1 Interviews 

Interviews are divided into three categories: structured, semi-structured and unstructured. In 

practice interviews often lie in between those categories or even fluctuate between them in the 

course. Structured interviews consist of fix questions in a defined order which have 

formulated answers to select. They resemble questionnaires and result in quantitative data. 

Contrary to this does the researcher in unstructured interviews only give impulses which the 

interviewee reacts to as he likes. In between those two lie semi-structured interviews. The 

topics to be handled do not stand in a fix order but the researcher has several questions he 

wants to get answered giving the interviewee the possibility to give open-end answers and to 

elaborate his points of interests (Denscombe 2007).  

Due to their advantages of providing complete insights and in-depth information plus 

giving the informants the opportunity to expand their ideas and opinions the conduction of 

semi-structured interviews was chosen for this research. Interview partners were CSC 

employees from different departments and in different positions as well as employees of 

subsidiaries and dealers. 

 

In order to understand the consequences on the customer side different intermediate 

companies were interviewed. Of special concern was to interview representatives of the sales 

and service departments, as these are the people which deal with the consequences on a daily 

basis. Interviews were conducted with representatives from five market areas: England, 

Lithuania, Germany, Africa and Scandinavia. These market areas represent all variations of 

intermediate types (importers, dealers, sales companies and subsidiaries), as alterations of 

consequences due to the factor was of initial concern (but deemed as relatively unimportant 

later on).  

In Lithuania representatives from the sales and service department were interviewed. The 

interviews were conducted in a group at first, followed by individual interviews with the 

representatives of the sales as well as service departments. In England representatives from 

the sales and service department were interviewed. Furthermore, in order to receive the 

dealers’ point of view, representative from two dealer-companies were interviewed. The 

interviews at the British subsidiary were conducted in a group at first, followed by an 

individual interview with a service representative. A representative for the African market 

development team was interviewed in order to understand the African market. Likewise was a 

representative of the Scandinavian service department interviewed as well as a representative 

of the German service department.  

The general structure of the semi-structured interviews was as follows: First questions 

about consequence-areas were asked in order to identify resulting consequence areas due to 

missing parts. Then questions of what the different consequences implied to the company 

aimed to enable process mapping as well as to understand the consequences in terms of the 

various domains of CoQ.  Finally questions about which factors affect the consequences as 

well as their effect on the magnitude of the consequences were asked to identify affecting 

factors as well as their impact.  

 

With the objective to understand the internal causes for missing parts interviews were 

conducted in the following departments: logistics, arrangement facility, assembly lines and 

warehouse facility. Furthermore were interviews conducted with representatives of supporting 
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functions such as IT, documentation, construction, sales and production technique. The initial 

interviews have primarily been conducted with representatives working with the day-to-day 

activities of each department/function. Thereafter those cause-areas which deemed most 

interesting have been followed up and explored in accordance to triangulation theory. The 

choice of relevant follow-ups to be explored was based on what question and/or information 

had to be collected, relative to which individual deemed most knowledgeable and/or was 

responsible for the cause-area, i.e. where most insightful information was believed to be 

found. This implies that people in various position have been interviewed, such as: production 

employees, first-line managers, supporting functions and department-responsibles. 

Furthermore weekly meetings were held with the quality department (the department which 

was responsible for this thesis assignment). 

The specific questions of the semi-structured interviews were different for each 

department/function due to their inherent differences. However the general structure for each 

interview was consistent in terms of question areas. The general structure for each interview 

was as follows: General questions about the task and activities performed at the 

department/function aimed at receiving sufficient understanding for the division/function in 

order to avoid confusion and misunderstanding between the interviewer(s) and the 

interviewee(s). Questions about the representatives’ view of their division’s/function’s effect 

on missing parts aimed to receive relatively unbiased information about potential causes. 

Additionally questions about the representatives’ view of their division’s/function’s effect on 

specific causes to missing parts were asked. These causes could either have been previously 

identified by the representative during the interview or by thesis writers prior to the interview. 

The aim of these questions was to try to identify other potential cause-areas or root causes. 

Finally questions about what the representative believed that CSC should do about missing 

parts at large as well as for the specific causes which previously had been identified and 

discussed were asked. The aim of these questions was to try to identify potential suggestions 

for improvement.  

 

More detailed information about context, duration, number of researches as well as number 

of interviewed representatives for each conducted interviews are listed in Appendix 2. 

4.2 Observation 

Observation is an empirical method of first hand data collection. It enables the researcher to 

understand the characteristics and the structure of processes within their natural settings 

(Jonker & Pennink 2009; Denscombe 2007). Observation can be either conducted from an 

outside perspective, i.e. standing aside and avoiding interaction, or from a more insight 

perspective, i.e. participating and questioning people. Participating observation bears the 

advantage of experiencing the examined situation from the subject’s point of view and hence 

getting rich insight and a holistic view, even about the relationships between various factors 

(Yin 1994). In ethnography this first hand witnessing plays a major role as special focus is set 

on how a studied group of people perceive reality, how they understand the activities they 

perform and how they experience and reflect over occurrences (Denscombe 2007). This 

information is gained by spending time among those studied. For a holistic approach 

relationships, processes, connections and interdependencies are concerned. Information on 

understandings and beliefs from the point of view of those involved and in their natural 

context can be gathered (Denscombe 2007). This approach is very helpful even to understand 

single groups and operations within one company. 

However, even in participating research the fieldwork has to be designed as objective as 

possible and the researchers need an open attitude (Jonker & Pennink 2009; Angrosino & 

Rosenberg 2013). Multiple observers increase the reliability of the observational evidence. 
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Furthermore is taking pictures during observations valuable to document characteristics of the 

case (Yin 1994). 

In the present research the information collected in interviews was backed up with and 

corrected by observation. Departments in which the observations have been conducted are the 

following: arrangement facility, assembly lines, warehouse facility, welding and painting. 

Performing participating observation allowed the employees to perform their tasks as usual 

and gave an authentic impression of the processes. Participant observations were 

supplemented by contextual interviews. Combined with employees’ perspective on the 

problem to examine and the contextual conditions an extensive view of the processes could be 

created. Yin (2011) considers the perspective of involved people as the major advantage of 

qualitative research techniques.  

 

Information about context, duration and number of researches for each conducted interview 

are summarized in Appendix 3. 

4.3 Document  tudy 

Studying documents is a cost-effective way of collecting information, access to data presumed 

(Denscombe 2007). Within case studies the main profit of document study is the possibility to 

test and proof findings from other sources right or false. In addition evidences from other 

sources can be complemented with details. New topics that should be examined can be 

discovered. If inconsistencies with other findings become evident a need for further 

investigation is exposed (Yin 1994). When conducting document study, as always when 

making use of secondary data, the validity of the document has to be considered. Authenticity, 

credibility, representativeness and meaning must be concerned. Author, addressee and 

purpose as well as completeness and range of interpretation need to be taken into account 

(Denscombe 2007). One kind of documents containing information usable in a case study are 

administrative documents as reports and various internal documents (Yin 1994). Images 

created during research can be an alternative or supplement to tape recording and field notes. 

The present case study made use of different types of documents. Job descriptions and 

instructions were studied to gain knowledge about processes and to prepare for interviews. 

Flow charts and process descriptions were used for the same end. Furthermore deviations in 

the applied process from the process definition could be detected. Data saved in the CSC 

Customer Relationship Management (CRM) system were used inter alia to compare defective 

machines to the total amount of machines delivered sorted by different criteria. 

4.4 Validity 

The credibility of qualitative research substantiates on its composition and integration of 

information commonly collected from different sources, gained through interviews, 

observation and document studies (Yin 2011). Jonker and Pennink (2009) certify qualitative 

research a high applicability in organizations but simultaneously stress the danger of the 

researcher’s subjectivity due to the high involvement and integration in the situation.  

To overcome deficiencies originating from personal bias, single perspectives or single 

methods Denzin (2009) recommends the application of multiple strategies of triangulation. He 

discusses triangulation of data source, investigator, theories and methodologies.  

Data triangulation can be applied to gain a holistic view. By applying the same method of 

data collection to various samples different perspectives are taken into account (Denzin 2009). 

Investigator triangulation includes higher validity through multiple instead of single 

investigators. Personal bias is reduced, the reliability in observations is increased and 

inferences get cross-checked (Denzin 2009). 
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Theoretical triangulation is comparably difficult to apply as previous knowledge might be 

very limited at the beginning of the research. Therefore it is not easy to hypothesize. In 

discovery led researches multiple perspectives, e.g. on processes and interrelation, may help 

to test small ad hoc hypotheses (Denzin 2009). 

Methodological triangulation includes the use of multiple data collection strategies 

comprising even both qualitative and quantitative methods (Denzin 2009; Denscombe 2007). 

In the present study the triangulation principle was applied to control the impact of 

subjectivity and one-sidedness and to verify the validity of the findings. Almost all inquiries 

were jointly executed by two researchers (see Appendix 2 & Appendix 3). Primary data 

collection and secondary source data complemented and reaffirmed each other (see Table 4 

below). Conversations and interviews were held with numerous people from different 

departments as well as with customers at various time points (see Appendix 2). At the same 

time own impressions were gained by direct observation and partaking (see Appendix 3). 

Denscombe (2007) argues that the researchers’ self in form of personal beliefs, interests, 

experiences and expertise influences the study and its outcomes. Further may the researchers’ 

presence change the situation and disturb the naturalism. In this research the observers’ 

influence on the involved can be neglected as it is common at CSC that new employees 

partake several days in different production steps. Supplementary document study and 

analysis of the data collected through the CSC CRM-system were conducted. 

Table 4: Sources of evidence used in this research 

Collecting evidence 

On customer side At CSC 

 Semi-structured interviews 

 Direct observation (unload trucks), 
participating observation (final 
assembly at farms)  

 Document study (CRM-system, 
internal defect report sheets) 

 Photographs 

 Semi-structured interviews 

 Participating observation + contextual 
interviews 

 Document study (preparatory: process 
descriptions, task description; additional and 
comparative: packing lists, final assembly 
instructions) 

 Photographs 

4.5 Data Collection 

This research started with a preparatory study carried out by participating observation and 

unstructured or semi-structured interviews. After having gained a rough overview of the 

different production stages and processes the overall process was mapped for an integral 

understanding. As a result the process analysis could be structured into two interdependent 

parts: the identification of the consequences for the customer side and the cause analysis at 

CSC (see Figure 13). Meyer et al. (2007) confirm that for analyzing and improving a system it 

needs to be mapped. In this way processes, practices and interfaces come to light. At the same 

time process maps help to keep the purpose of the system in mind. 

During data collection each department involved in production was asked what possible 

causes for missing parts their operations bear, i.e. which errors are made. This information 

was supplemented with insights gained through observation. In addition information about 

experienced problems was collected. Thus, for each step an overview of both experienced 

problems as well as potential errors was created (Table 5, Table 6, Table 7 & Table 8). On the 

customer side the consequences resulting from missing parts were investigated, this also 

included how the incurring problems are resolved. Of special interest in this survey was the 

question if there exists any regularity or recognizable pattern in what is missing. If so this 

could be used further on as a criterion on what to focus. 
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For the examination of consequences subsidiaries in two countries, namely Lithuania and 

England, were identified for a visit by different criteria. One major point was the guarantee for 

unhindered communication as interviews and observations should be carried out. Prior to this 

research CSC had identified the three product families that happen to show most defects. As it 

was a common believe that most defects occur when machines are sent packed, i.e. end 

assembly has to be done to some extend at the destination, markets where most or all 

machines of these product families are delivered packed were of special interest. Furthermore 

was it decisive to see one direct selling market and one dealer market to understand the 

differences and similarities in operations. The aim of visiting two markets fulfilling these 

criteria was to get an as holistic understanding as possible of the subsidiaries’ operations and 

the consequences of incompleteness of products for customers and CSC. Additionally Service 

Managers responsible for further countries who act out of Sweden or visited CSC were 

interviewed. The findings about the delivery process on the customer side were mapped up to 

the point where the customer has a faultless and ready to use product (Figure 14). The 

handling of defects is displayed in two more specific process maps (Figure 15 & Figure 16). 

4.6 Application of Collected Data 

Since the conducted literature study did not lead to any method which was capable to deal 

with the complexity of the whole system in terms of dealing with consequences as well as 

causes simultaneously it was decided that a method should be developed. The developed 

method therefore found inspiration from a multitude of previously described areas, as 

indicated in Figure 11. 

Figure 11: Areas of inspiration 

 
The inspiration from the mixed method approach-area indicates how information was 

gathered from observations, interviews and document studies in order to get both qualitative 

as well as quantitative data, which could be used for triangulation.  

The process orientation area inspires the developed method in the way that the whole 

system should be considered. Furthermore does this area inspire with that the consequences 

should be the starting point and from thereafter move upstream, thereby allowing causes to be 

excluded one-by-one. Thereby information as well as knowledge in terms of customer 

recovery as well as process recovery can be gained.  
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5 Analysis Method 

This chapter describes how the collected data was analyzed, which tools and approaches 

were applied and how the analysis method was produced. 

 

To examine the occurring problems and to identify their root causes a suitable analysis 

method had to be found or developed. As the aim was a holistic investigation of both causes 

and consequences, a focus on processes was assessed appropriate. Literature provides 

numerous approaches to analyze processes (e.g. Melan 1995; Ljungberg & Larsson 2001; 

Meyer et al. 2007) or root causes (e.g. Juran & De Feo 2010; Liker 2004). Therefore the final 

method could make use of several approaches combined and adapted to the purpose of a 

process oriented Root Cause Analysis. 

As Meyer et al. (2007) emphasize, a process oriented analysis starts with observing and 

mapping the is-situation. In the present case this map included two interdependent parts, i.e. 

in-house processes causing potential problems and the customer side with consequences. 

Petersson et al. (2010) highlight that the whole system has to be regarded if problems shall be 

identified, scrutinized and solved. Including the customers’ perception is important for setting 

the right focus. Afterwards the analysis can be conducted upstream until the root causes are 

found (Petersson et al. 2010). This overall approach was judged convenient and suitable for 

the present thesis work. 

Based on this framework it needed to be concretized how the analysis should be conducted 

and which tools should be applied. In literature this specification often lacks.  

On the customer side the delivery process was mapped in more detail. Special focus lied on 

the solving of emerging problems. Additionally it was highlighted which problems are the 

most severe, i.e. happen most frequently and are the most troublesome. These findings were 

displayed in an adapted risk matrix. 

After examining and mapping the occurrences and processes on the customer side (see 5.1) 

the observed faults found to be relevant were followed their way upstream searching for their 

root causes (see 5.2). Simultaneously to the investigation of the production process the 

information flow was followed up.  

Various authors discuss Root Cause Analysis in a multitude of publications. However, they 

do often miss to mention that problems use to be complex and need to be narrowed down and 

specified first. Liker (2004) names the clarification of the problem and location of the problem 

area as the second and third step after having detected an initial problem. Though, he does not 

explain how to do that. Thereupon he presents the 5-Why Cause Investigation of a very 

limited problem as central part of the problem solving process. The present method in contrast 

shall give concrete instructions on how to delimit the problem and how to conduct the Root 

Cause Analysis. Chapter 5.2 explains how the findings from the analysis of consequences can 

be used to narrow down the problem and how the impact of the successive production 

departments on the delimited problem can be evaluated. The deficiencies judged most 

influential were scrutinized broadly with help of the 5-Why analysis. This investigation 

included several preceding departments. The results were summed up in a Fault Tree 

Diagram. Once the root causes are found the question emerges what has to be done, i.e. how 

the process has to be changed to avoid the problem to reoccur (Petersson et al. 2010). 

