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Abstract

Quality management (QM) is an important managerial tool in production and service environments. It covers the
social and technical factors affecting quality of products and services within an organization. Global competition and
increasing customer demands emphasize the importance of QM in different organizations. If applied correctly, QM
can be a success factor for a company, by increasing customer satisfaction and profitability of the company.

The thesis is a constructive research in nature and performed in a case company. The objective of the study is to
examine the current state and the biggest challenges regarding QM in the case company and to suggest improvement
proposals based on theory and empirical findings. The study addresses QM and its utilization in the case company in
the form of a quality management system (QMS). The literature review familiarizes with the concept of quality the
QM principles, and its involvement in company’s functions, such as product development (PD). The empirical part of
the research examines the current state of QM at the case company with the use of theme interviews. Also, three
benchmarking interviews contribute to empirical study, highlighting the best QM practices from technology
companies of similar magnitude.

The empirical part of the study demonstrates that in the case company quality is managed with several procedures,
but systematic and documented system, as well as clear, strategy-based quality policies and objectives, are missing.
The lack of systematic QM complicates detecting problems in PD and other organizational functions, leading to both
direct and indirect quality costs. Thus, the existing literature’s perception of reactive QM applies to the case company
for the most part. The study aims to solve QM related challenges in the company by utilizing the key points of
existing literature and benchmarking observations. Existing literature emphasizes the concepts of quality planning
and continuous improvement as the most important factors for an organization to move towards preventive QM,
including planning for the quality management system. The QMSs of the benchmarking companies differ, but their
unifying factors were observed to be process management, clear documentation of the system, clear objectives, and
systematic QM in PD processes. Evaluating the theory and empirical findings demonstrates, that QM at the case
company can also be developed with the implementation of a process-based QMS.

The proposed improvement model covers those basic QM methods, that the case company should assimilate to
develop a QMS. The development proposals include quality planning, measuring organizational performance and
process management, which together create a body for the QMS. Also, recommendations for QMS documentation
procedures and audits are presented. Together, the improvement proposals offer the case company a concrete model
for initiating quality work and developing the quality of products and services.

Additional Information

Key words: quality, quality management, quality management system, quality planning, process management
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Laadunhallinta on térked johtamisen apuvéline sekd tuotanto- ettd palveluympéristdissd. Se kattaa ne organisaation
sosiaaliset ja tekniset tekijit, jotka vaikuttavat tuotteiden ja palveluiden laatuun. Nykyinen globaali kilpailu ja
asiakkaiden kasvavat laatuvaatimukset korostavat laadunhallinnan tarvetta erilaisissa organisaatioissa. Oikein
sovellettuna laadunhallinta voi olla menestystekijd yritykselle, parantaen asiakastyytyvdisyyttd ja yrityksen
kannattavuutta.

Tédma diplomityd on luonteeltaan konstruktiivinen tutkimus, joka suoritettiin kohdeyrityksessd. Tyon tavoitteena on
selvittdd kohdeyrityksen laadunhallinnan nykytila ja suurimmat haasteet, seki esittdd kehitysehdotuksia kirjallisuuden
ja empiiristen havaintojen pohjalta. Tutkimus késittelee laadunhallintaa ja sen hyddyntdmistd kohdeyrityksessd
laatujdrjestelmédn muodossa. Kirjallisuuskatsaus perehtyy laadun késitteeseen, laadunhallinnan periaatteisiin sekd sen
merkitykseen yrityksen funktioille, kuten tuotekehitykselle. Empiirinen osa tutkimuksesta tutkii laadunhallinnan
nykytilaa kohdeyrityksessé teemahaastattelujen avulla. My6s kolme benchmarking-haastattelua ovat osana empiiristd
tutkimusta, tuoden esiin parhaita laadunhallinnallisia kdytdnt6ja vastaavan kokoluokan teknologiayrityksista.

Tutkimuksen empiirinen osa osoittaa, ettd laatua hallitaan kohdeyrityksessd eri toimintamallien avulla, mutta
jérjestelméllinen ja dokumentoitu laatujirjestelmi sekd selkeét, yrityksen strategiaan perustuvat laatulinjaukset ja -
tavoitteet puuttuvat. Systemaattisen laadunhallinnan puute vaikeuttaa ongelmien havaitsemista niin tuotekehityksessa
kuin muissakin organisaation toiminnoissa, johtaen sekd suoriin ettd epésuoriin laatukustannuksiin. Téiten
kirjallisuuden késitys reaktiivisesta laadunhallinnasta pdtee suurin osin myds kohdeyrityksessd. Tutkimus pyrkii
ratkaisemaan laadunhallinnallisia haasteita yrityksessd hyddyntdmaélld olemassa olevan kirjallisuuden péikohtia sekd
havaintoja benchmarkingista. Olemassa oleva kirjallisuus korostaa laatusuunnittelun ja jatkuvan kehittymisen
konsepteja tirkeimpind tekijoind organisaation kehittyessd ennakoivaan laadunhallintaan, sisdltden myds
laatujdrjestelmédn suunnittelun. Benchmarking-yritysten kayttamat laatujdrjestelmét poikkeavat toisistaan, mutta
niiden yhdistévini, laatua edistédvina tekijoiné havaittiin prosessijohtaminen, selked jarjestelmddokumentaatio, selkedt
tavoitteet sekéd jarjestelméllinen laadunhallinta tuotekehitysprosesseissa. Kirjallisuuden ja empiiristen havaintojen
vertailu osoittaa, ettd myds kohdeyrityksen laadunhallintaa voidaan kehittdd prosessipohjaisen laatujirjestelmén
toteuttamisen avulla.

Ehdotettu kehitysmalli kattaa ne perustavanlaatuiset laadunhallinnan menetelmat, jotka kohdeyrityksen tulee sisdistdaa
laatujérjestelmén kehittdmiseksi. Kehitysehdotukset sisdltdvét laatusuunnittelun, organisaation suorituskyvyn
mittaamisen ja prosessijohtamisen, jotka yhdessd luovat rungon laatujdrjestelmdlle. Myds suositukset
laatujarjestelmédn dokumentaatiomenetelmistd ja auditoinnista on esitetty. Yhdessd kehitysehdotukset tarjoavat
kohdeyritykselle konkreettisen mallin laatutyon aloittamiseksi, seki tuotteiden ja palveluiden laadun kehittdmiseksi.

Muita tietoja

Avainsanat: laatu, laadunhallinta, laatujirjestelmé, laatusuunnittelu, prosessijohtaminen
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1 INTRODUCTION

1.1 Study background

In today’s global and competitive market environment, constantly increasing quality
requirements of customers and the increasing supply of competitively priced products
and services from low labour cost countries can hinder company’s ability to compete in
the marketplace. To face these emerged challenges and to maintain a competitive edge
over their competitors, quality management (QM) and continuous improvement have
been utilized in companies to provide better product, service, and process quality to
satisfy the ever-increasing demands of the marketplace. (Dale et al. 2009) Therefore,
good quality performance is a necessity to successfully compete in the global
marketplace of the twenty-first century. Several improvement approaches to quality has
been adopted to respond to the market pressure, such as quality management system
(QMS) standards, business process re-engineering (BPR), Lean thinking, Six Sigma,
statistical process control (SPC) and total quality management (TQM). (Oakland 2014)

QM influences companies’ financial performance, as the quality-related costs usually
range from 5 to 25 % of annual sales turnover, depending on the industry and the way
quality is managed in the company (Dale et al. 2009). Top management should
recognize quality’s influence on company’s financial performance, encouraging to start
quality improvement projects (Cheah et al. 2011). Quality improvement can lead to a
chain-reaction of benefits in companies. For example, as described by quality guru Dr.
W. E. Deming, successful quality improvement project for cost reduction will also
improve productivity, reduce prices and thus increase the company’s market share,
which lead to long term presence of the company and growth. (Carrion-Garcia &

Grisales 2015)

In modern view, quality is achieved through process improvement and process
management. These principles are widely accepted and recognized in QMS standards.
Improving business processes and supporting process management infrastructure are

therefore seen crucial for product and service quality improvement. (Nanda 2005) A
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QMS should apply to and interact with this process management infrastructure, so that
quality objectives can be accomplished, and customer requirements are met. The system
should consist of an assembly of components, such as management responsibilities,
resources, and processes, with a focus on customer satisfaction and continuous

improvement. (Oakland 2014)

1.2 Research scope and objectives

This study’s primary focus is on QM and how it should be approached in companies.
The importance of quality management has also been noticed in the case company,
where quality, and sometimes the lack of it, is recognized on many areas of firms’
operation. This thesis focuses on improving case company's product quality by
proposing a framework for quality management system. The case company is the
market leader in its field in Finland and offers tailored solutions in business-to-business
(B2B) environment. The company’s offering consists of hardware, software, and service

aspects, and often the developed solutions include all three aspects in them.

The main objective of this study is to examine the current state and challenges of quality
management at the case company. The primary research objective can be approached

through three research questions, described below.

RQ1: What are the key elements and best practices of systematic quality management,

especially in small and medium-sized enterprises, according to earlier research?

RQ2: What are the current practices and challenges for managing quality in the case

company and the benchmarking companies?

RQ3: How the case company should improve its quality management practices for

increased product quality?

The case company's current state is analysed based on the key findings of existing
literature. As a result, a framework i1s developed for a QMS and its implementation at

the case company, based on literature and empirical findings. The improvement

11



proposals address the challenges found in the case company, by utilizing theory

concepts and best practices from benchmarking surveys.

1.3 Research process

The research process is presented in figure 1. In the beginning of the research process,
the scope of the thesis was defined during a few meetings with the responsible
personnel from the company. After the research scope was defined, a literature review
was conducted to enhance understanding of the topic and to create foundation for the
rest of the research. The literature review, presented in chapter 2, answers the first
research question. It examines earlier research and current literature related to quality in
general, quality management and its role in product development and productization.

Based on the literature review, an interview questionnaire was created.

The current state analysis was conducted through collecting data in the case company
and three benchmarking companies. Internal interviews were held in the case company
to understand the current state of the case company, and external interviews were to
study the best practices of managing product quality in similar sized tech companies.
Based on gathered material, the current methods, practices and challenges present in the
case company and benchmarking companies were analysed according to the literature
findings. Together, the interviews provide answer to the second research question. The
current state analysis, including the benchmarking interviews, is presented in chapter 3.
The empirical research findings together with theoretical framework contribute to the
main goal of the study, finding improvement opportunities and creating improvement
framework to improve quality management in the case company. The improvement

proposals and implementation plan are presented in chapter 4.

12
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2 LITERATURE REVIEW

2.1 Fundamentals of quality management

2.1.1 Quality

Quality has different definitions in today’s business world. To use the word quality
correctly, the person and his audience must share a common understanding of the
meaning behind it. The same principle of common understanding applies to an
organization’s view of quality, ensuring that everyone in each of the departments are
focused on the same objectives. (Dale et al. 2009) One way to view quality is as a
continuous improvement process of products and services, that focuses on customer

satisfaction (Wang et al. 1995).

ISO 9000:2015 standard defines quality as “degree to which a set of inherent
characteristics of an object fulfils requirements” (ISO 2015). Montgomery (2009) states
the traditional view of quality as “Quality means fitness for use”, which can be divided
into two general aspects: “Quality of design” and “quality of conformance.” Quality of
design describes the intentional levels of quality of the product and quality of
conformance on the other hand, describes how the product matches the specifications
required by the design. (Montgomery 2009) Dale et al. (2009) also includes abilities and
field services under the fitness for use definition. The principle of fitness for use is to
prevent over-specifying products or services. In the end, the fit for use of a product or
service is judged by the customer. (Dale et al. 2009) Broadly categorized, quality
definitions of experts fall into two categories, “satisfying applicable specifications” and

“satisfying customers” (Nanda 2005).

A modern definition of quality is “Quality is inversely proportional to variability.”
Simply put, the quality of the product increases, as variability in product’s important
features decreases. Thus, “quality improvement is the reduction of variability in
processes and products.” If process performance variability is too excessive, the amount
of wasted money, time and effort is increased due to increased scrap, repairs and

maintenance work. Therefore, improving product quality is also reduction of waste.
14



Product quality can be defined through eight key points: performance, reliability,
durability, serviceability, aesthetics, features, perceived quality, and conformance to
standards. Thus, quality can be considered an entity with many features. (Montgomery
2009) From technical standpoint, quality has two established meanings; “a
characteristics of a product or service that bears on its ability to satisfy stated or implied

needs” and “a product or service free of deficiencies” (Nanda 2005).

For today's global competition, quality has become one of the most important drivers.
Global competition intensifies and demand for better quality products by customers
have made companies realize that high quality is one of the main requirements for a
product or a service to successfully compete in the marketplace. (Demirbag et al. 2006)
Quality is seen as the most important competitive weapon for a company to build and
enjoy reputation. On the other hand, reputation for poor quality is long lasting and can
become national or international. (Oakland 2014) Quality is currently one of the most
important decision factors for customers (Montgomery 2009). Therefore, quality is seen
as an essential factor for both small and large manufacturing and service organizations.

(Hoyer & Hoyer 2001)

2.1.2 Quality management

Broadly, QM is an approach to management, consisting of set of mutually reinforcing
principles, that are supported by practices and techniques (Dean & Bowen 1994).
Traditional quality management revolved around routine tasks and detecting problems
through inspection activities. Today, the QM focus is shifted towards preventing
problems, managing future risks, and improving customer satisfaction through reducing
variation within an organization and applying supply chain-wide co-operation. (Dale et
al. 2009) The seven quality management principles in BS EN ISO 9000 (2015) are

defined as:

1. Customer focus

2. Leadership

3. Engagement of people
4. Process approach

5. Improvement
15



6. Evidence-based decision making

7. Relationship management

These seven principles are used as foundation to guide performance improvement of an
organization and form the basis for ISO 9000 QMS standard series. The principles are
not in priority order and their relative importance ways of applying them can vary

between different organizations. (ISO 2015)

QM has been evolving throughout the years. The development levels include inspection,
quality control, quality assurance and total quality management (TQM). During the last
decades, quality management systems have changed in a sense that quality control has
been replacing or been added to reinforce inspection activities, and quality assurance
has been developed. Today, many companies are working towards TQM via the use of
company-wide process of continuous improvement. The levels of quality management
evolution and characteristics of each maturity level are illustrated in figure 2. (Dale et

al. 2009)

Total quality management

. Policy deployment
Quality assurance eI

R Involvement of suppliers and

Quality systems development | customers
Quality control 3 .
Advanced quality planning | Invelvement of all operations
A Development of quality manual i Quality costs i Process management
Inspection ; ;

) Process performance data | FMEA | Performance measurement
salvage | Self-inspection | statistical process control | Teamwork
§S|:|rting, grading, reblending | Product testing Employee involvement
it:urrective actions Basic quality planning
\Identifying of sources of | Basic statistics utilization

inon-conformance |
H | Document contrel

Figure 2. The levels of QM evolution and elements (adapted from Dale et al. 2009).
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QM influences firm’s internal environment and relationship with its external
environment, focusing on technical and social parts of an organization (Molina et al.
2007). QM is recognized as a strategic tool to improve processes, access foreign
markets and increase competitiveness (Janis 2012). QM includes all activities within an
organization, that are required to plan for quality and all activities that are required to
satisfy quality objectives. QM can be seen to comprise four main elements: quality
planning, quality control, quality assurance and quality improvement, which are
presented in figure 3. Each of these elements are described more closely in this chapter.

(Nanda 2005)

Quality Improvement

Quality

Quality Control Management

Quality Assurance

Quality Planning

Figure 3. The four main elements of QM (adapted from Nanda 2005)

Quality planning

Quality planning is a strategic activity that affects organization’s long-term business
success. If top-level quality plan is missing, organization wastes a large amount of time,
money, and effort, as it must deal with faulty designs, manufacturing defects, field
failures and complaints from customers. Identifying internal and external customers and
their needs (voice of customer, VOC) is crucial to perform quality planning, so that
products or services can be developed to meet or exceed customer expectations.

(Montgomery 2009)

Establishing both short- and long-term quality improvement objectives demonstrates
management vision and strategic quality thinking. Achieving longer term quality

17



objectives may be planned incrementally so that there is continual improvement toward
the set objective. The long-term objective can be split into several smaller quality
objectives that can be met in smaller short-term increments. A short-term quality
objective is applicable to a product development project or over a period of few months.

(Nanda 2005)

Quality planning includes identification of quality requirements for both processes and
products. Process quality requirements can be usually seen as requirements set for the
QMS and product requirements apply to specific product or family of products and are
quantitative or qualitative in nature. Qualitative product requirements can be related to
user-friendliness and quantitative requirements can be related to reliability of the
product, for example. (Nanda 2005) On the QM evolution scale, presented earlier in this
chapter, quality planning is present from quality control to total quality management. In
quality control, basic quality planning is present. As the organization develops quality
assurance functions, advanced quality planning is introduced. Top management is
required to change the organizational policy from detection to prevention in order to
introduce quality planning and continuous improvement to various departments. (Dale

et al. 2009)

Quality planning also includes planning for a QMS. Nanda (2005) summarizes key

elements for planning a QMS in a product development company:

e Establishment of product development and support processes

e [Establishment of control points (milestones) and associated entry and exit
criteria

e Definition of methods

e Establishment of workmanship standards

e Identification of required resources

e Identification of work products (intermediate work products included)

e Establishment of guidelines for tailoring of product development processes. For

example, in the context of a single product development project.
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Quality control

Juran (1998) defines quality control (QC) as a universal managerial process to conduct
operations so that process stability is provided, and adverse change is prevented. The
stability of process is maintained by evaluating performance, comparing performance to
targets, and acting on the difference. (Juran 1998) Quality control measures provide
greater process control and lower rate of non-conformances, compared to a bare
screening inspection-based operation, even though inspection may still be the main tool

for preventing faulty products. (Dale et al. 2009)

A system of quality control provides a way to find product related information, such as
product and performance specifications in detail, raw materials, a system to control
product related paperwork and procedures, intermediate-state product-testing and
reporting activities, process performance data logs and process information feedback to
suppliers and specified personnel. (Dale et al. 2009) Montgomery (2009) states, that
variability leads to low quality, therefore statistical techniques, such as statistical
process control (SPC) and designed experiments are considered tools of QC and quality

improvement. (Montgomery 2009)

Companies, whose QM is based on inspection and QC are considered operating in a
detection-type mode, that focuses on removing the negative things after they have
occurred. This method leads to relying on quick fixes as the only option, as defects are
discovered late in the process. (Dale et al. 2009) Typical QC process flow is illustrated
in figure 4. Activities include the executed process, verification of the process output by
comparing it with applicable specifications, standards or requirements and corrective
actions if the output does not meet the requirements. The corrective actions are made,
and the process execution and verification are repeated until the process is in control.

