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Sammanfattning 

I dagens teknikorienterade samhälle ses en stadigt ökande efterfrågan av elektroniska 

produkter. Detta har lett till att många mindre företag har kunnat hitta sin nisch och slå sig in 

på marknaden. Små företag har sällan ekonomin att ha en egen produktion och förlitar sig 

därför ofta på outsourcing för att få ner konstnaderna. Detta leder i många fall till oväntade 

problem med kvaliteten på produkterna. Teenage Engineering är ett litet Stockholmsbaserat 

företag som har stött på kvalitetsproblem med en av sina produkter, en portabel synthesizer 

kallad OP-1.  

Målet med detta arbete är att förse Teenage Engineering med kunskap om förbättringsarbete 

samt ett ramverk som kan användas för att öka kvaliteten på deras produkter. Detta har skett 

genom att i rapporten försöka besvara frågan: ”Hur kan Teenage Engineering förbättra sin 

kvalitetskontroll för att uppnå högre kvalitet på sina produkter och därigenom maximera 

fördelarna med outsourcing?”  

Litteraturstudien tar bland annat upp Lean Six Sigma och dess angreppssätt DMAIC som 

ligger till grund för hur fallstudien på Teenage Engineering är upplagd. Fallstudien granskar 

den nuvarande kvalitetskontrollen, och brister identifieras och analyseras. Införandet av ett 

nytt datasystem skulle innebära en bättre statistisk grund, vilket förbättrar översikten av 

processen. Det visade sig även att kommunikationen med fabriken är undermålig i dagens 

läge. Nya rutiner för detta underlättar för framtida förbättringsarbeten. 

Resultaten från fallstudien tillsammans med litteraturstudien lade sedan en grund för 

utvecklingen av ramverket; start, informationsinsamling, analysera, förbättra, implementera, 

underhåll. Detta ramverk skulle även kunna användas för att förbättra kvaliteten på andra 

produkter hos Teenage Engineering och även användas på andra företag. 
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Abstract 

In our modern day society it is easy to identify the ever growing trend of electronic products. 

This has led to increased market opportunities for small companies, who can easily find their 

own sector of the market in which they can thrive. As a small company, however, it might be 

hard to acquire the funds needed to start a company owned production line. Therefore it has 

become more common for these companies to utilize outsourcing for their production, as a 

way to decrease costs. However, in many cases of outsourcing there have been unexpected 

problems regarding the quality of the products. Teenage Engineering is a small company 

based in Stockholm, Sweden, who has experienced these kinds of quality problems with one 

of their products, the portable synthesizer OP-1.  

The goal of this thesis is to provide Teenage Engineering with knowledge regarding 

improvement processes, and a framework that can be used to improve the quality of their 

products. To achieve this, the authors have sought the answer to the research question: “How 

can Teenage Engineering improve their quality control process, in order to achieve higher 

quality of their products and thereby maximize the benefits from outsourcing?” 

The performed literature study describes, among other things, Lean Six Sigma and its 

DMAIC approach, which constitutes the foundation of a case study performed at Teenage 

Engineering. The case study investigates the current quality control process to identify and 

analyze flaws. The implementation of a new data system would give access to better 

statistical data, which would make it easier to analyze the state of the process. It was also 

discovered that the communication with the supplier is inadequate. Implementing new 

routines for communication will facilitate future improvement projects.  

The results from the case study, along with the findings of the literature study, laid the 

groundwork for the created framework; start, info gathering, analyze, improve, implement, 

maintain. This framework could also be used to improve the quality of other products at 

Teenage Engineering and possibly be used by other companies.  
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1 Introduction 

This chapter introduces the research by providing a background and a problem description, 

along with the purpose and research question.  

1.1 Background 

In recent days, the consumer electronic industry has secured its place as one of the biggest 

sectors in the world, and continues to grow (UNIDO, 2014). In daily life it is hard not to come 

across any kind of electronic device that is designed to entertain or help with everyday 

problems. The ever growing popularity and demand of electronic products have made it 

possible for smaller actors to find their niche and thrive.  

In such a competitive market, quality has become an increasingly important factor for both 

customers and manufacturers. By exceeding the customer’s expectation of quality, a 

manufacturer can gain competitive advantages and attract more customers. Achieving higher 

quality, however, is not always simple and requires knowledge and dedication. (Lal, 2008) 

Many of the companies in the consumer electronics business choose to outsource their 

production to other countries. This is often done to reduce the production cost, which is 

achieved by moving the production to a country with low cost labor. The benefits versus the 

difficulties of outsourcing have been discussed much in recent years, with the vague 

conclusion often being that when applied right it can be effective for the right company 

(McIvor, 2005). Outsourcing can, however, in some cases have a negative effect on quality, 

which could occur due to lack of communication between the company and their suppliers.  

Teenage Engineering (TE) is a small Swedish company that produces consumer electronic 

products related to music; four types of synthesizers and a speaker. Since they do not own any 

facilities for production, they have chosen to outsource the production to a company in China, 

as TE decided it would be too expensive to employ local Swedish suppliers. In recent years, 

TE has discovered that having their production on the other side of the globe has caused 

difficulties, and the high quality standard that they are aiming for is not achieved. They are 

now looking for ways to improve product quality and maximize the benefits of outsourcing. 
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1.2 Problem 

The main reason for outsourcing is usually connected to cost reduction. With outsourcing, it is 

not necessary to invest in equipment, it saves space and the labor cost is much lower. 

However, outsourcing is connected to risks as well; hidden costs, unreliable deliveries, 

communication problems, failure to achieve necessary quality standards, limited experience to 

manage a supplier relationship, loss of knowledge, skill and experience (McIvor, 2005). In 

TE’s case, the level of quality and lack of communication are the main issues. This leads to 

unnecessary rework and a waste of time and resources.   

1.3 Purpose 

The purpose of this thesis work is to provide TE with knowledge regarding improvement 

processes, and a framework that can be used to improve the quality of their products. The 

objective is to perform a case study of the quality control process on one of their products, the 

OP-1, analyze as well as suggest improvements to the discovered shortcomings and use the 

results as a foundation for an improvement framework.  

1.4 Research question 

To fulfill the purpose described above, the following research question is proposed: 

 “How can Teenage Engineering improve their quality control process, in order to achieve 

higher quality of their products and thereby maximize the benefits from outsourcing?” 

As this is an open question, the authors will answer it through several sub questions: 

 What is the goal of the quality control process? 

 Why is the current quality control process not good enough? 

 Which improvements will have the highest impact on the overall performance of the 

quality control process? 

 How can a high quality level be achieved and maintained? 

1.5 Delimitations 

The scope of this thesis work is the quality control process of one of Teenage Engineering’s 

products, the OP-1, from the receiving of products from the supplier, to the delivery to the 

customer. Repairing aspect of defective products received from customers is excluded and 

implementation of the recommendations is outside the scope of this work. 
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2 Method 

The research process is divided into four different phases: the initial phase, a literature review, 

a case study of Teenage Engineering, and the development of a framework as shown in Figure 

1. 

 

Figure 1 - Overview of the research process 

 

In the initial phase, the problem is defined and a research question is proposed. It is followed 

by a literature review where concepts and theories that are relevant to the problem and the 

research question are studied. In the case study at Teenage Engineering, the current quality 

control process is studied and analyzed. The literature review is largely done in parallel with 

the case study, as reading solely beforehand may mean that irrelevant or unsuitable material is 

studied, which can lead to questions and research aims that might have to be discarded later 

(Gillham, 2010). Based on the literature study and the case study, a framework for quality 

improvement is developed. A more detailed description of the different phases is presented 

below. 

2.1 Initial phase 

To have a solid foundation on which to build this work, the problem description is constructed 

from three parts. The first is the overall problem description, which explains the issue in a 

general sense. This description is then followed by the purpose, which is the goal this work 

aims to reach. Lastly, the two previous parts are boiled down to a single research question. 

This question is what the research is based upon, and what the report in the end will answer.  

2.2 Literature review 

The purpose of the literature review is to provide the readers with a general overview about 

quality control, and then making its way into more specific areas on how to analyze and 

improve different aspects of a quality control process. The main part of the literature is 

gathered from books on relevant topics, but scientific publications and dissertations are also 

reviewed in order to get a more updated and specific view of certain areas. 
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2.3 Case study 

With a case study it is possible to view the process from the perspective of those involved 

(Gillham, 2010). As this gives a better understanding of the studied processes, it is a good 

approach to this kind of project.  

For a case study it is necessary to have both multiple, and different kinds of sources. There 

are six main types of sources: documents, records, interviews, ‘detached’ observation (to 

observe like a fly on the wall), participant observation and produced artefacts. The quality of 

the sources will vary in relevance, trustworthiness or completeness, but by using all types in a 

report to get as many different inputs as possible, the quality and reliability of the results will 

improve (Gillham, 2010).  

The case study at Teenage Engineering is divided into five steps according to the Lean Six 

Sigma approach, which is often applied in improvement projects because of the powerful 

tools available. The five steps are Define, Measure, Analyze, Improve and Control and are 

commonly referred to as DMAIC. The tools used during the case study are process map, data 

collection plan, charts and diagrams, cost of poor quality, basic statistics, waste elimination, 

Pareto analysis, brainstorming, future state process map, standard work, visual management 

and documentation. A more detailed description of Lean Six Sigma is given in the literature 

review section. 

2.4 Framework 

A framework for improvements is developed from the knowledge gained from literature 

review and the results from the case study performed at TE. This framework can be used by 

TE to increase the quality level on the OP-1. 
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3 Review of literature 

This section aims to give the reader an introduction to quality, Lean Six Sigma and some of 

the powerful tools that are available in the Lean Six Sigma methodology. 

3.1 Quality 

This section will introduce the concept of quality and describe its different aspects and 

benefits. It will also explain why quality is important and how outsourcing can affect the 

quality. 