Therefore suggestions for improvement for the identified causes were formulated. 

 

The different analysis steps are elucidated in chapter 5.1 and 5.2 and outlined in Figure 24. 
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5.1 Analysis of Consequences 

The analysis of the consequences of missing parts for the customers consists of an Affinity 

Diagram of what the magnitude of the problem depends on and which factors influence how 

easily incurring problems can be solved. The Affinity Diagram functions by structuring large 

amounts of verbal data into some sort of natural resemblance and closeness. These natural 

affinities might relate to each other as associations rather than as logical connections. 

Therefore the Affinity Diagram can be seen as a network consisting of grouped problems 

which are organized under common headlines. The benefit of this clustering is that a 

comprehensive overview of the problem can be constructed, which facilitates the 

understanding of the underlying problem. These clusters can then even further be grouped into 

additional headlines, creating an even more general and abstract overview (Bergman & 

Klefsjö 2004). 

After having illustrated the associations it can be decided which topics or in this case 

which problems and conditions are most important. For this assessment different methods can 

be applied, depending on the range of opinions and the availability of data. As in this case no 

sufficient quantitative data was available, impressions of customers and involved employees 

were collected and evaluated with ratings by the same groups. In this proceeding the opinion 

of the customers is more important than of the employees as it is the customers who need to 

be satisfied.  

The two main aspects having an influence on the severity were then interrelated in a Risk 

Matrix to show the consequences of their combination. As common the Risk Matrix consists 

of two dimensions, however in this case it does not show the resulting risk of the likelihood of 

an event and the consequences. Instead the coloration in the fields shows in red, yellow or 

green how severe the problem becomes if two intervals of the two main conditions are 

combined. 

5.2 Analysis of Causes 

These insights gained led the focus back to the in-house operations at CSC for the Root Cause 

Analysis. Hence the different successive departments in the production process were 

examined in reverse order, i.e. Arrangement facility, assembly, warehouse, components. 

Problems and possible reasons for missing parts were investigated in each of these 

departments.  

The Root Cause Analysis was conducted in four steps which were applied on each 

investigated department individually:  

1. Narrow down the problem by eliminating those hitches and operations not important 

2. Weight the impact of the remaining difficulties  

3. Investigate the influential causes one by one 

4. Summarize the root causes and their effects 

5.2.1 Narrow Down 

With help of the criteria found concerning regularity and consequences of defects (see 5.1) the 

initial problem could be delimitated. If one or few main problem patterns could be identified, 

difficulties not affecting these problems could be crossed out. This was done along logical 

criteria: if a difficulty has obviously no impact on the identified major problem as it does for 

example not appear in the critical production step, it could be seen as not influencing the 

problem concentrated on. On the same principle departments with little influence could be 

excluded. If the influence of one activity was not obvious, experts were consulted and defect 

reports were analyzed. 
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For each department included in the onward scrutiny the list of hitches and errors affecting 

the main problem was completed. Similar errors were clustered in order to have no more than 

ten problems experienced and six kinds of errors made. After this clustering the list was 

double-checked with the departments involved to ensure that nothing was forgotten and that 

no incongruous points were bundled. 

5.2.2 Weighting 

Once the list of difficulties and errors was approved by the department, difficulties and errors 

could be connected with aid of a Matrix Diagram. The Matrix Diagram is a helpful tool to 

evaluate how the entities of one sample affect each entity of a second sample (Bergman & 

Klefsjö 2004). In the present analysis the Matrix Diagram was used to assess the impact of 

encountered difficulties on errors made (see Figure 12). To take the severity of single errors 

into account, the most important and influencing errors got double weight. Interviews with the 

concerned departments and participating observation were the main sources for rating how 

much the single difficulties affected the errors. The ratings multiplied with the error’s weight 

were summed up, amounting to the total impacts the occurrence of a difficulty had. 

Multiplying this sum with the probability of occurrence of the difficulty also rated with the 

values 9 (high), 3 (medium) or 1 (low) resulted in the actual impact of the assessed problem 

on missing parts. The lower bound for taking a problem into further consideration was a value 

of 9 multiplied with the number of mistakes regarded. If for example six mistakes were 

considered, all difficulties that got 54 or more in the overall placing were further investigated. 

This bound was chosen to include even difficulties that though they only contribute little to 

each error are notable as they happen very frequently, plus difficulties that happen 

occasionally and have a medium impact on each error. At the same time difficulties that had a 

medium impact on some of the errors but occurred only occasionally were excluded. 

Figure 12: Matrix Diagram of difficulties and errors 

 
Those difficulties lying above the lower bound were discussed with a group of experts, in 

the present case this were employees from the quality department responsible for quality 

assurance and production technique. Noteworthy was if interviews with different people had 

led to different results, i.e. if the difficulties were experienced to variant degree. On the other 

hand it was very interesting to see which difficulties all or most of the interviewees 

considered important. In the group it was discussed if solving one major problem could solve 

some of the other difficulties simultaneously or at least reduce their impacts drastically. Like 

this key difficulties could be identified. 
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5.2.3 Investigation 

Those key difficulties judged influential in the previous step were closer examined one by 

one. Starting with the key difficulty with the highest overall placing a 5-Why Root Cause 

Analysis was applied. The 5-Why Analysis is a simple yet effective tool to identify the 

underlying causes of a particular problem. First it is questioned why a problem arises, the 

reasons are questioned again and again until the root cause is found or a deeper level would 

lack relevance or controllability (e.g. Wysocki 2004; Monroe 2010).  

Applying the 5-Why Analysis enabled the researchers to find the causes lying in the 

regarded production step as well as those passed on from preceding departments’ work. The 

findings were then documented in one Fault Tree Diagram for each difficulty. The Fault Tree 

Diagram helped to visualize how the correlation of different difficulties and errors lead to the 

main problem.  

5.2.4  ummary and  uggestions for Improvement 

Finally the results for each department and for the various difficulties could be summarized. 

Deficits causing more than one difficulty could be identified and rated influential. As the 

Interrelationship Diagram provides clarity when one error has several consequences such a 

diagram was generated from the different Fault Tree Diagrams. The Interrelationship Diagram 

was used to show how the fundamental causes influence each other and the overall problem, 

missing parts.  

After having found the root causes ideas for improvement were gathered and evaluated. 

For the collection of ideas brainstorming was applied. Some ideas derived very intuitively 

from the causes found. Besides the indispensable actions which have to be taken to counter 

and eliminate the main causes, several smaller improvements could be identified. In this 

process the suggestions and wishes from those involved both on the customer side as well as 

in-house were beard in mind. Those ideas seeming most relevant to solve the difficulties were 

chosen. While the major improvement suggestions are elucidated in this thesis approaches 

aiming to remedy smaller difficulties are mentioned only briefly.  

5.3 Method Discussion 

The developed and applied method was generated by combining a process oriented approach 

and connecting different approved improvement tools. This enabled a sound analysis of a 

broad and complex problem through stepwise delimitation and focusing. 

The described model requires some preparatory work, e.g. the identification and 

preliminary delimitation of the initial problem. As companies need a good overview over 

these to be able to define improvement possibilities, this groundwork was not described in this 

method. Anyway, the necessary data is often collected through defect reports, customer 

feedbacks or performance measurement and problems are represented in Pareto Diagrams. 

With Toyota’s practical problem solving process Liker (2004, pp. 254-257) presented a 

comparable tool. Though he lists up the different steps he does not go into detail how to 

execute them. Further does this tool focus on single problems and lacks description of how to 

handle complex problems. 

In summary, the presented analysis method can be applied for a detailed analysis of an 

identified but not very limited problem. The tools and the analysis method which have been 

incorporated into the developed method were chosen based upon the problem at hand, in 

terms of the width of the problem and thereby the resolving complexity, i.e. that consequences 

as well as causes to be investigated. Through further case studies insights about the 

functionality, benefits and limitations of the developed method can hopefully be gained in 

order to further develop the method in the future.  
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6 Results of the Case  tudy 

This section presents the outcomes from the case study and is basis for the analysis. 

6.1 Overall Process Description 

This overall process description should be seen as an aid to facilitate understanding, as more 

detailed descriptions will be given throughout chapter 6. 

 Figure 13: Overall production and delivery process 

 
When customers (farmers and intermediate companies) order machines from CSC they can 

customize their orders in accordance to CSC’s available options. These options are based on 

several modules which are corresponding to different tools and tool modifications. By being 

able to customize among the different modules it is possible to create a machine which fits the 

customers’ needs and wants with regards to characteristics and utilization on the field. There 

are two ways that parts needed by CSC can be obtained. Either the parts can be produced in-

house at CSC’s production facility, or the parts can be purchased via CSC’s purchase 

department. Obtained parts (purchased and produced) are stored until they are needed in 

CSC’s warehouse facility. Once the stored parts are needed by an assembly line, they are 

transferred and then assembled. On the assembly line the machines can either be assembled 

into a packed mode (packed machine) or fully assembled (tractor-ready machine). 

Furthermore the produced machine (packed and tractor-ready) may have to pass through the 

arrangement facility, if the tasks which are performed at the arrangement facility are needed 

(for tasks performed at the arrangement facility see section 6.3). After transportation from 

CSC’s production facility to the machines designated spot, the machines are prepared for 

delivery. For a packed machine this implies that it received its final assembly, thereby also 

becoming tractor-ready. This implies that all machines now can be considered as tractor-

ready. The tractor-ready machines are thereafter tested before they are handed over to the end 

customer (if no complications have emerged). 
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6.2 Operations on the Customer  ide  

Farmers as well as intermediate companies can order machines from CSC according to their 

specifications. Intermediate companies are the companies which are in-between the final 

customer (farmer) and CSC. Intermediate companies consist off dealers, subsidiaries as well 

as sales companies. Machines can be shipped from CSC in two different modes: “tractor-

ready” or “packed”. Whether a machine is shipped as tractor-ready or packed depends on 

where (geographically) the farmer or intermediate company is located given what CSC 

considers to be the most cost effective solution to transport this particular machine. In other 

words the customer does not decide if this machine should be delivered as a tractor-ready or 

packed machine. Rather they expect the machine, disregarding of transportation option, to be 

delivered in accordance to their order. For an end customer this implies that the machine 

should be ready for commissioning.  

These produced machines (packed and tractor-ready) can either be transported directly to 

the final customer or to the intermediate company. Notably however is that all procedures 

performed, both at the final customer and in the intermediate company’s facility, are 

performed by personnel from an intermediate company operating in this area. Furthermore it 

is important to note that even though the working conditions can vary significantly from case 

to case, the tasks which are performed at the various sites can be considered as synonymous. 

These tasks and differences will be further elaborated in the following pages. 

6.2.1 Processes Description Customer  ide 

As showcased in Figure 14 the overall process at the customer side is as follows: Once the 

machine is transported to its designated spot (farmer or intermediate company) the machine is 

unloaded. If the machine is stored time may elapse in-between the unloading and the next 

step. If the machine was “packed” it has to receive its final assembly in order to become 

tractor-ready. This implies that those parts which were packed into boxes at the assembly line 

are assembled and mounted onto the machine. Once the packed machine has received its final 

assembly it can also be considered tractor-ready. The next step for a tractor ready machine is 

to be prepared for delivery, which implies that the machine is completed and tested. To 

complete a machine implies that the machine’s tools as well as certain parts are rearranged 

from their “transportation mode” to their “functional mode”. This implies that tools and 

certain parts are assembled on their correct spot as well as that the machines settings are 

applied. The machine is then tested in order to check that the machine is fully functional with 

correct settings. The outcome of the “prepare for delivery”-stage is a fully functional machine 

with correct settings (if no problems have emerged, which will be elaborated shortly). Once 

all potential problems have been solved and the machine has been prepared for delivery the 

customer can be instructed and educated with regards to how to utilize the new machine.  

In order for the customer to receive a fully functional machine all potential problems which 

may emerge during the preparation for delivery have to be solved. Since this thesis 

assignment in this chapter focuses on the consequences and causes for missing parts special 

attention will therefore be given towards the activity of “Resolve the defect”. This implies that 

all other aspects apart from “Resolve the defect” will not be further elaborated in this text, as 

they are considered to be outside of the scope of this thesis assignment due to their believed 

minor (or none) impact on the consequences and causes of missing parts. 



32 

 

Figure 14: Deliver the machine to the end customer (process description customer side) 

 
The process of “Resolve the defect” depends on if the assembly takes place at the 

intermediate company or directly at the farmer. Notably however these processes are quite 

synonymous in terms of actual working procedures, but due to their inherent differences their 

outcomes are different and therefore they will be divided throughout this text. If the assembly 

takes place at the intermediate company the process, as showcased in Figure 15, the process is 

as follows: If a defect is detected, this article has to be acquired. The first potentially available 

spot where this article may be stored is therefore the intermediate company’s warehouse 

facility. If the needed article is not available at the storage facility it furthermore has to be 

ordered from CSC. Once the ordered article has been acquired, it can be assembled onto the 

machine. This defect as well as the need for additional time to fix the defect may cause 

dissatisfaction among the customers. Therefore the customer might need to be pleased.  
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Figure 15: Resolve the defect – assembly at intermediate company 

 
 

The slight variation for when the process of “Resolve the defect” takes place directly at the 

end customer, as showcased in Figure 16, is that an additional storage place is included in 

terms of the service car. Furthermore, due to transportation distances, an extra visit is needed 

if the missing part is not available in the service car.  

The common denominators for the two assembly locations with regards to “Resolve the 

defect” can therefore be said to depend on aspects such as the missing parts have to be 

acquired and assembled, which implies various degrees of transportation and organization, 

that potential dissatisfaction has to be handled accordingly as well as that supportive 

administrative activities which are integrated or supporting the above described process need 

to be carried out. In order to more thoroughly describe the dynamics of these three aspects the 

following sections will be divided into these three groups: Acquire and assemble the missing 

parts, Handle consequences caused by missing parts accordingly and Administrative 

activities.  

 



34 

 

Figure 16: Resolve the defect – assembly at the end customer (farmer) 

 

6.2.2 Acquire and Assemble the Missing Parts 

To describe what it implies to acquire and assemble missing parts is quite complex, as it 

highly depends on the given situation. Generally speaking however the acquiring of missing 

parts implies some need for transportation of personnel as well as the needed articles 

combined with some degree of organizational activities. The magnitude of these above 

mentioned activities depends on which part is missing and where that part is stored relative to 

the assembly location. Therefore factors such as the assembly location and the access to the 

needed parts are crucial for the outcome. These above mentioned factors and activities will be 

further elaborated throughout this section, aided by Figure 17. 

The assembly location can either be at the intermediate company’s facility or directly at the 

end customer (the farmer). As all working procedures performed while preparing the machine 

are executed by the intermediate company’s personnel, the assembly location has an impact 

on the magnitude of traveling and needed organization. Furthermore the assembly location 

(indirectly) dictates the surroundings. Hence, the assembly location indirectly has an impact 

on the available infrastructure, which in turn affects the logistic possibilities and thereby also 

the need for organization and transportation. 
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Figure 17: Access to missing parts, relative to the assembly location 

  
Depending on the assembly location and which part is missing the access to this article 

may differ. These differences are described in the following text and showcased in Figure 17. 