(Nanda 2005)
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Figure 4. Process flow of generic QC system (adapted from Nanda 2005)

Detective quality control includes operations such as after-the-event inspecting,
checking, testing, troubleshooting and other methods related to “quick fixing” the
problem. Therefore, quality is not improved, only seen when it is missing. It may also
lead to a way of thinking that current rate of inspection is not high enough, and to
blaming of operators as the only cause for non-conformity of products instead of the
system itself. Inspection and quality control-based quality system may prevent faulty
products but does not prevent them being made in the first place. The whole take on
quality involves a backward-looking mentality, extra efforts spent on rework and
retesting, and ultimately leading in a decrease of bottom-line profit. Detection type
environment may also affect the overall climate at work negatively, as organization is
occupied by surviving in the business instead of making improvements. (Dale et al.
2009). Asking the right questions, such as “Are we capable of doing the job correctly?”
and “Do we continue to do the job correctly?” in the right order can help to replace a

detective strategy with a preventive one (Oakland 2014).
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Quality assurance

The primary purpose of quality assurance is to verify that control is being maintained in
the system and its processes (Juran 1998). As most of the quality related issues originate
from inadequate design of products or processes, achieving a lasting and continuous
improvement of quality requires focusing efforts on planning and preventing problems
at the source, instead of detection of non-conformances. Compared to quality control
system, quality assurance system provides uniformity and conformity and the use of
“the seven quality control tools”, that include: check sheets, histograms, pareto analysis,
graphs, statistical process control tools, failure mode and effect analysis (FMEA) and

realized quality costs. (Dale et al. 2009)

With QA, emphasis is shifted towards continuous improvement and problem prevention
by training and involving personnel, focusing further on quality planning and product
design and cross-functional problem solving. With the use of quality assurance tools,
the system has most likely achieved the requirements of the ISO 9001 standard. (Dale et
al. 2009) Quality assurance prevents quality problems through planned and systematic
activities, including the establishment of a quality management system and ensuring its
adequacy, auditing the operation of the system and reviewing the system (Oakland

2014). The main principle of a prevention-based QMS is presented in figure 5.
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Figure 5. A prevention-based quality system (adapted from Ford Motor Company 1985)

The key to successful quality assurance model, according to Montgomery (2009), is
documentation of quality system. Related quality documentation involves four main
components: policy, procedures, work instructions and specifications, and records. The
policy component states what is to be done and why, while procedures have focus on
the methods and related personnel that implements the policy. Records include
documentation of policies, procedures, and work-related instructions. Having records
also allows tracking of products or product batches, helping with customer complaints,

product recalls and assessing corrective actions (Montgomery 2009).

A quality assurance system is considered a preventive system, improving quality of
products and services. On top of increased quality of services and products, a preventive
system improves productivity, as product, service and process design are at the core of
operation. The practical benefits of a preventive system include identification of defects

early in the process and prevents the production of non-conforming items. For an
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organization to move from detection-based system to prevention-based system, a chance
in management style and way of thinking is required to develop a new operating

philosophy and approach. (Dale et al. 2009)

Quality improvement

Quality improvement benefits the organization by effecting on both efficiency and
effectiveness of its operation. Increasing efficiency relates to savings in time, money,
and effort expended to accomplish a task. Effectiveness on the other hand describes the
goodness or quality of an accomplished task. Good quality improvement solutions
provide a balance between efficiency and effectiveness. Therefore, quality improvement
can be defined as enhancement in the effectiveness and efficiency in processes and
enhancement of products ability to satisfy applicable requirements. Both aspects
enhance the organization’s ability to meet customer expectations, which is translated
into improved customer satisfaction. (Nanda 2005) Better quality is considered a

beneficial change and positively affects two quality aspects of products (Juran 1998):

e Product features — increases customer satisfaction, income oriented
e Freedom from deficiencies — creates customer dissatisfaction and chronic

waste, cost oriented

Quality improvement on income-oriented aspects may include actions such as: creation
of new features in product development to increase customer satisfaction, or business
process improvement to reduce the cycle time that leads to better service to customers.
Actions to reduce deficiencies may consist of increasing yield of factory processes,
reduction of the error rates in offices and field failure reduction. Quality planning is
crucial activity in both quality improvement contexts. For activities focused on
increasing income, a quality planning roadmap is utilized, consisting of identified
customers, needs of the customers and means to develop the product features according
to the needs. For chronic waste reduction, the quality improvement focuses on
discovering the causes of some products meeting the goal and some not and applying

means to remove those negative causes. (Juran 1998)
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Quality guru Dr. W. E. Deming explains the positive effect of quality improvement in
different organizational activities and performance. Deming’s chain reaction, presented
in figure 9, demonstrates the benefits of quality improvement within an organization.

(Carrion-Garcia & Grisales 2015)

Quality Cost Improved Price '”agf‘ﬁért‘g P;"S’;%J:ﬂh Growth and
Improvement Reduction | | Productivity| | Reduction Share g00d RO jobs

Figure 6. Deming’s chain reaction (Adapted from Carrion-Garcia & Grisales 2015)

The Plan-Do-Check-Act (PDCA) cycle (Deming 1986) provides a high-level
framework for effective quality improvement process (Nanda 2005). The PDCA

feedback loop steps and activities according to Juran (1998) are:

e Plan — choosing control subjects, setting goals
¢ Do — running the process
e Check — sensing and umpiring

e Act— stimulating the actuator for corrective action

Continuous improvement

Continuous improvement (CI) is a philosophy that can be defined generally as a culture
of sustained improvement that targets elimination of waste in all systems and processes
of an organization, by promoting co-operation of everyone to make improvements
without requiring huge capital investments. CI can occur as evolutionary improvement
(incremental improvements) or as radical changes originating from innovative ideas or
new technologies. (Bhuiyan & Baghel 2005) Other definitions of CI in literature are

presented as:

® “a company-wide process of focused and continuous incremental innovation”
(Bessant et al. 1994)
e “improvement initiatives that increase successes and reduce failures”

(Juergensen 2000)
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The history of CI has been apparent since 1800s, where management promoted
employee-driven improvements and incentive programs were established to reward
employees that bring up positive changes in the organization (Schroeder & Robinson
1991). The focus of CI has been then changing from principles related to work
improvement in the past, to modern day CI that focuses on organized and
comprehensive methodologies involving the whole organization, or a large part of it, in
change. During the last decades, the need to continuously improve the organization on a
larger scale has become a necessity. Therefore, several CI methodologies have been
developed on the concepts of quality or process improvement to reduce waste, simplify
production, and improve quality. (Bhuiyan & Baghel 2005) According to Bhuyian &
Baghel (2005), the best-known CI methodologies are lean manufacturing, six sigma,

balanced scorecard and lean six sigma, which are characterized next:

Lean manufacturing was systematized by Henry Ford when establishing the concept of
mass production in his factories and then adopted and improved by the Japanese. Lean
manufacturing aims to systematically identify and eliminate waste through CI by
monitoring the product at the pull of the customer. The lean manufacturing
methodology includes eliminating waste in every area of production, including
customer relations, product design, supplier networks and factory management. (Bhyian
& Baghel 2005) The goal of lean manufacturing is to become highly responsive to
customer demand and produce high quality products in the most efficient and
economical manner possible. This can be achieved by removing the waste in firm’s
operation, involving less human effort, less inventory, less time to develop products and
less space required. Lean methodology also promotes learning within the organization,
as mistakes are considered as waste and therefore are not generally repeated. (Robinson

1990)

Six sigma is defined as ‘“an organized and systematic method for strategic process
improvement and new product and service development that relies on statistical
methods and the scientific method to make dramatic reductions in the customer defined
defect rates” (Linderman et al. 2003). The philosophy of this methodology is about
minimizing defects to the level of accepting close to zero, focusing on variation

reduction in all organizational processes. The DMAIC model was developed to achieve
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this goal, including quality measurement that are applicable throughout the
organization. DMAIC stands for: define opportunities, measure performance, analyse
opportunities, improve performance, and control performance. The six sigma method
has been successfully established in several top organizations (Motorola, GE, ABB,
Honeywell) and is considered a mission-critical best practice even among SMEs.

(Bhyian & Baghel 2005)

The balanced scorecard (BSC) is a method developed in 1990 by Robert Kaplan and
David Norton, translating organization’s objectives into measures, goals, and initiatives
in four different perspectives. These four aspects are defined as financial, customer,
internal business process and learning and growth. The BSC is used to translate the
mission and vision of the organization into a wide set of objectives and performance
measures that can be monitored and evaluated and to discover whether management is
achieving desired results. The BSC allows feedback loops for all business processes,
which are a necessity to achieve improvement. The method considers feedback from
process outputs as well as business strategy outputs. The emphasis is placed on
processes that need to be executed successfully for the success of an organization’s
strategy. (Bhyian & Baghel 2005) According to Niven (2002), the balanced scorecard
consists of a measurement system, a strategic management system and a communication

tool, which are described in table 1.

Table 1. The components of a balanced scorecard system (adapted from Bhyian &
Baghel 2005).

Measurement system | The company’s vision and strategy are translated into objectives and measures,
instead of just focusing on financial measures (Bhyian & Baghel 2005).
Measurable goals and objectives are considered as one of the most important
aspects of a successful strategy (Gaplin 1997).

Strategic The balanced scorecard helps aligning short-term actions with strategy, thus
management system | removing barriers towards long-term strategic implementation in the organization
(Bhyian & Baghel 2005).

Communication tool | With the use of a balanced scorecard, the organizations strategy is clarified and
brought to the average employee, thus allowing their contribution towards the
overall goal of the organization (Niven 2002).

Lean six sigma is a hybrid methodology that has been developed after the apparent

benefits of lean and six sigma. A combined CI program is considered more far reaching
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than any one program individually and has been used to overcome the weaknesses of
one program and to help the organization to get a bigger share of the market. With lean
six sigma the required improvements can be achieved at greater rate than just using lean
manufacturing or six sigma methodologies. (Bhyian & Baghel 2005) With lean six
sigma, shareholders value is maximized by achieving the fastest rate of improvement in
customer satisfaction, quality, cost, invested capital and process speed (George 2002).
The model provides greater value to the customer. Lean focuses on elimination of
waste, while six sigma focuses to reduce variation. Thus, waste is first removed, that
allows for easier spotting of variations. With the fusion of the methodologies, the

organization can maximize its potential for improvement. (Bhyian & Baghel 2005)

Nanda (2005) describes a continuous improvement model for project development
projects, based on the PDCA cycle. The model is illustrated in figure 7. The model
provides understanding on incremental improvements to organization’s processes, use
of tailored processes and identification of future process changes based on the process

experience. (Nanda 2005)
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Figure 7. The CI cycle for PD process improvement. (modified from Nanda 2005)

e The improvement cycle begins with quality planning, where the standard
product development (PD) project is tailored according to identified deviations
from the process, supporting rationale and risk mitigation. The outcome of the
process-tailoring activity is a list of planned process deviations, which are used
to define the project-specific process. The defined process is then used as a basis
for executing project planning activities in a process-based planning way.

(Nanda 2005)

e Once the project plans for project-specific process are complete, the project is
executed. After product development and validation activities, the product is
released to the customers and the project formally concludes. The project
conclusion is followed by a project post-mortem review to identify lessons
learned, execute corrective and preventive actions and analyse project
performance. The deficiencies discovered in the post-mortem review and in the
analysis of measurement data are used to change processes as needed. The need
for process change may also arise from quality audits, employee suggestions,
customer satisfaction surveys or improvement actions for deployed quality

objectives. (Nanda 2005)

e The defined process changes are then evaluated to make decisions to pilot or
deploy the changes in the next project. Once the decision to deploy the changes
in the process is made, relevant QMS documentation is updated to formalize the
change. The updated PD processes and QMS documentation are then used as the

basis for the next project, repeating the cycle. (Nanda 2005)

2.1.3 Total quality management

As organization develops its quality management methods to cover all parts of the
organization, including customers and suppliers and their involvement in key business
processes, the organization is on its way to implement total quality management (TQM)
(Dale et al. 2009). TQM is a broad management approach that deals with processes and
attitudes. In TQM approach, quality is placed as the primary objective for the
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organization, opposing traditional management goals of maximising production and
controlling costs (Pardeep 2013). TQM requires application of quality management
procedures on every level and branch of operations, promoting its integration into
business practices and having a balance between managerial, technical and people
issues. Total quality management is an approach to quality, covering the whole
organization and involving every person in continuous improvement (Dale et al. 2009).
TQM can be also be used as a multidimensional approach to measure organizational

performance, equally considering both financial and non-financial measures (Sila 2007).

Implementing TQM also requires improvements in personnel working on quality
assurance level, in the form of expanding outlook and skills and increasing their creative
functions. By implementing total quality management philosophy, several
improvements are to be expected, such as more evolved tools and techniques, more
emphasis on people, established process management, better training and personal
advancement and more focus on eliminating waste and non-value-adding activities.
Organization’s activities will be more customer oriented and focusing on delighting

them instead of just satisfying. (Dale et al. 2009)

Building blocks of TOM organization

While several different views on the composition of TQM exist, there are established
key elements that compiles TQM, according to Dale et al. (2009). The key elements are

presented in table 2.

Table 2. The key elements of TQM (modified from Dale et al. 2009)

Commitment and leadership

Without the commitment of executives/senior managers, not much
happens and it won’t be permanent. The role of executives is to take
personal charge of improvement, control the process, show direction,
and have a strong grip on leadership, i.e. by controlling personnel that
hinder the improvement process.

Planning and organization

Planning is required to form a long-term strategy for TQM, that is
integrated with other organizational strategies (IT, operations, business
plans). It helps to develop quality straight into designs and processes,
adds prevention-based activities, corrects quality assurance procedures
to ensure correct operation of closed-loop corrective actions, lines
quality systems and related procedures with overall strategy, develops
the improvement supporting organization and infrastructure and
pursues towards standardization of systems, procedures and work
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guides.

Tools and techniques

By using quality tools and techniques in a problem-solving sense, the
process of improvement can be started, employees using them will feel
involved in the improvement, quality awareness is improved, and
attitudes change towards favouring improvement.

Education and training

Education and training should be provided, to ensure that employees on
every level of the organization have general awareness and
understanding regarding quality management related skills,
competencies and concepts to suit continuous improvement philosophy
and to have a common language when addressing quality management
related topics throughout the business. If training is lacking or
completely missing, a change in behaviour and attitudes won’t happen.

Involvement

To make every employee in the organization genuinely involved in the
continuous improvement process, all types of means to achieve
employee interest must be taken into consideration, i.e. in the form of
teamwork activities. Through involvement personnel will get better
understanding about their role and how their tasks relate to the whole
business picture. They also gain knowledge of how their relations and
dependencies are between them and their internal customers.

Teamwork

Teamwork is important part of involvement and provides means in
gaining commitment and participation throughout the organization,
while also maximizing the value and output of individuals.

Measurement and feedback

Internal and external indicators provide encouragement that things are
improving with measurable facts. Measurements allow an action plan
to be developed to meet the set targets and bridge gaps.

Ensuring that the culture is
conductive to continuous
improvement activity

Organizational culture that is conductive to continuous improvement
and in which everyone can participate requires changing people’s
behaviour, attitudes and working practices and also integrating quality
assurance into all organization’s processes and functions. Change
management is seen as one of the greatest challenges facing a company
that implements or improves their QM procedures to achieve TQM in
the organization.

2.1.4 Software quality management

Quality is considered an important requirement of software products, a competitive

necessity, and a business essential. Strong quality focus is given to all phases of the

software development lifecycle, and emphasis is increasing on product quality, process

maturity and continual process improvement. (Murugesan 1994) Software applications

are nowadays “systems of systems”, consisting of hardware, networks, software

services and users. Systems themselves have become software-intensive, heterogenous

and dynamic. Thus, a lack of software quality is seen problematic from several aspects.
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To achieve these demanding levels of quality, a software quality process is essential for
an organization. A software quality process is the result from defining the software
quality attributes, that allow the organization to define quality and required quality
levels. The defined attributes allow the definition of quality requirements for the target
system. A proactive way of quality assessment is required to determine when system

attributes may fail to meet the set requirements. (Mistrik et al. 2016)

A challenge with new development methods such as agile method is testing of the
software. Software testing can be viewed as the cornerstone of software quality
management practices. (Mistrik et al. 2016) Shortcoming in software testing leave a
greater number of errors undetected and uncorrected, and therefore affecting the error
rate. Shortcomings may originate from causes such as: incomplete test plans, failures to
document and report errors and faults, failure to correct detected software faults as a
result of insufficient indications of the reasons for the fault, or negligence or time

pressures that lead to incomplete correction of the error. (Galin 2004)

Software quality management (SQM) includes processes that ensure that software
products, services and life-cycle process implementations meet the quality objectives of
an organization and achieve stakeholder satisfaction (Galin 2004; Schulmeyer 2007;
Tian 2005). SQM consists of three basic subcategories: software quality planning
(SQP), software quality assurance (SQA) and software quality control (SQC). Also,
software process improvement (SPI) is often considered a sub-category of SQM

process. The SQM elements are presented in figure 8. (Mistrik et al. 2016)

Software quality management (SQM)

! Software quality assurance Software quality control i
: (SQA) (5QC) :
i Software quality planning Software process improcement i
i (S0QF) [SFI) !