3.1.1 What is quality? 

The term quality can be quite ambiguous and there are many descriptions and definitions to 

choose from. The International Organization for Standardization defines quality as; “the 

degree to which a set of inherent characteristics fulfill requirements” (Hoyle, 2003). When 

talking about quality in a production sense, the term can be divided into two categories; 

product quality and engineering quality (Taguchi et al., 2004). Product quality refers to the 

experience of the end user, i.e. what the customer wants and expects from a product when it 

comes to durability, function and expected lifetime. Juran and Godfrey (2000) defines product 

quality as following; “Quality means features of products which meet customer needs and 

thereby provide customer satisfaction” and also “freedom from deficiencies”. These 

deficiencies are faults that cause the product to not fulfill its purpose or otherwise deviate 

from what the customer expected. This is the most common perception of what quality means 

and the one that is used most frequently in everyday scenarios. The other category, 

engineering quality, refers to a set of factors that determine how good the product is from a 

production viewpoint. This does among other things include how easy the product is to 

produce or that only a small amount of material waste is produced in the process. The 

engineering quality is not something wanted by the customer, but is beneficial to the 

producing company (Taguchi et al., 2004). When quality is referred to in this thesis work, the 

focus is on the production quality aspect. 

3.1.2 The importance and cost of quality 

The benefits and motivation of quality control differs between companies, but it is generally 

agreed upon that it is an important part of any production chain. A high level of quality can 

play a crucial part when trying to get ahead of the competition, and is also considered one of 

the most important factors for business success and growth (Chandra, 2001).  
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For a small or newly started company, quality is especially significant since it affects the 

opinions of the customers. A bad reputation can seriously harm the brand of the company and 

make it difficult to attract new customers (Lal, 2008). It is therefore important to analyze what 

the customers expect and what level of quality the company should aim to achieve. 

The perhaps most common misconception is that higher quality induces higher costs (Lal, 

2008). On the contrary, a company-wide interest and aim towards high quality, together with 

a well-designed production chain, makes it possible to manufacture high quality products at a 

lower cost (Taguchi et al., 2004) as striving to raise the quality results in good resource 

utilization – of equipment, materials, information and above all, human resources (Harrington, 

1987). 

3.1.3 Cost of poor quality 

Harrington (1987) defines Cost of poor quality (COPQ) as “all the cost incurred to help the 

employee do the job right every time and the cost of determining if the output is acceptable, 

plus any cost incurred by the company and the customer because the output did not meet 

specifications and/or customer expectations”. Or to put it simply: it is the cost that occurs 

because systems, processes and products are not perfect. Poor quality costs the company 

money while good quality saves the company money. Despite this, many companies do not 

measure the cost of poor quality, and if you do not measure it, you cannot control it. 

Literature shows that the COPQ can account for between 10% and up to 40% of the total 

revenue in manufacturing companies (Harrington, 1987; Juran and Godfrey, 2000; Teli et al., 

2014), which creates a large potential for improvement for the average company.  

COPQ can be divided into two main categories: Direct and Indirect, which are further divided 

into subgroups as shown in Table 1. 

Table 1 - The elements of COPQ 

Direct COPQ Controllable COPQ Prevention cost 

  Appraisal cost 

 Resultant COPQ Internal error cost 

  External error cost 

 Equipment COPQ  

Indirect COPQ Customer-incurred cost  

 Customer-dissatisfaction cost  

 Loss-of-reputation cost  
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Direct COPQ 

Direct COPQ is a cost that the management easily can measure in the company ledger. It is 

divided into three categories: Controllable COPQ, Resultant COPQ and Equipment COPQ. 

Controllable COPQ is a cost that ensures only products and services that are acceptable by 

the customer are delivered. 

Prevention Costs are all investments made that ensure that a product is correctly 

manufactured the first time. Typical prevention costs are those of developing and 

implementing a system for collecting and reporting quality data, inspections, audits, work-

flow layouts, failure analysis, operator/inspector qualification, supplier quality training, 

quality awareness activities, and operating manuals preparation. This part is often neglected 

as it is difficult to tie the results to return of investment. However, to invest in prevention 

action is by far the best way a company can spend its money related to COPQ (Harrington, 

1987). 

Appraisal Costs are all costs expended to determine if an activity was done correctly every 

time. Typical appraisal costs are those of quality assurance audits of the manufacturing 

process, inspection and testing to determine conformance of products, maintenance and 

calibration of inspection equipment, and product qualification tests. Appraisal cost is needed 

when the management is not sure that the prevention activities are 100 percent effective at 

eliminating the possibility of errors. After the appraisal system has defined a problem, it is 

imperative that a corrective action is implemented immediately to prevent it from recurring. 

Often, a company spends too little time analyzing the problem and why it occurred, which 

leads to difficulties in taking preventive action. Only when the process is permanently 

changed, can the problem really be seen as solved (Harrington, 1987).  

Resultant COPQ is a cost incurred because unacceptable products and services were 

delivered to the customer, resulting from earlier decisions about how much to invest in 

controllable COPQ. 

Internal Error Cost is the cost incurred by the company as a result of errors detected before 

the customer receives the product. All costs from when an item is shipped from the supplier 

until it is accepted by the final customer are included. Typical internal error costs are those of 

in-process scrap and rework, troubleshooting and repairing, engineering changes, as well as  

reinspection and testing after an item has been found defective. 
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External Error Cost is the cost incurred by the company when the appraisal system does not 

detect all errors before the customer receives the product. Complaint handling, warranty 

administration, repair-personnel training, and repairs of defective products that have been 

delivered to the customer are a few examples of external error costs (Harrington, 1987). 

By increasing the prevention costs and therefore lowering the number of defects, the amount 

of repairs, rework and scrap, and internal error costs are affected. Increased appraisal costs 

affect external error cost in a similar way by reducing the number of defect products shipped 

to the customer. Figure 2 shows the relation between the controllable COPQ (prevention and 

appraisal) and resultant COPQ (internal and external). The intersection between the curves 

labeled “best interim operating point” is where an effective quality system should operate 

(Harrington, 1987).  

 

Figure 2 - Relation between Internal, External, Prevention and Appraisal costs (Harrington, 1987) 

 

Equipment COPQ is a category that includes the investment in all equipment used to 

measure, accept or control the product or service. This can be equipment such as computers, 

voltmeters and test equipment. It also includes the cost of the space that the equipment 

requires. 

Indirect COPQ 

Indirect COPQ is defined as costs not directly measurable in the company ledger, as they are 

connected to the life cycle COPQ. They are divided into three categories: customer-incurred 

COPQ, Customer dissatisfaction COPQ and Loss of reputation COPQ. However, this is 

beyond the scope of this thesis work and will therefore not be discussed.  
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COPQ provides a very useful tool to change the way management and employees think about 

errors by translating them into costs that can be measured and compared. It enables 

management to correctly evaluate problems and direct corrective actions to solutions that will 

bring maximum return. However, it cannot resolve all quality problems or optimize the 

quality system by itself. It is only a tool that helps management to understand the magnitude 

of the quality problem, pinpoints opportunities for improvement, and measures the progress 

being made by improvement activities. Therefore the COPQ system must be accompanied by 

an effective improvement process to succeed (Harrington, 1987). 

3.1.4 Quality implication of outsourcing 

One way for a company to control their suppliers’ quality, is through supplier selection and 

cost penalties. With supplier selection, a company selects their supplier from a group of 

candidates, or switches between several suppliers based on criteria like quality, price, capacity 

or responsiveness. With cost penalties, the supplier is financially penalized according to terms 

specified in a signed quality-sensitive contract between the company and the supplier. When 

supplier selection and cost penalties are properly utilized, they provide incentive for the 

supplier to improve their quality. However, this approach leaves the quality improvement in 

the hands of the supplier and it is shown that suppliers do not invest enough to achieve the 

socially optimal quality level, even when charged the entire quality cost. Therefore, the 

company cannot leave the responsibility to the supplier and may instead have to invest in the 

supplier’s quality improvement process in many cases, which appear to become more and 

more common. Many bigger companies adopts this strategy and send teams to train the 

suppliers’ employees, analyze and improve production processes, inspect finished products 

and enhance overall quality awareness of the management (Zhu et al., 2007). If the company 

in question does not have greater know-how than the supplier as their core competence might 

lie elsewhere, or they have limited resources, they have no choice but leave the improvement 

process to the supplier. The supplier might also not prioritize quality improvement efforts for 

smaller companies because of their limited influence. This cause the company to spend their 

resources on correcting defects and errors instead of eliminating the root causes, which is 

much more expensive in the long run. 

  



 

10 

 

3.2 Lean Six Sigma 

Lean Six Sigma is a combination of two improvement programs, Lean Enterprise and Six 

Sigma, that focuses on the improvement of quality, reducing variation and eliminating waste 

in an organization (Cudney et al., 2013). It is considered as a well-established system for 

process improvement (Chiarini, 2012), and its problem solving approach, define-measure-

analyze-improve-control, is the best that has evolved to date for the quality control and 

improvement aspect of quality management (“Lean Six Sigma and Quality Management 

[Editorial],” 2013). Lean Enterprise helps companies to cut time to meet customer demand 

while Six Sigma helps to find and fix mistakes, errors, and defects involved in every aspect of 

delivering what the customer wants. When combined they make a powerful set of tools for 

maximizing productivity, profitability and growth in a company (Arthur, 2010). Lean Six 

Sigma employs the problem-solving methodology from Six Sigma to improve processes. It is 

divided into five phases: Define, Measure, Analyze, Improve and Control (DMAIC) which 

makes a natural flow from the definition of a problem through implementing solutions linked 

to underlying causes, and establish best practices to ensure that solutions stays in place 

(Michael et al., 2004). These phases are well defined and standardized, but the steps 

performed in each phase can vary depending on the project. The purpose of the Define phase 

is to specify the business problem, scope the project and the process to be improved. The goal 

of the Measure phase is to get an understanding of the current processes. During the Analyze 

phase, the collected data from the measure phase is analyzed to identify root causes of the 

identified problems. In the Improve phase, creative solutions to fix and prevent problems are 

designed and implemented. The last phase is the Control phase, where the results of the 

implemented improvements are sustained and controlled (Cudney et al., 2013). The DMAIC 

is an iterative cycle that, when employed to optimize processes, forms the basis for systematic 

and fact-based project work that achieves sustainable and measurable results. The aim is to 

raise quality by reducing waste, like rework and scrap, while reducing stock and cutting cycle 

times through inventory controls and adjusting capacity (John et al., 2010). Table 2 lists the 

targets in each phase and the main tools used (John et al., 2010; Cudney et al., 2013). 