If the assembly location is at the end customer (the farmer) the part which is missing might 

be available in the service car. If the missing part is a “generally used article” (e.g. common 

nuts and bolts, not CSC specific) it may also be possible to acquire it from a local hardware 

store. If the article is not available in the service car it might be available at the intermediates 

warehouse facility. If the article is neither available at the intermediates warehouse facility it 

can either be ordered from a CSC subsidiary or ordered from CSC’s main warehouse facility 

in Sweden. (Note: the subsidiaries are a market dependable option and furthermore integrated 

into the intermediate companies in Figure 17).  

Likewise if the assembly location is at the intermediate company, it might be possible to 

acquire the missing article directly from the intermediate company’s warehouse. Otherwise 

the article has to be ordered from a CSC subsidiary or directly from CSC’s main warehouse 

facility in  weden. Notably if the missing part is a “generally used article” (e.g. common nuts 

and bolts, not CSC specific) it may also be possible to acquire it from a local hardware store.  

Articles which are typically stored in the service car are those that tear during usage (and 

therefore have to be replaced regularly) as well as “common nuts and bolts”. “Common nuts 

and bolts” are stored in the service car as they are small and light in combination with that 

these articles often are missing. Articles which are stored in the intermediate- and subsidiary-

companies facilities primarily depends on the size of the company, but also to some extent on 

the company’s preferences as well as market differences. The warehouse facility at the 

headquarter is the company’s main storage facility, therefore all historically and currently 

utilized articles should be stored in this facility. If the articles, for some reason, are not stored 

in this facility CSC will be able to either purchase or produce them.  

6.2.3 Handle the Resulting Dissatisfaction 

Missing parts may not only cause problems for the intermediate companies. Rather may they 

also cause problems, and thereby also dissatisfaction, among the end customers (farmers). The 

intermediate companies are aware of the negative impact dissatisfied customers have on their 

future sales as they know that dissatisfaction may lead to a loss of reputation as well as a loss 

of future opportunities. Therefore, if the intermediate company considers it beneficial (for 

themselves), they try to handle the resulting dissatisfaction. This may imply that the 

intermediate company’s personnel call and/or make extra visits to the customer in order to 

make sure that he/she is satisfied (thereby implying extra transportation, labor and 

organization). Furthermore the intermediate company may offer some additional goodwill to 

the farmer in order to make up for the dissatisfaction and/or lost utilization. This goodwill can 
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be given in terms of gifts and offerings as well as discounts, where the cost-magnitude reflects 

the severity of the given situation relative to what is considered beneficial for the intermediate 

company. 

Important to note with regards to this context is that CSC constructs an annual survey 6-12 

months after asking new customers: “Would you recommend someone else to buy a machine 

from this company?” In 2012 this figure was at 97 %, which can be considered as very high. 

Therefore the bulk amount of CSC’s end customers (disregarding if they had missing parts or 

not) are satisfied with CSC’s products and offerings when being asked 6-12 months after 

purchase. 

The magnitude of the dissatisfaction can be said to depend on the given situation, where 

factors such as how fast the defect can be solved combined with how visible the defect is 

affects the degree of dissatisfaction. Therefore factors such as the given time constraints as 

well as the assembly location will be further elaborated. 

CSC’s agricultural machines are utilized seasonally, which implies that once the weather 

conditions are favorable in an area all farmers within that area want to utilize their machines. 

Therefore all farmers within an area want to have their machines ready and fully functional 

before these “windows” occurs, otherwise they might lose valuable time during which they 

would have liked to utilize their machines. This implies that before and during these 

“windows” the time constraint increases, as farmers want their machines to be ready to be 

utilized. A missing part during (or close to) this period of the year may therefore cause missed 

utilization (or fear of missed utilization) for the farmer, leading to dissatisfaction. Interestingly 

this period also coincides with the most hectic period of the year, as both new and old 

machines (which need service) need to be attended. Therefore this period of the year is 

engulfed in a quite hectic and stressful environment, both for farmers as well as the 

intermediate employees. This implies the time during which the theoretical severity of 

missing parts peaks coincides with the season during which there is least time available. 

Thereby the time constraint is furthermore increased, which in turn increases the severity-

magnitude of theoretical missing parts, i.e. it becomes a vicious cycle.  

Since the machine cannot be handed over to the customer before it has been completed and 

tested the missing parts can imply a delayed delivery during which the machine cannot be 

utilized. Therefore the last item which arrives dictates when the machine can be put to use. 

Depending of the farmer’s time constraint this delay may cause costs for the farmer in terms 

of missed utilization, thereby also causing dissatisfaction. Actually just the mere thought of 

not being able to use the machine may cause stress and thereby also dissatisfaction within the 

farmer. This furthermore implies that farmer may become dissatisfied just by the fear of not 

being able to put the machine to use.  

Generally speaking, as the time constraint increases (when less time is available) so does 

the theoretical magnitude of dissatisfaction. The time constraint can primarily be said to 

depend on seasonality but it is also affected by other market-dependable factors. Depending 

on how a market functions these factors may give rise to more or less time in order to solve 

problems which may emerge. These market differences can be said to be highly specific for a 

given market with regards to multiple factors such as weather conditions, financial situation, 

preferred sales channels, preferences of famers/companies/markets, CSC’s presence on the 

given market and so forth, i.e. a multitude of market-dependable factors exists which affects 

the time constraint. Since these market differences are highly market specific for any given 

market they will not be further elaborated. The reason for this is that every individual factor is 

believed to have a minor effect on the time constraint, but that it is the sum of these multiple 

factors and how they interact with each other which has an impact. Notably however it seems 

as if one market difference is more generalizable (as well as important) with regards to how it 
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affects the time constraint: Weather or not a machine has been sold as “ordered to stock” or 

“customer sold”. 

A machine which is ordered to stock is shipped to an intermediate company where the 

machine is stocked until a customer decides to buy this particular machine. This typically 

implies that some time may have elapsed in-between the delivery to the intermediate company 

until the farmer buys the machine. With this option there is therefore typically more time 

available to solve any potential problems which may emerge. Furthermore machines which 

are ordered to stock typically are shipped to the intermediate company prior to the given 

markets “window”. The reason for this is that the intermediate companies tend to want 

enough time to present the machine to potential customers. Hence, for a machine which is 

ordered to stock the time constraint typically is loosened. That a machine is customer sold 

implies that a customer has specifically ordered this machine. Thereby this machine is 

produced in Sweden and shipped to the customer in accordance to the customer’s order. 

Therefore the time constraint for these machines depends on the delivery date relative to when 

the farmer wants the machine to be ready for usage. Notably some markets favors Customer 

sold machines meanwhile some markets favors machines which are ordered to stock.  

Just the mere fact that the farmer knows that something is missing may cause 

dissatisfaction. Especially with regards to that CSC is considered as a premium brand (and 

thereby also priced accordingly). Hence, the farmers expect a premium machine, which does 

not include that parts are missing and that the machine cannot be utilized upon arrival.  

As previously mentioned the assembly location can either be directly at the farmer’s or in 

the intermediate company’s facility. The acquisition and assembly of the missing parts which 

take place directly at the end customers are much more visible than those which take place at 

the intermediate company’s facility. At the farmer the personnel furthermore may have to 

leave an unfinished machine, only to return later and complete it. At an intermediate company 

however it is possible to contact the farmer once the machine is ready for delivery, thereby 

leaving the customer unaware of that there have ever been parts missing.  

6.2.4 Administrative Activities  

Additionally to the acquisition of missing parts and the consequences which they may have 

caused there has also been a need for administrative activities, such as to construct and handle 

invoices, update inventories as well as reporting missing parts to CSC. These aspects will 

therefore be further elaborated.  

In order to keep track of their articles the intermediate companies have to update their 

inventories in accordance to changes being made. Notably this procedure is quite synonyms 

for the different storage places (service car, intermediate warehouse, subsidiary warehouse), 

as it entails updating the databases in accordance to changes made. Thereby this procedure is 

furthermore independent of which article is missing, i.e. updating one article compared to 

another article can be viewed as quite synonyms and therefore the procedure is independent of 

which article is missing. Due to the fairly simplistic nature of updating inventories this aspect 

will not be further elaborated. 

Another administrative task is to construct and handle invoices, as it is decided that defect-

costs originating from CSC should be transferred to CSC. This invoice-procedure can be 

considered as highly standardized. Therefore the workload is more or less independent of 

what and how many articles need to be considered, i.e. the workload is more or less identical 

and independent of how many and which articles need to be reported. Due to the fairly 

simplistic nature of constructing and handling invoices this aspect will not be further 

elaborated. 

Notably all missing parts should be reported to CSC. (Note: All parts which are missing are 

not reported, which will be further elaborated shortly). The information which should be 
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entered into the reporting system is obtained by the assembly personnel during assembly, 

typically by making a short note on a piece of paper during (or shortly after) the final 

assembly. This information is then piled until being reported into the reporting system, which 

therefore renders itself to be misinterpreted or forgotten. Information which should be 

obtained and reported in the reporting system is: company information, machine information, 

article information, cost information (labor cost and transportation costs and part cost) as well 

as if needed optional information (limited and vague preset consequences, comments and 

photos).  

The reporting system is constructed in a way so that all information which is added into a 

report is valid and applies to all the other information in the report. For example if two articles 

are entered under a common report it is not possible to differentiate between the transportation 

cost for one article and the other article, or that different parts may have implied different 

consequences. As indicated in the examples in the previous sections this does not usually 

correspond with how different articles are acquired and assembled or what consequences they 

give rise to. Since the assembly personnel wants to minimize their administrative workload 

they do not want to construct additional reports. Therefore they create an imperfect report, 

where the cost- and consequence-information from several articles are bundled together (as all 

information applies and is valid to all other information in the report). Notably this option 

might seem worse from this description than it is as the assembly personnel most often waits 

for all articles to arrive before they make any additional driving (which mitigates the cost-

effect). The bundling therefore implies that information is bundled and that less severe 

consequence are omitted on behalf of more severe ones.  

The exact position of each missing part has to be inserted into the reporting system through 

a three staged step-by-step “clicking procedure”. This procedure mimics CSC’s module-based 

construction, moving from the general spot (module) to the specific spot (sub-sub-module). 

Notably every stage has several options and this procedure is considered as quite complex by 

the assembly workers, as they then have to know the specific build-up of each module. Due to 

the current construction of the reporting system only articles which are missing from the same 

specific spot can be entered under a common report. This implies that if parts are missing 

from more than one specific spots additional reports have to be constructed. Notably all 

articles being reported have to go through this step-by-step “clicking procedure”. Therefore 

the intermediate personnel have the option of constructing one report per specific spot from 

which articles are missing from or they can skip constructing one or more of the reports. 

Generally speaking the assembly personnel consider the reporting system as quite 

cumbersome and not worthwhile for those articles which are inexpensive and easily 

obtainable.  

That the reporting system mimics the module based construction furthermore implies that 

the aspect of whether a missing article was supposed to be packed or assembled cannot be 

inserted into the reporting system due to that packing is viewed as an integrated part of the 

assembly line which will be further elaborated in 6.4. 

6.3 Operations at the Arrangement Facility  

Before the machines are shipped to the intermediate companies the machines may have passed 

through the arrangement facility. Whether or not a machine passes through the arrangement 

facility depends on if the tasks performed at the arrangement facility are needed. Tasks 

performed at the arrangement facility are: arrangement and revision.  

Arrangement implies that a suitable stock machine is taken and, if necessary, adapted to the 

required specification, i.e. necessary arrangements are conducted. This option is valid if the 

delivery date for a customer order cannot be met through production. Notably the delivery of 



39 

 

needed material is organized in the same way as for revised machines. This aspect will not be 

further elaborated, as it is believed to have a minor (or no) impact on missing parts. 

Revision implies that machines with defects are corrected or complemented, which will be 

further elaborated. Throughout the entire production process (from component manufacturing 

until loading onto the lorry) various defects may occur on a machine. CSC strives towards that 

these defects should be addressed directly at the point of cause. This might however not 

always be the case as there might not be enough available time “then and there” to correct 

these defects or that people for various reasons neglect to follow the given directions (thereby 

passing the defect further along) or that the defects is unnoticed/unobserved. Since CSC does 

not want to ship machines with defects they have decided that all defects which are detected, 

but not corrected, throughout the production process should be registered and sent to the 

arrangement facility for corrective actions.  

Likewise can article shortages emerge throughout the entire production process, which 

results in that produced machines may be missing one or more articles. The reasons for these 

deficits are primarily due to that there are material shortages (further elaborated in chapter 

6.5). Since CSC does not want to ship machines with missing parts they have decided that all 

machines with observed missing parts should be registered and thereby complemented at the 

arrangement facility. Once the missing parts have been acquired, the machines with registered 

missing parts can be complemented at the arrangement facility.  

These two tasks have due to their corrective- and complementary-nature been named as 

revision. Notably the most common task performed at the arrangement facility is of 

complementary-nature, i.e. most tasks originate from article shortages throughout the 

production process. With regards to consequences and causes of missing parts it is therefore 

furthermore interesting to elaborate the causes for these registered defects as well as how they 

are handled.  

Notably all registered defects are handled in accordance to how the personnel at the 

arrangement facility interpret the defect-registration. The word interpret is used in the 

previous sentence as it is not always clear what has to be done in order to solve the defect. 

With regards to the problem of missing parts this primarily depends on two reasons: Lack of 

information combined with the internal transportation of missing parts at CSC. 

In order for the arrangement personnel to be able to accomplish their given task it is 

furthermore decided that those articles which are needed by the arrangement facility should be 

sent to them by the assembly personnel. Therefore all articles which have not been assembled 

should be sent to the arrangement facility. This can imply three things with regards to the lack 

of information: If more articles are sent than being reported the arrangement personnel 

understands that these articles also have to be attached. If fewer articles are sent than being 

reported the arrangement personnel make sure to acquire these articles. Unless it is clearly 

obvious that more parts have to be acquired the problem emerges when the articles are neither 

being reported nor sent, since the assembly personnel then cannot know that these parts are 

missing. Notable is that the arrangement personnel describes the situation as: “that they often 

have to acquire some of the needed parts on their own, as the assembly lines do not supply 

them with all the parts they need”.  

The information which is entered into the defect-registration is most often entered as a very 

short description, often only using one or a few words. This information can therefore 

sometimes be insufficient. Hence, the arrangement personnel either has to investigate what the 

defect might be, or they may interpret the information incorrectly. Due to the insufficient data 

the personnel may therefore find, and solve, another problem than the one which they 

originally was intended to fix.  

By a note attached to the machine the workers are informed which part contains a defect or 

is missing and why. No further information about the machine’s specification is given. The 
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information which is entered may also be incomplete, with regards to that the assembly 

personnel assumes that the arrangement personnel understands the rest of the information, 

based on the information which is given. The easiest way to describe this is through an 

example: Let’s say that a link-arm was missing during assembly. Therefore the assembly 

personnel reported that the link-arm was missing. However, if the link-arm was not attached, 

five bolts and a safety-pin could neither be attached, as they should have been assembled onto 

the link-arm. Therefore these articles are also missing on the machine. These articles were 

however not reported, as the assembly personnel assumed that the arrangement personnel 

would understand that: “If the link-arm is missing, then the five bolts and the safety-pin must 

also be missing”, which might not always be the case. This can therefore either be said to 

depend on incomplete information from the assembly personnel or a lack of knowledge about 

the production steps at the different assembly-lines. 