31



Figure 8. Main elements of SQM (adapted from Mistrik et al. 2016)

SQC activities focus on examining product artefacts’ (such as code, design,
documentation) compliance to established project standards (functional and non-
functional requirements and constraints) and ensures that these artefacts are checked for
quality before their delivery. Typical SQC activities include code inspection, technical

reviews, and testing. (Mistrik et al. 2016)

SQA plays a critical role in software development lifecycle (SDLC) and can affect
project’s overall success. It is defined as a repeatable process that is integrated with
project management and software development lifecycles. Objective of the SQA
process is to assure conformance to requirements, reduce risk, assess internal controls,
improve quality and to conform to stated schedule and budget of the project. (Owens &
Khazanchi 2009) Gill (2005) views SQA as an umbrella activity applied to each step of
a software process, involving mapping of managerial precepts and design disciplines of
quality assurance onto the space of software engineering. If attention is not paid to SQA
activities, the consequence may be in the form of budget overruns, schedule delays,
failure to meet project objectives or poor customer satisfaction (Chow 1985). Quality
assurance practices can reduce project failures with checks throughout the SW project
process (Owens & Khazanchi 2009). Feldman (2005) states that SQA provides
assurance and credibility that the project works correctly. The IEEE standard (IEEE Std
610.12-1990, 1991) defines SQA in following ways:

e “a planned and systematic pattern of all actions necessary to provide adequate
confidence that an item or product conforms to established technical
requirements”

e “a set of activities designed to evaluate the process by which products are
developed or manufactured”

e “the planned and systematic activities implemented within the quality system,
and demonstrated as needed, to provide adequate confidence that an entity will

fulfil requirements for quality”
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e “part of quality management focused on providing confidence that quality

requirements will be fulfilled.” (IEEE Std 610.12-1990, 1991)

SQP is defined at the project level in alignment with the SQA. The planning specifies
the project commitment to follow standards, regulations, procedures, and tools during
the software development lifecycle. SQP also defines quality goals, expected risks and
risk management, along with estimated effort and schedule of software quality
activities. An SQP may include SQA components, or it may be customized based on the

project’s needs. (Mistrik et al. 2016)

Several software quality factor models have been suggested over the years. McCall’s
factor model, consisting of 11 software quality factors that are grouped into three
categories (McCall et al. 1977), is considered as the classic factor model (Galin 2004)
and continues to provide a practical and up-to-date method for software requirement
classification (Pressman 2000). The McCall’s factor model categories include product
operation, product revision and product transition. The three categories and included

factors are presented in figure 9.
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Correctness
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Figure 9. McCall’s software quality factors (adapted from Venters et al. 2014).
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2.1.5 Benefits of quality management

One of QM’s main strengths is in the consideration of the socio-technical system of an
organization (Manz & Stewart 1997). Internally, QM promotes social aspects in an
organization, such as teamwork and autonomy, by increasing self-regulatory capability
of groups and individuals (Molina et al. 2007). Externally QM enhances cooperation
with customers and suppliers in a non-competitive manner, to build and maintain an

open relation with them (Flynn et al. 1994).

Quality management practices are also found to have a positive impact on
organizational performance (Lakhal et al. 2006; Jaafreh 2013). A significant
relationship between QM dimensions (leadership, strategic planning, customer focus
and employee relation) and organizational performance is shown in a study carried out
by Jaafreh (2013). A positive relationship is found between TQM constructs and firms’
inventory management performance, quality performance and financial and market
performance (Kaynak 2003). Beckford (2002) divides the motivation for QM into three

arguments:

e The economic argument — quality improvement increases revenues and
decrease costs.

e The social argument — the production of non-quality goods is a waste of human
resources and talent. Non-quality environment is demoralizing for its’
employees.

e The ethical argument — world has limited resources; therefore, they should not

be wasted for non-quality goods. (Beckford 2002)

2.1.6 QM adoption in SMEs

Small and medium-sized enterprises (SMEs) often end up working with QM when large
companies, whose suppliers the SMEs are, demand so. However, as Ghobadian and
Gallear (1997) state, QM in SMEs is not restricted to their relationship with larger
companies, but the adoption of QM can effectively help the firm’s transition from the
incubation stage to the maturity stage. Ghobadian and Gallear (1996) state that the basic
concepts of QM are equally applicable to SMEs and larger companies, but the detail and
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method of implementation differ. Kumar and Anthony (2008) state that QM initiatives
can be adopted in both small and large companies. However, QM has not been adopted
in smaller companies to any greater degree (Achanga et al. 2006). Common
characteristics for SMEs, that have effect on quality management context are presented

in table 3.

Table 3. Common characteristics of SMEs (modified from Assarlind & Gremyr 2014)

Structure Flat structure with few layers of management

Large degree of influence exercised by individual managers
Informal strategies

Single sited

Potential for quick responses to external charges

Low degree of specialisation

Unified culture

Limited financial resources

Contacts

Operating in limited markets with a small customer base
Limited external contacts

Processes Flexible processes
Low degree of standardisation
Reactive and firefighting mentality

Result-oriented

People Modest human capital and know-how
Very few internal change catalysts
Individuals can see the results of their efforts

Low incidence on unionisation

Price and Chen (1993) list five challenges facing QM implementation in SMEs:

1) Senior managers are used to micro-manage all aspects of a small firm.

2) Every team in the organization must be empowered equally

3) Lack of resources leads to slower solving of quality issues, which then leads to
frustration and scepticism among the employees

4) Motivating employees during the early activities might be difficult, as the results
cannot be shown quantitatively

5) Training works best when there is a class size of 10 or more. For small firms it
might not be possible to continue daily operations if a sizable portion of

employees are attending class.
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Assarlind (2014) summarizes six critical factors for QM initiatives in SMEs from

literature:

1. Contextualization - Building the QM on the company’s current strengths.

2. Gradual implementation using realistic goals - A stepwise method of
implementing QM with continuous monitoring to show the achieved benefits
and early profits.

3. Involvement and training of employees - Involvement is reinforced by sharing
information, communicating, training, recognition and rewarding of
accomplished QM work.

4. Involvement of external support - it might be required to educate or employ a
person with QM skills, to support the implementation

5. Management involvement - Management’s role is to spread an awareness and
understanding of QM, to support the implementation

6. Fact-based follow-up - Measuring the effectiveness of QM, to ensure that

improvements are made and that they align with the set goals

2.2 Process management

Establishing and improving a process management infrastructure is widely accepted
view in improving the quality of products and services of an organization (Nanda 2005).
A simple way to define a process is transformation of a set of inputs into outputs. The
outputs satisfy internal and external customer needs and expectations and can be in the
form of products, information, or services. In an organization, every department
includes processes that can be analysed through their inputs and outputs. Cross-
functional processes can be evaluated in the same manner of looking into their inputs

and outputs. (Oakland 2014)

Business process mindset provides analytic view on processes and breaks the mould of
only focusing on processes of separate functional units (Hammer 1996). The focus of
managing business processes is to improve processes and thus ensure that critical
activities that affect customer satisfaction are optimized in efficiency and effectiveness.

Successful implementation of business process management is tied to two key concepts:
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process alignment and people involvement. (Hung 2006) Effective process management
requires consideration of voice of the customer and voice of process, which are used to
form the process equation: right suppliers + correct inputs = correct outputs + satisfied
customers. This process is also known as the SIPOC process, presented in figure 10.
(Oakland 2014) SIPOC stands for suppliers, inputs, process, outputs, and customers
(Rasmusson 2006).
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"The voice of process"

Figure 10. The SIPOC process (adapted from Oakland 2014)

Oakland (2014) describes the best process management practices as following:

e Identification of key business processes

e Systematic process management

e Reviewing processes and setting improvement targets
e Innovation and creativity-based process improvement

e Adjusting processes and evaluating the benefits
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Juran (1998) describes three methods for selecting key processes of an organization,
that process management should prioritize. The key processes can be selected with the
critical success factor (CSF) method, the balanced scorecard method or by evaluating
processes through identified organization-specific critical selection criteria. The
resulting key processes are displayed graphically with process maps. (Juran 1998)
Mapping business processes is an important factor in understanding flow of information
and resources within the internal value chain. It also helps understanding relationships
between different processes and dimensions. Process mapping also benefits

performance assessment in operational and support processes. (Carpinetti et al. 2003)

2.3 Performance measurement

Performance measurement is important to achieve sustainable improvement within an
organization (Lee & Ahn 2008). Measurements play a key role in quality planning and
improvement by tracking progress against goals, identifying opportunities for
improvement, and comparing performance against internal and external standards.
Measurement, together with analysis and improvement processes demonstrate that
products, services and processes meet the required specifications. (Oakland 2014).
Tracking key processes in the critical process steps with in-process and result measures
helps to meet customer requirements, prevent errors, improve cycle time, increase

productivity and reduce variability (Lee & Dale 1998).

Key performance indicators (KPIs) are top-level business indicators that are used to
drive the business at top level. Performance metrics on the other hand, support the KPIs
and drive the lower level progress of business, departments, and projects. The concepts
of KPIs and performance metrics should not be mixed, but their direct link to each other

is crucial. (Boltic et al. 2010)

Oakland (2014) presents a systematic model for a performance measurement framework
(PMF), that is based on strategic planning and process management. The framework
consists of four elements: strategy development and goal deployment (level 1), process
management (level 2), individual performance management (level 3) and performance

review (level 4). These four levels are described more closely:
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e The first level of PMF, strategy development and goal deployment, begins at
identifying critical success factors (CFSs) based on mission statement. The CFSs
should cover stakeholder groups, customers, employees, shareholders, and
society. Performance measures for set CFSs are developed as key performance
outcomes (KPOs) and targets for each CFS.

e On the process management and measurement level, processes are identified and
mapped and organizational goals, action plans and customer requirements are
translated into process performance measurements, known as key performance
indicators (KPIs).

e The third level, individual performance and appraisal management, focuses on
controlling individual performance. Direct managers have the responsibility of
performance appraisal of individuals. Important steps on this level is identifying
and documenting job descriptions, developing personal performance measures,
define targets for performance targets, manage performance by planning tasks
and managing their performance and identify areas of improvement.

e Performance review level includes identifying needs for performing a review,
determining review methods, executing the reviews, and using the results in

organizational or process planning level. (Oakland 2014)

2.4 Costs of Quality

Quality costs do not have a single clear generally agreed, precise, definition. Years ago,
cost of quality was perceived as the cost of running the quality assurance department
and laboratory along with scrap and warranty costs. Nowadays, the definition has
evolved, and costs of quality are the costs from setting up and operating a quality
management system, costs from continuous improvement process and failures of
processes, products and services. Quality costs are considered cross-organizational, as
they can arise from a range of organizational activities, such as from sales and
marketing, design, storage, production planning, operations, or installation procedures,
to name a few. The costs can also originate from outside of the organization, such as

from suppliers, distributors, or customers. Typically, quality-related costs range from 5
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to 25 % of a company’s annual sales turnover, depending on the industry and the

company’s way to manage quality and the improvement process. (Dale et al. 2009)

The objective of a cost of quality (CoQ) system is to find the quality level which
minimizes the total cost of quality. (Shiffauerova & Thomson 2006) A company can
also identify places to optimize costs by analysing quality costs (Janis 2012). Costs
associated with poor quality is measured for three reasons: to quantify the size of quality
problem to justify improvement efforts, guide the development on that effort and to
track progress of improvement activities. Cost of poor-quality components are presented

in figure 11 (Juran 1998).

Cost of poor quality

Cost of lost opportunities for
sales revenue

Cost of nonconfarmities Cost of inefficient processes

Figure 11. The cost of poor-quality components (modified from Juran 1998)

Measuring and reporting the cost of quality should be considered an important issue in
the company. Cost of quality approach is evidently effective in reducing company's
quality costs and improving quality for their customers. Still, it is not utilized in most
quality management programs. A survey by Schiffauerova & Thomson (2006)
compares different models for CoQ presented in the literature, including the most
implemented classical prevention-appraisal-failure (P-A-F) model. To make the CoQ
model a successful systematic tool in company's quality management program, the
selected model must suit the situation, environment, purpose, and the needs of the
company. The objective of continuous improvement programs is to meet customer
requirements and to do it with the lowest cost. The reduction of the costs needed to
achieve quality is only possible if they are first identified and measured. Generic CoQ
models and their corresponding cost and activity categories are presented in table 3.

(Shiffauerova & Thomson 2006)
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Table 3. Generic CoQ models and cost categories (modified from Shiffauerova &
Thomson 2006)

Generic model Cost/activity categories
P-A-F models prevention

appraisal

failure
Crosby’s model conformance

non-conformance

Opportunity or intangible cost | prevention
models appraisal
failure
opportunity

conformance
non-conformance
opportunity

tangibles
intangibles

P-A-F (failure cost includes opportunity cost)

Process cost models conformance
non-conformance

Juran (1998) defines the common quality cost categories as:

e Internal failure costs — costs of deficiencies (fail to meet explicit requirements
or implicit needs of external or internal customers) discovered before delivery,
avoidable process losses and inefficiencies. These costs would disappear with

zero deficiencies.
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e External failure costs — costs associated with faulty products that have reached
the customer, lost opportunities for sales revenue. These costs would also
disappear with zero deficiencies.

e Appraisal costs — costs that arise from determining the product’s degree of
conformance to set quality requirements, such as incoming inspection and
product quality audits.

e Prevention costs — costs caused by keeping the failure and appraisal costs to a

minimum, such as quality planning and process planning activities. (Juran 1998)

The P-A-F model is the most employed in the companies that use quality costing. The
basic understanding of the model is that investment in prevention and appraisal
activities will lead to reduced failure costs and further investment in prevention
activities will reduce appraisal costs (Porter & Rayner 1992). Crosby’s model’s cost
categories share similarities with P-A-F scheme. The cost of quality in Crosby’s model
consists of the sum of price of conformance and price of non-conformance.
Conformance costs include making certain that things are done right the first time,
including actual prevention and appraisal costs. Price of non-conformance includes
money that is wasted when the work fails to meet the customer requirements, calculated
by determining the cost of corrective actions, reworking or scrapping, corresponding to
actual failure costs. (Shiffauerova & Thomson 2006) Many times the P-A-F model and
Crosby’s model are used in companies in the same way, and the only difference is the
terminology related to these CoQ models. (Goulden & Rawlins 1995) Both models have
been successfully implemented in several companies and industries. (Shiffauerova &

Thomson 2006)

Opportunity and intangible costs have gained importance recently. Intangible costs can
be only estimated, such as lost profits from lost customers and reduction in revenue
caused by non-conformance. (Shiffauerova & Thomson 2006) According to Sandoval-
Chavez and Beruvides (1998), opportunity costs can be divided into three components:
installed capacity underutilization, inadequate material handling and poor service
delivery. These losses are added into traditional P-A-F quality expenses, so that total
CoQ is expressed as revenue lost and profit not earned. Modaress and Ansari (1987)

also promote expanding the P-A-F model with extra dimensions of cost of inefficient
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resource utilization and quality design cost. Carr (1992) divides the quality costs into
three categories: the cost of conformance, the cost of non-conformance and the cost of
lost opportunity. Opportunity and intangible costs have been implemented in CoQ
improvement programs with positive results. The company Xerox was the first company
to implement opportunity cost to determine CoQ, which resulted in an 83 % reduction

in CoQ as well as improved customer satisfaction (Shiffauerova & Thomson 2006).

The process cost model focuses on process rather than products or services (Marsh
1989), collecting and analysing quality costs for both direct and indirect functions
(Goulden & Rawlins 1995). Process cost consists of the total cost of conformance and
non-conformance for a specific process. The cost of conformance presents the cost of
producing products or services first time meeting the requirements of the specific
process, and non-conformance is the failure cost caused by process not meeting the
required standard. Process costs allow to determine if more failure prevention activities
are needed in the process or if excessive conformance costs show the need for a process
redesign. The process cost model is applicable within total quality management as it
promotes the importance of process cost measurement and ownership and provides a
more integrated approach to quality compared to the P-A-F model. (Porter & Rayner
1992) Process modelling is strongly related to the model. Crossfield and Dale (1990)
promote a method to map the quality assurance procedures, information flows and
quality-related responsibilities. Other methods exist as well, such as hybrid model

representing the main processes using flowcharts (Goulden & Rawlins 1995).

An activity-based quality costing (ABC) model is developed by Cooper and Kaplan
(Cooper 1988; Cooper & Kaplan 1988) to help allocating overheads to CoQ elements
and tracing quality costs to their sources (Tsai 1998). It is not considered an actual CoQ
model, but an alternative approach that helps to manage quality costs more effectively
by identifying, quantifying and allocating quality costs among products. In the ABC
model, resource costs are traced to their respective activities and the cost of these
activities to cost objects, thus achieving accurate costs for different cost objects. The
long-term goal of an ABC system is to remove non-value-added activities and to
continuously improve processes, activities and quality, so that no defects are produced

(Shiffauerova & Thomson 2006).
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CoQ parameters and metrics

Generally, CoQ measurement system should include good feedback metrics and a
mixture of global and detailed metrics. The metrics are the elements of CoQ and how
their performance is measured. For example, the measurement system can include the
cost of defects per 100 pieces produced, the time between service calls, the number of
complaints received or the cost of assets and materials as detailed metrics. For global
metrics, literature suggests the following metrics presented in table 4. The most
frequently mentioned metric is return on quality (RoQ), which is used as a basis for
accepting quality improvement projects in companies and it is also used as a tool to
compare the suggested quality improvement projects (Shiffauerova & Thomson 2006).
RoQ have been also modified to fit in the software environment with three new quality
metrics: return on software quality, cost of software quality and software quality

probability index (Slaughter et al. 1998).

Table 4. Global metrics for CoQ system (modified from Shiffauerova & Thomson
2006)

Metric

increase in profit

RoQ =

" cost of quality improvement program

input — -quality defects + startup defects + rework)

Quality rate =

input

available time — -ework time

Process quahty - available time

First time quality = (% product with no rework)

2.5 Quality management systems

ISO 9000:2015 defines quality management system (QMS) as “part of a management
system with regard to quality” (ISO 2015). A QMS works as an established framework
of reference points, ensuring that every time a process is performed, the same
information, methods, skills, and controls are used and applied. As a result, the system

helps to define requirements, communicate policies and procedures, monitor work
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performance, and improve teamwork. (Dale et al. 2009) A QMS should cover all
processes in the organization, aiming to accomplish the objectives of the quality policy.
This is done by controlling human, administrative, and technical factors that influence
quality. A good QMS ensures that both customer’s requirements and organization’s
requirements and met and objective evidence is collected. (Oakland 2014) The primary
motivation for implementing a QMS is either management need (e.g. to improve
productivity or product quality) or customer demand. Sometimes competitive pressure

drives the QMS implementation in an organization. (Nanda 2005)

Documentation of the QMS is crucial to quality assurance and takes several forms. All
aspects of an organization’s operation should be described in the QMS, along with
relevant activities. A QMS is a management practice that covers organization,
responsibilities, procedures, and processes. (Dale et al. 2009) A QMS is a permanent
part of an organization, including a structure, a defined scope, responsibilities, content
related to processes and supporting QMS documentation and resources to accomplish
quality planning, QC, QA, and continuous quality improvement. A QMS must be
improved continuously to maximize its efficiency and effect on an organization. (Nanda
2005) Dale et al. (2009) present a QMS documentation structure that consists of four

levels, which are presented in table 5.