Table 2 - Target of each phase and main tools used in Lean Six Sigma 

 Define Measure Analyze Improve Control 

T
a

rg
et

 Define the 

project 

Capture the starting 

situation 

Identify causes 

for the problem 

Implement the 

solution 

Secure the 

sustainability of the 

result 
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Depict current 

state and mark 

off the process 

to be improved 

Develop key figures 

and an operational 

definition, the 

complete the 

measurement 

system analysis and 

collect the data 

Collect and 

summarize all 

possible causes 

into decisive key 

figures through 

process and data 

analysis 

Possible solutions are 

generated on the basis 

of core causes, 

systematically 

selected, and prepared 

for implementation 

Document the 

implemented 

solutions and 

monitor using key 

figures secure 

prompt intervention 

with a reaction plan 

Define 

customer and 

business 

requirements 

     

 

 Define Measure Analyze Improve Control 

T
o

o
ls

 

Project charter Measurement 

Matrix 

Why-Why 

Diagram 

Brainstorming Mistake Proofing / 

Poka-Yoke 

SIPOC (Suppliers, 

Inputs, Process, 

Output, 

Customers) 

Operational 

Definition 

Basic Statistics Effort-Benefit Matrix Standard Work 

CTQ Matrix 

(Critical to 

Quality) 

Measurement 

System 

Analysis 

Sampling Recommendations 

Improvement Plan 

Control Plan 

Stakeholder 

Analysis 

Sample Size 

and Strategy 

Process Analysis Action Plan Process Capability 

Project plan Charts and 

Diagrams 

FMEA (Failure 

Mode and 

Effects Analysis) 

Future State Process Kaizen 

 Quality Key 

Figures 

Waste 

Elimination 

Future State Value 

Stream Map 

Dashboards 

 Process map 5S Dashboards Visual Management 

 Data Collection 

Plan 

Kaizen SMED Documentation 

 VSM (Value 

Stream Map) 

Cause and Effect 

Diagram 

Pull Procedural 

Instructions 

 Spaghetti 

diagram 

 Kanban Control and Run 

Charts 

 Pareto Chart  Training Plans Reaction Plan and 

Process Management 

Diagrams 

 Cost of Poor 

Quality 

   

 

It is important to point out that some of the tools can be used effectively in more than one 

phase, and that every tool might not be suitable for every project. 
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3.3 Inspection 

There are two types of inspection: judgment inspection and informative inspection. Judgment 

inspection means that defect products are singled out from non-defective ones and dealt with 

accordingly. With an improvement of the judgment inspection, the reliability of the inspection 

process would increase, but it would not make any impact on the defect rate. Informative 

inspection however, means that earlier instances in the production chain get notified when a 

defect is discovered. This way, measures can be taken to correct the processing method or 

condition, to prevent further occurrences. Rather than just repair or scrap the defect product, a 

symptom or defect is identified and dealt with. This render judgment inspection inappropriate 

when striving for zero defects and some kind of informative inspection should be adopted 

instead (Shingo, 1989). 

Self-Inspection and Successive Inspection 

The most immediate feedback is provided from self-inspection where the operator inspects 

the products he/she processes. The drawbacks of this method are that the worker might accept 

items that should be rejected, due to bad judgment, or make unintentional inspection errors. 

The efficiency may also be offset due to lack of objectivity, but that can be addressed through 

a successive inspection system where the operator always inspects the items delivered from 

the previous station before processing. By adopting a successive inspection system, an 

average of 80 to 90 percent reduction of number of defects can be achieved within one month 

(Shingo, 1989). 

Enhanced Self-Inspection 

To take advantage of the fast feedback from self-inspection while getting a more efficient 

process than the successive inspection, in-process inspection devices can be installed to 

automatically detect defects and unintentional mistakes. This method enables 100 percent 

inspection rate while giving the operator immediate feedback. This way, achieving zero 

defects is possible.  

Only when inspection provides accurate, immediate feedback at the source of defects rather 

than at the end of the process, can quality be assured (Shingo, 1989). However, inspection 

alone cannot build quality into a product unless quality is designed and manufactured into it 

(Lal, 2008) 
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3.4 Waste 

Waste is an activity or an occurrence that does not add customer value, and a company should 

strive to eliminate or greatly reduce the amount. Waste have a negative effect for customers, 

workforce and company owners. For the customers and owners waste means unnecessary 

costs. The workforce are effected by waste in their daily routine: irritation over 

malfunctioning equipment, overstraining legs by walking long distances, idling during 

waiting time, and having to put in overtime, etc. (Petersson et al., 2010). The activities 

performed in any organization can be categorized into the following three types (Monden, 

1998): 

 Value Adding Activity (VAA) – All activities that the customer acknowledges as 

valuable i.e. for which he is ready to pay. 

 Non Value Adding Activities (NVAA) – All activities the customer consider as non-

valuable. A company should strive to eliminate these completely.   

 Necessary but Non Value Adding Activities (NNVAA) – Activities that are necessary to 

perform but are considered as non-valuable by the customer. These are hard to get to 

without major changes to the operating system and should be targeted in the long run.  

By designing the operations in a way that waste may easily be detected, waste can be reduced 

and an increased efficiency can be achieved (Petersson et al., 2010).  

In the 1970s, the chief engineer at Toyota, Taiichi Ohno, defined seven forms of waste as 

Transport, Inventory, Motion, Waiting, Overproduction, Over-processing, and Defects (John 

et al., 2010). These seven wastes are described as (Petersson et al., 2010): 

 Transport – Movement of material or products from one place to another. The only 

transport the customer is normally willing to pay for is the delivery. Internal transports 

however are pure waste and should be minimized as far as possible. Need for transport 

suggests that something else is not optimized, e.g. the layout of the facility.  

 Inventory – Materials or products that wait to be processed. Large inventories lead to a 

reduced ability to rapidly adapt to changes in customer demand. It can also hide 

quality issues for long periods. Money tied up in an inventory could possibly be better 

spent if used in profitable investments instead. 
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 Motion –Surplus of movement or poor ergonomics like walking long distances or 

bending and stretching to get material or tools. There is a large potential for increased 

productivity if unnecessary movements are eliminated or greatly reduced. 

 Waiting – Time not used in production. Can be delays caused by constraints, releases 

or idle times.  

 Overproduction – An item is manufactured in larger quantities than the customer need, 

faster and earlier than required by the next process. It is considered the worst type of 

waste as it greatly contributes to other forms of waste. 

 Over-processing – to add more value to a product than the customer is willing to pay 

for. 

 Defects – Correcting errors. 

Sometimes an additional eighth waste is connected to the above described seven forms: 

Untapped Competence. By not utilizing the full competence of the workforce, a company risk 

to lose employees or the implementation of possible improvements (Petersson et al., 2010). 

The literature proposes several concepts and techniques for reduction of waste, like (Shingo, 

1989): continuous flow, visual management systems, standardization, small lot sizes, 

reduction of setup times, inspection and total productive maintenance to name some. 

3.5 Visualization 

When a process is to be improved, it is important to know how the process currently works 

and what actions are included (Petersson et al., 2010). No improvements can be made unless 

the current state is identified. The following sections will list some of the tools that can be 

used to create an overview and visualize a certain process, as well as using visualization as an 

improvement.  

3.5.1 Process mapping 

One simple way of visualizing a process and its activities is by creating a process map. This 

map is created by following the selected process step by step and using the information to 

make a matrix or flowchart of all the included actions, inputs, and outputs. The process map 

can be adjusted to the wanted level of detail by creating different types of charts. The process 

maps can be divided into three different groups depending on the area of interest; organization, 

process or job/performer (Damelio, 2011). 
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Organization 

The organizational map puts focus on the company as a whole, and aims to clarify the 

connections between different parts within the organization. For this type of chart a 

relationship map is recommended, which should also include suppliers and customers. 

Process 

The selected process is analyzed from start to end with an emphasis on workflow, customer-

supplier relations and intersections between different parts of the organization. Hence, the 

point is not to go into too much detail of the process itself but rather to see how it winds its 

way through the organization. A cross-functional or “swim lane” process map is preferred. 

Job/Performer 

This map will take a detailed look at the activities involved in a specific process, including 

movement of materials, storage and more. A flowchart is the preferred graphical 

representation for this type of map and can easily be created by simply following and noting 

every move of the person performing the tasks. This map can also include the time needed for 

each activity (Marrelli, 2005). 

3.5.2 Visual management 

Visual management is a wide term used for lean systems and tools that use visual 

representation as the main way to improve processes (Posey, 2007). This chapter will present 

some of the basic ideas of visual management and how they can be beneficial when 

improving a quality control process. 

The idea of visual management is to use visual aids such as signs and guidelines to simplify 

and increase the effectiveness of tasks within a process. It can also be used as a mean to 

encourage and inspire employees to work towards a common goal. This can be accomplished 

by gathering positive statistics, such as an increase of sold units, and presenting it to the 

employees in a visual format. Creating an easy way for the workforce to see the results of 

their work usually increases productivity and gives them an incentive to perform better. 