Table 5: Difficulties and errors at arrangement 

Difficulties Errors 

 One-word-explications, often unclear 
what the problem is, what has to be 
changed 

 Parts in boxes missing difficult to know 
what it is 

 Access to parts that shall be 
changed/repaired often difficult 

 Assembly mistakes, no specialists  

 Damage, e.g. to the paintwork 

6.4 Operations at the Assembly Line  

Throughout this thesis three different machine families have been studied: Machine 1 (M1), 

Machine 2 (M2) and Machine 3 (M3). These three machine families are assembled on 

different assembly lines, i.e. three product families = three assembly lines. Notable however is 

that these three assembly lines have similar (but not identical) structures and working 

procedures. Since the similarities outweigh the differences, combined with the possibility to 

showcase the individual differences, these three assembly lines will be described together 

throughout this section. 

As previously mentioned CSC’s customers want to be able to customize their machines in 

order to meet their specific needs and wants. Therefore CSC offers a range of different 

customization options: sizes, tools and tool modifications. Machines produced on an assembly 

line can be said to consist of a product family as they share some fundamental characteristics, 

but with individual differences. These differences, which give the machine its individual 

characteristic, should be viewed as modular attachments. Since different module combinations 

can be applied in alternating fashions it is possible to construct a very large amount of 

different individual types of machines. Notable however is that all these differences are based 

on the various modules which are offered.  

Machines which leave CSC’s assembly line can do so in two different modes: “tractor-

ready” or “packed”. As previously mentioned a tractor-ready machine is a fully assembled 

machine (thereby ready for the tractor) meanwhile the packed machine receives its final 

assembly after transportation. The primary reason for using packed machines is because of the 

increased transportation-cost which a tractor-ready machine usually implies. This has to do 

with the agricultural machines’ (big) size and bulky nature, which usually renders it 

impossible to fit more than one tractor-ready machine on a lorry, meanwhile it is possible to 

fit up to three machines if they are packed. Thereby the utilization of packed machines can be 

seen as a mean to transfer the assembly of certain parts, from the assembly line until after 

transportation. Articles which are packed are therefore those articles which otherwise would 



41 

 

protrude from the machine. However, disregarding if the machine leaves CSC’s facility 

packed or tractor-ready exactly the same articles should be sent, i.e. those articles which are 

not assembled should be packed if the machine is a packed machine. 

As CSC has been growing so has the importance of export, and historically the company 

has had a tendency to leapfrog its way into new markets which are close to existing ones 

(geographically and/or soil-type). As CSC has grown, this has typically implied that the 

transportation distances have increased which in turn has increased the utilization of the 

“packed-mode”. Due to the historical relatively low utilization of packed machines combined 

with CSC’s (exponential) growth, the procedures for how to pack a machine has 

independently emerged from the assembly lines.  

This furthermore implies that from an organizational perspective there is no difference 

between a packed machine and a tractor-ready machine, as the packing-procedure is 

considered as an alternative assembly-mode which is carried out at the assembly line. 

6.4.1 Process Description Assembly Line 

On each of the three assembly lines there are either four or five production steps (depending 

on the line) at which the machine is assembled. The general working procedure for each step 

is that once the machine has received its needed assembly at this step the machine can be 

moved forward to the next step (and so forth).  

At each assembly-step the needed articles which are corresponding to this particular 

machine and step are delivered from the warehouse facility in batches. The information of 

which articles should be delivered to where and when is handled through CSC’s database-

system, which corresponds to the specific machine order. As packing is considered as an 

alternative assembly mode the batches are identical for a type of machine, disregarding if they 

are supposed to become a tractor-ready machine or a packed machine. Notably all articles 

which are placed in the batches correspond to the machine being produced. Therefore all 

articles in the batches should either be assembled or packed, i.e. no article should remain in 

the batches upon completion (if the machine should not have any missing parts).  

Throughout the entire assembly line defects can be observed (see Table 6). One such defect 

is missing parts, which due to various reasons can be missing in the batches (section 6.4.1). 

As this thesis focuses on missing parts, only this defect will be further investigated and 

elaborated. 

Important to note is that if this “batch missing part” should not be missing anymore at the 

end customer’s this deficit has to be acquired and assembled/packed. If these deficits are 

known deficits they have to be communicated (section 6.4.1). If the deficits are unknown (or 

un-communicated) they have to be detected (section 6.4.4). The likelihood for detecting 

deficits primarily depends on the working procedures of assembly and packing and how they 

relate to each other (section 6.4.3). 

These “batch-missing parts” (if detected) have to be acquired and assembled/packed. If the 

articles are easy to acquire this task can be performed meanwhile the machine is still on the 

assembly line (section 6.4.3), otherwise the machine has to be registered through an 

arrangement report in CSC’s data-system so that the machine can be sent to the arrangement 

facility in order to receive proper treatment (see chapter 6.3 - revision). The last step is a 

function-testing. The function testing is performed in order to check that all functions are fully 

functional before the machine leaves CSC. The function-testing takes place on the last 

assembly step and is performed on all produced machines (tractor-ready and packed). If the 

machine is not fully functional, an arrangement report should be registered into CSC’s data-

system, so that the machine can be sent to the arrangement facility (chapter 6.3) for corrective 

actions. As it is only those articles which protrude from the machine which should be packed 

both tractor-ready and packed machines receive assembly. The tractor-ready machine is 
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therefore fully assembled into its “transportation mode” meanwhile the packed machine is 

semi-assembled and furthermore packed into a “packed mode”. These tasks are facilitated by 

various documents which primary objective is to aid the assembly personnel.  

Table 6: Difficulties and errors at assembly 

Difficulties Errors 

 Mistakes on lists 

 Mistakes in provision 

 Articles not provisioned 

 Many articles to pack 

 No time to double check 

 Changes in customer orders 

 Malfunctioning/no scales 

 Difficult to detect mistakes if lists are 
wrong 

 Evening shift has no team captain to ask 

 No time to train new employees 

 No commitment 

 No apparent structure in arrangement of 
articles to pack 

 Loosely fastened elements fall off during 
transport 

 Wrong quantity taken 

 Forgotten parts (e.g. optional, rare ones) 

 Forget to send a machine to 
arrangement facility (if articles missing) 

 Forget to send fasteners for arrangement 
facility-machines 

6.4.2 Missing Parts in Batches 

Due to various reasons articles can be missing in the batches during assembly. This primarily 

depends on three reasons: 

1. The warehouse personnel have made an error (e.g. picked wrong quantity and/or 

wrong articles, further elaborated in chapter 6.5.). 
2. CSC currently does not have this article in stock (due to article shortages, further 

elaborated in chapter 6.5).  

3. The preceding assembly personnel has taken this article from a subsequent batch (due 

to a previous lack of this article) which has to do with CSC’s pragmatic working 

procedure for solving the problem of that an article is missing in a batch, which will be 

further elaborated in this chapter in section 6.4.5 – Quick and pragmatic solution. 

That the warehouse personnel have made an error can therefore be said to be an unknown 

deficit, meanwhile deficits due to article shortages as well as that articles have been taken can 

be said to be known deficits. Unknown deficits (due to their nature) cannot be communicated 

and therefore have to be detected meanwhile known deficits can be communicated. However, 

if known deficits are not communicated they likewise have to be detected.  

Therefore article shortages (if any) are communicated by an auto-generated print on the 

batch delivery note, stating which articles are missing. This batch delivery note is attached to 

the batch which is delivered to the assembly line and can therefore be read by the assembly 

personnel. Notably this text is printed in a text size of approx. size 14 Times New Roman. 

Due to its small size this text it is quite hard to notice for the assembly personnel, or at least 

not “obvious”. Therefore CSC has decided that this known deficit should be highlighted with 

a colored marking pen by the warehouse facility personnel (which may or may not be 

remembered). Notably even though if the deficit has been highlighted this information is still 

not considered “obvious to notice” by the assembly personnel. Therefore CSC is currently 

investigating alternatives for being able to mediate this information. This implies that even 
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though the defect was initially known (printed), these deficits most of the time have to be (re-

)detected by the assembly personnel during assembly/packing. This therefore implies that the 

primary reason for that missing parts occur at the customer side depends on deficits in the 

batches and if these are detected or not.  

6.4.3 Working Procedures 

At the assembly line articles are assembled onto the machine, one after another, by the 

assembly personnel. Since the machines being produced at an assembly line may differ (size, 

tools and tool modifications) the articles which should be assembled may also differ. CSC has 

therefore, as an aid, constructed a couple of documents. The “Module-overview document” 

gives a general overview of what modules should be assembled meanwhile the “General 

working procedure document” gives a general overview of what working procedures needs to 

be performed for this specific machine. This implies that a detail list over all articles which 

should be assembled is not given. The reason for providing an overview instead of a 

comprehensive article-list is that this amount of information is considered preferable (by the 

assembly personnel) as it is both manageable as well as sufficient. The “Module overview-

document” gives an overview of which modules should be assembled on this particular 

machine and consists of one to two pages. The “General working procedure-document” is 

constructed as a check-list, and its primary function is to make sure that all working 

procedures which should be performed are performed. The “General working procedure-

document” is approx. 10 pages long, with approx. 10 procedures stated on each page. 

The general working procedure is that the assembly personnel follow the two documents 

during assembly, where they continuously perform a few tasks before they tick them of in the 

“General working procedure-document”.  

When deficits are detected the assembly personnel should, as a memory aid, make a small 

note in the papers stating what was missing, otherwise they may forget which article is 

missing as this article should be acquired or registered for the arrangement facility. Interesting 

to note is that many assembly line workers do not type which articles are missing, as they 

instead try to remember it by heart. Notable within this context is that assembling one 

machine may take up to five hours, and may include shift changes which therefore are 

potential sources for missing parts. 

Furthermore detected deficit should be acquired so that they can be assembled, which will 

be further elaborated in section 6.4.5.  

As previously mentioned all articles should be assembled onto the machine if the machine 

is supposed to become a tractor-ready machine. Thereby the machine is constructed into its 

“transportation-mode”. If the machine being produced is supposed to become a packed 

machine, those articles which protrude from the machine should be packed. This will be 

described in the following section. 

During packing articles are packed, one after another, into boxes which are then placed in 

the machines seed-container before transportation. Since the machine being packed may 

differ, the articles which should be packed may differ. CSC has therefore, as an aid, 

constructed packing lists describing what articles and how many of each article should be 

packed. The packing lists are constructed as check lists, where their primary function is to 

make sure that all articles which should be packed are packed.  

A packing list consists of several papers with multiple article rows on each page (typically 

8 rows per page and between 6-20 pages, depending on the amount of information specified at 

the different assembly lines). In order to methodically and carefully follow and tick off these 

lists the assembly personnel would therefore need to carry it with them. The assembly 

personnel considers it cumbersome to carry around these papers at the same time as they are 

packing, and therefore they typically tick off every once in a while. 
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Due to the slow, but steady, advancement of packed machines the working procedures for 

how to pack articles as well as how the packing lists are constructed has independently 

emerged from each of the assembly lines. Hence, the working procedures as well as how the 

packing lists are constructed at the different assembly lines are unanimous (even though they 

share some common characteristics, as ideas and working procedures have dispersed 

throughout the organization).  

One of the assembly lines has a specific spot designated for packing meanwhile the two 

other lines perform their packing alongside the assembly lines as the machines are moved 

forward. These working procedures have been changed during the course of this thesis 

assignment, therefore these working procedures will not be further elaborated, as the old 

working procedures are no longer valid meanwhile the new working procedure have not yet 

been fully developed nor tested over a longer period of time. 

The general working procedure for packing articles is that heavy as well as bulky articles 

should be placed in the bottom, as this reduces the risk of article being damaged during 

transportation at the same time as it reduces the need for space. Unfortunately this packing 

order (big and heavy in the bottom) does not correspond to the order in which the packing 

lists are generated, as they are generated in accordance to the module construction. This 

implies that one module after another is generated on the packing lists, i.e. all articles which 

correspond to one module are printed, one after another, on the packing lists followed by the 

next module and so forth. These two aspects combined results in that the assembly personnel 

have to flip between the pages, as they want to tick of those articles which they have packed. 

Furthermore it currently exist two slightly different working procedures for how articles 

should be packed among the different assembly lines. (Two assembly-lines use one procedure 

meanwhile the other line has a slightly different procedure). The working procedure 

differences is that the fasteners (screws, nuts, etc.) and other small items can be packed in 

small plastic bags marked “A”, “B” and “C”, or that they are loosely attached to the spot 

where they are designated to be properly assembled, after transportation. (Notably these 

loosely attached items therefore have to be loosened on the customer side before they can be 

correctly attached and assembled). Since CSC has had the problem of missing parts over a 

long period of time, they have tried various solutions. One such solution was to utilize scales 

in order to weigh packed articles in order to detect deficits. Notably all weight stations are 

currently broken and no longer utilized. The assembly personnel considered the weight 

stations as unnecessary and redundant as they “rarely detected any defects”. This has to do 

with CSC’s working procedures in combination with the tolerances of the scales: Articles 

which are being packed can either be packed individually (as one or several item) or can be 

semi-assembled (several items assembled into a component). With regards to detecting 

deficits of small (light) item on a semi-assembled component it is usually not possible, as the 

weight of the whole component often fluctuates more than the weight of the small (light) item. 

Thereby the detectability of small (light) items on a big component is destroyed. With regards 

to detecting deficits of individually packed items it is considered more resource effective to be 

thorough when counting than to use the scales if there are just a few items which should be 

packed.  

When the assembly personnel detects a deficit they should likewise as described in 

assembly above type this information on the packing lists. This furthermore implies that no 

additional memory aid is given. 

Furthermore detected deficit should be acquired in order to be packed, which will be 

further elaborated in section 6.4.5. 
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6.4.4 Detect Missing Parts  

Even though the “Module overview-document” as well as the “General working procedure” 

do not state every individual article which should be assembled on the machine, this 

information is considered as sufficient (by the assembly personnel) for detecting missing 

parts. The reason for this is that as the assembly personnel follow the general working 

procedure they are able to “visually see” what they have (and what they have not) attached. 

Hence, they consider it “obvious” if something is missing. Notable within this context is that 

missing parts at the end customer also exists for fully assembled (tractor-ready) machines, 

where all articles have been assembled. Hence, it is clear that not all defects on the assembly 

line are detected and/or registered and/or corrected. However missing parts corresponding to 

tractor-ready machines are far less occurring than for packed machines.  

As the working procedure for packing is designed today it is not possible to “visually see” 

deficits. This implies that the assembly personnel either needs to remember all articles which 

they should pack by heart or they need helping procedures. The only current aid which the 

assembly personnel have in order to make sure that all articles which should be packed are 

packed are the packing lists. 

Unfortunately the thesis workers’ investigation has shown that the packing lists are 

unclear, contain errors and does not support the current working procedures. These three 

aspects will be further elaborated throughout this section. 

With regards to the unclear part of the packing lists it can be noted that the design of the 

various packing lists is consistent on all assembly lines with six columns named: Picture, 

Article, Description, Amount, Weight as well as a Check-box (“Ok”). Even though the design 

is identical, the packing lists highly differ between the different assembly lines with regards to 

what information is entered in the different columns, the amount of information which is 

entered as well as “how it is entered”.  