Table 5. The QMS documentation levels (adapted from Dale et al. 2009)

Level 1. A company quality manual. Provides a compact statement of the quality policy and
quality objectives (Dale et al. 2009) ISO 9000:2015 defines quality manual as
“specification for the quality management system of an organization” (ISO 2015).

Level 2. A procedures manual. The manual gives structure to the QMS, describes how the system
functions, allocates responsibilities for each department/unit and states the practices to
be followed in the organization.

Level 3. Work instructions, specifications, methods of performance and detailed work methods
together form the third level of documents.

Level 4. All other reference documents, such as forms, standards, drawings etc. (Dale et al. 2019)

2.5.1 ISO 9000 series QMS standards

The ISO 9000 standard series create a link between the quality of the management
system to product and process quality, by focusing on customer satisfaction and

continuous improvement (Oakland 2014). The ISO 9000 series of International
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Standards were first published in 1987 to support the growing internationalization of
business, to provide common QMS standards (Fonseca 2015) and to build confidence
between manufacturers and suppliers in B2B transactions and in international trade (van
der Wiele et al. 2004). The series of standards describe the specific minimum
characteristics of quality systems that can be standardized, benefitting organizations and
their suppliers by letting each other know that they meet certain requirements (Tummala
& Tang 1996). ISO 9001 represents a management model that combines proven

principles and concepts to develop the capability of an organization (Hoyle 2017).

ISO 9000 standards focus on the assurance of quality consistency rather than quality
improvement on the products or services of an organization (Tsiotras & Gotzamani
1996). The standard series help organizations to ensure that they follow specific well-
documented procedures in the making and delivering their products, guaranteeing that
the products or services are in accordance with customer specifications (van der Wiele
et al. 2004). The certification of ISO 9000 series only details the essential elements of a
formal QA system, not the ways to apply them. Therefore, it is stated that the
certification cannot be applied in the same way in every organization. (Tsiotras &

Gotzamani 1996).

The ISO 9000 standard series promotes process approach when developing,
implementing, and improving the QMS. The process approach in a QMS enables
understanding and consistency in meeting requirements, consideration of added value in
processes, achievement of effective process performance and process improvement
based on data and information. A schematic representation of any process and its
elements is presented in figure 12, with possible monitoring and measuring check points

necessary for process control. (ISO 2015)
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Figure 12. Elements of a single process (modified from ISO 2015)

The structure of ISO 9001:2015 follow the ISO Directives Annex SL, which is a general

requirement for all management system standards (Anttila & Jussila 2017). The

structure, chapters, and clauses of the ISO 9001:2015 according to ISO Directives

Annex SL are listed in table 6.

Table 6. The ISO 9001:2015 standard structure (modified from ISO 2015)

1 - 3 General introductory clauses

4 Context of the organization

4.1 Understanding of the organization and its
context

4.2 Understanding the needs and expectations of
interested parties

4.3 Determining the scope of the quality
management system

4.4 Quality management system and its processes

5 Leadership

5.1 Leadership and commitment

6 Planning

6.1 Actions to address risks and opportunities

5.2 Policy 6.2 Quality objectives and planning to achieve
5.3 Organizational roles, responsibilities and them

authorities

7 Support 8 Operation
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7.1 Resources

7.2 Competence

7.3 Awareness

7.4 Communication

7.5 Documented information
7.5.1 General

7.5.2 Creating and updating

7.5.3 Control of documented information

8.1 Operational planning and control

8.2 Requirements for products and services
8.3 Design and development of products and
services

8.4 Control of externally provided processes,
products and services

8.5 Production and service provision

8.6 Release of products and services

8.7 Control of nonconforming outputs

9 Performance evaluation

9.1 Monitoring, measurement, analysis and
evaluation

9.2 Internal audit

9.3 Management review

10 Improvement
10.1 General
10.2 Nonconformity and corrective action

10.2 Continual improvement

The Annex SL structure includes typical managerial entities that are found in any

organization’s business system. The structure is used e.g. in information security

management, environmental management, and asset management system standards. The

harmonized management system structure helps organizations to integrate several

different managerial systems simultaneously. (Anttila & Jussila 2017)

The clauses 4 to 10 of the standard can be grouped in relation to the beforementioned

PDCA cycle to improve processes and the QMS. The PDCA cycle and standard clause

relation is presented in figure 13. Numbers in brackets show the corresponding clause in

the standard.
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Figure 13. Structure of ISO standard in the PDCA cycle (modified from ISO 2015).

Priede (2012) summarizes the main reasons to implement an ISO 9001 based quality

management system:

1.

Consistency of output — well defined and documented processes and procedures
are easily understandable for all employees and therefore contribute to the main
idea of the standard, to do all things right at first time.

Information flow from processes to the top management — constant measurement
of quality (to see if the processes running as defined and process mean deviation
information).

Corrective actions are taken whenever defects occur — measurements give
information about the defects, which the corrective actions are based on.
Procedures, such as analysing causes and defining preventive actions support the
process (tools such as Ishikawa diagram).

Decreased defect rates — the result from identifying and understanding problems

and defining appropriate preventive actions.
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5. Early spotting of defects, lower cost of defect correction — Well written
procedures and the control over the whole process allow problem identification
at a very early stage.

6. Documented procedures are easy to follow for new employees and assure that
new employees will start to work effectively in a quick manner.

7. Retain or increase market share of the organization, increasing sales or revenues.

8. Lower production costs — through less nonconforming products and rework,
lower rejection rates, streamlined processes and fewer mistakes.

9. Some markets require the standard or favour companies with ISO 9001

certification. (Priede 2012)

2.5.2 Self-assessment

Organizations that evaluate and take actions on improvements are found to advance and
excel, compared to competitors. Self-assessment allows for explicit identification of
organization’s strengths and improvement areas and is therefore considered as a
powerful organizational learning tool, directing the improvement process. (Lasrado
2018). An appropriate performance measurement system is essential for the
organization to regularly check what activities are going according to plan, if there is a
decline, determine development needs and to see what the gaps are between desired and
actual results (Yang et al. 2001). Samuelsson and Nilsson (2002) divide self-assessment

practices into two categories:

e Self-assessment related to the ISO standard, relating to QA self-assessment or
audits, ensuring that required standards are met.
e The second type is based on an excellence model that originates from the TQM

philosophy (Samuelsson and Nilsson 2002)

Organizations may use either a standardized quality model or an academic model as a
reference for self-assessment of the organization (Lasrado 2018). Popular standardized
and internationally recognized quality models include models such as the Malcom
Balridge National Quality Award model (MBNQA) in the USA, the EFQM excellence
model in Europe and the Deming Application Prize model in Japan. The models and

guidelines for application help the management to define TQM for all types of
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organizations. Usually the award models are usually not applied for the respective
awards by organizations, but to simply use the criteria of the chosen model to examine
and analyse the state of their improvement process and to guide how to achieve business
excellence. (Dale et al. 2009) Next, the popular self-assessment models are described

more closely.

The European (EFQM) model consists of customer satisfaction, people satisfaction and
impact on society, and how they are achieved through leadership, strategy and
management of people and resources. The model is divided into enablers, such as
leadership, people, policy and strategy, and processes and resources. The enablers
secure the “results”, such as the improved satisfaction of people, customers and
stakeholders, and improved business results. (Dale et al. 2009) The actual model criteria
of the 2013 version of the model is presented in figure 14. EFQM Business Excellence
Model is stated to bring relevant benefits to the organization, such as holistic and
integrated approach, defined relationships between approaches and results and
reinforced system dynamics (Dahlgaard-Park 2008). The model provides a framework

for organizations to recognize their current maturity state in different scoring categories:

e <300 global scoring points — EFQM Committed to Excellence

e 300-500 global scoring points — EFQM Recognized for Excellence

e >500 global scoring points — EFQM Excellence Award, including three sub-
levels, Excellence Award Finalist, Excellence Award Silver Prize and

Excellence Award Gold Prize. (Fonseca 2015)
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Figure 14. The EFQM 2013 Business Excellence Model (modified from EFQM 2012)

The MBNQA is a comprehensive framework used as a model for improvement and
providing means for operationalizing quality management (Flynn & Brooke 2001). The
criteria of the model are most used as a source of information on achieving business
excellence (Bemowski & Stratton 1995). The MBNQA criteria embrace following core
values: systems perspective, visionary leadership, customer-focused excellence, valuing
people, organizational learning and agility, focus on success, managing for innovation,
management by fact, societal responsibility, ethics and transparency and delivering

value and results (Baldrige Performance Excellence Program 2015).

The Deming Application Prize was established in 1951 in honour of Dr W. E. Deming
and his friendship and achievements in industrial quality (Dale et al. 2009). The model
encourages customized TQM implementations on case-by-case basis, rather than
following a set model (JUSE 2015). The model consists of ten evaluation categories,
with six to 12 sub-categories. The main categories include policies, organization,
information, standardization, human resources development and utilization, quality
assurance activities, maintenance/control activities, improvement, effects and future

plans (Dale et al. 2009)

Self-assessment helps organizations to plan their next actions by giving a

comprehensive and systematic review of organization’s activities and results, that help
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to identify the current strengths and areas of improvement (Dubey 2016). Dale et al.
(2009) categorize the benefits of self-assessment process into immediate, long-term and

TOM supportive aspects, described in table 7.

Table 7. The benefits of self-assessment process (adapted from Dale et al. 2009)

Category Benefits

Immediate Guides benchmarking

Drives continuous improvement

Encourages employee involvement

Creates visibility for direction

Raises quality awareness and understanding

Creates a common approach to improvement

Can be used as a marketing strategy, raising the profile of the
organization

Creation of people-friendly business plans

Long-term Helps to keep the costs down

Enhances business results

Balances investments (both short- and long-term)
Creates a disciplined approach to business planning
A holistic approach to quality

Increases the ability to meet customer’s expectations

Creating a link between customers and suppliers

Supporting TQM e Refocuses employees’ attention to quality

e  Health checking processes and operations

e Highlights a focus on processes and not just on the end-product
e Drives improvements in performance

2.5.3 Quality audit

ISO defines auditing as a “systematic, independent and documented process for
obtaining objective evidence and evaluating it objectively to determine the extent to
which the audit criteria are fulfilled.” (ISO 2015). Quality audits are defined as a three-
part process, that involves checking (1) the suitability of the planned quality procedures
against the stated objectives, (2) the conformity of the quality activities and plans and
(3) the effectiveness of the activities to achieve the stated objectives (Woodhouse 2003).
Quality audits are systematic and independent examinations to see if activities are
performed in accordance with the requirements of the QMS standard of the industry and
the internal quality requirements of the organization, which are specified in the QMS
documentation. The audits can be internal or external in nature and are divided into four

main types:
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e Process audit — Audit of a process against its documented description. If the
process is undocumented, the audit is done against the responsible management
person’s description of the process.

e Product audit — Auditing of a product against specifications.

e Project audit — Audit against project requirements and project plans.

e Internal quality audit — An audit performed by qualified employees from the
organization with quality auditor training and adequate experience and expertise

in the audited areas. (Nanda 2005)

2.6 Productization

2.6.1 Product

Product is defined as a planned and manufactured result of production, that is offered to
the market to satisfy a customer need or demand (Kotler & Armstrong 2010) or a thing
that is made to be sold (Cambridge Online Dictionary 2019). Products can be divided
into tangible and intangible products, consisting of hardware (HW), software (SW) and
service or a combination of them (Tolonen et al. 2015, Harkonen et al. 2015), also
documentation and know-how can be defined as products (Kropsu-Vehkaperd 2012).
Recently companies have begun providing a product type called solutions, which is a
type of product that combines physical goods and services (Baines et al. 2009, Gebauer
et al. 2005). Manufactured products can be sold from a business to another business
(B2B) or from a business to a consumer (B2C) (Haines 2009). All company’s products
together form the company’s product portfolio (Cooper et al. 1999).

2.6.2 Productization and product structure concepts

In existing literature, productization lacks a clear definition and only gives the reader an

idea of the context of its use. For example, productization is considered as:

e aproduct release process in software development context (Rautiainen et al.

2003)
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e standardizing non-unique parts of a service and using them on new service
projects (Vaattovaara et al. 2007)

e a standardized process aiming to produce high quality product or service that is
viable in the market from produced information (Suominen et al. 2008)

e transforming unique service-intensive customer projects into standardized mass
market products (Alajoutsijérvi et al. 2000)

e an innovation process, transforming ideas to the form of a sellable product
concepts (Tiensuu 2005)

e ‘“standardization of elements in the offering” (Hietala et al. 2004)

e “the degree of standardization” (Lassila et al. 2006)

e aprocess of analysing customer needs, defining the offering commercially and
technically so that the efficiency of the productization can be repeated and the

offering is possible to understand (Harkonen et al. 2018b)

Productization benefits the company’s new product development (NPD) projects by
adding value through dynamic capability of utilizing organization’s cross-functional
resources early in the NPD phase. It is argued that product development process is just a
part of the productization process, indicating that productization is more than just an
NPD activity. (Suominen et al. 2009) The productization logic can be also used to
support product data, business process and IT system considerations (Silvola et al.
2019). Productization is strongly related to the product structure concept, which allows
different types of products to be productized by using similar logic (Lahtinen et al.
2019). According to Harkonen et al. (2015) & Harkonen et al. (2017), a consistent and

standardised product structure is a result of the productization process.

The product structure concept is utilized in productization by dividing the product
portfolio into commercial and technical portfolio sections and to relevant hierarchical
levels inside these sections, which are illustrated in figure 15 (Tolonen et al. 2014,
Harkonen et al. 2017). Items in the commercial side can be given a price and are usually
visible to the customer. In commercial section, solution level represents the highest
level of the product structure, including several product families, configurations of
different branches of product structure or single sales items. Product families are on the
level below solutions and includes a collection of product configurations. The product

configurations include predesigned sales items, which are combined to create unique
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product configurations to satisfy specific customer needs. Sales items, on the lowest
level of the commercial portfolio are items that can be sold, delivered, and invoiced.
They can be hardware, software, service, or documentation items. (Lahtinen et al. 2019)
The commercial side of the product structure is linked to revenues and technical side of
the product structure is linked to generated costs (Hannila et al. 2019), creating
foundations for a company to realize which of its products are profitable and which are
not, as the key to product level profitability lies between the sales price of sales item

and the related costs of the version item on the technical side (Lahtinen et al. 2019).

@ution level Commercial Froduct\
portfolio

Product family
item

Product family

Product family level item

I ! configuration configuration configuration
evel item item item

.
N Software sales Hardware sales Service sales Documentation
Q&s item level [ item ] [ item [ item ] [ sales item ] /
J

Technical product \
portfolio

Product configuration [ Product ] [ Product ] Product

Version item level

Main assembly level

Sub-assembly level

Compenent

\Component level

/

Figure 15: Product structure example (modified from Tolonen et al. 2014, Tolonen

2016).

The technical side includes the technical composition of products as the bill of materials
(BOM) and is understood better than commercial side by companies. Productization
logic allows to understand the costs of each product version, which is linked to sales
item on the commercial side. Version items are created when a part of the original
product is improved or changed, usually to reduce costs or to improve quality or
performance, replacing the previous version. Below the version item is the technical

composition of products. (Lahtinen et al. 2019)
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The hierarchical levels of product structure allow assessing modularity (Salvador 2007),
which allows maintaining the external variety required by customers and at the same
time reducing the internal variety within the company (Krause et al. 2013). The product
modularity resides in the technical side of the portfolio (Lahtinen et al. 2019). A clear
product structure also benefits the company by illustrating all product related
information (Saaskvuori & Immonen 2008), helping to form data models and
configuration tools (Forza & Salvador 2006, Kropsu-Vehkapera & Haapasalo 2011),
unifying the conception of the product (Harkonen et al. 2017, Tolonen 2016, Kropsu-
Vehkapera & Haapasalo 2011), benefiting product portfolio management over lifecycle
(Lahtinen et al. 2019) and enhancing the communication and reporting between
organizational groups (Harkonen et al. 2017, Tolonen 2016, Kropsu-Vehkapera 2012).
Productization aims to maximize the customer benefits and company profitability by
increased quality and productivity (Jaakola et al. 2009). Productization makes product
scalability, efficiency and fulfilling customer requirements systematic. (Harkonen et al.

2015)

2.7 Product development

In existing literature, product development is defined as:

o “Set of activities beginning with the perception of a market opportunity and
ending in the production, sale, and delivery of the product” (Ulrich & Eppinger
2008).

o  “Transformation of market opportunity into a product available for sale”
(Krishnan & Ulrich 2001).

e “The overall process of strategy, organization, concept generation, product and

marketing plan creation and evaluation, and commercialization of a new

product” (Kahn et al. 2013).

Product development (PD) has a strong relation to company’s business idea and the
satisfaction of the market’s needs. The main purpose of PD is to enable a company to
develop its business idea through the creation of new products or eliminating products

that have lost their ability to compete in the market. (Rissanen 2002) Nowadays the
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lifecycle of products is shorter than previously, which highlights the importance of PD
and creates the need for a steadier PD (Cooper 2000). The significance of new product
development has grown dramatically over the last decades and is now the most

important driver of competition in many industries (Schilling & Hill 1998).