(Posey, 2007) 
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Gathering statistics and representing them in a simple visual form can also help to increase 

the transparency of a production or quality process. Analyzing charts and graphs with data 

from the process makes it is simple to draw conclusions regarding the current state of the 

process. By using this technique issues can be identified more easily, which leads to faster 

improvements and, ultimately, cost reductions.  (Schonberger, 2007) 

Creating user-friendly and simple guidelines is also a part of Visual management. A good 

guideline should not have to contain any text; the user should be able to follow it just by 

looking at the illustrations. By putting some effort into the making of these guidelines, it is 

possible to create an easily followed and understandable guideline even for complex and 

difficult tasks. This leads to a simplified workflow and minimizes the time needed for a new 

operator to learn how to perform the task. Having good guidelines also makes sure that they 

are used; a guideline that is hard to follow or understand will likely be consulted less often. 

(Posey, 2007) 

Utilizing Visual management in order to improve the layout of the place of work can also be 

very beneficial when improving a process. By making sure that every tool and material that is 

needed for the process is easily found and accessible, wasteful movements can be eliminated. 

In lean terminology this type of improvement is usually referred to as 5S; Sort, Systematic 

arrangement, Shine, Standardize and Sustain. This is a five-step process designed to improve 

the workplace. First, the necessary tools and materials are sorted in order find and eliminate 

unnecessary items. When only the necessary items are left, they are systematically arranged in 

order to eliminate wasteful movements and make sure that all items are easily found. The 

third step is to “shine” the workplace, which means that it should be kept clean. Standardizing 

the newly cleaned and structured workplace ascertains that all items have their own specified 

places and makes it easier to maintain order. The last step is to sustain all these changes and 

to make sure that everything is kept in working order and improved when there is need. 

(Schonberger, 2007) 

3.6 Standardization 

When a specific work method has been agreed upon, one way to make sure that the method is 

performed the same way every time is to use Standardization. A standard can be described as 

the currently best known and agreed upon way to perform a certain task (Petersson et al., 

2010).  
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If there is no standard to describe a task, then it is almost impossible to tell if the task was 

performed in the correct manner. If you cannot tell whether the task was performed correctly 

or not, it is very hard to detect deviations in the process, and therefore makes improvements 

almost impossible. A standard is therefore a way to reveal waste in the process (Petersson et 

al., 2010). 

When creating a standard it is important to involve the workers who perform the task that is to 

be standardized (Petersson et al., 2010). This will ensure that the standard is accepted and not 

met with skepticism, which might be the case when an outside “expert” tells the experienced 

workers how to do their job. It will also make sure that the standard remains simple and 

straightforward, without unnecessary details and information. It is also important to set a 

duration or time frame for the standard in which the task is to be completed. Without a time 

frame, other following tasks might be delayed (Petersson et al., 2010).  

When the standard is completed and accepted, it needs to be documented in an easy and 

understandable way. The standard should not become some difficult document that will never 

be used, but a simple instruction known and used by everyone. Visualization in the form of 

graphs, pictures or checklists are all good ways to make the standard understandable 

(Petersson et al., 2010). 

Completing the standard and implementing it does not mean that the standardization process 

is over; it can be regarded as the first step. The idea of standardization is to have continuous 

improvement, where implementing the standard is just a first step. The standard will reveal 

deviations, or waste, which must be analyzed and removed. The simplest way of doing this is 

by following the so called Improvement wheel (Petersson et al., 2010). The improvement 

wheel includes four parts: Standard, Deviation, Analysis and Improvement. These parts 

represent four different stages of standardization, the first (Standard) being the one where a 

standard is created and implemented. Deviation, the second stage, can be recognized when 

working with the standard, i.e. things that differ from the wanted result. These deviations need 

to be analyzed in order to find out why they occurred. When a solution has been found, the 

old standard needs to be improved in order to prevent this deviation. Afterward, this new 

standard must be used and the process will be repeated every time a deviation occurs.    
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4 Case study 

In this chapter the authors perform a case study at a company called Teenage Engineering, 

which have experienced issues with their quality control. The results and knowledge gained 

from this case study will later represent the foundation of a framework for improvements. 

4.1 Company description 

Teenage Engineering is a small company in the consumer electronics business which has 

lately been experiencing some issues with the quality control of their products. They deliver 

top class audio related products with innovative design to consumers around the world. The 

company was founded in 2006 by four friends who all had ideas that they wanted to realize. 

Almost five years later, their first consumer product was released; the synthesizer OP-1. 

Teenage Engineering has now grown to a size of 26 employees and distributes its products 

around the globe, with the US and Japan as its biggest markets. The Swedish technology 

newspaper NyTeknik has listed Teenage Engineering as one of the 33 most interesting 

Swedish startups two years in a row, 2013 (NyTeknik, 2013) and 2014 (NyTeknik, 2014). 

Teenage Engineering has also received the Swedish design award ‘Design S’ (Design S, 

2013) and was nominated for the ‘Stora Designpriset’ award (Stora Designpriset, 2014), for 

the OP-1. 

The OP-1 is an all-in-one portable synthesizer, sampler and controller. Among others, it 

features eight synthesizer engines, built-in FM radio, a built in microphone as well as an 

assignable G-Force sensor for motion-controlled effects. Everything performed on the OP-1 

can be recorded onto its four-track tape recorder, which can then be mixed and made into a 

complete song without ever connecting it to a computer. It was well received at its release in 

2011, being featured in several music and consumer product magazines, and also playing a 

great part in the music video for the song One (Know your name) by Swedish House Mafia. 

Today, several famous artists own an OP-1, and it continues to get more attention from 

around the world. 

Teenage Engineering has profiled themselves as a high-end manufacturer with high quality 

products of the premium segment. This means that the products are engineered to excel at 

what they do, which makes the customers willing to pay a higher price. Marketing themselves 

as a high-end company also increases the expectations from the customers. The customers of 

TE, specifically of the OP-1, usually loosely belong to either of two categories; music 

producing enthusiasts or people with an interest in product design.  
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This means that the customers usually have high expectations regarding functionality and 

cosmetic appearance, which puts pressure on TE to keep up with these expectations. 

Teenage Engineering are spending too much resources on quality control and repairs on their 

product OP-1, as the quality level on products received from the factory in China is too low. 

A case study is performed to look into the quality control process of the product OP-1 at the 

office in Stockholm, in order to make a framework for improvements that can help raise the 

quality level. The case study is divided into five steps according to the Lean Six Sigma 

methodology; Define, Measure, Analyze, Improve and Control. The bulleted list below gives 

an overview of each step. 

 Define – Identify and define the problem 

 Measure – Measure and collect data to describe the problem 

 Analyze – Analyze the data and find root causes 

 Improve – Improve and implement the solution 

 Control – Control and maintain the improved result 

4.2 Define 

Today, all synthesizers are shipped from the factory in China to the office in Sweden, where 

necessary software and product keys are installed. This is to keep the control over the product 

and minimize the risk of cheap copies entering the market, as the factory otherwise would 

have a complete product. Due to a high amount of defect products slipping through the quality 

control in China, a second quality control is performed on every unit in the Stockholm office 

to ensure the high quality the customers expect. Defect products are sorted out for repairs, 

which are also done in-house. Because this occupies space and manpower needed on other 

projects, TE is looking for ways to improve and standardize the quality control process in 

order to facilitate a future outsourcing.  

4.3 Measure 

Possible reasons for the defects are: handling errors, assembly errors, bad components or bad 

design. There are different ways to approach this problem. One way is to map the defects, 

look for possible root causes and address them. This requires access to the manufacturing 

process in the factory as well as their suppliers. Unfortunately TE is a relatively small 

customer and cannot make the demands necessary for these kinds of improvements. Another 

way is to look at the defects and see if a small design change of the product can be beneficial. 
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This will affect some of the defects, but will not remove all of them. Therefore another 

approach is selected: by measuring and analyzing the current quality control process, areas for 

improvement can be found and implemented. 

Gathering all the necessary data regarding the quality process is required in order to analyze 

the current state and find the scope for improvements. Therefore, the authors aim to retrieve 

as much relevant data as possible from Teenage Engineering. This process is split into 

different objectives; creating a process map, measuring the time spent on the quality control, 

analyzing the existing written guidelines and gathering the data regarding the amount of 

defect and approved units. 

4.3.1 Process map 

In order to visualize the current state of the quality control, a current state process map is 

created (Figure 3). This map represents the tasks performed by an employee during the 

quality control process, from the receiving of the shipment from the factory to the packing 

and delivery of completed units, i.e. a job/performer flowchart. By going through each step in 

the process and writing down the tasks and the respective time taken, a detailed description of 

each step is created (Table 3). One of the workers also taught the authors how to perform the 

whole process, to give them deeper insight in the quality control process.  

Receiving Storage 1
Unlocking and 

Installing

Visual control
and

function testing

Packing 1

Data entry 1

Data entry 4Labeling

Storage 3

Storage 2

Repair

Data entry 2

Data entry 3

Check customer 
order

Packing 2 Delivery

Action

Data

Defect
NoYes

Problem severity
Serious

Light

 

Figure 3 - Map of the quality control process 
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Table 3 - A detailed description of each step in the quality control process with time taken. Time marked with ‘*’ is 

for one batch, no mark means average time per product 

Action Details Time (s) 

Receiving Carry the delivery from the goods reception into the office 240* 

Storage 1 Put the boxes in an available storage space 300* 

Data entry 1 Enter the number of received products in database as 

Incoming 

90* 

Unlocking and Installing Unpack the synthesizers, install necessary keys and software 40 

Visual Inspection and 

Function Testing 

Perform a visual inspection of the synthesizer for defects in 

paint job, scratches, fingerprints, dead pixels etc. Check jacks, 

microphone, speaker, keys and knobs for glitches or 

underperforming parts 

124 

Data Entry 2 In case of a defect: open batch file and enter the fault and 

serial number of the defect product. Move it to Repair in 

Database 

60 

Labeling Put it back in the box and label it with the defect 40 

Storage 2 In case of a serious defect, like bent chassis, dead on arrival or 

random behavior on the synthesizer, the product is put in a 

storage to be sent back to the factory 

10 

Storage 3 If the product has a repairable defect, it is placed in a storage 

to wait for repairs 

10 

Repair The defect is repaired 180-1291 

Data Entry 3 The performed repairs and date are entered. One product is 

moved from Repair to Webstore in Database 

60 

Data Entry 4 One product is moved from Incoming to Webstore in the 

database 

60 

Packing 1 The synthesizer is packed for the customer 138 

Check customer order Information the customer has provided is checked to assure 

correct delivery 

78 

Packing 2 The order is packed in a box for delivery 333 

Delivery Schedule pickup with delivery service 30* 

 

4.3.2 Function testing and visual inspection   

As seen in the above process map, the OP-1 goes through a visual inspection and function test 

to ascertain that the units meet the quality expectations. The function test is performed in two 

stages and tests some, not all, of the functions of the OP-1.  