Notably these differences may even exist between different packing lists on the same 

assembly line and even between different rows in the same packing lists. Due to the nature of 

these differences the thesis writers cannot give any clear description with regards to how the 

packing lists are constructed at the different lines. Therefore the differences which exist 

within the six columns will instead be stated: 

Picture: Sometimes a picture is entered, sometimes it is not. If a picture is entered it can 

either be an actual photo or a computer software-generated image. The pictures can either be 

in color or black-and-white. The quality of the resolution may vary from “very sharp” to 

“blurry”. If the quantity of an article which should be packed is more than one, the picture can 

either show one article or the number of articles which should be packed, e.g. if three nuts 

should be packed the picture can either show how this nut looks like, or three of these nuts 

can be shown.  

Article: In the article column either the article-number is entered or the “CSC-used name”, 

e.g. 5 000 89 or “Disc-arm”. The reason for entering “CSC-used names” is either due to 

convenience (e.g. easier to understand) or that CSC has not assigned an article number for this 

“item” (usually as the item is a “half-assembled” module). The depth of the information in 

terms of article number as well as the “CSC-used name” varies from case to case, where the 

description-depth can be said to depend on how much information is considered as needed. 

With regards to article-numbers either the top article number as well as the sub-articles 

constituting this articles is mentioned or only the top article number is typed, i.e. the top-

article or the top-article as well as all its constituents. If more than one article should be 

packed, this can or cannot be indicated by a “times-#” indication, i.e. if three articles should 

be packed this can be indicated as 3x5 000 89 or 3x“Dics-arm”. 

Description: In the description column either the “CSC-used name” can be typed or a more 

thorough description of “what should be done”. “What should be done” can either be in terms 
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of an explanation or containing important instructions. If more than one article should be 

packed, this can or cannot be indicated by a “times-#” indication.  

Amount: In the amount column the number of articles which should be packed can or 

cannot be typed. The amount information can also be valid for either the top-article number or 

for all its constituents, e.g. “Pack four of these” or “this amount, of this article should be 

packed”. 

Weight: The estimated weight for this article is or is not entered, i.e. either the figure for 

the articles weight is given or the column is blank.  

The construction of the packing lists can be summarized as quite chaotic as the assembly 

personnel consider the packing lists as unclear with regards to where, how and what 

information is typed. Furthermore the assembly personnel sometimes consider the packing 

lists to contain insufficient amount of information for performing the task, as neither all sub-

articles are stated nor their amount. Notably the amount of information stated must be 

balanced appropriately, as adding more information might make the packing lists unclear. 

This may result in that the assembly personnel do not detect deficits, which therefore result in 

missing parts at the customer side.  

With regards to the error part of the packing list the packing lists have furthermore shown 

to contain several errors as: articles which should be packed are not stated, articles which 

should not be packed are (wrongly) stated as well as that the amount which should be packed 

for several articles is incorrectly stated. That the packing lists contain errors is therefore a 

source for deficits not being detected.  

Errors which are detected in the packing lists by the assembly personnel should be reported 

to their team captain, which in turn forwards this information to the technician responsible for 

the list. Notably this procedure is considered quite cumbersome, as it involves remembering 

what was wrong and where it was wrong until the person responsible is encountered which 

furthermore should be forward. Notable is that the assembly personnel have expressed a 

resignation with regards to that errors which they report are corrected, but that the same 

mistakes can emerge and disappear in a randomized fashion, i.e. reported errors seems to be 

corrected for a while, but then they emerge again only to disappear and then come back again. 

This has led to that many, primarily among those who have worked at CSC for a while, have 

grown tired of reporting errors (especially since this group of people often does not consider 

the packing lists as useful to begin with). Investigation has however shown that errors which 

are reported are (at least most of the time) corrected. Furthermore the randomization stems 

from how the packing lists are constructed from modules combined with the lack of 

transparency and complexity within the system. This implies that what the assembly 

personnel considers to be “the same module” actually are different modules, as they 

corresponds to different sizes and other alterations of a general machine type, i.e. what the 

personnel consider a module is, data base wise, a module-type for various machine types, 

therefore the defect may be corrected for one module-type but not for the other module-types, 

which give rise to the observed effect.  

All these above stated errors and error sources may give rise to missing parts.  

With regards to processes which do not support working procedures the (previously) used 

weight stations could be mentioned, but as it is no longer utilized as well as previously 

mentioned it will no further be referred to. Instead the aspect of that the assembly personnel 

does not prefer to carry multiple pages of paper during packing, at the same time as they order 

of the packing lists does not correspond with the order of packing (heavy and bulky items in 

the bottom) which results in that the assembly personnel has to flip pages and tick of the 

articles in an alternating faction. This may result in missing parts primarily due to two 

reasons: That the assembly personnel miss an article row or become confused. The confusion 

emerge due to that the assembly personnel might believe to have already packed an article as 
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identical articles may appear more than once, at different places, as these although identical 

articles correspond to different modules. Hence, the assembly worker might believe that 

he/she has already packed this article if the list is not methodically and carefully followed. 

This may therefore result in that articles are missing at the customer side.  

6.4.5 Acquire Missing Parts – Assembled   Packed Machines 

If a deficit has been detected for either an assembled or packed machine it needs to be 

acquired. In order to acquire and assemble/pack the machine meanwhile it is on the assembly 

line CSC has developed two working procedures. One of the working procedures is a quick 

and pragmatic solution which solves the problem for the time being meanwhile the other 

solution is more long term problem solving. If CSC does not have the article in storage or if 

they do not have enough time to solve the problem while the machine still is on the assembly 

line, the machine should be registered so that it can be sent to the arrangement facility for 

proper treatment.  

The quick and pragmatic solution which CSC utilizes is that if an article is missing in a 

batch the assembly personnel should take this needed article from the next (subsequent) 

machine-batch so that the assembly can proceed. The primary reason for this is that CSC 

wants to maintain takt flow. That a part has been taken from a subsequent machine-batch 

notably implies that this article now (instead) is missing in this subsequent batch. Hence, if 

this article is not retrieved in time, this article will be missing once the subsequent machine is 

assembled. Notably this procedure can continue as long as the sough article exists in the 

batches, otherwise the article either has to be acquired from the long term problem solving 

solution or the machine should be registered in order to receive proper treatment at the 

arrangement facility (revision).  

If CSC has the article in storage the working procedure for internal acquiring of missing 

parts is that the assembly personnel who took the article should report this to the line’s team 

captain. Notably time may elapse in-between when the assembly worker took the article from 

the subsequent batch until he/she reports this to the team captain, as the team captain often is 

elsewhere on other problem-solving missions and therefore cannot be informed directly.  

Once the team captain receives the information of a missing part he/she should make a note 

so that he/she can remember to retrieve this missing article during the next time he/she visits 

the warehouse. Notably time may also elapse here, as the team captain might not immediately 

retrieve this article from the warehouse, as he/she might have other tasks with higher priority. 

Thereby some time may have elapsed in-between when the article was picked by the assembly 

personnel and when it was retrieved by the team captain. As CSC does not have a tracing 

routine “from where articles have been taken” the team captain, together with the involved 

assembly personnel, has to sort out where (which batch) this article should be placed. This 

information should therefore be remembered by the person who took the article. Notably 

however is that if a longer time have elapsed this may have resulted that the (taken) missing 

part have been further along picked from the subsequent batch (as it was now “missing” in 

this batch) which increases the complexity and the need for organization. 

Before the machine leaves the assembly line one of the last procedure is that all deficits 

which still remain should be registered through an arrangement report so that the machine can 

be sent to the arrangement facility for proper treatment. This implies that the assembly 

personnel should skim through the General working procedure as well as the packing lists in 

order to see if any of the boxes are unchecked. This may imply that the assembly personnel 

may miss an unchecked box, thereby leading to missing part as the machine is not registered. 

Factors which are important to note are therefore the amount of pages combined with the 

amount of rows on each page which need to be skimmed through. 
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6.5 Operations at the Warehouse Facility 

At the warehouse facility articles which are corresponding to a particular machine are placed 

into batches, which are then transported to the corresponding assembly line once the particular 

machine is due for construction. Which articles should be placed into each batch is handled 

through CSC’s database system, which corresponds to the construction of each individual 

machine. Notably all batches for identical machines are prepared identical, i.e. the batches 

corresponding to packed machines as well as tractor-ready machines are identical. CSC has 

two different sections from where articles can be taken, the Fork-lift storage and the Small 

part storage.  

In the Fork-lift storage heavy and big articles are stored meanwhile light and small articles 

are stored in the Small part storage. The personnel sitting in the fork-lifts are aided by the 

database system, indicating where they should go as well as how many off each article they 

should take. 

The Small-part storage consists of three individual elevators which move the different 

levels of trays vertically and which articles are picked from. On each tray it is possible to store 

several articles, organized in different boxes. Thereby it is possible to store numerous small-

sized articles on a small area. Since the elevators move at a limited speed, combined with that 

the machine is quite tall (approx. seven meters) each elevator becomes a constraint for the 

possible output of  the machine. CSC believes that these constraints create a bottleneck for the 

output of the three small-part storage machines, and therefore they have decided that the 

warehouse employees should run several orders simultaneously, since it increases the 

likelihood that “something is needed from each of the elevators”, which keeps the elevators 

occupied and moving. This implies that the employees pick articles from three different 

elevators simultaneously, which then are distributed into 1-3 picking-boxes (depending on the 

number of orders which are simultaneously activated).  

The database system (Small-part as well as Fork-lift storage) is furthermore equipped with 

computer software asking for regular inventory controls once the amount of a registered 

article level goes below a preset threshold for this particular item. Thereby it should be 

possible to produce and/or purchase individual item with sufficient foresight. If there is an 

article shortage (Small-part as well as Fork-lift storage) this article shortage is printed on the 

packing slips which is then attached to the batches. These prints should furthermore be 

highlighted (if remembered) by the warehouse facility personnel in order to increase the 

likelihood that the (known) deficits are detected by the assembly personnel. Notably no other 

storage or utilization of this known deficits is registered for future controls, even though CSC 

is currently working on a solution for this aspect.  

As previously mentioned deficits in the batches originating from the warehouse facility 

primarily depend on two aspects: Article shortages or errors made by the assembly personnel. 

(Notably there could be errors in the database system, but since this aspect is considered to 

have a minor importance this aspect will not be further elaborated). 

Errors which are made by the warehouse facility personnel are (by the warehouse 

personnel) primarily believed to occur due to that several article batches are running 

simultaneously at the Small-part storage (see Table 7 & Table 8). Notably within this context 

is that, according to a newly made investigation performed by CSC personnel, there is no 

statistical difference between the amounts of errors origin from the Fork-lift or the Small-part 

storage.  

Article shortages primarily depend on that the articles have not been produced and/or 

ordered within a sufficient timespan. Notably this is the primary reason for articles missing in 

the batches. Unfortunately this aspect has not been further elaborated (primarily due to the 

given amount of time at the thesis writers’ disposal). Interesting to note with regards to this 

aspect is however the amount of articles at CSC and how they each individually may result in 
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internal (CSC) missing parts due to article shortages (which then due to cascading effects 

elaborated in this thesis assignment may result in missing parts at the customer side). 

Currently CSC has approx. 8500 registered articles. These articles can either be used as 

components for constructing other articles, or be used in the production as they are. Since the 

complexities of CSC’s machines are increasing, at the same time as CSC develops and 

updates new types of machines, the number of components is constantly increasing.  

Table 7: Difficulties and errors at fork-lift storage 

Difficulties Errors 

 Late supply  

 Wrong quantity in complete boxes 

 Wrong quantity taken 

 Late with storing delivered articles 

Table 8: Difficulties and errors at small-part storage 

Difficulties Errors 

 Late supply 

 Wrong quantity taken 

 Small parts fall out from box 

 Distraction 

 Wrong article taken 

 Miss articles in same cassette 

 Put articles in same box (packing several 
boxes at the same time) 
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7 Analysis 

In this chapter the results are analyzed by combining them with the theory through the tools 

described in the analysis method. 

 

The insights gained in the subsidiaries work and what has to be done to satisfy the customers 

after the appearance of incompleteness attested the necessity of reducing defects significantly. 

Even before this research it was known that missing parts are the company’s biggest quality 

problem. This knowledge the company had gained in meetings with representatives of the 

subsidiaries and from analyzing the defect reports with help of a Pareto Diagram. In the 

course of this research this finding was confirmed. But there was no identifiable regularity in 

which articles use to be missing. The use of a Pareto Diagram proofed customers impressions 

true that many different articles are missing randomly. However, customers and employees 

clearly agree that it is mostly packed articles missing. As it is not apparent from the defect 

reports if machines have been sent packed or tractor-ready, there was no possibility to check 

this judgment with data. Still there were no conflicting opinions even though more than 

twenty people from different countries and different department were asked. CSC had this 

suspicion before but had not tested or further examined it. By taking so many different 

opinions and points of view into consideration the suspicion that packed machines are more 

often incomplete than final assembled ones could be proofed true. Consequently the focus for 

further investigation could be put on all operations affecting packing. 

7.1 Customer  ide  

As previously described in chapter 6.2 missing parts cause direct and indirect costs to the 

intermediate companies and to the end customers (farmers) in terms of additional work, 

transportation, organization, dissatisfaction (and how it is handled) as well as administrative 

activities. Notably the thesis writers suggest that these costs should be viewed with regards 

CoQ (Cost of Quality), as described in chapter 3.1.  

The outcome of the process oriented analysis did not show any clear and generalizable 

outcomes with regards to these costs, due to the situational nature of the problem. Therefore 

this analysis can rather act as a guideline for understanding how and why costs emerge. These 

guidelines for understanding the situational aspects of transportation, organization, 

dissatisfaction (and how to handle it) as well as administrative activities will therefore be 

further elaborated in this chapter.  

As previously described in chapter 6.2.2 parts which are missing have to be acquired and 

assembled before the machine can be handed over to the end customer. Therefore tasks such 

as organization as well as transportation of both personnel and articles are needed. The need 

for transportation and organization (and therefore also the resulting cost) primarily depends on 

which article is missing under the given circumstances of where this article can be acquired 

relative to the assembly location. These costs are therefore highly dependable of the given 

situation. Notably however is that typically the need for organization as well as transportation 

(of both personnel and articles) increases if the assembly location is at the end customer 

(farmer). Interesting to note is that due to how the reporting system is currently constructed 

(with regard to the bundling of information) this situational-dependent and article-specific 

information cannot be transferred to CSC.  

The analysis has shown that there is a multitude of aspects which affects the dissatisfaction 

of end customers. These aspects are often relatively specific for the given situation, primarily 

due to market differences. According to the thesis writers the effect of these given situations 

and market differences can be summarized within primarily two factors which are driving 
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dissatisfaction: Time and Visibility. These two factors can therefore aid to explain why 

dissatisfaction emerges, namely dissatisfaction is primarily driven by the two factors of time 

and visibility, which in turn are affected by a multitude of often market specific differences.  

That available time is a driving factor for dissatisfaction can be explained through that 

CSC’s machines are purchased to be utilized. Therefore it is crucial that the machine is fully 

functional during the upcoming “window”, otherwise the customer may lose valuable time as 

a missing part may result in a delayed delivery during which the machine cannot be utilized. 