Product development time, speed and reduction of cycle time have been a popular topic
in product development literature (Booz & Hamilton 1982). It is stated, that as the time
used to design a product increases, the increased value of the design decreases
correspondingly. Therefore, the diminishing return from the design process has to be
managed, while balancing the design resolution adequacy and documentation to
minimize the production risks. (Oakland 2014) Speed in product development increases
the company’s ability to respond quickly to changing markets and technologies,
increases profitability and can lead to increased competitive advantage by being “first
in” to the market. In a study conducted by Cooper and Kleinschmidt (1994) three most

important drivers for improving project timelines were defined as:

1. Project organization — A cross-functional team working on the project from
beginning to the end, led by a strong leader/champion, supported by top
management was found to be the most important driver for improved project
timelines.

2. Up-front homework — The study found that putting time and effort on the up-
front homework/pre-development tasks saved time later in the development
process. The tasks in question included initial screening, preliminary technical
and market assessments, and financial measures, such as detailed market studies
and business analysis. These activities are important in defining the product as
well as justifying the project.

3. A strong market orientation — Projects with proficient execution of marketing
tasks were found to be more time efficient and to stay on schedule. Marketing
tasks considered in the study are preliminary assessment of the market, detailed
market studies and research, customer tests of the product, test market/trial sell
and market launch. The quality of the execution of these tasks seems to pay off
and cutting corners on them often heightens the odds of failure and is not saving

any time on the product development process. (Cooper & Kleinschmidt 1994)
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2.7.1 Quality in product development

A well-defined development process supports company’s quality assurance functions by
specifying the phases of a development project and related checkpoints. Well
established phases and checkpoints are one way to ensure the quality of the resulting
product. Good documentation practices and ongoing review of the company’s
development process can also clarify opportunities for improvement. (Ulrich &
Eppinger 2012) The design process of systems, processes, products, and services is an
important aspect in developing quality into products. The goal of designing quality
products is to achieve fitness for purpose and continuously adapt to changing needs of
the customers. The design process is important for applying cross-functional
communication across the supply-chain and designing the products and services so that

customer satisfaction is maximised. (Oakland 2014)

Frameworks, such as the “house of quality” of the quality function deployment (QFD)
design management approach are developed for designing products and services
according to customer requirements. The QFD approach involves a team consisting of
people with different skills in the product design process to identify customers, their
needs and to turn the needs into product requirements for different development stages.
(Oakland 2014) QFD ensures the integration of customer requirements into new
products early in the development process. QFD help organizations move from “we
know what the customer wants” to “let us hear the voice of customer” mentality. QFD
allows the organization to be more proactive in terms of quality problems, instead of
hearing complaints from the customers. QFD helps defining three important factors for
product development: who the customer is, what the customer wants and how to fulfil

the customer needs. (Zairi & Youssef 2009)

2.7.2 Product development processes

Ulrich & Eppinger (2012) define product development process as “the sequence of steps
or activities that an enterprise employs to conceive, design, and commercialize a
product.” This chapter explains the steps of product development process, according to

three general models presented in the existing literature.
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The Booz, Allen & Hamilton (BAH) model

New product development models are often based on a similar process framework, also
known as the BAH model (Bhuiyan 2011). The model is applicable to both new service
and new product development (Trott 2008) and has been the foundation for most other
NPD systems that have been developed. The model includes all the basic stages of
product development models in literature. (Bhuiyan 2011) The model’s process stages
include new product development strategy, idea generation, screening and evaluation,
business analysis, development, testing, and commercialization (Booz & Hamilton

1982). The NPD stages are presented in figure 16.

New product strategy \

ldea Generation \

Screening and Evaluation \
Business Analysis \

\ Design and Development

\ Testing

\ Commercialization

Figure 16. The NPD process stages of the BAH model (modified from Booz &
Hamilton 1982).

The generic product development process

Ulrich & Eppinger (2012) present a generic product development process consisting of

six phases: planning, concept development, system level design, detailed design, testing
and refinement, production ramp-up. Next, the development phases are described more

closely:
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The planning stage, often referred as “phase zero”, links the development
process to advanced research and advanced development activities. The project’s
mission statement is the output of the planning phase, which is required to
initiate the concept development and guides the development team.

The concept development phase aims to generate alternative product concepts
based on the identified needs of the customer and establishing target
specifications. A concept describes the form, function and features of a product.
Usually, a set of specifications, a competitive products analysis and economic
justification for the project are presented with the concept.

The system-level design phase provides definition for the product architecture,
decomposition of the product into subsystems and components and preliminary
design. Plans for the production system and final assembly are created.

The detail design phase involves the specifications for geometry, materials and
tolerances to all unique parts of the product, as well as identification of standard
parts to be sourced from suppliers. A process plan and manufacturing tools are
developed for the product parts. Control documentation is obtained as the output
of the detail design phase, describing the geometry, tooling, manufacturing
process plans and assembly of the product. In detail design phase, three critical
issues of the product development process are finalized: materials selection,
production cost, robust performance.

In the testing and refinement phase multiple preproduction versions of the
product are constructed and evaluated. Early constructed (alpha) prototypes are
built with production-intent parts, without the actual production processes,
aiming to clarify whether the product works as designed and how it satisfies the
key customer needs. Later (beta) prototypes consist of product parts that are
manufactured according to intended production processes but may not be
assembled according to the final intended assembly process. Beta prototypes are
evaluated internally and often tested by customers, to gain performance and
reliability information of the product, which can be used further to identify
required engineering changes to the final product.

The final production ramp-up phase includes the manufacturing of the product
using the intended production system, training workforce and solving the

remaining problems within the production processes. Products produced in the
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ramp-up phase may be supplied to specific customers and any remaining flaws
are identified. The production ramp-up phase moves gradually towards ongoing
production. Launch of the product happens at some point of the transition and
the product is ready for widespread distribution. Shortly after launch, a
postlaunch review can be arranged, including a project assessment from both
commercial and technical point of views, and discovering viable improvement

opportunities for future projects. (Ulrich & Eppinger 2012)

The Stage-Gate process

Another tool for managing NPD processes is the stage-gate system, that is used in many
well-managed companies, such as P&G, 3M and ITT. Stage-Gate system is a business
process built for speed, with activities occurring in parallel across different functional
areas within the firm. (Cooper 2008) A stage-gate system manages innovation process
by dividing it into predetermined stages and gates, each stage consisting of different

related cross-functional activities (Cooper 1990).

A stage involves a project team working, obtaining information, and integrating and
analyzing collected data in a looping, iterative and back-and-forth manner. The project
team collects deliverables to the decision point. The deliverables are decided at the
output of the previous gate and are based on a standard menu for each gate. A
deliverable can be the results of a set of completed activities, for example. A stage is
followed by a gate, where go/kill decisions are made for further project investment
based on the results of integrated analysis and criteria on which the project is judged.
The principle of a stage-gate is illustrated in figure 4. (Cooper 2008) A gate works like a
quality control checkpoint in production process, including a set of inputs, exit criteria
and an output. Project leader brings the inputs to the gate where they are judged upon
the set criteria. Each gate is managed by senior managers that act like “gatekeepers”,
having authority to approve the resources for the project. Outputs of gate meetings are
typically Go/Kill/Hold/Recycle decisions along with action plan approval for the next
stage. (Cooper 1990)
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A typical stage-gate model includes four to seven gates, depending on the company or

division. (Cooper 1990) Each stage costs more than the preceding one, but at the same

time the unknowns and uncertainties are driven down, thus risk is effectively managed.

The typical Stage-Gate system for major projects and next generation Stage-Gate

models for moderate risk (Stage-Gate XPress) and minor change projects (Stage-Gate

Lite) are presented in figure 17 (Cooper 2008).
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Stage-Gate
Lite Stage Stage
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Execute:
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Testing Launch
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Figure 17. The typical and next generation Stage-Gate models (modified from Cooper

2008).

2.8 Literature synthesis

The literature review covers several areas regarding QM and its role and benefits in

today’s organizations. Table 8 summarizes the main points of topics discussed in the

literature review. Theory key points regarding the next research chapter, the current

state analysis, are also defined and presented.

Table 8. Key points of discussed topics in existing literature

Topic

Existing literature key points

Quality

Quality is understood from several viewpoints. In a business world, a common

perception of product or service quality is related to meeting the requirements of the
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customer. Another take on quality is “fitness for use”, that is further divided into
quality of design and quality of conformance. The customer satisfaction level and
meeting the applicable specifications are considered as the most important indicators
of quality. In a purely technical view, quality is understood as being proportional to
variability; when variability in product’s features decreases, quality increases,
leading to less deficiencies and therefore increasing ability to satisfy the stated or
implied needs. In today’s world, quality is seen as one of the most important
decision factors for customers and therefore is seen important for both small and

large manufacturing and service organizations.

Quality Quality management is a strategic tool involving activities that are required to plan
management for quality and to satisfy quality objectives. Quality management focuses on
organization’s socio-technical system, promoting internal (teamwork and autonomy)
and external (cooperation with suppliers and customers) social aspects. Quality
management involves quality planning, quality control, quality assurance and
quality improvement activities. Over time, quality management has evolved from
detective operation (inspection and quality control) to preventive (quality assurance

and total quality management).

Process Managing and improving processes is a widely accepted way to improve quality of
management products and services. Process management enables an analytical view on
organization’s processes to ensure that critical activities affecting customer
satisfaction are optimized. Process management also helps assessing the
performance of individual processes and understanding the flow of information and

resources within the organization.

Performance Measuring organizational performance is one of the main principles of total quality
measurement | management. On top-level, measurements help the organization track its’ progress
towards goals and identify improvement opportunities. On process-level, tracking
the critical process steps of key processes helps to meet customer requirements,
prevent errors, reduce variability, improve cycle-time and improve productivity. The
top-level metrics are defined as key performance indicators, which are supported by

lower level performance metrics.

Quality A quality management system aims to achieve the quality objectives of the quality
management policy and customer and internal requirements by managing human, administrative
system and technical factors that influence quality. A QMS works as a framework of

reference points, ensuring that organization’s processes work with the same
information, skills and controls. The seven QM principles defined by ISO form a
basis for requirements for QMS certification, describing the minimum requirements
and essential elements for a standardized QA system. A QMS must be audited

regularly to ensure its adequacy.

QM  benefits | QM benefits both large and small companies by systematizing their operation,
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and adoption considering both social and technical aspects of an organization. QM practices have
been used to improve organizational performance, increase product or service
quality and enhance internal and external cooperation. QM has been in the business
for a long time, but its adaptation in SMEs is rather limited, due to lack of human
resources or adequate support from top management. Adapting QM principles in a
company can help to change the organizational philosophy from problem detection

to problem prevention, thus elevating company’s maturity level.

Product Product is defined as a planned and manufactured result of production. A product
aims to satisfy a customer need or demand. A product can be tangible or intangible
and consist of hardware, software, know-how or document elements, or a
combination of them. A solution is a product type combining physical goods and
services. Products can be sold from a business to another business or from a

business to a customer.

Productization | Productization is a cross-functional process of analyzing customer needs and
defining the offering both commercially and technically. Standardized
productization process aims to increase efficiency and make the offering and
conception of the product easier to understand. Productization benefits the
organization by enabling a consistent and standardized product structure, adding
value in NPD projects, supporting product data, business process and IT system
considerations, assessing modularity and benefitting product portfolio management
(PPM) over lifecycle. A well-developed productization process supports company’s
QM functions by systematizing product or service creation and management during
its lifecycle. The systematic approach for defining products and services fits

together with the process approach emphasized by QMS standards.

Product Product development allows a company to create new products or eliminate existing
development ones to support the company’s business idea and satisfy the market’s needs. In a
quality management context, product development process has an important role in
assuring and controlling the quality of resulting product or service. Several different
product development processes are used by different companies, based on the needs
and preferences of an organization. The BAH model is considered as the basis for all

product development process models, such as the Stage-Gate model that focuses on

development speed.

The existing literature about productization and QM gives a fundamental base for
studying the current state of the case company. Some of the literature subjects can be
summarized as key points on which the current state analysis is based on. The key

concepts of theory, that are utilized in the current state analysis:
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1.

The QM evolution chart by Dale et al. (2009) and the characteristics of each
QM evolution level can be used to analyze the case company’s current QM
maturity. The QM evolution levels cover quality management practices from
inspection to TQM, describing QM practices and the degree of their
implementation from detective to preventive operation. The progression model
helps to bring the best practices from the benchmarking survey to the literature
context and understand differences between examined companies and the case
company. Other authors provide more insight into QC, QA, and TQM and into
what must be implemented and realized to achieve these levels of QM in an
organization.

Quality must be planned into products and services. On top-level, quality
planning helps the organization to turn its quality policy into measurable short-
and long-term quality improvement objectives. Quality planning supports both
QC and QA elements and helps defining the structure, documentation, and scope
of a QMS. Quality planning helps translating the voice of the customer into
requirements, and thus defining quality requirements for processes, products,
and services.

Continuous improvement should be a regular part of improving quality. The
focus of quality improvement activities should be on improving processes and
thus improving products’ and services’ ability to meet requirements.

Effective quality management requires top-management support. The top
management is responsible for bringing the quality policy and objectives to
everyone in the organization and supporting implementation and review of the
QMS. Self-assessment methods can be an effective managerial tool, guiding the
organization’s improvement process. It is crucial that the whole organization
participates in QM and that the organizational culture is conductive to creating

high quality products and services.
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3 CURRENT STATE ANALYSIS

3.1 Case company description

The case company in this study is a small high-tech company that operates in hospital,
care homes and home care business segments, providing health care security and
communication solutions in Finland and Sweden. The company is the leading
manufacturer of Bluetooth Low Energy RFID and cloud technology-based solutions for
healthcare and communication. The company’s product offering includes solutions for
personal security, nurse calls, access management, communication and location
services. The products consist of hardware, software and service elements. Used
technologies in products include i.e. 2G, 3G, 4G, Bluetooth, GSM, sensors and IoT.
Collected data from products is directed to company’s own cloud service to provide
services 24/7 to their customers. The products can be sourced from subcontractors
and/or assembled internally in the company, depending on the nature and production
volumes of the product. HW products are designed in the company or by using
subcontractors. Electrical and software designs are developed in the company. A large

portion of sales is handled through resale agreements with various companies.

3.2 Research method

Because of the complex nature of the studied issues and the objective of creating
practical models and tools for the case company, a qualitative research method was used
to analyse the case company's practices. Several internal semi-structured interviews
were carried out in the case company, numerical data was gathered from company’s
internal system and three other companies were interviewed semi-structurally for
benchmarking purposes. The gathered data was then analysed and put into more formal
format. The study was carried out as a qualitative analysis of the case company and it
was done by using a constructive research method, which belongs to a wider group of
case study research methods (Lukka 2001). The elements of constructive research are

presented in figure 18.
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Figure 18. Elements of constructive research (modified from Kasanen et al. 1993)
3.2.1 Internal interviews

First, the internal interviews regarding productization were arranged to assess the
current productization process and its influence on product quality. The interview
questionnaire consisted of 19 questions to examine the current state of productization
and related problems in the company. The interview was semi-structured in nature to
allow free discussion about the topic. Notes were written down during the meeting. The
interview questionnaire is presented in Appendix 1. From the company, five people

participated in the interview, including:

e Two product managers
e Operations manager
e R & D manager

o After sales director

A total of 20 people working at 9Solutions were interviewed individually for the quality
section. The goal of these interviews was to investigate the current state of quality
management in the company and clarify the quality related challenges and problems that
exist in the products and within the organization itself. The interviewees were chosen
from different departments and functions of the company and from all levels of the
organization, from production workers to top management. The wide variety of
interviewees provided a comprehensive overview of the current QM practices and

quality related challenges within the company. The interview group consisted of:

e CEO
e CFO
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e Marketing director

e Sales director

e Two product managers

e (Customer success manager
e R & D manager

e Two test engineers

e System specialist

e Deployment manager

e Customer success specialist
e Operations supervisor

e Operations manager

e Assistant operations supervisor

e Four people wished to stay anonymous

The interviews were semi-structured and based on 43 questions (Appendix 2). Nine
extra questions were presented to members of the management team. The interview was
designed based on the literature review of quality management and divided into four
sections: background, quality issues in the company, examining existing performance
and requirements for quality management system, which was only discussed with the
members of the management team. All interviews were conducted in Finnish and
recorded. A single interview lasted from 20 minutes to one and a half hours. The

answers were collected to an excel file and combined into key findings.

3.2.2 Benchmarking

Examining other companies’ QM procedures is perceived as a valuable opportunity to
get ideas and discover the best practices of QM in SMEs. The approached companies
were chosen because they are certified for quality, approximately same size as the case
company, their products share similarities with the case company’s products (hardware,
software and service aspects) and they preferably have a long history operating in their

field.

Three local companies were asked for a benchmarking survey to understand the best

practices in building quality into products and managing quality in an organization. The
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themes, content and goals of the questionnaire were discussed in the case company
beforehand. Quality representatives were individually interviewed from each of the
benchmarking companies and their organizational roles included quality manager
(company A), VP of technology (company B) and sales director (company C). The
interview results were analysed and compared to identify improvement opportunities.
The interviews were held in Finnish and lasted about one hour. The summary of the
interview results is presented in appendix 4. The benchmarking companies are operating

in following industries:

e Company A: Measuring devices and research equipment (30 employees)
e Company B: Applications and software (100 employees)

e Company C: Access control and access control devices (40 employees)

The interviews turned out to be a useful method to get a realistic view on how
companies have implemented and utilized a QMS and QM practices within their

organizations. The benchmarking interview questionnaire is presented in Appendix 3.

3.3 Current state analysis of the case company

In this chapter, the case company is analyzed according to the findings of the literature
review. Productization chapter describes the current productization process in the
company, the problems associated with the process and how product structure, product
lifecycle and product portfolio concepts are applied. Specific product development
chapter describes the current state of the NPD process. In existing literature PD is
viewed as a part of productization process, and thus the challenges identified in case

company’s NPD also apply in productization context.

The current state of QM chapter identifies the level of QM adaptation in the case
company and common challenges in managing the quality of their products. Current
level of QM at 9Solutions is analyzed by analyzing the existing QM elements and
comparing them against the characteristics of different maturity levels presented in the

literature review. The interviews also consider how quality culture has been developed

70



at 9Solutions, by examining the understanding of top-level policies and their adoption

among the interviewed employees.