Firstly the OP-1 is switched on, and during this time the operator inspects the power switch to 

make sure it works and feels as it should. When the OP-1 is powered on, the operator turns up 

the volume and presses a few keys on the keyboard which produces sound. The operator 

listens to the sound from the built-in speaker to make sure that the speaker is working 

properly and that the sound is not distorted. When the speaker has been tested it is time to test 

the microphone, which is also built into the chassis. The operator activates the microphone 

and lightly taps it while observing the output level, which is shown on the display.  



 

22 

 

In order to be approved, the output level needs to reach at least half of the output bar graph 

shown on the display. Before moving on to the second stage of the function test, the rotary 

encoders are tested. They are tested by first switching to a display mode which shows a 

counter for each of the four encoders. These counters go from zero to 99. The operator 

proceeds to turn each of the encoders to ensure that the counter matches the rotation. The feel 

of the encoders is also inspected; they should turn smoothly and have roughly the same 

resistance.  

 

 

Figure 4 - Overview of the OP-1 

The testing of the encoders concludes the first stage of the function test, and the OP-1 is now 

switched off. The second stage of the test will inspect the keyboard and the display. The OP-1 

is switched on in TE-boot mode, a menu appears on-screen and the “Function test” option is 

selected. This starts the pre-programmed function test in the OP-1, which can be used to test 

most of the hardware. The first test requires the operator to press all the keys on the keyboard, 

one by one. The progress can be seen on the display, and a defect key is easily identified. 

When all keys have been pressed, the instructions for the next test appear on the screen. The 

new test will display a gradient of red, green, blue and white. The operator will now inspect 

the display to identify any deviations in brightness or color.  
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Any key might then be pressed to access the next step of the test. The next test turns the 

display completely black, which makes it easy to identify defect pixels. The defect pixels will 

appear as bright dots of red, green or blue. When this test is concluded, the OP-1 is switched 

off and the operator moves on to the visual inspection. 

The visual inspection is performed in order to make sure that the quality level of the 

cosmetics meets the requirements. All the inspections are made under a halogen light source, 

to ensure adequate lighting. The operator begins by inspecting the paint, looking for 

deviations such as scratches or dirt, followed by the top side with the keyboard. The operator 

now looks for scratches, dirt or defects in the symbols that are printed on the keys. Lastly, the 

protective film on the display glass is removed and the glass is inspected. Other than scratches 

and dirt, the operator also looks for pieces of dust, which sometimes get stuck on the inside of 

the display cover. If everything is satisfactory, the visual inspection is completed and the OP-

1 is ready to be packed. 

Table 4 shows which types of defects that are discovered during the different stages of 

inspection. 

Table 4 - Inspection type of different defects 

Inspection type Defect 

Function test DSP, UI-board, keyboard, No OTP, connector PCB, mic, dead on arrival, speaker, 

DSP, other, power switch 

Visual inspection Dirt under display cover, dust under display cover, aluminum case cosmetic issue, 

scratch on display cover, keyboard cosmetic issue, OLED-display 

 

4.3.3 Gathering data and statistics 

To improve the quality control process it is important to know which defects the units might 

have, and how to identify them. Therefore, the number of defect units that have been found in 

the current process are identified, and then categorized based on the type of issue. Collecting 

this data also gives a good grasp on how Teenage Engineering store their information, and 

quickly reveals some weak points in the systems. It should be noted here that the defects 

found in the current quality control at Teenage Engineering are on new units from the factory. 

This suggests that the performance of the quality control process in the factory is too low. 

Teenage Engineering uses two main databases for storing data regarding the OP-1 quality 

control. The first one is divided into different sections which can be seen as storage units or 

“warehouses”. This is where all the units currently in stock are registered.  
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Three of these sections are relevant; Incoming, Webstore and Repair. The section named 

Incoming contains the new units that have arrived from the factory but have not yet gone 

through the quality control process. Webstore consists of the units that have been approved 

and are ready to be sold. The Repair section contains the units which was not approved in the 

quality control process and are waiting to be repaired. An important thing to note is that this 

stock database only keeps track on the amount of units currently in each section, not where an 

individual unit is stored i.e. no serial numbers are noted. The second database contains the 

defect units, and keeps track of the defect of each rejected synthesizer and what actions that 

were performed to repair them. Both databases are operated manually. The only exception is 

when a synthesizer is sold; then the number of units in Webstore will automatically decrease.  

When extracting data from these sources it was discovered that the data was inconclusive for 

entries older than 18 months. Therefore the scope was set to include all entries between April 

2013 and October 2014.  

The stock database is studied to find out how many units that have been moved to the Repair 

section during the selected time interval as well as the total amount of received synthesizers 

from the factory. The repair database is then consulted to find the most common defects and 

their respective numbers as shown in Figure 5. When cross-referenced with the stock database 

it could be confirmed that all defect units had not been noted in the repair database, which 

makes it difficult to analyze the process over time.   

By using the total amount of received synthesizers versus the amount of rejected units, the 

percentage of defect units from the factory is calculated to 17.5%. When looking at individual 

batches it is found that the percentage of defects in a single batch never falls below 5%, and is 

in the majority of the batches over 10%.  
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Figure 5 - Most common defects on the OP-1 

 

To better visualize how the amount of individual defects were related to the total amount, a 

Pareto chart was constructed as seen in Figure 6. This shows that the five most occurring 

defects make up almost 80% of the total amount. This will be further analyzed in the Analyze 

chapter.  
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Figure 6 - Pareto chart over the defects 

 

The handling of the OP-1 is different depending on the defect. Some are repaired by changing 

components and some can be removed by cleaning the part. Units with minor defects that 

cannot be repaired go to second sort and are sold for a lower price. Units with severe defects 

are sent back to the factory in China for review. In Table 5, a detailed description of each 

defect and its standard action can be seen. 

Table 5 - Details of the defect types and their standard actions 

Defect Details Action 

Dirt under display cover Fingerprints or smudges under the display 

glass 

Remove keyboard and clean 

display glass 

Dust under display cover 

 

Dust stuck under the display glass Remove keyboard and remove dust 

with compressed air 

Aluminum case cosmetic 

issue 

Flaw in paintjob, dust, air-bubbles or 

scratches 

Move to second sort 

Scratch on display cover Scratches on or under the display glass Replace keyboard module 

No OTP Connection with OTP-jig cannot be made 

due to tilted connector board or crooked 

chassis 

Adjust the connector board 

Keyboard cosmetic issue  Flaws in plastic parts, dots and scratches Move to second sort 

OLED-display Dead pixels or low brightness Replace the OLED-display 

Keyboard Keys not working or double trigger Replace the keyboard module 

Connector PCB Line In/Out/USB not working properly Replace the connector board 
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Mic Microphone not working or very low 

volume 

Replace the connector board 

UI-Board Encoders not working properly Replace the UI-Board 

Dead on arrival Unit will not power up Re-flash or replace the DSP 

Speaker No sound or distortion Replace the speaker 

DSP Software crashes, no audio out, does not 

charge 

Re-flash or replace the DSP 

Other Plastic protection still under display 

cover, loose parts, etc. 

Depends on the problem 

Power switch Bad switch, gets stuck Remove material to make it fit 

better 

 

4.3.4 Guidelines 

There are two guidelines available for the quality control process. One simple that gives an 

overview of the steps to be performed, and one more detailed which describes possible 

defects, what level is acceptable and what is not. The first of these is a step by step manual on 

how to perform the quality control process; how to analyze the synthesizer and what to do 

when a unit is either approved or rejected. The second guideline is a document describing the 

visual requirements of the aluminum chassis of the OP-1, giving examples of possible defects 

and how they should be graded.  
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4.4 Analyze 

This section analyses the different kinds of collected data to find candidates for improvement. 

4.4.1 Databases 

During the 18 month period that this case study is based upon, several people have been 

performing the inspection process. With no routine regarding how and when defects should be 

entered into the database, periods where only a few or no entry at all exists. This makes it 

very hard to evaluate the status of the manufacturing process over time. One reason for this 

lack of data could be the fact that all entries are made manually, which make them very 

susceptible to human errors. However, the collected data can still be analyzed to a certain 

point and sorted to identify areas of interest and potential improvements.  

Due to the inconclusive data, the total percentage of defect products (17.5%) is on the low 

side, as entries are missing. It does however give a reasonable estimation of the problem. 

When the data of the individual batches are consulted it is also possible to roughly estimate 

the percentage of defects of each batch.  

If the percentage of defects is compared to the most common acceptance quality limit (AQL) 

in the consumer electronics business, the problem becomes quite obvious (see Table 6) 

(Anjoran, 2012).  

Table 6 - Common AQL versus average defect percentage at TE 

Issue level High quantity 

retailer AQL 

High-end 

retailer AQL 

Average percentage of defects per batch at TE 

Minor 4.0% 2.5% 3.0% 

Major 2.5% 1 - 1.5% 12 % 

 

Table 6 compares the percentage of defects at TE with two different categories of common 

AQL levels, those of high quantity retailers and high-end retailers. High quantity retailers 

refer to big importing companies such as Walmart or Target, which might also be considered 

as low-end compared to high-end retailers such as Apple. TE with their profile as a high-end 

retailer should therefore have an AQL limit of at most 1.5% for major issues; this is however 

far from the situation today as TE has an average of 12%.  
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The defects (issues) have been divided into two categories depending on how TE has defined 

them. The minor issues are defects that might be a small annoyance to the customer, but in 

most cases small enough for them to accept. The major issues are on the other hand a defect 

that affect the functionality of the product or is a major cosmetic deviation.  