Notably the time aspect is highly dependent of the access aspect, as it may take more/or less 

time to acquire a certain article, thereby increasing or loosening the available time. This 

implies that the available time can be considered to be the time constrain minus the time it 

takes to acquire the missing articles, i.e. [time constrain – acquire time = available time]. 

Hence, it is interesting to look at the underlying factors for the time constrain as well as the 

acquire time. The nature of the time constrain is highly situational meanwhile it typically 

takes longer time to acquire the missing part if the assembly takes place is at the intermediate 

company compared to the end customer.  

That visibility is a driving factor for dissatisfaction can be explained through that 

customers expects certain standards for their new (and premium) machines. Hence, if the 

customer is aware of the problem he or she might become dissatisfied. This implies that the 

assembly location is highly important for the visibility factor.  

Furthermore important to note within the context of CoQ is that the dissatisfaction itself 

may cause costs for CSC, as it may result in a loss of reputation and/or loss of future sales. 

As mentioned in section 6.2.3 the intermediate company may apologize to the customer 

either by phone and/or in person, which implies costs. Furthermore they may also offer some 

sort of discounts and goods. Notably these “Goodwill offers” are only offered to the end 

customer to the extent of when it is considered beneficial for the intermediate company itself, 

which may or may not correlate with what would be the most favorable solution for CSC (as 

their agendas may differ). Generally speaking however the agendas of the intermediate 

companies and CSC are fairly aligned, as both consider it beneficial to have pleased 

customers. These apologizing measures as well as goodwill offers entails costs for the 

intermediate companies. Notably however is that CSC is currently unaware of both the 

frequency as well as the cost-magnitude of these aspects, as C C’s reporting system does not 

allow such measurements.  

As mentioned in section 6.2.4 the intermediates furthermore are supposed to perform three 

administrative activities if a missing part is detected: report missing parts to CSC, construct 

and handle invoices as well as update and manage inventories. The analysis has shown that 

disregarding which article is missing, the costs for these activities are fairly similar due to the 

standardized working procedures of administrative tasks. This implies that the administrative-

cost of an arbitrary article is fairly similar to another arbitrary article.  

As furthermore mentioned in section 6.2.4 the intermediate company’s personnel considers 

the reporting system to be unclear as well as time consuming. Therefore the intermediate 

personnel generally speaking do not consider it worthwhile to report inexpensive and easily 

acquirable articles, as it is not considered resource effective. This is an aspect which CSC 

currently is aware about and which furthermore can explain the market differences of missing 

parts from identical machine at different markets, as described in chapter 2. Through the 

analysis it has however been shown that the aspects of “inexpensive”- and “easily 

acquirable”-articles is very situational dependent. This implies that what might be inexpensive 

and easily acquirable in once situation might be costly and cumbersome to acquire in another 

situation.  

Important to note with regards to all above stated costs is that even though CSC may be 

unaware of some of the costs-aspects, the intermediate companies try to take them into 
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account as they directly affect their margins. This furthermore implies that CSC (indirectly) is 

affected by these costs.  

Even though no clear distinctions and boundaries could be observed with regards to the 

cost-magnitude of all the above mentioned factors (due to the situational dependability) the 

thesis writers believe that some interesting patterns can be observed based on the choice of 

assembly location (intermediate company facility or at end customer). These patterns are 

therefore based on factors such as Time, Access and Visibility and how these relate and affect 

each other, thereby resulting in costs in terms of Organization, Transportation, Dissatisfaction 

and Administrative activities. These aspects and their combined impact have been showcased 

in Figure 18 and Figure 19.  

Figure 18: Severity – assembly at the intermediate company 

 

Figure 19: Severity – assembly at the end customer (farmer) 
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The access factor therefore highly affects the organization- and transportation-costs. The 

access factor furthermore relates with the time constrain factor, thereby resulting in available 

time to solve problems, which in turn results in dissatisfaction-costs. Furthermore the 

assembly location affects the visibility of problems, which in turn results in dissatisfaction-

costs. Notably the administrative activities costs are, as previously mentioned, fairly similar as 

well as have a minor impact relative to the other costs and therefore they have a small impact 

on the cost-magnitude as a whole.  

Interesting to note is not only the different intersections indicated in the two figures above 

and its proposed severity-magnitude, instead it is also interesting to analyze which 

intersection is the most frequently occurring intersection for CSC’s various markets and how 

this relates to their specific marked differences. If the assembly location is at the end 

customer, the access of articles is typically not in the service car (due to the limited amount of 

articles stored in the service car), which implies that the intersection for the y-axis is moved 

further down. Likewise the time constraint on one market may be affected by market 

differences, resulting in that more or less time typically is available, implying movement on 

the x-axis.  

The process oriented analysis has furthermore shown that CSC primarily has problems 

with packed articles. Unfortunately the aspect of whether a machine has been sent as packed 

or tractor-ready cannot be entered into the current reporting system. Hence, there is no easy 

way for CSC personnel to numerically follow up on whether problems originate from the 

packing procedure or the assembly procedure, which hinders appropriate improvement 

measurements.  

7.1.1  uggestions for Improvement 

Currently CSC tries to improve their reporting system with regards to making it more user 

friendly, as CSC has realized that it needs more correct and reliable data. Hence, personal are 

modifying the reporting system so that information no more should be bundled, that multiple 

specific spot can be entered as well as that “clicking procedure” should be more user friendly. 

By improving the reporting system CSC hopes to erase the current need for multiple reports 

from one machine as well as to receive more and more correct reports. Even though these 

improvement have not yet been implemented the thesis writers considers the improvements to 

be promising, as they aim to delete many of the problems stated in the previous section.  

There is however some aspects in the new (improved) reporting system which still will not 

be covered. These are the aspects of whether the missing part was packed or assembled as 

well as the currently unknown dissatisfaction-cost (both frequency as well as cost-magnitude 

wise).  

As the reporting system is separated from all other databases it should be fairly easy to 

insert a clickable option for packed or assembled missing parts (or have assembled as default 

and packed as clickable). Thereby it would be possible for CSC personnel to more easily 

differentiate between the two, thereby allowing more appropriate follow-ups, i.e. utilize the 

current reporting system but adding the option of packed article, thereby facilitating follow-

ups.  

Since the reporting system already is considered as quite cumbersome by the intermediate 

personnel a fairly simplified solution and non-time consuming solution is preferable for 

following up on the dissatisfaction-costs. Important to note is that the nature of the 

dissatisfaction-cost can be divided into two groups, the tangible- and the soft-cost. The 

tangible cost consists of the additional visits needed as well as the discounts and offerings 

given in order to please the customer. These costs are considered tangible as it is possible to 

calculate their numerical amount. The soft costs consist of the dissatisfaction-cost and its 

indirect impact on CSC. This cost is considered soft as it is hard to both asses the 
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dissatisfaction of a customer as well as its impact on CSC. Due to the nature of the 

dissatisfaction-cost relative to the tangible costs as well as the preferences of an simplistic and 

none-time consuming solution an optional drop-down solution is suggested, where the two 

aspects of tangible costs (visits, discounts and offering) can be entered in numerical amounts 

meanwhile the soft costs (degree of dissatisfaction) can be entered based on observed degree 

of dissatisfaction, e.g. [Low, Moderate, High, Very high] or [Annoyed, Irritated, Angry, 

Furious]. This implies that even though it might be hard to assess the individual impact of a 

dissatisfied customer, it would be possible to estimate the impact of the different levels. 

Thereby it would be possible to get a more clear understanding for the monetary 

consequences of missing parts in accordance to CoQ-theory which would aid CSC 

management in their decision-making with regards to these problems as a more coherent 

understanding can be reached.  

Table 9: Suggestions for improvement customer side 

Difficulties Suggestions for Improvement 

 Unreliable data 

 None-user friendly 

 Cumbersome reporting system 

 Unable to differentiate between packed 
and tractor-ready machines 

 Dissatisfaction cost currently not reported 
and therefore unknown 

 

 Improve user friendliness 

 Add possibility to differentiate between 
packed and tractor ready for proper 
follow-ups 

 Add suggested solution for 
dissatisfaction cost 

7.2 Arrangement Facility 

7.2.1 Narrow Down 

The nature of the arrangement facility’s operations (see 6.3) pulls the question if it is relevant 

for incompleteness. Employees working at the arrangement facility can conclude that the 

received machine is complete except for the mentioned defects. Often only one part has to be 

changed. In case a machine is send to this department not for revision but for arrangement, i.e. 

if a stock machine is adapted to a customer’s order, it is the same procedure as a machine is 

declared ready and only some detail depending on the specification has to be added or 

changed. The arrangement facility gets all parts needed from the assembly line and, after 

comparison to the order in the system, assembles or packs what is provided.  

Of cause there are some errors that do only arise at machines that passed through this 

production step. For example if arrangement reports are incomplete and not all needed parts 

are sent to the arrangement facility, i.e. parts are missing both in the system and physically. 

These errors are only detected if the part in question has to be assembled to the machine. If it 

is a packed article, the packing boxes are not opened if possible, but the part is attached to the 

machine or put into the tank separately. Hence the detection rate of wrong provision is higher 

for final assembled machines. Still, the reason for these mistakes does not lie in the 

arrangement operations but upstream and is considered in the investigation of assembly line’s 

operations (see 7.3). 

For a grounded judgment, controlling, that investigated the arrangement division last 

autumn, was interviewed. The interviewee doubts that arrangement and revision have a 

noteworthy impact on missing parts. 

Comparing the percentage of defects and missing parts of machines that passed through the 

arrangement facility to the overall percentage of defects and missing parts, no clear impact of 

this department on defects can be deduced, neither a positive nor a negative. An overview of 



55 

 

the share of revised machines on sold or defective machines in relation to all machines for the 

year 2012 and different machine types is shown in Table 10. 

For given reasons the impact of the arrangement operations on defects and missing parts in 

particular was assessed negligible and no further investigation of the department was carried 

out. 

Table 10: Share of revised and arranged machines (100% = all machines in the respectively 

category sold, defect, incomplete) 

2012 sold defect incomplete 

All product families 37% 26% 30% 

M1 24% 32% 33% 

M2 28% 10% 33% 

M3 44% 30% 25% 

7.2.2  ummary and  uggestions for Improvement 

Even though the arrangement facility could be excluded from deeper investigation some 

difficulties do, albeit to a small extend, influence the completeness of deliveries. As 

mentioned before the arrangement division gets involved in the packing process if a machine 

is sent to revision because some article that should be packed was missing. As arrangement 

has no documentation about which articles should be packed, it is the assembly lines’ 

responsibility to send all parts not provided in the boxes once they are available. Currently 

some assembly lines do, apart from the defective or missing article, detain further articles 

which they use to assemble to the unavailable article. When writing the arrangement report 

they might forget about this and later forget to forward all parts missing in packing. In view of 

this aspects the assembly lines should evaluate if they should pack all articles available 

instead of detaining provisioned articles (see even 7.3.4). 

 Further should the arrangement personnel get more detailed information on the deficit and its 

position. If one part needs to be changed and several parts with the same article number can 

be found at different positions of the machine, the affected article should be marked, for 

example with a tape. If the part supplied later shall be packed, this should be clear, too. 

Hence, the communication between assembly lines and the arrangement facility needs to be 

improved. One method might be an internship of assembly line workers at arrangement. Like 

this they get the chance to gain a better understanding of the challenges at this production 

step. Table 11 lists simple solutions for the difficulties experienced at arrangement.  

Table 11: Suggestions for improvement arrangement facility 

Difficulties Suggestions for Improvement 

 One-word-explications, often unclear 
what the problem is 

 Incomplete arrangement reports and/or 
incomplete batches  

 Marking of the problem spots 

 Sending all parts available 

 Better communication, e.g. clarification of 
the difficulties through personnel 
exchange 
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7.3 Assembly lines 

7.3.1 Narrow Down 

The analysis of the consequences showed that it is mostly the packed articles that are missing 

(see 7.1). The relevance of the assembly lines in packing is undoubted. As each assembly line 

is responsible for packing and even for the quality of its machines in general this production 

step plays an important role in further examination. The further investigation of the assembly 

lines concentrates exclusively on packing and disregards the assembly of parts and the 

function check. 

The lists of difficulties and errors were completed and everything irrelevant for 

incompleteness due to packing was crossed out. As a result of this clusters could be formed. 

These clusters were double-checked with the three different assembly lines to make sure that 

they suited each of them even though the information was gathered from all of them. 

Table 12: Relevant difficulties assembly line 

Problem Description 

Mistakes on list Packing lists contain mistakes, e.g. articles are not listed, articles 
changed are not updated 

Mistakes in provision Articles missing in the provided warehouse batches 

Many articles to pack As customers have many different choices the articles to pack differ 

Obstacles to check Bad preconditions for checks e.g. no/malfunctioning scales 

Changes in customer orders Customers make changes to their submitted orders 

No commitment Personnel do not care about their work, are not interested in the 
results 

Unfavorable arrangement 

of fastening elements 

No logical structure in arrangement, long article numbers, wrong or 
no labels on the boxes, no visual aids on what to pick 

Lack of knowledge Personnel do not know what they have to do and how, 

Defect reports do not give sufficient information on what is done 
wrong 

Time pressure Lack of time, especially at shift handover  

7.3.2 Weighting 

For assessing the impact of different difficulties on errors resulting in missing parts the team 

captains of the different assembly lines were asked to complete the Matrix Diagram. They 

gave their opinion on the severity of their errors, i.e. the impact on incompleteness. This 

information was used to add a weight to the different errors. Further did they estimate the 

frequency of the difficulties they experience. Finally they assessed the impact of each of the 

difficulties on each of the errors, i.e. how likely the assembly workers make a single error if a 

special difficulty appears. As described in 5.2.2, they used the scale values 0 for none, 1 for 

little, 3 for a medium and 9 for high influence or frequency, respectively. Taking the wrong 

quantity or forgetting parts were seen as the most severe errors and therefore got double 

weight. Their individual answers are shown in Appendix 4, Appendix 5 and Appendix 6. 

Figure 20 shows the average values and in the last column is summarized how many of the 

interviewees considered the single problem relevant. 
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Figure 20: Interrelation between difficulties and errors - average 

 
In the present case the difficulty with mistakes on the packing lists clearly stands out. All 

three assembly lines rated it the most important. For the other difficulties the opinions were 

less homogenous. Assessment for both frequency and impact diverted significantly. Reasons 

for that may lie in different working procedures which may favor or not the detection of 

difficulties and the dealing with it. Further might knowledge about measuring results have an 

impact on the own perception of problem frequency.  

Mistakes on list are a large and significant difficulty. As described in the result section 6.4 

there are many different mistakes on the lists. Due to the modular construction of the lists 

every mistake leads to a multitude of wrong packing lists, as all lists for machines containing 

this module are wrong in consequence. Further does the fact that packing lists are wrong 

intensify and raise many of the other difficulties.  

Mistakes in provision are a difficulty; especially relevant for missing parts are deficits in 

quantity. But a recent measuring showed that less than 1% of the articles that shall be 

provided is missing. Of these 22% were not available due to shortages of material; 67% based 

on wrong commission, i.e. they should have been provided but apparently were forgotten.  

Still the amount is lower than subjectively estimated.  But even here the question why 

mistakes in provision lead to missing parts can be partly explained with the mistakes on lists. 

If the packing lists were correct workers could have confidence in them and apply them to 

check if all articles required are provisioned. When assembling articles missing ones are 

noticed much easier.  