3.3.1 Productization and product structure

In the case company, products are made for two reasons: a market pull or a technology
push. In a market pull situation customer demands stand out from the market and
product is then developed to fulfil the need. This is a common way for case company's
product to be born, since the requirements are well known from the beginning. In a
technology push situation, a new product is developed in the means of increasing the
turnover, and product is brought to market without an existing specific customer
demand. Modularity is used as much as possible in the company’s products to reduce
workload and make product processes more efficient, for example the same circuit
boards and Bluetooth equipment are used in multiple products. Productization plays a
large role in the company’s way of bringing products to the market. The productization
process flow is defined on the top level, including life cycle stages for the product from
the innovation phase to maintenance phase. Productization milestone gates act as the
gates for product development. Life cycle phases are not defined beyond product
maintenance phase in the 9SPLC productization process. The custom Stage-Gate

process is illustrated in figure 19.

Phase 2:
Phase 1:
Kick-off HELLT
r . r 1 r o L
SWOT analysis Product deployment System planning instructions
Business case Requirements passed Sales forecasts
calculation
Product and marketing Support and maintenance
Product requirements materials plans
Plans for go-to-market Deployment plans
Business plans Delivery and logistic
plans
COGs

Operations instructions
Figure 19: Productization process phases and included activities and outcomes in the
case company (9SPLC)

71



The case company’s customers are divided into three market segments: hospitals, home
care and care homes. The products are divided among these three segments, but there is
no conscious division to further product subcategories or product families. Processes do
not support the commercial productization, including market segments, product families
etc. The products are sold as configurations, usually including hardware and software
aspects, as well as possible installation and maintenance work. Some products are
included in bundle deals, which include multiple configurations, and are usually made
as customized work for a specific customer. These bundles are added to company’s
product portfolio along with all other products and bundles, that leads to “ghost
products” which clutter the portfolio. For example, at the time of the interview, the
company’s portfolio included spare parts for products that do not exist anymore. On the
other hand, there are products that must exist in the portfolio for the company to
participate in the public tenders of the healthcare industry. Currently there is no
conscious effort to remove unnecessary products from the portfolio, and they tend to

remain in the maintain phase.

3.3.2 Challenges in product development

The NPD projects in the company are done with a customized stage-gate model.
Currently used stage-gate model is a plainer version of an earlier one, which was seen
too complicated, time and resource consuming process. The process used to include
nine gates, but the amount has been reduced to three. The set gates and the related
milestone checklists are often ignored to hurry a product or feature. The same process is
used for product variants, and the only difference is skipping some stages if necessary.
The interviewees stated that the NPD situation is often unclear and how many products
were under development, when they were supposed to be brought to markets and who
had responsibility over it. Sales is hesitant if the product can be sold yet to the customer,
or which features a future product will have. Roadmap view of upcoming projects have
been brought up to sales personnel to combat the issue. However, the roadmap found in
the company’s internal system has not been updated for several months at the time of

writing this thesis.

A significant problem regarding NPD in the company is time pressure. It is present on

most of projects and there is not enough time or resources to be allocated on all projects.
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New products are brought to market carelessly, without a proper ramp-up phase or
proper internal informing. During the interview, a “bypass lane” in product
development process was brought up, through which some new projects just pop up and
are suddenly in the development and soon on the market. The bypass lanes are managed
by company’s top management and the ideas do not have to be calculated and verified,
compared to the projects emerging through conventional R&D route. Systematic and

objective evaluation of new product ideas seems to be lacking.

Challenges in product development at 9Solutions can be summarized:

e Lack of structure and documentation in the NPD process
e Milestone reviews are usually ignored in hurry
e Lack of internal communication about products under development

e No objective evaluation of new product ideas

3.3.3 Current state of quality management

For large portion of participated interviewees, quality equals to customer experience and
fulfilling the needs of a customer quickly. Also, robustness and conformity to
specifications are important aspects of quality among the interviewees. According to the
interviews, the main quality management related problems in the company are
challenges in schedule which leads to hurry in processes throughout the organization,
insufficient testing of the products, challenges in software bug prioritization, and too
much new products to be developed and launched, leading to poor manageability. Also,
weak product quality of contract manufacturers is mentioned by several interviewees.
Quality management is missing on many areas of organization and there is no person to
focus on and take responsibility over quality. “Currently everyone is in charge of
quality, thus no-one is”, stated one interviewee. The level of product quality was seen
varied. A couple of interviewees stated that product quality is currently at a good or
excellent level, while others saw it as weak. The common opinion was that quality
management has been improving during the last year, due to documentation
requirements from the factories and introduction of the improved documentation
management. 9Solutions also has ISO 27001 certification, which covers a part of the

required documentation procedures.
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Overall, the company can be seen to operate in reactive state, “fighting fires” that are
caused by hurry, inadequate documentation, planning and testing of both software and
hardware aspects of products. Customers are sometimes promised to get features in a
too small timeframe, with penalties if the agreed point of time is exceeded. Some of the
new products and features are launched incomplete or even without testing. Current way
of working causes too much resources to be allocated to fix problems that arise after the
products have reached customers. Faulty products returning from the customer employ
support team and technicians and the product itself leads to extra costs for the firm.
Sales organization, as well as resellers, can be hesitant to sell new products if there has
been issues recently. Problems in product quality can also affect the reputation of the
company, which is hard to regain if lost. In the worst-case scenario, the customer
switches to another company. On the other hand, agile product development of
minimum viable products (MVP) and ability to respond to customer needs quickly has
been one of the cornerstones of the company’s success and ability to gain market share
so far. Currently, the company has begun operating abroad, so a more structured way of

managing quality is required.

Inspection and QC

For quality control purposes, 9Solutions has implemented several procedures.
Operations department carries out random sample inspection tests and out-of-box
reviews for some of the products, as well as production testing on a test bench for some
products, before their dispatch. New software releases are tested in R&D department
and reviewed before their release. Quality manual creation according to ISO 9001
standards has been started earlier in the company, but it has never been finished.
Product related documents are stored in Google Drive. A new product data management
(PDM) system has also been introduced to make the control of products’ bill of
materials (BOM) and other product related documents easier. The PDM system is

available only for a couple of persons in the company due to limited number of licences.

Faulty products and customer returns are handled through a well-established return
merchandise authorization (RMA) process, which starts at support department. The

customers contact company’s support team by calling or e-mail, the team then handles
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the issues with help from operations and/or R&D departments if needed. The amount of
customer returns is reviewed once a month. An annual group hoshin plan is used to
implement long term enhancements to different organizational functions. Improvement
areas focus on topics such as improving supply chain operations, logistics costs
optimization, customer experience, communications development and R&D quality
improvement. In the end of the year, many of these topics are on track, and several

points are still on far behind status.

A few metrics are in use to measure different quality-related aspects of the firm’s
operation. Financial metrics, such as warranty costs originating from customer returns,
and customer surveys are well established and the main tools to evaluate improvement
in the organization. Every two months RMA inventory is held to review the number of
returned products. A maturity grid is in use for individual products. It represents a
maturity stage to evaluate key product’s market readiness and shows current bugs
present in the product. The bugs are categorized into different risk groups with weight
coefficients. For software, the metrics in use include the measuring of number of bugs
present in a product or in the system, and a tool to evaluate the bugs priority from
critical to low. The software bug prioritization is seen as an opportunity for

improvement.

Quality aspects in product development are considered inherently, based on knowledge
and experience of senior designers. Review meetings for software are held in R&D, but
a standardized way of including quality aspects into development process and reviewing
them systematically during the process is missing. Certain quality targets are set with
product requirement specification, but other aspects of quality planning are not included
in the development process. According to an interviewee, quality planning is present
only at the product development phase, and it should be covering the whole service
chain as well. More time for developing product specifications is required, stated an

interviewee.

Testing processes are being improved continuously by the personnel working in testing
on R&D. Steps have been made to make products more physically robust and new

physical testing methods have been implemented in production recently. Testing of both
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software and hardware is still seen incomplete in both operations dep. and in product
development, according to the interviewees. Launched products are tested with a flasher
tool to check the basic functionalities of a product in operations department. An
interviewee stated that products are not designed to be tested, therefore the production
test methods are often unable to find faults in products. The structures for systematic
testing in production are missing. Personnel working in operations department are
wishing for own test methods and procedures for individual products. The software
releases are tested by two persons, who were both included in the interviews. According
to the interviewees, testing of the cloud service and software releases should be done
more systematically and extensively, so that every features’ main functionalities are
tested. Currently there is not enough time and human resources for throughout testing of
a software release. A systematic requirement log for software development test planning

is being implemented, however.

04

Documentation of current elements of a quality system and procedures is done partly in
the company. It was stated by an interviewee that the processes in the company are
known by everyone by default, but they are not written down anywhere, other than ISO
27001 related processes, procedures and requirements, which are all well documented.
One interviewee stated that the specifications of some products are missing, which
makes test planning difficult. Testing related documentation is seen to be on a good
level. A quality improvement plan has been created for R&D department, covering QA
testing process based on use cases and product requirements, but it has not been put into

practice.

When it comes to finding the causes for faulty features and products, there is consensus
that the root causes are usually well investigated. Some of the software bugs cannot be
duplicated, as the information regarding the issue might be incomplete. On hardware
side, the products can be traced back to the manufacturing week and manufacturer of
the product. Some of the used components can be traced back to the manufacturer.

Operations maintains a database of delivered products and their current location, based
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on the individual ID number of each product. This database is said to be used frequently

when resolving reclamation issues.

Statistical methods are not present in the current state of quality management. Costs of
quality are defined as warranty costs, which are considered as requirements for bonuses
for some personnel. The case company’s annual RMA costs per sales have quadrupled
during the last few years. Business development is measured in detail and reported to
board of directors quarterly. KPIs are also defined for information security, on top of
financial measures. Response time to customer complaints within 24 h is defined as an
agreed KPI in the quality manual. Systematic process of defining metrics and KPIs to

measure improvement is not present.

TOM

Top level quality policy and objectives have been developed earlier at 9Solutions and
defined in the quality manual. The policy and objectives are presented in figure 20. As
described in the existing literature, the quality objectives should derive from the quality
policy, which demonstrates that 9Solutions has approached the QMS with the right
attitude in the past. However, since the quality policy and objectives have been updated

several years ago, updating them would be beneficial if a QMS was to be implemented.

9Solutions Quality Policy ) . N
(9Solutions 1SO 9001:2015 Quality manual) 9Solutions Quality Objectives

“The Quality Policy of 9Solutions is to provide high and
consistent quality in healthcare safety and communication
solutions built on the solid 9Solutions IPGS platform. We are
always mindiul of the fact that the solutions we provide are

used for monitoring human beings where safety is of ultimate
importance.”

« Customer satisfaction score of 3,2 or

higher in customer satisfaction surveys
* On-time delivery of 95 % or higher

+ Saas availability of over 99 %

Figure 20. The current quality policy and objectives at 9Solutions.

Spreading and adopting the company’s strategic message and creating and maintaining
quality culture in the organization is considered challenging, according to an
interviewee. Another interviewee stated that quality and customer experience do not

play any major role in weekly management culture. Innovation and innovation through
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teamwork is often hindered by copious amount of work. The management is seen to
have the ambition to maintain a culture of excellence within the organization, but the
real-life challenges and promises to customers lead to products being delivered to
customers too early. A defined, transparent and manageable process for working with a
“forward slanted” mentality as a company and taking customer feedback into account at
the same time is seen necessary. A process view that clarifies the way of working to all
people in the organization is needed. Strategic targets are specified for the organization
and the beforementioned quality policy is found in the quality manual. However, only a
few interviewees were aware of the existence of the quality manual or quality policy
and objectives. Customer satisfaction is one of the most important areas of company’s

strategy, so quality is considered in that sense.

The organization supports continuous improvement with tools such as top 5 customer
voice procedure, problem-centred better together workshops, creating and monitoring
big annual targets within the management group, ISO 27001 related risk management
procedures and action plans, and the possibility to spend a few hours a week to self-
imposed training and self-development besides working. People working in the
company has been trained in information security issues. Quality training is not
arranged separately in the company, and some interviewees hoped for more extensive
introduction to the work, as currently everything must be learned by asking from a
person that is familiar with the task. HR measures are also applied, measuring employee

well-being quarterly and annually with surveys.

Information between top management and workforce is shared in weekly meetings. In
the meetings, the most crucial issues of different departments and upcoming
possibilities and challenges are discussed. The meetings are a good way to get “top
down” information, according to the interviewees. Horizontal information flow between
teams is seen to be restricted. This leads to vital information not being delivered across
the organization in timely manner, which can then lead to frustration and demands
improvisation when a change in a product or feature is discovered with a customer
instead of well beforehand. Information from customer interface may not always reach

the management team.
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A new process for ideas and proposals is needed, according to an interviewee, current
way of making proposals is not in active use. One interviewee points out that the project
management software is used within R & D department only, when it should be a
transparent tool for the whole organization. The management is seen to dislike the
program and therefore refuse to use it. As a result, excel files in Google Docs are used
to distribute information, which is seen as an inaccurate and restricted way of doing
things. One interviewee stated that people do not always use the information channels,
even if they have requested them in the first place. External communication has
improved during the last years with defined communication processes. A common
language between the company’s development engineers and nurses using the product
should be found. Similar problem does not exist with the subcontractors, as they are
experienced in the field. A proper product launch phase is seen as an opportunity for

quality improvement.

3.3.4 Key improvement objectives from the internal interviews

Table 9 provides a summary into findings of different topics in the internal interviews in
the company. The table is divided into key themes, the current situation at 9Solutions in
that area and improvement objectives. The objectives are a list of the development
suggestions for stated issues, based on literature findings and proposals stated by the

interviewees.

Table 9. Challenges and improvement objectives from the internal interviews.

Area of
Current situation Improvement objective
challenge
e Product structure is not defined on ¢ Defined product structure
commercial side e Evaluating the needs of a
Productization o Large prqdugt portfolio customer
o Communication between users of
products and developing engineers,
“common language” missing
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Many ongoing and overlapping projects
Development milestones often ignored in
hurry

No systematic and objective review of
new product ideas

A “bypass lane” for development projects

Product idea evaluation model
Resourcing project
management

Communication

Review and auditing of
development projects

Froduct Unclear product roadmap e Quality planning procedures
development No responsible person (such as project
manager) to organize and oversee the
development projects
Lacking communication between
departments during a development project
and at the launch phase
No proper product ramp up phase
Annual warranty costs per sales have e Increase product quality by
increased fourfold in the last few years implementing QM and a QMS
Rework and fixing problems bind o Establish supplier evaluation
Product quality FESOUrCes
Quality problems with suppliers
Sales department is hesitant to sell new
products after quality problems
Reactive way of operation e Change the way of operation
No active quality management from reactive to preventive
Quality No person to take responsibility over e Establish quality management
quality issues in the company
management No defined quality processes * Quality targets
Too much fixing problems afterwards,
after the product has reached customer
Existing metrics consist of number of o Define quality objectives and
customer returns and customer tickets, measures
financial metrics, information security
related KPIs, number of hotfixes,
Quality control customer satisfaction surveys, product
maturity index
Software bug prioritization
Not enough time for product testing
activities
No documentation of QMS elements e Creation and documentation
Processes are known by everyone, lack of of QMS
process documentation, outdated process e Defining processes, process
documentation owners, procedures, and work
No cross-functional process mapping tasks
Quality Quality manual is unfinished and not in e Quality manual
active use o Statistical methods for QM
assurance .y . .
No statistical methods in use for e Defining CoQ model
managing quality ¢ Defining quality objectives
Quality costs defined as warranty costs and KPIs
only
No systematic process of defining metrics
and KPIs
No systematic review of suppliers e Supplier review
QMS No internal quality auditing processes e Internal auditing processes
. (excluding ISO 27001 related processes) e Quality data collection and
requirements

No systematic way of analyzing collected
data

analysis

80



3.4 Best practices from the benchmarking companies

3.4.1 Quality management

The quality management systems and procedures shared many similarities as well as
differences in the three interviewed companies. All the visited companies have the ISO
9001:2015 certification, quality is seen as of high importance and invested in, processes
and corresponding metrics are defined throughout the whole organization and quality
manual acts as a documentation backbone of the system. The companies have defined
KPIs and quality targets in use for different organizational functions. All the companies
have had their QMS in use for several years, quality is recognized as one of the main
functions of the companies, and the systems in use are implemented to work on all

organizational levels.

In the beginning of the interviews, meaning of quality for their company was asked.
Companies A and B emphasized the importance of precise targets and requirements set
for different organizational functions and involving the whole organization in quality
work. Company A finds continuous improvement of know-how as a cornerstone of
quality in their company. For company C, quality is seen as a tool helping the
organization to function better continuously. All the companies perceived their product
quality to be currently on a good level and company C sees the achieved good product
quality as a reason the company is renowned in their field of business. Interviewee from

Company B stated that there is always quality deviation in new products.

All the interviewed companies have one or more persons working on quality-related
tasks. Companies A and B include a quality manager, as well as a few persons with the
word quality in their job title. Company C had only one person working as quality
manager, as their QMS and included processes and procedures have been well
established for a long time and current quality management system maintenance work
only includes adjusting minor details of the processes and metrics in the quality manual.
Quality investments also include ISO 9001-certified and regularly audited QMS in place
in all the companies. The ISO quality standard related training has been presented to all

employees in company B. The company C pointed out their HR investments to
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company’s customer support and services to provide better customer experience and

service quality, as well as to gain competitive advantage.

The QMSs of the three companies were similar in terms of process hierarchy and their
extensive coverage, effecting and supporting the work on different levels of
organization. Quality manuals are well structured, updated and utilized throughout the
organization in all the studied companies. Usually the person updating and maintaining
quality manual related tasks is the quality manager. The interviewees find important that
the set processes are followed in order to prevent failures. One interviewee stated that
quality problems usually occur after a process or processes have not been followed
correctly. In all interviewed companies, every functions’ processes and sub-processes,
all the way to work instructions, are documented, including the dedicated process
owners. Companies B and C have the most extensive use of quality measures, as there
was defined and regularly reviewed key performance indicators for every functional
group of the organization. The main characteristics of QMSs of the benchmarking

companies are described in table 10.

Table 10. The characteristics of the benchmarking companies” QMSs.