Table 7 shows the most common issues of the OP-1 divided into major and minor issues. This 

has been done with the expected opinions of a high-end customer in mind. 

Table 7 - Minor and major issues of the OP-1 

Minor issues Major issues 

Aluminum-case cosmetic issue Connector PCB 

Keyboard cosmetic issue Dead on arrival 

No OTP Dirt under display cover 

Power switch Dust under display cover 

 UI-Board 

 Keyboard 

 OLED-display 

 Scratch on display cover 

 Speaker 

 DSP 

 Mic 

 Other 

 

As mentioned before, the stock database does not keep track of which synthesizer is stored in 

which warehouse, i.e. no individual serial numbers are stored. This affects the traceability of 

the OP-1 and makes it difficult to establish the status of a single synthesizer.   

4.4.2 Warranty 

The inconclusive data also have an effect on the economical compensation received from the 

supplier for repaired products. In the current contract with the supplier in China, TE gets 

reimbursed for all repairs performed including spare parts. However, as the databases 

currently do not show the true amount of repaired units, they are not benefitting from this as 

much as they could. 

4.4.3 Waste 

By analyzing the waste situation at Teenage Engineering, points for improvement are 

revealed: 

 Transport – The products are stored next to the quality control station, so almost no 

internal transports are made. 
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 Inventory – The most common problem is too large inventories. TE on the other hand, 

often holds too little, both with spare parts and units ready for delivery. This renders 

TE unable to repair defect units and cause deliveries to the end customer to be late. 

The re-order level on both new units and spare parts should be seen over. Also, as the 

deliveries from the supplier arrive batch-wise, new types of defects that occur will not 

be discovered until the quality control in the Stockholm office is made, which can be 

up to six weeks from production date. This might cause the next batch to have the 

same kind of defects. 

 Motion – The ergonomics at the quality control station are rather good, but the 

movements of the operator could be looked over to make the process faster. However, 

this is not focus for this report. 

 Waiting – The quality control process is usually finished as fast as possible after a 

batch of synthesizers arrives, but can at times be delayed for various reasons which 

have impact on the feedback to the factory. This is important to improve. 

 Overproduction – This is not an issue for the Stockholm office. 

 Over-processing – Not an issue. 

 Defects – As the defects should be caught in the final inspection in the factory, all 

repairs and rework made at the Stockholm office is a waste. 

4.4.4 Pareto Analysis 

When there are many types of defects that need attention for improvement, it is hard to 

address them all adequately. However, if they are visualized in a Pareto chart the most 

significant ones can be identified. Improvement is an iterative process and one should start 

where the greatest impact can be made.  

The collected data of the defects during the measure phase was sorted and visualized in a 

Pareto chart in Figure 7. The type of defects is represented on the x-axis, the left y-axis 

represent the frequency of occurrence and the right y-axis represents the cumulative 

percentage of the total number of occurrences.  
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Figure 7 - Pareto chart over frequency of defects 

 

In this way, it is possible to prioritize the defects by their frequency. When analyzing the 

Pareto chart, the 80-20 rule, or the Pareto principle states that roughly 80% of the effects 

come from 20% of the causes. By applying this rule, the five defects left of the intersection 

between the 80%-line and the cumulative % line were selected as important. These were: dirt 

under display cover, dust under display cover, aluminum case cosmetic issue, scratch on 

display cover and No OTP. These five types together represent 77.5% of the total amount of 

defects. However, all types of defects are not equally severe and it might be misleading to 

only use frequency as reference. Therefore another Pareto chart with the total time spent for 

repairs per defect on the y-axis was made (Figure 8). The type of defects is represented on the 

x-axis, the left y-axis represent the total time spent on repairs in hours, and the right y-axis 

represents the cumulative percentage of the total time. 
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Figure 8 - Pareto chart of total time spent on repairs per defect 

 

This Pareto chart shows that two of the defects consume 76% of the total time: dirt under 

display cover and dust under display cover. If the third biggest defect, Scratch on display 

cover, also is included the total time amounts to 81%. These three have the display cover in 

common and take long time to fix as the whole keyboard has to be removed. In case of a 

scratch, the whole keyboard has to be replaced as the display is glued to the keyboard module. 

By focusing and eliminating these three defects in a first iteration of the improvement process, 

a significant reduction of time spent on repairs can be done.  

4.4.5 Feedback 

There are currently no routines for how and when feedback of found defects is reported to the 

factory. This makes the reports very sporadic and far from all defects gets reported. When it 

gets reported, the information might be weeks, or even several months old which render the 

information irrelevant in the factory’s improvement process. To have impact on the 

manufacturing process the feedback must be immediate so measures can be taken to prevent 

further defects.  
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4.4.6 Documents 

The studied documents mainly consist of guidelines for the inspection process. Upon 

analyzing these guidelines it is discovered that several of the steps contains unclear or vague 

statements like “the display should look okay”. Without a clear definition of what this “okay” 

should look like, the guideline is practically useless. It is important to have access to a written 

standard that can be referred to in uncertain cases. It is also discovered that these guidelines 

are very seldom used at all, and the operator mostly acts based on experience. Unless the 

operators all have a very similar sense of what is to be approved or not, the outcome will most 

likely differ. 

4.4.7 Testing and inspecting 

The inspection of the OP-1, here divided by function test and visual inspection, is analyzed to 

find flaws and unnecessary elements which can be used to improve the overall inspection 

process. 

Function test – The function test is divided into two steps, calling for a reboot of the OP-1 in 

order to switch between normal mode and TE-boot mode. This is ultimately a waste of time, 

and since there is already a built-in function test, it should be sufficient to only use that test. 

The built-in function test also contains simple instructions for each step, which to a certain 

degree eliminates the need of printed guidelines. The function test goes through almost all the 

features of the OP-1, but only a few of them needs to be tested in order to approve the unit. 

When testing the microphone, the operator only uses his/her own judgment to decide whether 

the output level is good enough. This form of testing is too arbitrary. The same is true 

regarding the speaker, which is also only tested based on the judgment of the operator. The 

function test stops if a defect is discovered which means that if a problem is discovered early 

on, the rest of the features cannot be tested until the first problem is resolved. The line in and 

line out jacks are only inspected visually, normally they are not tested physically at all.  

Visual inspection – As the operator uses his/her own judgment to pass or fail parts, it is 

important that there are clear guidelines and references that are continually updated so the 

operator can confer with these in uncertain cases. There also needs to be proper lighting in the 

workplace so the operator can clearly see flaws, scratches and smudges. 
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4.4.8 Visual management 

The current quality control lacks almost any form of visual help system, with the exception of 

a simple sign system which shows where to store completed and defect units. Even these 

signs are sometimes scrambled around or not used at all. A new employee has to learn from 

the other operators where to get and store things, since it changes and is not self-explanatory. 

This causes confusion and an ineffective workflow, where time is wasted looking for needed 

items.  

4.4.9 COPQ 

As the manufacturing of the OP-1 is outsourced to a factory in China, and this case study is 

not discussing defects returning from the customer, the different subgroups of COPQ for TE 

can be divided as shown in Figure 9. 

 

Figure 9 - Overview of the different subgroups of COPQ at Teenage Engineering 

 

The measured COPQ at the TE office in this case study only consists of labor cost for repairs 

and rework. This shows a lower value, as the real value also includes cost for reinspection, 

testing, rework, administrating and logging, feedback to the supplier, shipping costs, ordering 

of spare parts and spare parts. To get a correct value of the COPQ at the TE office, all those 

costs have to be measured and aggregated.  

Prevention costs – Training of operators, implementation of new guidelines, and root-cause 

analysis for defects at the supplier in China. However, there are no current routines for when 

and how this should be performed and only sporadic visits are made to the factory when 

serious problems occur. According to the literature, this type has the biggest impact and 

therefore more money should be invested here to increase quality and reduce cost for repairs 

and rework. With sufficient quality output from the supplier, TE could outsource the software 

installing as well and in the long run deliver products directly to the customer from China. 
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Appraisal costs – All labor costs for inspecting, administrating and storing the OP-1 at the 

Stockholm office. As long as the management does not trust the level of quality from the 

supplier, quality control will still be made on 100% of the products.  

Internal error costs – All troubleshooting, rework, repairs, spare parts, test and reinspection 

of repaired units at the Stockholm office. Internal costs are the biggest section today as 

rework and repairs are made on approximately 17.5% of the products on an average. If the 

communication and feedback to the supplier continue to be as scarce as it has been, this 

percentage will not get lower. 

External quality costs – This category consist of complaint handling, warranty administration, 

repair-personnel training, and repairs of defective products that arrive from customers. 

However, this is outside the scope of this thesis work. 

The conclusion is that TE spends most efforts on inspecting and repairing defect products 

instead of preventing the occurrence of them. The end consumer is still satisfied as the 

product has the expected level of quality, but might not be willing to pay for the extra 

expenses that the low internal quality brings. 

4.4.10 Summary 

By analyzing the available data and documents, several candidates for improvement are 

found: 

1. Databases - No routine for registering the defects in the system has been implemented, 

which makes it haphazard and inconsistent; to be able to see trends in the process, 

reliable data is necessary. The products are not recognized individually in the database, 

which makes it impossible to see in the database where a specific synthesizer is. The 

system only shows how many products are available in the different warehouses 

Incoming, Repair, and Webstore. 

2. Warranty – Although it is covered by the contract with the supplier, TE is repairing 

defects without getting reimbursed, as the data is inconclusive. 

3. Defects – Three types of defects are selected as candidates for improvement: dirt 

under display cover, dust under display cover and scratch on display cover. The 

common denominator is the display cover. 