The fact that many different articles have to be packed was not seen as a relevant difficulty. 

If the documentation was right this challenge could be overcome easily. 

Obstacles to check are mainly that the documentation is incomplete and additionally that 

the necessary tools are not available. To enable checks correct lists are a prerequisite. The 

envisaged way of controlling packing for correctness was to weight it in portions, for example 

the different screw bags. This process could not be implemented as for example not all articles 

are filed with their weight and as scales are imprecise or malfunctioning. However, carrying 

out controls does not help if the fundamental, a correct checklist, lacks. 
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Changes in customer order have hardly any influence on missing parts as they are usually 

only processed in the assembly line if production has not started yet. After the start of 

production the changes are handled in arrangement. 

Only one assembly line sees a relevant difficulty in insufficient commitment.  

All assembly lines are satisfied with the packing work place. They perceive the 

arrangement of fastening elements only as a minor reason for errors. However, during 

participant observation wrong labels on fastener boxes and long article numbers were 

experienced as a challenge that might make some trouble - in particular for new employees. 

Lack of knowledge comprises two major points. On the one hand insufficient training in 

combination with incomprehensive documentation leads to deficient skills. On the other hand 

inadequate knowledge about consequences of errors hinders improvement. Overall the impact 

of this difficulty on missing parts was not rated extremely important, though one interviewee 

considered it extremely common and influencing. 

Time pressure plays a remarkable role at shift handover. The major difficulty here is that 

the recent status and difficulties such as material shortage are not always communicated 

sufficiently with the next shift. However the possibility to make comments on packing lists 

would put things right. 

It can be concluded that wrong packing list are not only a major difficulty in itself but even 

have a strong influence on other operations as they increase or induce most of the other 

difficulties experienced at packing. Hence, this difficulty was chosen as key difficulty for 

further investigation.  

7.3.3 Investigation 

The succeeding 5-Why analysis investigated the construction and application of packing lists. 

The main considerations were how to ensure that packing lists are correct and how they 

should support the packing process. To answer these questions first had to be clarified why 

they are not correct today. The different reasons are shown in the tree diagram in Figure 21.  

Answering the first question why the lists are faulty brings up three answers: the lists are 

not updated at the same time as the machines, some modules affected by changes are not 

updated and detected mistakes are not always communicated. The first two answers explain 

why packing lists are wrong from the beginning; the third explains why mistakes are not 

corrected.  

That packing lists are faulty has to do with the ground concept how packing lists are 

generated. Machines are designed tractor ready on a modular basis, i.e. all sketches and 

drawings represent finally assembled machines. Packing lists are then generated by manually 

identifying which parts shall not be assembled if a machine is delivered packed. This is done 

module by module starting from the drawings of the assembled machine. The information is 

then copied from the enterprise resource planning (ERP) system in a second data system as 

not all characteristics occurring due to packing can be displayed in the ordinary ERP system. 

When updates in construction are planned the production technicians responsible for the 

generation of packing lists are informed and check if the change has an influence on packing. 

A change can even make it necessary that parts or modules have to be packed that have not 

been packed before the change. Either do production technicians decide by logical thinking 

and imagination or, for bigger changes, even test pack machines.  
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Figure 21: Why are packing lists wrong today? 

 
The production technicians might miss to update one or more modules affected by changes 

in construction. This is because it is difficult to recognize the influence of each change in 

packing as it demands high memory performance and imagination. The machines and the 

resulting influence on packing are complex and still changes shall be made manually without 

any extra aid, e.g. in form of visualization. Due to these factors the influence of changes on 

some modules can escape the attention of the production engineer. 

It can be concluded that a clear standard and quality checks in the generation of packing 

lists are missing. With special regard to the innovativeness and growth of the company it has 

to be recognized that too high demands are placed on the production technicians, their 

memory and imagination.  

A further reason why lists contain mistakes is that detected mistakes are not always 

communicated. Several reasons for this deficiency could be identified. One cause is that the 

reporting process is unknown to some of the workers. Secondly is the reporting structure 

relatively complex as the fault has to be kept in mind while continuing working until the next 

team meeting when it can be reported. Besides a contact person may be missing, e.g. for those 

working in the evening shift at some assembly lines. Furthermore is the meaning of reporting 

mistakes often not recognized, as those who pack are unaware of the Costs of Quality and the 

packing processes seem to work, as everyone believes to know what has to be done. This 

might often be true, still there are workers with less experience than others and even 

experienced personnel might forget something once in a while (human factor). Dissatisfaction 

and resignation due to the many mistakes on the lists and the fact that reported mistakes seem 

to reappear, results in ignorance of the use of reporting mistakes.  
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The other difficulty investigated was why the packing lists in their current form do not 

support working processes sufficiently. The result of the 5-Why Analysis is presented in 

Figure 22. 

Figure 22: Why do packing lists not support operations? 

 
Reasons why packing lists do not support the packing process or even impede operations 

are that they are unclear, that they do not undermine packing mistakes and that they are not 

followed for different reasons. 

Even if they are not literally wrong packing lists are unclear inasmuch as they have a 

complex and incoherent structure, are incomplete and contain articles without article number. 

At some assembly lines several articles to pack are semi-assembled to indicate the position of 

screws etc., these composed articles have no article number. Further are packing lists 

incomplete as for example the weight of articles often is not indicated or article numbers are 

listed fragmentary. The lists are complex insofar as not everything is possible, e.g. displaying 

the article number in the column provided for this purpose or summing up the weight for 

groups or bags. Packing lists lack a coherent structure; in one and the same packing list the 

information how many pieces of one article shall be packed may stand at three different 

positions (four if including the cases where only the picture indicates the quantity). As no 

uniform standard defining the packing process for all assembly lines exists the packing lists 

have a different structure for each assembly line. One example is that for the assembly line 

using bags lists are structured according to these bags. 

One major difficulty of the packing lists today is that they do not serve as reliable aid to 

undermine packing mistakes and consequently missing parts. This has several reasons. First 

mistakes can only be noticed if the worker has it in mind or a faultless list, but the lists contain 

many mistakes. Thus, the basic precondition enabling the application of packing lists as tool 

for correct packing is not given. Hence, the worker needs the knowledge how to pack 

correctly; still he might forget something once in a wile (human factor). Further are the lists 
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relatively unhandy as they contain many pages and need to be filled in manually without any 

option to mark if a needed article is missing in provision. The process for reporting shortage 

of material is unclear and complicated; supplementary do workers need to keep the deficit in 

mind as lists do not provide any memory aid. Quality checks though are not applied at the 

moment. One easy option which was attempted to introduce some time ago is the use of 

weights. This approach was not encouraged or uphold, inter alia because the balances are 

inexact or faulty. But the major impediment is that the structure of the packing lists does not 

favor weighting. No bundled weights for logical units are filed, this would be especially 

helpful when packing bags. Anyway, for semi-assembled articles the tolerance is too high as 

that it would be of help to weight them and weighting single articles is equally useless. 

Wondering why the lists are not followed brings to light that workers rather rely on their 

memory as they lost trust in the lists due to the many mistakes. Besides are lists not adapted to 

the working processes at packing as packing is not considered in construction. As a result the 

lists are not in packing order and articles contained in several modules are not summed up. 

7.3.4  ummary and  uggestions for Improvement 

The main difficulties at assembly causing incomplete delivery are the packing lists. These 

lists contain mistakes and do not support processes. The different reasons are elaborated in 

detail in 7.3.3 and summarized in Figure 23. 

Figure 23: Root Cause Analysis - Interrelationship Diagram 

 
The underlying root causes are that the packing lists are updated manually and have an 

incoherent structure as packing is not considered in construction. At the moment no quality 

assurance in generating and updating the lists exists. Some individuals bundle a lot of 

knowledge and information in their minds without getting much technical support. There is 

neither a standard for the generation and application of lists nor for the packing process in 

general. 

To summarize, the difficulty with packing at the assembly lines exists because packing is a 

process not considered in construction and not defined. Recommendations as to how the main 

difficulties and some associated smaller difficulties may be solved are listed in Table 13. First 

of all packing needs to be recognized as a process. Consequently corporate management 
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should rethink at which point of the planning and construction phase packing should be 

included in the consideration. Further it needs to be assessed which system help is possible 

and if the generation of packing lists can be automated partly or entirely. For production this 

implies to define a process owner who standardizes processes and documentation. 

In any case, more system help would not only be useful for the generation of packing lists 

but even for packing itself. If packing was system-guided (and not based on paper lists) 

material shortage could be documented easily and even controls could be added easily. 

Additionally the filled in lists could be send to the intermediates and used for an incoming 

inspection even facilitating the reports in case of incomplete delivery. 

Packing numbered bags at all assembly lines instead of the sub-assembly of components 

would bring several advantages. It is less time consuming than semi-assembling articles, 

favors controls through weighing and makes assembly as well as reporting errors easier. Sub-

assembly was thought to ease the intermediates work by indicating at which position fastening 

elements etc. should be assembled. In fact many intermediates have a lot of experience and a 

good understanding of the machines. Moreover do the loosely assembled articles often 

become detached during transportation. If all small parts were packed in bags and 

documentation (packing lists and assembly instructions) was adapted, balances could be used 

for controls, time would be saved in-house, the parts would hold together during transport, 

time would be saved at the intermediates’ and failure tracking would be enabled. 

Of cause are all changes to be accompanied by training of the personnel. 

Table 13: Suggestions for improvement packing process and lists 

Difficulties Proposal for Solution 

Packing not considered in 
construction 

Rethink at which point packing should be included in the 
consideration 

Manual update of packing lists Assess which system help is possible and if the generation of 
packing lists can be automated partly or entirely 

Incoherent structure Define a process owner (standardize packing process and 
documentation, define controls) 

Lists not updated 
automatically 

Reminder (when close to date or serial number) 

Difficulties to report mistakes 
in lists 

System-supported packing (one click) 

Reporting process for 
mistakes in lists unknown, 
Importance of reporting not 
recognized 

Workshop (e.g. at production stop) on reporting process and on Cost 
of Quality and consequences of incomplete delivery 

No memory aid if articles are 
missing, complicated to report 

System-supported packing 

Composed articles without 
article numbers 

Stop sub-assembly, use bags 

Processes and structure do 
not favor weighing 

Pack in bags, no semi-assembled components 

Include weights in lists (plus bundled weights for logical units) 

System-supported weighing 

Lists are not adapted to 
working processes a packing 

Sort by packing order 

Lists unhandy System-supported packing 

Description of articles not 
always clear 

Standard structure, clear drawings, correct use of all columns (e.g. 
quantity, weight) 

easier article numbers 
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To recapitulate, the packing process needs to be defined and standardized. Hence a process 

owner needs to be designated. In the long-term, with regards to the increasing number of 

configurations, continuing innovativeness and a growing number of long distance transports 

with more packed articles, the inclusion of packing in an earlier stage of construction or a 

system-based solution for the generation of packing lists needs to be considered. 

7.4 Warehouse and the Logistics Department  

7.4.1 Narrow Down 

As the analysis of the assembly line operations showed mistakes in provision is a difficulty 

but not the major one. Due to manual mistakes and shortage of material it happens that 

batches are sent incomplete to the assembly line (see 6.5).  Thus, through well-defined 

processes for packing, mistakes in provision could be handled and would not result in 

incomplete delivery. It is not unlikely though that machines have to be send to arrangement 

due to missing parts. An investigation, which was carried out by controlling, found that most 

of the revision occasions are caused by in-house component manufacturing. The 

manufacturing of components influences defects in terms of article quality but not directly in 

terms of missing parts. In the interview the logistics department identified component 

manufacturing as a bottleneck but also stated that it is the assembly line doing something 

wrong if shortage of material results in missing parts. A supply shortage of components 

causes disruption during assembly and may lead to missing parts. Anyhow, as clarified in 7.4, 

processes should be designed in a way that errors are not passed on. In the end the quality and 

completeness of the products are the responsibility of assembly.   

7.4.2  ummary and  uggestions for Improvement 

To ease the assembly lines’ work it would be helpful to reduce the amount of incomplete 

batches and to make shortage of material more visible. However, this effort might be 

considered not being worth it, as the percentage of picking mistakes is already very low and 

well working processes at assembly and packing would prevent that missing parts in batches 

can lead to incomplete delivery. 

It would be helpful though if incomplete batches were highlighted. If, for example, the order 

picker would put a red card in the incomplete batch, the assembly employee would know 

immediately that something was missing and check the label.  

One possibility to reduce the mistakes made at the small-part storage even more could be a 

clearer system-based visual aid which does not only indicate which cassette the articles shall 

be picked from but even into which of the three batches picked simultaneously they shall be 

packed. 

Although potential for improvement exists, this should not be focused on as more need for 

action lies in the packing process (see 7.3.2 & 7.3.4). Especially complicated IT-solutions 

should be deferred, while solutions easy to implement, are worth realizing. 

Table 14: Suggestions for improvement warehouse facility 

Difficulties Proposal for Solution 

 Shortage of material 

 Pack articles in wrong batch (packing 
several boxes at the same time) 

 Wrong quantity taken 

 Highlight that something is missing (e.g. 
red card in box) 

 Better visualization aid 
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8 Conclusions 

After presenting the developed analysis method the conclusion is drawn first on a specific 

level for the case study. Based on this transferability and general conclusions are discussed. 

Finally a critical view on this research and need for future research are expounded. 

8.1 Developed Process Oriented Analysis Method 

The developed process oriented analysis method is, as indicated in Figure 24, a six-staged 

method divided into two sections. Step 1-3 focus on customer recovery in terms of identifying 

consequences in step 1 followed by identifying affecting factors in step 2 followed by 

evaluating how these aspects interact and affect each other in terms of impact and severity in 

step 3. Step 4-6 focus on process recovery in terms of identifying causes in step 4 followed by 

identifying root causes in step 5 followed by developing suggestions for improvements in step 

6. Once the goal of one step has been reached the subsequent step can begin. For each step a 

goal is to be reached, where the thesis writers have proposed methods as well as tools needed 

in order to reach these goals.  

Figure 24: Developed process oriented analysis method 

 
 

In step 1 the consequences ought to be identified. In order to identify the consequences at 

the customer side, an area in which the thesis writers as well as CSC had little prior 

knowledge, it was deemed appropriate to utilize interviews combined with tools such as 

Process Mapping and Affinity Diagrams. Thereby the consequence areas can be identified in 

step 1. Thereafter in step 2 the factors which affect the magnitude of severity of the 

consequences were identified by looking for differences and/or denominators and their effect 

on the consequences. This was also conducted with the use of Affinity Diagrams. Thereby the 

affecting factors can be identified in step 2. These affecting factors may interact and affect 

each other, resulting in a dynamic relationship which results in various consequence-

magnitudes. How these factors and consequences interact, affect and depend relative to each 

other can be evaluated with the use of a Risk Analysis Tool. Thereby the impact and severity 

of affecting factors and consequences could be evaluated in step 3 by the use of a Risk 

Analysis Tool.  

 



65 

 

The next logical step after the consequences have been investigated is to identify and 

investigate causes, step 4. In order to identify and investigate causes it is deemed appropriate 

to utilize Narrowing down and Impact-Weighting procedures by utilizing the Matrix Diagram 

tool. Thereby the causes can be identified and prioritized in step 4. Those causes which are 

deemed as most important can then be further investigated by the usage of 5-Why Analysis as 

well as Fault Tree Diagram. Thereby root causes can be identified in step 5. With root causes 

known, improvement suggestions ought to be developed in step 6. Suggestions for 

improvement can be developed by summarizing known information in an Interrelationship 

Diagram. Thereby suggestions for improvement can be developed in step 6.  