Company Quality management system

A QMS is structured in the form of light memo sheets that are updated continuously.
Everyone in the organization participates in continuous improvement and updates the
quality memos. The memo practice covers the whole company and is used on all
organizational levels and on several functions. Process mapping from key processes
and associated sub-processes all the way to work instructions. Precise quality targets in
operations.

B An internal structured database of company’s processes, process owners, KPIs, work
instructions, testing procedures and milestone checklists. Set requirements and targets
for different organizational functions that must be fulfilled to achieve quality. A public
action list, that includes future improvements, targets and KPIs and corresponding
reviews and audits.

C Quality manual contains defined processes, metrics, process owners, designated
responsibilities, work instructions and audits. “Annual wheel of quality” distributes
internal quality themes and reviews around the year.

3.4.2 Quality measures and audits

All the interviewed companies had implemented KPI measurements in several functions
of the organization. The most utilized metrics include financial metrics and the number

of monthly customer claims and reclamations. Company C has established an annual
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customer satisfaction survey through a subcontracting company. The company
interviews Company C’s customers annually and lets the customers themselves to pick
the KPIs and measures that are important to them. Customer satisfaction is measured
through these self-set metrics and is seen as a valuable tool to improve communication
with customers. Quality performance was measured through several other KPIs in the

interviewed companies:

e Product returns (Companies A and B)

e Product service and maintenance (Companies A and B)

e Reliability of delivery (Company B)

e Production yield (Company B)

e Most common defects (Company B)

e Product development milestone schedule (Company B)

e Production capacity (Company B)

e Lead time of product development process (Companies B and C)
e Costs of product development process (Company C)

e Rate of warranty product replacement (Company C)

Reviewing the KPIs and set quality goals are done monthly, quarterly or annually on
companies B and C, depending on the nature of the metric. The review methods and
schedules of different metrics are defined in the quality processes in the company C.
The quality processes are defined in the company’s quality manual and include
information about the metric; where the information is collected from, how it is
collected and where the information is saved. In company B, each organizational
function collects the results of their metrics and forwards the results to the quality
manager, who coordinates the collection of measurement results. For example, the sales
and marketing department collects customer satisfaction data and sends it to the quality

manager.

Company B’s quality targets form the basis for the performance indicators, so
essentially, the company sees quality goals and KPIs strongly connected. Mentioned
quality targets include on-time delivery, customer satisfaction and HR metrics, such as
employee satisfaction. Company C has set maximum limit for complaints and product
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replacements, but the ultimate quality goal of the company is ensuring customer
satisfaction, stated the interviewee. Quality targets in company A include improvement

of procedures, satisfied customers and the constant growth of know-how.

The internal measuring and auditing processes and procedures are well established in
the benchmarking companies. Externally, ISO 9001 certification audits occur annually
and on top of that the companies have their own internal audit regimes. The internal
audits can be regular or irregular, depending on the nature of the subject. In company A,
internal audits are performed as a problem arises in production line or in resulting
product. The scope of internal audit can be manufacturing equipment, a process step, a
work task or any larger entity. In company C, annual internal audits for every main
function are spread around the year according to “the annual wheel of quality.” The
internal audits focus on one department at once, and the auditor is from different
department to provide a neutral view on the auditing. The schedules and checklists for
these audits are summarized in an internal audit plan. Action lists act as the follow-up of
an audit and specify the necessary improvements or changes to be made. The action list
is reviewed in the next annual audit meeting to see if improvements or corrections has
been made. Actions are based on measurable facts, not opinions of any individual.
Company B uses similar public action list, including improvements to be made and
related targets and KPIs to measure the progress. The list is monitored monthly and

annually during audit meetings.

The methods for measuring costs of quality varies among the interviewed companies,
summarized in table 11. Company A considers quality to be a project among others, and
quality is defined as its own cost centre, including corresponding dedicated working
hours. In company B, the costs of product maintenance work are considered as the
realized quality costs. Company C considers the amount of product replacements as the

base for quality costs.

Table 11. Costs of quality measurements in the benchmarking companies

Company | Cost of quality measurement

A Quality as a separate cost centre among other projects, specified amount of
dedicated working hours
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B Maintenance costs

C Product replacement costs

3.4.3 Quality in product development

The product development processes were well established and documented in all
benchmarking companies, but the product development process itself differs in each
company. Company A uses an iterative prototyping development model with the
customer involved on testing of the product and giving feedback. The development
process itself includes the following phases: supplier evaluation, risk evaluation, the
development itself and qualification for production. In the qualification phase, a review
meeting is held with selected people. The project manager is responsible for moving the
product from development to production. The developer of the software or product
organizes the meetings to review their part of the development. When the software or
product is at the end if its lifecycle, the developer writes a one-page manifest about the

product, summarizing the crucial information to be archived and used later if needed.

Companies B and C operate with milestone and checklist-based models on their product
development. Company B works with six milestones on their development model, with
intentions to add a feasibility milestone in the future. Every milestone includes its own
process chart and a checklist that is reviewed on physical audits after all functions on
the list are completed. Milestones are linked to schedule monitoring, as product
development milestone schedule is one of the KPIs of product development. The
milestone reviews are hierarchical and split into segments. Programming milestones are
on the top level, managed by project manager. The programming milestone partly
consists of smaller sub-milestones for different divisions, such as HW, mechanics,
production testing and maintenance. The leader of each department or function
organizes the audit of sub-milestones. The milestone audits for both top level and
smaller milestones, include the related persons and usually the R&D manager that
attends most audits. Smaller sub-milestones are compiled into the programming
milestone. The related checklists typically include 10-20 points to go through in the
meeting. The evidence of completion is linked to each point in the list, which can be a

yield report or a test result, for example.
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Company C begins their development process by filling a document called instructions
of project activity, which covers the basic information regarding the development
process, such as the name and meaning of the project, schedule and data recordings. The
project is portrayed in a process form. The process steps on every project include
requirements specification (what is to be done and why), preparatory study (schedule
and cost estimate) and technical specification (required information to move the product
into production) with corresponding milestone audits. These three main milestones are
present in every project. Like company B, company C also includes smaller sub-
milestones into their product development process, so that there are at least 14 milestone
checklists to be reviewed during each project. If the checklists points are not passed in a
review meeting, corrective actions are specified, and the meeting is repeated. The
project manager is responsible for arranging the milestone reviews and managing the

records, changes and repeating the meetings if needed.

There are no major differences between the companies in how the product development
processes are documented. Every company has a clear process mapping of the
development process with related sub processes included in their quality manual. In
company A, the product development process is presented in a flowchart form, with
three main development functions side by side and a customer feedback loop from the
end point (customer) to the beginning of the process. The three main development
functions were linked to included sub-processes and work instructions inside different
departments. In company B, the product development process is presented as process
maps on the company level as well as on function levels. Milestone checklists support
the set processes and list the steps to be done in each part of the development process,
ensuring that every task defined within processes is completed before moving forward.
Company C’s defined process maps include all minimum actions to be carried out

during a development project.

All interviewed companies have their own ways to make customer involved in the
product development process. In company A, the customer is involved in the beginning
and at the end of the project. Customer states the requirements, and the development
process itself starts when there is a common understanding of the product. After the

product is developed, it is taken to the customer for testing. Depending on the customer
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feedback, the product is either produced to agreed specifications or modified according
to the needs of the customer. Company B receives product or testing demands from
customers. Large customers take part in the development process by setting
requirements, validating the product themselves or stating the specifications of which
the company must provide test results. The company works often with same customers,
so the product testing procedures have been set to comply with customers’ tests. This
way the testing in product development fulfils the customer test requirements
simultaneously. Smaller customers do not participate in development process and
product specifications are the only thing they need. Feedback from old customers about
old product versions or desirable changes are considered when developing new

products.

Company C aims to start every product development project based on a customer need.
Some of the projects are paid by the customer, this is when the customer tells the
technical specifications, pay for the development and participate in project reviews. If
the customer is not paying the development costs, opportunity evaluation is done to
evaluate the reality of the customer need. Discussions with customers are held about the
product they want, why do they need it from the company and why do they want the
product right now. When a product is released, it is preferred to be tested by the
customer. Feedback is collected and possible changes are made before the mass

production begins.

3.4.4 Key improvements from benchmarking companies

Analysing benchmarking companies’ way of working with quality and QMS led to

several important lessons:

e A QMS does not have to be a heavy system

e [t is highly important that the whole organization participates in QM

e High-level quality targets demonstrate the desired improvement direction

e Defining processes on all organizational areas and following them is crucial for
providing high quality products

e Quality should be recognized as one of the main functions and allocated

necessary resources
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After the benchmarking interviews, the best practices from the interviews were
discussed in the case company. The results and best practices of benchmarking
companies were compared with main themes found in the current state analysis to see
their practical relevance to the found challenges and utilization of a QMS. The findings

are summarized in table 12.

Table 12. Summary of best practices identified in the benchmarking study.

Objective Best practices from benchmarking companies
Product development and | ¢ Defined and documented PD processes in quality manual
quality planning e Every milestone includes a checklist
e Deficiencies are listed as actions and reviewed on next milestone
meeting

e Process flowcharts for every milestone, include minimum steps
required for all development projects

Sub-milestones for different PD functions

Development reviews

Linked evidence for milestone checklist points

Project manager leads the development project

Development reviews are arranged by a developer or the project
manager

Quality management e Requirements and set targets exist for different organizational
functions
e One or more persons working on quality

QMS Covers the whole organization

Defined key processes and sub-processes

Designed responsibilities for processes and metrics

Action list, including improvement plan, targets and KPIs = monthly

and annual reviews

Quality targets e Improving procedures, satisfied customers, continuous improvement
of know-how, on-time delivery, hr-targets such as employee well-
being, maximum limit for customer claims and product replacements
Reviewed monthly and annually in audits

Quality measures and KPI Metrics originate from set targets

Customer feedback, customer complaints

Customer claims

Customer returns

Maintenance work

Delivery reliability, production yield, production capacity
Most common faults

Scheduled PD projects

Development of customer interview-based metrics
Quality metrics are collected by departments and reported to quality
manager

Process management e Key processes are defined and mapped in quality manual
e Designated process owners for each process

Internal auditing e Internal audit after problem has been detected
e Annual auditing for every main function — annual wheel of quality
e Internal audit plan for schedule and checklists
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e Measurable facts act as the basis for actions

Costs of Quality ¢ Quality budgeted as a cost centre or “project”
e Maintenance costs
Product replacement costs

Testing Use of Acceptance Test Procedure (ATP) document
Firmware acceptance tests in relation to ATP document
Testing is planned in the beginning of PD

Test requirements are defined with product specifications
Testing and test yield are reviewed before mass production

Out-of-box auditing

Customer involvement in | e Opportunity evaluation — conversation with the customer to evaluate

PD the reality of the customer need

e Released products are tested by customers to make changes before
mass production

3.5 Current state synthesis

The existing literature describes the maturity levels of QM in an organization as
inspection, QC, QA and TQM. Based on this classification, illustrated in figure 21 in
chapter 2.1.2, most of the current QM practices at 9Solutions fall into inspection and
QC levels. Existing QM elements and their classification against QM maturity levels at
9Solutions are broadly summarized in figure 21. Green colour indicates that the activity
is currently performed at 9Solutions, while orange indicates that the activity is either
performed to some extent or can be improved. Black text represents QM elements that

has not been established at 9Solutions.

Total quality management

Quality assurance

Invelvement of suppliers and
customers

Quality control Quality systems development

Involvement of all operations

Advanced quality planning

Inspection
| FMEA
salvage | Self-inspection
: | | Statistical process control i
| Sorting, grading, reblending | Froduct testing ! ' Employee involvement

Corrective actions
| Identifying of sources of | Basic statistics utilization
nen-conformance |
Document control

Figure 21. Current QM practices at 9Solutions according to the QM maturity level
concept by Dale et al. 2009.
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Examining the current QM at 9Solutions indicate that the company has several practices
to control and inspect the quality of products delivered to the customers. The
improvement direction should be moving the organization into more planned and
proactive way of working, to improve product and service quality, reduce the resources
used to fix problems afterwards and to consequently increase customer satisfaction. The
QMS should be documented and structured according to Annex SL to allow QMS
certification in the future. Documentation of existing and planned QM activities should
be more systematic and distinctly linked to processes. The challenges in managing

product and service quality at 9Solutions can be summarized into key points:

e Lack of active and systematic QM or QMS,

e No systematic quality planning,

e No project organization, productization milestone checkpoints are often ignored,

e Lack of process management and documentation, no systematic quality
processes or audits,

e Information silos within departments,

e Measuring organizational performance relies mainly on financial measures,

e Motivation for quality and continuous improvement is present among the

employees, but practical means are missing.

As stated in the literature review, quality planning and continuous improvement are the
key elements in moving the organization from detective to preventive operation. The
benchmarking companies provide guidance to the direction 9Solutions should be taking
to implement QMS and how quality should be considered throughout the organization.
The interviewed companies emphasized the importance of process management,
establishment of both top- and lower-level quality targets, reviewing the measures and
the QMS regularly. Since 9Solutions has successfully established internal audit
schedule for keeping ISMS standard documents up-to-date, similar annual QMS audit

structure would be the easiest to adapt.
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In conclusion, based on theory and empirical findings, the improvements should focus
on defining a QMS through quality planning, continuous improvement and establishing
performance measurements and a process management framework. As a result, a
process based QMS is created, that covers the case organization process by process and
that is being audited and improved at regular intervals. Figure 21 summarizes the best
practice concepts from theory and empirical study. Progress towards set goals should be
monitored with organizational KPIs and later with process measurements, as the

measurements and process management are developed in the company.

Literature best practices

= Initiate quality planning

a « Initiate continuous improvement
Current state of QM A process based QMS
« Quality planning
* Inspection » Performance measurement
* Quallty control « Process management

» Continuous improvement
Best practices from
s benchmarking

« Process management
« Quality planning
« Performance measurement

Figure 21. The proposed direction for improvement areas based on literature and
empirical findings
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4 RECOMMENDATIONS FOR FUTURE
IMPROVEMENTS

This chapter provides an improvement framework on how to improve current QM
practices at 9Solutions for increased product quality. The proposed improvement areas
are the result of theoretical input and empirical research presented in chapters 2 and 3.
Additionally, plans for the implementation timeline and system documentation are

presented.

The primary goal of the recommendations is to initiate a change from a detective to a
more preventive way of working within the case organization, by implementing several
QM elements in a top-down manner. The proposed QMS framework consists of QA and
TQM elements, that promote a more preventive way of working and help to unify
quality culture within the organization. The direction of change in QM with the
improvements is illustrated in figure 22, that is based on the QM evolution concept by
Dale et al. (2009), described in the literature review chapter. The system with the
proposed quality assuring elements will in turn further encourage improvements in
existing inspection and quality control elements, as processes and metrics will be more
defined and manageable, and feedback from the system is regularly brought back into

the quality planning phase.
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Quality management
system (QMS)

i« Quality planning
i & Performance

i measurement ;
' « Process management
i« Continuous |
i improvement

‘ Total quality management

9Solutions

Quality control
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Figure 22. The direction of desired change in QM at 9Solutions, based on QM maturity
levels concept.

Quality planning improvements will help 9Solutions to begin the quality journey
towards better product quality and manageability by updating their quality policy and
define corresponding quality objectives and measures. Quality planning has also role in
project environment, where project quality plans and objective idea evaluation ensure

that right projects are chosen, and that they fulfil the set quality requirements.

Improvements for process management and measuring performance provide greater
clarity in the current process flow of at 9Solutions and help to measure the right things
and track progress towards set quality and organizational objectives. Review methods
and audits are utilized to keep the system always up to date, adapt to changes and
continuously improve the performance of the processes and the system. Together, these
improvements drive continuous improvement like the beforementioned PDCA cycle.
Achieving long-term quality improvement requires that the culture in the organization is
conductive to quality, and therefore management must show their commitment by

organizing quality improvement teams and projects.
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4.1 Quality planning — a QMS implementation prerequisite

Top management should update the existing quality policy to match the revised vision
and mission statements or establish a new organizational quality policy to demonstrate
its commitment to quality and continual improvement of QMS by setting short- and
long-term improvement goals. The policy should be followed by establishing quality
objectives on both departmental and individual level. Establishing quality policy and
concrete objectives play an important role in securing the QMS implementation and

bringing quality to daily work at 9Solutions.

Current quality objectives at 9Solutions are linked to customer satisfaction, timeliness
of product delivery and SaaS availability. These objectives are customer oriented, but
do not necessarily drive continuous improvement, as they are already being achieved.
Therefore, updated short- and long-term quality improvement objectives should be
established for different functions, and existing objectives should be revised. Each
objective should be accompanied with a plan on how to reach the objective. The quality
objectives should have direct link to quality policy, that is further linked to the

philosophy, vision and mission of the company.

Defining quality objectives should begin with simple targets, that can be tightened up
and modified over time. The high-level quality objectives should derive from the quality
policy. For example, high-level quality objectives for 9Solutions can be (according to

current 9Solutions quality policy):

1. “We develop reliable products to ensure safety and communication in
healthcare”
2. “We solve critical errors in our software platform as soon as possible”

3. “Our employees are prepared for their tasks”

The high-level quality objectives are then divided into one or more quality KPIs and
measures. These concrete quality measures should be defined according to SMART
and be more specific than the quality policy or quality objectives. Examples of specific

measurable quality KPIs and corresponding measures for 9Solutions can be such as:
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1. KPI: Develop and produce high quality products
e Metrics: Product returns, product services, production yield, most
common defects, lead time of PD projects, projects completed on time,
on-time delivery rate, customer satisfaction, % of suppliers evaluated
2. KPI: Maintain high availability of the IPCS platform
e Metrics: System reliability, average time to solve a problem, maintain iso
27001 certification, number of bugs in the cloud platform
3. KPI: Professional and happy employees
e Metrics: Employee training rate, employee satisfaction, process time to

maturity

To make the quality policy and objectives integrated into workspace and communicated
to employees, a link between the policy, objectives and KPIs must be demonstrated
distinctively. A KPI tree, presented in figure 23, can be a helpful visualization tool to
understand the links between quality objectives and measures. The quality objectives,
KPIs and measures must be communicated throughout the organization, to ensure that
everyone is focused on the same goals on different levels and parts of the case
organization. Top management shall also review the quality policy, quality objectives
and KPIs regularly to ensure that the measurements are current and aligned with the

company’s strategy.
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95olutions Quality Policy

“The Quality Policy of 3Solutions is to provide high and consistent quality in
healthcare safety and communication solutions built on the solid 9Solutions
IPCS platform. We are always mindful of the fact that the solutions we provide
are used for monitoring human beings where safety is of ultimate importance.”

l l l

Quality Objective 1 Quality Objective 2 Quality Objective 3
We develop reliable products to ensure We solve critical errors in our software
safety and communication in healthcare platform as soon as possible ©Our employees are prepared for their tasks

KPI #1: Develop and produce high quality products | |KP\ #2: high availability of the IPCS p\aﬁorm‘ KPI#3: Professional and happy employees
Product returns System reliability Employee training rate

Product services Avg. time to solve a problem Employee satisfaction

Production yield Maintain 1SO 27001 certification Process time to maturity

Most common defects Number of bugs in cloud platform

Lead time of PD process
Projects completed on time
On-time delivery rate
Customer satisfaction

% of suppliers evaluated

Figure 23. A KPI tree example for quality objectives and measures.