4. Feedback – There are no routines how feedback of the found defects is reported to the 

factory which makes it impossible for the factory to improve their processes. 
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5. Documents - Guidelines that the inspector bases the decisions on are unclear with 

vague definitions of what is acceptable and what is not. They are also not extensive 

enough that a new inspector can perform well with only the guidelines as guide. The 

guidelines are also very seldom referred to. 

6. Function test – It is too arbitrary and unstructured. It could be simplified and 

shortened. 

7. COPQ – Resources are spent on inspection and repairs instead of the prevention of 

defects 
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4.5 Improve 

This section aims to find improvements for the issues analyzed in the previous section. 

4.5.1 Databases 

The number of products is entered manually in every instance: arrival of the products and 

when moved between the sections Incoming, Repair and Webstore. This makes the 

opportunity for a human error very high, but would be greatly reduced by introducing a 

system where the product is automatically moved between the different sections by scanning 

the serial number. There is no need to separate individual products in the Incoming section, so 

when the shipment arrives it would be sufficient to scan the delivery note containing the total 

number of products. By giving every product a status in the database, regardless if it clears the 

quality control or not, inconsistencies are made visible as defect synthesizers no longer can 

get moved to Webstore without repair information. This is made possible by scanning the 

serial number together with the found defect and scanning it again when repaired. All repaired 

synthesizers will have an entry in the database telling when the defect was found, which 

operator found it, what type of defect, when it was repaired and by whom it was repaired. 

This increases the reliability and accuracy of the data so trends and change over time can be 

observed. Figure 10 shows these new improvements with a simple process map. 

4.5.2 Function test 

As mentioned earlier, the function test is divided into two stages where the operator has to 

switch modes on the OP-1 in order to complete the tests. Since there is already a built-in 

function test, this should be the only test needed in order to approve the unit. In the following 

text the built-in function test will be referred to simply as the function test. One of the 

problems with the current function test is that it is too extensive and time-consuming; it needs 

to be shorter and faster. The main reason that the test is so extensive is that it tests almost all 

the functions of the OP-1, which is not necessary in order to ascertain the needed level of 

quality. The hardware functions that are tested today are: keyboard, display, speaker, 

microphone and encoders. The authors suggest that the line in/line out connectors are also 

included, this way all the major hardware functions are tested. This could be done by 

connecting a cable between the line in and line out. The OP-1 will then send a signal through 

to test the connection. The USB connector is indirectly tested when the software is transferred 

to the unit during the “Unlocking and Installing”-phase of the quality control, so it is 

unnecessary to include it in the function test.  
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The current function test stops when a problem is detected, which means that all functions 

can’t be tested if one is broken. As an example; the keyboard test requires you to press all the 

keys before moving on to the next step. If one key is broken it is impossible to move on to the 

other tests. There should always be an option to move on to the next step, in case there are 

other defects. A timer could be the solution for this, after a fixed amount of seconds or 

minutes the test automatically moves on to the next step. 

When testing the speaker and microphone, the operator only uses his/her own judgement to 

decide if it is a pass or a fail. There is however an automatic test in the built-in function test 

that tests both the speaker and microphone at the same time. The speaker plays a high note, 

which is recorded by the microphone and then compared to a minimum value. If the output 

level of the recorded sample is too low, the test fails. This means that either the speaker or the 

microphone is broken, and further tests can be conducted to find out which. The current test 

does however contain two problems. The first is that the test has been found to be too lenient; 

it approves microphones that have too low output level. This could be fixed by lowering the 

volume of the sample that the speaker plays, or increasing the minimum value needed to pass. 

The second problem is that the speaker only plays a high pitched tone, which does not test the 

frequency range of neither the speaker nor the microphone. Instead, it would be better if the 

speaker played a short “sweep”, starting at a low frequency and working its way up to a 

higher one. This sweep would be recorded by the microphone and then compared to a 

preprogrammed one, and if the recorded sample is within a specified range it is approved. 

This would all be done automatically, and also eliminates the possible errors of human 

judgment. 

In the current function test, there is a step for testing the rotary encoders. This test asks the 

operator to turn each of the encoders to the right and then to the left. The problem with this 

test is that even encoders who work sporadically might be approved, since a full turn is not 

needed. By changing the test so the operator needs to turn the encoder a few times could fix 

this issue. The test software could analyze the output of the encoder to make sure that it did 

not glitch during the turns. This test could be included with the keyboard test, and show up on 

the same screen. 

The suggested improvements to the function test have been compiled to form a new test, 

which can be seen in Table 8. 
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Table 8 - Suggested steps of the new function test 

Keyboard and encoders Display Speaker and mic. Input and output 

All keys must be pressed, 

one at a time. The 

encoders are each turned 

a few times. 

Display shows a 

black screen and 

then a test screen 

with all colors.  

The speaker 

automatically plays a 

frequency sweep, which 

is recorded by the 

microphone and 

analyzed. 

The operator connects a small 

cable from the line out jack to 

the line in jack. The OP-1 

sends a signal through to test 

the connection. 

 

4.5.3 Defects 

As the three candidates for improvement; dirt under display cover, dust under display cover 

and scratch on display cover are all evaluated with visual inspection, as a first step, an update 

of the guidelines and a standardization of the available light for the inspectors should be made. 

This will make it harder for the defects to slip through the quality control in the factory but 

will not completely eliminate the problem, only move it. To address these defects, a root 

cause analysis should be made in the factory to clarify where, when and how these defects 

occur. There is also a possibility that these defects could be solved by a slight design change 

as they are all related to the display cover. 

4.5.4 Feedback 

The factory needs the results from the quality control as soon as possible to be able to stop 

new occurring defects in time and improve their processes. With a database system with serial 

number scanning implemented, a document can automatically be prepared and sent to the 

factory when the whole batch has been cleared in the quality control. This makes it important 

that the quality control of every batch is finished as fast as possible.  

If the quality control is moved from the Stockholm office to the factory, the feedback should 

go in the other direction to keep Teenage Engineering updated about the process. This is the 

best scenario as Teenage Engineering doesn’t need to repair units in Stockholm, and the 

factory has immediate feedback to the production when defects are found. However, this 

requires the factory to guarantee and uphold an AQL which have been agreed upon between 

the factory and Teenage Engineering. 

4.5.5 Documents 

A standardization of the guidelines is of utmost importance. They should be easy to 

understand and follow, with clear definitions of when a defect is acceptable and when it is not.  
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The current phrases like “if it looks OK”, “if the keys feels all right”, should be exchanged to 

clearly defined and measurable ones. There should be as little room for interpretation from the 

inspector as possible. A good way to eliminate this issue is by including pictures showing 

defects of various degrees. By comparing these pictures to the inspected unit, the operator can 

quickly decide whether to pass the unit or not.  

4.5.6 Visual management 

By implementing a few simple visual aids, the quality control process could be much more 

structured and effective. To begin with; a simple, clearly labeled, shelf system could be used 

to make sure that everything has its own specified place. This would eliminate the confusion 

regarding where to put items and where to find what is needed, thus minimizing the amount 

of wasted time.   

Another helpful visual aid that could be implemented is to visualize the statistics of the 

quality control process with simple, understandable graphs and charts. These graphs could for 

example show the amount of defect units in the latest batch or the amount of units completed 

the last month. These visuals could be used both to identify issues and to encourage the 

operators to improve their work.  

4.5.7 Process map 

The improvements are visualized in a future state process map in Figure 10 with a detailed 

description in Table 9. Changes has been made to the data entry sections and to the earlier 

double storage - one for repairs and one for products to be sent back to the factory – as they 

are merged into one repair storage together with labeling. 
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Figure 10 - Map of the improved quality control process 

 

Table 9 – A detailed description of each step of the improved quality control process. Changes have been made to the 

parts with a dashed line. 

Action Details 

Receiving Receive order from the factory and carry the boxes into the office 

Storage 1 Put the boxes in an available storage space 

Data Entry 1 Scan the delivery note to automatically enter number of synthesizers in 

Incoming 

Unlocking and Installing Unpack the synthesizers, install necessary keys and software 

Visual Inspection and 

Function Testing 

Perform a visual inspection of the synthesizer for defects in paint job, 

scratches, fingerprints, dead pixels etc. Check jacks, microphone, speaker, 

keys and knobs for glitches or underperforming parts 

Data Entry 2 In case of a defect: scan serial number and scan a predefined label with the 

found defect. System automatically removes one product from Incoming and 

adds one with the serial number to Repair. A label with the serial number 

and defect automatically gets printed 

Labeling and storing Put it back in the box, mark it with the printed label and put it in the repair 

storage 

Repair The defect is repaired 

Data Entry 3 Scan serial number, enter the performed repairs from predefined list along 

with possible notes, the date and who performed the repair. System 

automatically moves the product from Repair to Webstore  
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Data Entry 4 Scan serial number and “No defect”-label. System automatically removes 

one product from Incoming and adds one with the serial number in Webstore 

Packing 1 The synthesizer is packed and ready to be sold 

Check customer order The provided customer information is checked to assure correct delivery 

Packing 2 The order is packed in a box for delivery 

Delivery Schedule pickup with delivery service 

 

The current state and future state process maps are presented side by side in Figure 11. 

 

Figure 11 - Current state (left) and future state (right) process map side by side 

 

 

The above stated improvements will have the resulting effects: 

1. As non-defect synthesizers also will be scanned and get the status “OK”, the reliability 

of the data will greatly improve. 

2. By introducing predefined terms for the defects, the data will be more accurate as 

same type of defect previously had been entered in the database with different names. 

3. By having a system that moves the products in the stock database automatically while 

performing quality control and repairs, human error can be greatly reduced. 

4. As the date and time will be stored for quality control and repairs as well as who 

performed it, a defect that slips through can be traced back and a root cause can be 

found and the process improved. 

5. More reliable and accurate statistics enables TE to get correct compensation from the 

supplier for performed repairs and rework.  
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6. Better statistics also enables TE to identify new candidates for improvement easier and 

to see trends and changes over time in the manufacturing process. 