8.2 Root Causes in the Analyzed Case 

The major problem for CSC’s customers are missing parts in between the packed articles, 

which are transported in boxes in the tanks and assembled close to the machine’s destination. 

The problems are more severe if the customer is aware of the defect and/or if time between 

the agreed date for delivery and the planned date for commissioning is short. Cost of Quality 

is incurred in form of rework and extra transport, compensation presents and lost 

opportunities. To gain a better and more comprehensive understanding of defects complaint 

reports need to be easier to fill in and contain more meaningful information. This would not 

only help to improve operations (process recovery) but even be favorable in terms of customer 

and employee recovery. 

The process responsible for most of the incomplete delivery is packing, operated as a side 

process at the assembly line. Difficulties are that no standard for the packing process is 

defined as no process owner exists. Therefore, production needs to define a process owner 

who defines standards for the packing process, for packing lists and for quality controls. 

However, one more basic difficulty is that packing and packed machines are not considered in 

construction. Therefore defining a process owner would help but not solve future challenges 

due to an increasing number of configurations, continuous innovativeness and the necessity to 

pack more articles for long distance transports. Consequently corporate management should 

question “packing” and rethink at which point packing should be taken into consideration, if 

packing lists should be updated manually or if the generation of packing lists can be 

automated entirely and which system help is possible. 

8.3 Application of Relevant Research Findings 

The main causes identified in this case study were a lack of process definition and of 

standardization. These are standard deficits, not only for innovative and growing companies. 

Managing processes as well as defining and implementing standards are recurring topics in 

quality oriented literature (see 3.1.1).  

Nonetheless, Prats et al. (2012) identify the difficulty to ensure quality in all operations as 

typical for companies in growth. Challenges CSC has to respond to are likely to be quite 

similar for other rapidly growing companies. Innovation is an important driver for growth, 

still it is crucial to complete development and provide all documentation before production 

and delivery. The earlier in the product life cycle mistakes and sources for possible lacks of 

quality are identified the cheaper and vice versa (Watson 2012; Gembrys & Herrmann 2008). 

However, incompleteness seems to be a common problem in production. In examples for 

quality problems it uses to be one or the major error type even if no further background 

information or reference are given (see e.g. Bergman & Klefsjö 2004; Rentzhog 1996).  

As no analysis explicitly aiming on identifying all possible solutions was conducted, the 

given suggestions for improvement are not comprehensive. Especially do the suggested 
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solutions fit CSC’s specific deficits. Even though they may be transferable they are no general 

solutions applicable without adaptation in any company having problems with missing parts. 

The portrayed case showed that regular appearances of quality defects are no coincidence, 

but that the reasons are the underlying processes. 

8.4 Discussion of the Thesis Project 

The purpose of this thesis project was to develop an analysis method to identify causes of 

quality defects. For this purpose a process oriented approach was chosen and common quality 

tools were combined. The analysis was conducted upstream, from customers to components. 

This approach could prove advantageous for two reasons. First of all it was very beneficial not 

to concentrate on in-house processes but to include the customer side which guaranteed a 

limitation to the problems which are essential to the customers. Continuing the analysis 

upstream had the advantage that problems could be scrutinized in natural order. Difficulties 

identified at one production step could be followed to the causes lying in a preceding step. 

Before starting the analysis at the customer side a pre-study was conducted. This pre-study 

helped to gain an understanding of the company, get a first impression of the problem, note 

uncertainties and recognize the essential. Without the pre-study important aspects might have 

been overlooked due to a lack of general understanding. This is particularly important for the 

customer side, as the time available to spend with customers was limited.  

In the present case the findings from analyzing the processes at the customers’ gave a clear 

guideline what to focus on in the analysis of in-house production processes. With this focus 

some departments and operations could be excluded immediately from deeper investigation. 

Even for the investigation of the most decisive operation the analysis method provided good 

means to recognize the major problems and at the end to identify the underlying root causes of 

the investigated quality defect, incomplete deliveries. Thus all purposes in this case study 

have been fulfilled: the consequences for customers due to missing parts have been described, 

the underlying causes at the producer have been identified and potential solutions have been 

suggested. 

Altogether, the case study proved that the presented method is effective and efficient to 

identify both, detailed causes of a complex problem and underlying deficits on a corporate 

level. Consequently it is fair to assume that the presented method likewise could be effective 

to reveal problems with similar characteristics in terms of a high complexity and small prior 

knowledge. The method furthermore might not be useful under opposite circumstances, i.e. 

when the complexity is low and the prior knowledge is high. In that case the application of 

single quality tools might be sufficient and hence resource effective. However, depending on 

the previous insight into the problem entering the method at a later stage might be reasonable.  

8.5 Need for Future Investigation 

The presented analysis method comprises a systematic process-oriented approach designed to 

examine consequences and causes of quality defects.  

In the portrayed case the general quality problem, incomplete delivery, was already known. 

The company had identified it through Pareto Diagrams of reported defects and conversations 

with subsidiaries. If an analysis shall be started with the general aim to improve quality 

without aiming to eliminate a special problem, the analysis of consequences might need to be 

extended with a more general determination of existing problems. The presented method was 

developed to deal with a high degree of complexity and builds on ignorance of consequences 

and causes. For simple or more delimitated problems other approaches might be more 

suitable. 
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Anyway, in the investigated case, the developed method helped to identify causes and 

consequences of incomplete delivery, the company’s major quality problem. It could be 

detected which conditions the severity of consequences depends on, namely the customers’ 

awareness of defects and available time. Yet the consequences are hard to quantify or to 

express in costs, as the defect reports are not designed for this purpose. The root causes are a 

lack of process definition and of standardization. This suggests that quality defects commonly 

might lie in insufficiently defined processes. Even if this seems reasonable and literature 

stresses the importance of process management (see 3.1.1), comparisons to other cases would 

need to be carried out for more certainty. That quality defects cause high costs through 

customer dissatisfaction and resulting loss of reputation is undoubted (see 3.1), which 

conditions the extend depends on, might be product-specific. In any case, the customer’s 

awareness is a key point as customer satisfaction or dissatisfaction has a crucial influence on 

indirect Cost of Quality. 
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10 Appendices 

 

Appendix 1: The elements of Costs of Quality (adapted from Harrington 1987, p.6, 167-

184; Harrington 1999; Schiffauerova & Thomson 2006) 

Element Definition Examples 

I Direct Costs of Quality 

A Controllable Costs of Quality 

1. Prevention cost Avoiding errors 

from all functions 

within the 

company, 

including 

development, 

engineering, sales, 

product 

engineering, 

manufacturing, 

quality assurance, 

programming, 

personnel, etc. 

 Planning of quality testing, inspection, 

audits and process control 

 Education 

 Job-related training for employees 

 Design specification reviews 

 Product evaluation, characterization by 

product engineering 

 Customer interface to understand 

expectations 

 Technical manuals 

 Defect-prevention activities 

 Early approval of product specifications 

 Computer-aided design (CAD) 

 Workmanships standards preparation 

 Process definition 

 Packaging qualifications 

 Quality systems, procedures, and 

standards 

 Operator certification 

 Supplier qualification 

 Job descriptions 

 Quality awareness activities 

2. Appraisal cost Costs associated 

with measuring 

the level of quality 

attained by the 

process 

 Training of inspection and test personnel 

in any area 

 Invoicing review 

 Product audits 

 Customer satisfaction audits 

 Training for special testing 

 Field performance testing 

 Walk-trough analysis 

 Verifying workmanship standards 

 Tester monitoring 

 Product design review 

 Engineering audits 

 Production-rate review 

 Data processing report review 

 Employee surveys 

 Upper management meetings with 

employees 
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B Resultant poor-quality cost 

1. Internal error 

cost 

All costs incurred 

by the company 

related to errors 

detected before 

the output is 

accepted by the 

company’s 

customer, or costs 

incurred before a 

product or service 

is accepted by a 

customer because 

all activities were 

not done right 

every time 

 Installation failure costs 

 Downgrading (substandard product) cost 

 Overtime because of problems 

 Scrap or rework 

 Troubleshooting costs 

 Failure verification/analysis and reports 

 Corrective action 

 Analysis of scrap and rework 

 Failure support 

 Improvement teams 

 Activities that will keep an error from 

reaching the next customer 

 Redesign and engineering change cost 

 Engineering travel and time spent on 

problems 

 Modifications to process 

 Cost-reduction activities 

 Premium shipping costs to make up for 

late products 

 Inventory out of control 

 Trying to meet bad estimates 

 Lost time because work area is not laid 

out correctly 

 Labor-utilization index less than 1 

 Legal costs for defending the company 

2. External error 

cost 

All costs incurred 

by the producer 

because the 

external customer 

is supplied with an 

unacceptable 

product 

 Verifying failure 

 Field repair center, total expenses 

 Training repair personnel 

 Downtime charges 

 Product recall 

 Handling complaints 

 Product or customer service because of 

errors 

 Warranty expended 

 Troubleshooting 

 Corrective actions 

 Analysis of returns and warranty 

 Direct customer contact on the field 

 Redesign 

 Engineering-change analysis 

 Documentation changes 

 Handling returned material 

 Overdue costs 

 Malpractice suits 

 Field reports 

 Sales and service reports 

 Failure reports 
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II Indirect Costs of Quality 

1. Customer-

incurred cost 

appears when an 

output fails to 

meet the 

customer's 

expectations 

 Loss of productivity while equipment is 

down. 

 Travel costs and time spent to return 

defective merchandise. 

 Overtime to make up production because 

equipment is down. 

 Repair costs after warranty period is over. 

 Backup equipment needed when regular 

equipment fails. 

2. Customer-

dissatisfaction 

cost 

If the customer is 

not completely 

satisfied this will 

result in lost 

revenue. 

 Loss-of reputation cost  

 Lost-opportunity cost 

 

Appendix 2: Conducted interviews 

Department Context Focus 
# inter-

viewees 

# 

researcher 

Duration 

[h] 

Documentation Pre-study 

Communication of 

product 

changes/updates, 

update process and 

frequency of assembly 

instruction documents 

1 2 2 

Manufacturing Pre-study 
Information flow, 

Production planning  

1 2 1 

Controlling 

Pre-study 

Costs caused by 

defects at delivery, 

cost calculation 

1 2 0,5 

Narrowing 

down 

Influence of 

arrangement on 

defects, reasons for 

revision 

1 2 0,75 

Sales 

Choosing 

markets to 

visit 

Differences between 

markets: structure, 

processes and 

machines families 

sold  

1 2 1 

Logistics Pre-study 

Production planning, 

material & 

information flow 

1 2 1 

Product 

Management 
Pre-study 

Information flow, 

Development process, 

Change management 

1 2 1 

Service Germany Pre-study 

Direct and indirect 

consequences of 

defects 

1 1 4 
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Administration 

Germany 
Pre-study 

Error pattern 1 1 0,25 

(phone) 

Service  
Process 

description 

CRM system, defect 

reports 

2 2 0,75 

Service 

Scandinavia 

Process 

description 

Processes at dealers’ 1 2 1 

Market 

Development 

Africa 

Process 

Description 

Processes at 

importers’ 

1 2 1,5 

Sales, Service 

Lithuania 

Process 

description 

Occurring problems, 

handling, processes 

4 2 3 

Spare Parts 

Lithuania 

Process 

description 

Processes, 

consequences of 

defects 

1 2 2 

Sales & Service 

England 

Process 

description 

 

Occurring problems, 

consequences 

Processes, problems 

Group 

 

2 

2 

 

2 

0,5 

 

0,25 

Service England 
Process 

description 

Processes, 

collaboration 

subsidiary and dealers 

1 

 

2 

 

0,5 

 

Dealer 1 England 

 

Process 

description 

Problems, 

consequences, 

processes, market 

characteristics 

1 

1 

2 

1 

1 

2 

1 

1 

0,5 

Dealer 2 England 
Process 

description 

Processes, Problems 

& consequences 

2 2 1 

M1 assembly line 
Root Cause 

Analysis 

Interrelation between 

problems and errors 

1 1 0,5 

M2 assembly line 
Root Cause 

Analysis 

Own mistakes and 

experienced problems 

Reporting of problems 

1 

 

1 

2 

 

1 

0,25 

 

0,25 

M3 assembly line 
Root Cause 

Analysis 

Own mistakes and 

experienced problems 

1 2 0,5 

Arrangement 
Root Cause 

Analysis 

Processes, 

experienced problems 

1 1 0,5 

Logistics – 

picking and 

provision 

Root Cause 

Analysis 

Processes, warehouse 

management system 

1 2 0,25 

Fastener provider 
Process 

description 

Processes 1 1 0,25 

Production 

technician 
5-Why 

Information flow, 

change management 

process, composition 

of packing lists 

1+1 

1 

2 

1 

0,75+0,2

5 

0,25 

Construction 5-Why 

Information flow, 

change management 

process 

1+1 2 1,5+0,5 

Service 

Management 
Pre-study 

Report content and 

evaluation 

1 2 0,25 
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IT 

Consequence 

and 

evaluation 

Thoughts behind 

system structure, 

analysis of reports 

1 2 0,5 

Root Cause 

Analysis 

warehouse 

Management system,  

system 

implementation 

possibilities for 

supporting packing 

2 2 1 

 

Appendix 3: Undertaken observation 

Production step Context # Researcher Duration [h] 

Welding Pre-study 1 2 

Painting Pre-study 1 2 

Warehouse Pre-study 2 8 

M1 assembly line 
Pre-study 

Order tracking 

2 

1+1 

8 

8+2 

M2 assembly line Pre-study 2 8 

M3 assembly line Pre-study 2 8 

Arrangement 
Pre-study 

Order tracking 

2 

1+1 

8 

4+1 

 

Appendix 4: Interrelation between difficulties and errors - Assessment assembly M1 
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Appendix 5: Interrelation between difficulties and errors - Assessment assembly M2 

 
 

Appendix 6: Interrelation between difficulties and errors - Assessment assembly M3 
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1 Mistakes on List 9 9 1 1 38 9 342

2 Obstacles to Check 3 3 3 15 9 135

3 Mistakes in Provision 9 9 1 1 38 9 342

4 Lack of Knowledge 3 3 3 9 3 27

5 Time Pressure 1 1 2 1 2

6 No Commitment 1 1 1 1 1 1 8 1 8

7
Unfavorable Arrangement
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3 3 1 13 1 13

8 Changes in Customer Orders 3 6 1 6

9 Many Articles to Pack 0 1 0
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Appendix 7: Division of Work 

Section Author 

1 Introduction L. Willeke and W. Suvander 

2 Company Overview and Problem Background W. Suvander 

3 Theoretical Framework L. Willeke 

4 Methodological Approach 
L. Willeke (Introduction – 4.5) 

W. Suvander (4.6) 

5 Analysis Method L. Willeke 

6 Results of the Case Study 
W. Suvander (Text),  

L. Willeke (Process Maps) 

7 Analysis 
L. Willeke (Introduction, 7.2 - 7.4), 

W. Suvander (7.1) 

8 Conclusions 
W. Suvander (8.1) 

L. Willeke (8.2 - 8.5) 

 

 

 