7. If a synthesizer is found where it should not be, it is easy to check where it belongs 

and therefore reduce differences in stock. 

When TE performs a root cause analysis on selected candidates for improvements, in this case 

study dirt under display cover, dust under display cover and scratch on display cover, and 

eliminates them, the need for rework and repairs at the Stockholm office will be greatly 

reduced. 

4.6 Control 

When the process has been improved, the guidelines have been updated and new routines 

have been made, comes the challenge of not falling back into the old ways. This last chapter 

of the case study will tell how TE can avoid getting the same problems again by keeping 

control and moving forward. 

4.6.1 Standardization 

Establishing standards is a great way to make sure that processes and tasks are completed in 

the correct way every time. When an improvement has been found, the standards should be 

updated to make sure that they always contain the best known way of performing a task.  

One of the issues at Teenage Engineering is that no clear standards or routines have been 

established, which often results in confusion or varying performance of tasks. This is why the 

authors strongly suggest that a set of standards are developed, both regarding routines and 

guidelines. However, a standard is useless if it is not followed. Short interviews with current 

employees have shown that the existing guidelines are seldom used, and they also contain 

outdated information. Therefore it is important to inform and teach the operators why and 

how they should use the standards.  

The approach to standardizing the guidelines should be to gather all the current operators and, 

together with them, develop new and correct guidelines for all the relevant processes. 

Including the operators will result in more accurate instructions that better represent the 

processes, since the operators are the ones who perform them. It will also be a good 

opportunity to show them why standardizing is important and how it could be beneficial to 

everyone. As operators over time tend to deviate from standards, regular audits should also be 

performed to ensure that the operators still follow the guidelines, and if not, evaluate if an 
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improvement of them could be beneficial. Another way to keep the guidelines up to date is to 

review the uncertain cases and implement them as pass or fail for reference.  

4.6.2 Statistics 

With an improved data system that logs every kind of defect and transaction between 

databases as well as decreases human error, reliable data can be collected and put into charts 

that shows the status of the manufacturing process. This will enable management to control 

the implemented improvements and react fast if the problems recur.  

4.6.3 Attribute Agreement Analysis 

Some defects of the OP-1, like cosmetic issues or smudges, can be hard to define a 

measurable acceptable level for. That makes it difficult to trust that the operators performing 

the visual inspection correctly fail or pass the products. Or to put it in another way, it causes 

the rate of passed or failed products to depend on which operator is performing the inspection.  

To assess the consistency of the operators’ decisions, an Attribute Agreement Analysis can be 

performed, where all operators inspect several products with predefined defects at different 

points in time. This study will show the consistency of decisions both within and between the 

operators, as well as how well their decisions match the known standard or correct response 

for the product. Two types of mistake can be made here: failing an acceptable part or passing 

an unacceptable part. By making a matrix that visualizes the decisions of all operators on 

every part, the defects that many operators wrongly fails or passes, can be identified. This 

matrix can then form a base for further actions; train and instruct the operators further of the 

identified defects and, if needed, update the standards or references for that type of defect 

(Johnson, 2007).  
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5 Results 

The performed case study together with the studied literature enables the authors to answer 

the four sub-questions and through them, the research question: “How can Teenage 

Engineering improve their quality control process, in order to achieve higher quality of their 

products and maximize the benefits from outsourcing?” 

 What is the goal of the quality control process? 

The goal is to ensure quality and find defect units before they reach the end customer.  

 

 Why is the current quality control process not good enough? 

The current quality control process is divided in two parts, one that is performed at the 

supplier, and one that is performed at the TE office in Stockholm. The QC performed 

at the supplier passes too many defect products. The QC in Stockholm does not 

produce accurate data about found defects which can be used to identify problems. 

The inconclusive data that is gathered is only sporadically conveyed to the supplier, 

which prevents them from improving their manufacturing process. 

 

 Which improvements will have the highest impact on the overall performance of 

the quality control process? 

o A new data input system will shorten the QC-process and give reliable 

statistics that enable management to see trends, correctly identify candidates 

for improvement (defects) and help with warranty enforcement. 

o Updated guidelines will improve the operator accuracy. 

o A new function test will reduce the impact of human error. 

o New routines regarding communication between TE and the supplier will help 

them improve on their end. 

 

 How can a high quality level be achieved and maintained? 

These improvements will give TE a base, from which urgent defects can be singled 

out and appropriate action can be taken to raise the quality level. Statistics of found 

defects and audits of the inspection process will ensure that the quality level is 

maintained. 



 

46 

 

The case study also pinpointed three of the defects that will give the highest impact on the 

quality of the OP-1; dirt under display cover, dust under display cover and scratch on display 

cover.  

5.1 Framework for improvements 

In this chapter, a framework for improvements is suggested. This framework will give 

Teenage Engineering the tools to raise the quality on the OP-1 by making identification of 

problems and defects possible. The suggested framework is developed from the findings in the 

case study together with the knowledge gained from the literature study.  

The framework is based on the Lean Six Sigma approach, DMAIC, but tailored for TE’s 

needs. The purpose of the proposed framework is to give TE a tool to raise the level of quality 

on the OP-1, but it could possibly be used on other products as well, as the product chain is 

similar on their current products. An illustration can be seen in Figure 1Figure 12. 

 Start  

o Establish a team – As the employees are busy with everyday tasks, it is 

important to form a team that can work with improvements and make time for 

it. Otherwise the project will slowly come to a halt as no one has time to work 

with it and as a result nothing will change. 

o Define the problem – What is the problem? It can be something the operators 

have discovered, or management has a hunch about. Look into the 

characteristics of the problem and try to specify it short and to the point.  

o Set a deadline and a target – This is as important to do as to form a team. 

Without a deadline the project might drag on and eventually come to a halt. 

The target helps to evaluate the improvements afterwards: “the target is to 

decrease defect X with Y%”. If the project is not successful in reaching the 

target, a new approach has to be made.  

 Info gathering 

o Get as much information about the problem as possible to get an understanding 

of the process: extract data, measure time and distances, interview the 

operators etc.  
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 Analyze 

o Sort and visualize the collected data in a pie chart, Pareto chart or some other 

way to extract additional information. 

o Do a root cause analysis to get to the bottom of the problem and clarify the 

origin. 

 Improve  

o Design creative solutions to fix and prevent the problems. Make an 

implementation plan of how and when it should be done. 

 Implement  

o Implement the changes according to the developed implementation plan. 

 Maintain  

o Establish or update standards and guidelines regarding the implemented 

solutions. 

o Track the status of implemented solutions with statistics. 

o Make regular audits regarding implemented improvements. 

o If possible, measure the difference before the implementation and after. 

 Identify next problem and start over 

 

 

Figure 12 - An illustration of the framework 
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6 Discussion and conclusion 

Teenage Engineering had expressed wishes to move the quality control process of the OP-1 

from the office in Stockholm. To be able to do that, the quality control process had to be 

improved so it could safely be moved without a significant drop in output quality. Therefore 

the purpose of this thesis work was to provide TE with knowledge regarding improvement 

processes, and a framework that could be used to improve the quality of their products. To 

evaluate the current quality control process and find improvements, we performed a case 

study with the Lean Six Sigma approach, DMAIC. We measured and analyzed the process, 

brainstormed improvements for the flaws that we found and ways to control them so the 

quality would not decrease over time.  

The focus of this report shifted a bit after mapping the quality control process. When the 

research process started, we wanted to identify problems that affected the quality negatively 

in the manufacturing process. However, as the measuring and analyzing progressed, we 

realized that the acquired data was not accurate enough to clearly identify problems. This led 

us to change the focus towards improving the routines of the quality control process.  

The biggest flaw that was found was the lack of continuous data from the quality control. Due 

to a lack of routines regarding how the QC should be done, several batches falsely showed 

none or very few defects as they were not correctly recorded in the database. This means that 

TE cannot be reimbursed for all the repairs they do as they don’t have the data to back it up, 

i.e. doing the suppliers’ work for free. Another flaw was the current guidelines. They were not 

detailed enough and also vague in the choice of words, which would make it impossible for a 

person not familiar with the process to do a satisfying job. The third flaw was the lacking 

communication and feedback to the supplier. The results of the QC could be reported to the 

supplier several weeks after it had been performed, which means that a new batch with the 

same type of defects could already have been produced. This will also inflict the improvement 

work at the supplier, as they get inaccurate information too late. Together, the flaws cause low 

internal quality, loss of income, unnecessary work and high risk for decreased output quality 

if the QC-process gets outsourced in the current state.  

The origin of the problems is the insufficient quality control performed at the supplier which 

might be the result of vague guidelines and lack of training provided by TE. This state is kept 

with lacking communication and feedback to the supplier.  
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Through the case study, we could also identify and select three potential candidates among 

the defects that could be a good first step to increase the overall quality of the OP-1.  

The result of this this report enables Teenage Engineering to improve the quality control 

process in the Stockholm office so that it gets more effective and produces accurate data. This 

in turn becomes a base to be used together with the suggested framework, and improvements 

can be made to raise the overall quality and reduce expenses. The framework is tailored after 

TE’s needs, but other companies in the same field with similar structure might benefit from it 

as well. 

The suggested improvements of the QC have due to restricted time not been implemented. It 

is up to TE to implement these as well as to use the suggested framework to further identify 

and eliminate defects. As the scope of this thesis work was the quality control process of the 

OP-1 from the receiving of products from the supplier to the delivery to the customer, the 

important root cause analysis of the selected candidates for improvement could not be done. 

6.1 Future work 

With a focus on preventive actions, the amount of defects will decrease and as a result the 

internal error costs will also decrease. This includes root cause analysis in the factory of the 

three selected defects as a first step. For best result this should be done by TE in the factory 

together with the supplier, if left in the suppliers’ hands, they will not invest enough in the 

process even when they are penalized with the whole quality cost. 

The next step will be to use the suggested framework and identify new problems to improve.  
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