4.1.1 Project quality planning

After identifying processes and related quality control activities, including
documentation and required resources, standardized quality planning can be initiated for
different types of projects, such as PD projects. A standardized process and a product
plan template are requirements for applying project quality planning. A product
development plan template should include information about the purpose and scope of
the project, resource allocation and the process to be followed, including milestone
checkpoints. Based on the template, a quality plan can be created for each project. The

project quality plan should include information, such as:

e Purpose of the project quality plan

e Link to relevant QMS documentation

e Quality requirements for the product

e Product release criteria

e List of planned test activities

e Project measurements

e Process deviations from the standard project model (accepted by the

management)
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4.1.2 Defining customer requirements

Currently, objective product idea evaluation is lacking in the case company’s
productization process. A more controlled method of analysing customer needs and
transforming them into technical specifications helps in sorting out unviable products
and understanding the relationships between customer requirements and corresponding
product and service design requirements. Currently, complex processes can be difficult
to integrate due to lack of resources and process management. As key PD processes
develop along with the QMS, cross-functional design methods, such as QFD can be

brought into the planning and developing of new products and services.

4.2 Measuring organizational performance - Enabling continuous

improvement

Measuring organizational performance is a fundamental part of TQM philosophy and
the empirical research show that establishing organizational, functional and individual
performance targets and measuring the performance of different functions is a common
way of monitoring performance of an organization, which also applies at 9Solutions.
Developing performance objectives and measuring progress towards them is important
to make measurements an effective tool for organization-wide process improvement at
9Solutions. The current measurements at 9Solutions focus mainly on customer
satisfaction and business results and should be revised to match the company’s updated

vision, mission, and strategy.

9Solutions can benefit from a structured and interlinked organizational performance
measurement system as a part of the proposed QMS. Oakland (2014) presents
guidelines in how to define measurements for organizational performance, that can be
utilized to some degree in the case company. The process starts with defining several
critical success factors (CFSs), that can be viewed as the “building blocks” for the
company’s mission statement. The CSFs should answer the question “what we must
have?” in order to achieve the mission statement. Each CFS is accompanied with
measures (KPIs), targets and owners. The framework aims to bring the top-level targets
throughout the organization, so that measurements on the lower levels are aligned with
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the top-level goals. Establishing the top-level measurement framework also supports
identification of the key business processes (in chapter 4.3), that are important part in

process management and defining the QMS for 9Solutions.

At the time of writing this chapter, the case company is finishing its vision, strategy, and
mission statement renovation. Therefore, the PMF model explained earlier in this thesis
can be used to create an up to date top-level measurement framework at 9Solutions to
support QM functions and the QMS. This way the QMS will cover the most important

business processes and measures and help defining the scope of the QMS.

4.2.1 Creating a top-level measurement framework

Defining organizational performance measurements starts with looking into company’s
mission statement. Based on the mission statement, critical success factors are
identified, stating the factors that are necessary for the organization to achieve its
mission statement. The number of CFSs should be three to eight, according to the
authors in existing literature. The CFS should cover all stakeholder groups,
shareholders, society, customers, and employees. Measurable KPIs and targets are
defined for each CSF to set a performance baseline and to see the relationship between
CSFs and KPIs — to make sure the things that right things are being measured and are

aligned with the company’s top-level goals.

Defining KPIs and targets must follow certain rules. As a rule of thumb, measurement
design should follow the SMART objectives; the measures should be specific,
measurable, attainable, relevant and time bound. Setting the KPIs for the CSFs and
evaluating their interactions with processes could be done in simple matrix presented in
table 13. The CSF owner has the responsibility to define the KPIs and targets. The KPIs
should be balanced according to four categories: short term vs. long term, external vs.
internal, leading indicators vs. lagging indicators and objective measures vs. subjective
measures. Examples of CSFs for 9Solutions are presented in table 13. CSFs should be
reviewed and updated every time the company’s top-level policies and statements are

changed or modified.
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Table

13. CSF examples for 9Solutions.

Core processes
?\JF(‘)S (We mfs?iave...) CSF owner(s) KPIs/targets impacting this
CSF
Annual sales growth rate / | Market research,
1. Sales growth CFO > 10 % productization
Customer satisfaction Productization,
score (NPS) />70.0 customer support
2. Loyal customers CEO processes, order
Customer retention rate to delivery
(CRR)/>90 % process
Proportion of PD projects
On time product R&D complete>d 70511 ;chedule /
3. development and Manager, ° Productization
delivery Operations .
manager Avg. cycle time for NPD
process / < 6 months
4 An effective product CEO, After Degree of strategy Strategy planning
) strategy Sales Director communication / 95 % and deployment
Financial measures, such
as Expected Commercial Financial
5. Up-front homework CEO, CFO Value (ECV), Net Present .
Value (NPV), Productivity evaluation
Index (PI)
High product R & D manager, Product performance / >95 Productization,
6. functionality After Sales % test pass Product
Director development

A balanced scorecard, described in QM chapter, can be utilized at 9Solutions to balance
performance measures in financial, customer, internal business, and learning and growth
perspectives. The CFS and KPIs can be distributed into the balanced scorecard
framework, as presented in table 14. The CFSs act as the “objectives” in the BSC
context and KPIs correspond to “measures.” Quality objectives derived in the chapter
4.1 can be added to the BSC context. Linking quality objectives and KPIs to the BSC
environment helps broadening the BSC perspectives. Each category in the scorecard
should include between four to seven measurements. If the resulting number of
objectives and measurements is too low in any category, more can be developed
according to the BSC guidelines. At 9Solutions, the performance measurements should
focus especially measuring the productization and PD processes, as they represent
fundamental core processes of the company, with a direct influence on the quality of

resulting product or service.
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Table 14. A BSC framework example for organizational performance measurement at

9Solutions.
Initiatives
Perspective Objectives (/CFSs) Measurements (KPIs) Targets
(action plans)
Customer satisfaction score
>70.0
CSF no. 2 - Loyal (NPS)
customers Custromer retention rate >90 %
(CRR)
1. Customer = =
Proportion of PD projects >T75%
CSFno. 3 - On time completed on schedule
product development and
) Avg. cycle time for NPD
delivery < 6 months
process
CSF no. 4 — An effective Degree of strategy
>95%

2. Internal

business

product strategy

communication

Manufacturing excellence

Avg. product assembly cycle

time, unit cost and yield

CSF no. 6 - High product
functionality

Product performance

> 95 % test pass

Decrease the amount of

post sales services

Product warranty, repair and

return rate

Reduce product and service

Avg. time from design to

) i < 6 months
development time production
) Time to develop next
Technology leadership ) <2 years
generation product(s)
3. Innovation CSF no. 5 — Up-front Financial measures (ECV,
and learning homework NPV, PI)
o Self-assessment for
Meet mission goals ) ) Annual
continuous improvement
) o Employee training rate,
Quality objective no. 3 — ) ]
employee satisfaction,
Prepared employees ) )
process time to maturity
CSF no. 1 Sales growth Annual sales growth rate >10 %
4. Financial
Increase return on
ROI >10 %

investment (ROI)
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The results from BSC should be reviewed regularly and linked back to the strategic
planning phase of defining and updating KPIs, as illustrated in figure 24. Reviewing the
scorecard results regularly and acting on observations allow long-term strategic
planning and control of the key process performance. As with current KPIs at
9Solutions, the derived metrics are reviewed, and action plans are renewed monthly or

biweekly in management meetings or QMS audits.

BSC:
1. Customer
perspective
2. Internal
Strategic planning - busmets_s
of CSFs and KPIs g o -
. Innovation and
'y learning
perspective
4. Financial
perspective

Performance
results

Y

Y

Mission stat: Leadership

A
Y

Figure 24. Reviewing and planning of BSC framework.

Measuring CoQ is relevant in performance measurement context. Measuring quality
costs according to the models presented in the existing literature may not be applicable
yet at the case company, but it should be given attention after the QMS has been
developed further. For a process based QMS, the process cost based CoQ evaluation
would be the best option, as the quality costs are linked to relevant processes. The
benchmarking companies also provide guidance on what aspects to include in the

quality cost measurement.

4.3 Defining key processes and process management

Process approach is one of the key elements of the proposed QMS framework at
9Solutions. The ISO 9000 standard series also highlights the importance of process
approach, considering the most important organizational processes and the QMS itself
as a process. Defining processes should start in a top-down manner, first focusing at the
core business processes as a whole and eventually looking inside each process. Defining

core cross-functional processes will help 9Solutions to recognize the most important
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value adding core activities and are later important part of defining targets for
organizational performance according to CFSs. Key processes answer the question
“how the mission statement is achieved?”, as described by Oakland (2014). This chapter
focuses on defining and mapping processes according to the set top-level targets and
connecting process management into performance measurement framework as a part of

the QMS.

Understanding the core processes and their priority can be accomplished by comparing
the identified core processes with the amount of impacts they have with the CSFs, by
assessing their current performance against the set targets, or by creating selection
criteria for processes, as discussed by Juran (1998). The proposed performance
measurement framework described in chapter 4.2 includes defining the CSFs at
9Solutions and should be utilized also in key process identification. The more
interactions the identified processes have with CSFs, the more priority they should get

in the creation of process management infrastructure.

4.3.1 Process mapping and standardization

Defining organizational processes should start with identification of all the major
functional areas/departments of the organization and mapping the cross-functional key
processes within these “metaprocesses.” At 9Solutions, the main organizational
metaprocesses are already identified and presented in figure 25, based on the

organizational chart categories.

Administration

Product and service
delivery to customers

Requirements from

market and customers

'

'

'

'

'

'

'

' Sales & Marketing
'

'

'

: Product Management
U

R&D

After Sales & Support

Operations

Figure 25. Metaprocesses at 9Solutions.
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Next, the core business processes within the metaprocesses are derived by analysing
CSFs and process relations. All the high-level core processes necessary for set CSFs
must be identified. Each core process must be sponsored by a management team
member, who makes sure that enough resources are available for process mapping and
improvement. Every core process should be accompanied with basic information of the
process, such as process owner, the purpose and scope of the process (what the process
includes), process inputs and input providers/suppliers, and outputs and output

receiver(s)/customer(s). Details of individual processes are not necessary at this point.

After the core processes within metaprocesses and their priorities have been defined,
lower-level organizational processes within these core processes can be mapped. The
mapping of these sub-processes should be done in the form of process flowcharts,
instead of a process map view of the high-level processes. As with defining key
processes, workshops should be arranged with management and practitioner personnel
from the departments that carry out the process. Also, representatives from departments
that provide inputs to process as well as those who receive outputs from the process
should be included in the meeting. For example, the resulting process flow and
hierarchy may follow IDEF3 process capturing methodology. A process flow of an
outdated “9Solutions Order Fulfilment Process” is presented as an example of such a
diagram in figure 26. IDEF3 also includes Object State Transition Description model,
that can be used for product centred operational and deployment processes, such as

assembling or installing products.

9Solutions Order Fulfilment Process

Sales

Gporatfens

Figure 26. Example of process mapping using IDEF3 process capturing method



Process maps and flowcharts alone do not provide enough guidance to practitioners of
the processes. Therefore, additional process documentation is necessary for consistent
process execution. The additional process documentation should be in a standardized
format such as the SIPOC card, presented in figure 27. Processes, sub-processes and

included process activities are described as procedures and work instructions in the

quality manual.
Process name Node Ref#
9Sclutions Order Fulfilment Process 1.0
Owner Target Process interactions
Operations Manager Order creation (Sales)
P g Invoicing customer (Finance)

Suppliers Inputs Proc Outputs Customers
Sales dep. Order form including 1.2 Plan for production 1.20 New delivery Financial dep.

customer information| | 1.6’ Collect materials and status in ERP External customer
and list of products assemble products 1.21 Dispatch
ordered 1.9' Collect and pack the notification

products

1.12' Create shipping

documents

1.20 Update ERP status
1.21 Send dispatch
notification to customer

System measures Risk management

Figure 27. Example of the SIPOC card documentation of the 9Solutions Order
Fulfilment Process.

Collecting the process documentation data should be the process owner’s responsibility
and creating the process documentation should then be distributed among qualified
personnel from the departments that are involved in the process. The personnel creating
process related documentation should be coordinated by the process owner and relevant
management personnel from the departments that are involved in the process. The
participation of employees allows common understanding and involvement in process
documentation and QMS ownership activities. The more detailed the process maps and
the process documentation are, the easier it will be to expand the performance

measurement framework to different level processes.

Currently in the case company, the productization and product development processes

are not documented to any greater extent. Thus, a defined top-level process flow
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diagram of the productization process should be created with corresponding checklists,
process owners and responsibilities. Additionally, PD functions’ sub-processes should
be defined to create sub-milestone checklists, which can be summarized in the main
milestone reviews. A dedicated person, such as project manager should be responsible
of keeping track of the data collection for the gate meetings and make sure that every
point in the milestone checklist is fulfilled before moving forward with the project.
When processes are well defined and detailed, business process engineering and
individual performance measurements can be applied to further improve the process

management framework as a core part of the QMS.

4.4 Implementing and improving the QMS

The QMS implementation and maintenance should be given attention and adequate
resources from the case company’s top-management. A cross-functional QMS team
should be formed to carry out the QMS implementation phase. The team should consist
of top managers of different organizational functions. At 9Solutions, the proposed QMS
planning and deployment team composition would include the CEO, CFS, operations
manager, R&D manager and after sales manager. The managerial quality meetings
should first focus on the QMS implementation process by allocating resources,
establishing performance measures and creating core process documentation. After the
QMS foundations have been created, a regular audit schedule should be established to

ensure that the system is continuously improving and can adapt to changes.

The required implementation time will depend on the available time and resources.
During the QMS implementation, regular managerial meetings shall be held in a
frequent manner. For example, a 6-month period could be enough to define the core
elements of the QMS at 9Solutions. The implementation process can be divided into
three main phases: top-level quality planning, establishing performance measurement
framework and identifying and documenting core processes. Realistically, each phase
should take no more than two months. The suggested implementation process timeline

and process-steps are visualized in figure 28.
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Months 1-2 Months 2-4 Months 4-6 Month 6+

4.1 Quality planning 4.2 PMF 4.3 Process management |4.4 Continuous improvement
Update quality Mission
policy statement

-

Establish Develop | Identify key
quality CSFs »| processes and
objectives I process owners
Develop KPlIs Project post-
quality KPls Create process mor!tem gudit
documentation
I
I Iﬁ
Create KPI »| measures
tree into BSC v
e E— [ ( .
» QMS audit
Outcomes
Quality palicy, Key processes
objectives and KPI b Procesds ownersthltp Regular quality audits
* Top-level measurement rocess documentation to measure progress
framework + and adequacy of the
Direction and goals QMSs
for the QMS QMS scope

Figure 28. The proposed QMS implementation process and its outcomes.

4.4.1 Internal audit

The proposed process based QMS should be regularly audited to determine its
effectiveness and adequacy. After the QMS has been implemented, monthly quality
meetings should be prepared by the management quality representative or the quality
manager. The meetings should follow a specified agenda and include routine tasks and
specific subjects that are stated in the annual quality plan. A management quality
representative or quality manager should be allocated the responsibility to plan, prepare

and perform audits as well as report the audit results to top-management.

On top of the regular managerial quality meetings, an annual quality audit plan should
be prepared and performed. Quality audits should first focus on managing the QMS
implementation and later on ensuring that process documentation is constantly updated
according to the company’s current strategy and market needs. The QMS audit program
should cover projects, products and processes. For all types of internal audits, the
chosen auditor should be independent of the area audited. The auditing process,

presented in figure 29, should apply to all audit types. The process starts with planning
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and preparation of the audit by the quality representative and auditor. After the audit has
been performed, the results are analysed and shared with auditees. Finally, the audit
results are presented in managerial quality meetings, and follow-up actions are

determined if seen necessary.

- ; Audit Opening s h ; . i
Audit planning H preparation H meeting HAudltlnterwewsHCInsmg meetlngH Reporting ‘

Figure 29. The proposed audit process.

Product audit

Product audits should be prioritized for new products, to assess how well the product or
service qualifies to the intended use of the product or service. Therefore, involving
customers and end-users of products and services to the audit process should be

considered.

Process audit

Auditing processes should be a permanent part of the proposed QMS framework. After
the QMS has been established, process audits should assess how well the assessed
process is executed according to the documented information of that process. As a
result, the need for changing the process documentation or the process itself can be
noted. Existing process evaluation models, such as Process and Enterprise Maturity
Model (PEMM) or Capability Maturity Model Integration (CMMI), should be
considered to make the evaluation method systematic and to provide information on

how specific processes can be further developed as a part of the QMS.

Project post-mortem audit

Applying continuous improvement and learning into the 9SPLC productization process
can be established with project post-mortem audits for development projects. The post-
mortem audit acts as the last development phase after the launch to market. The post-
mortem analysis should happen after every project, identifying the strengths and

weaknesses of the development and productization process execution. The results will
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be used in the planning of next similar project. Reviewing project execution can reveal
recurring models in the projects that many cause faults and delays or challenges in
process improvement. The post-mortem analysis also supports the personal knowledge
of participants. Furthermore, improved PD documentation practices and ongoing review

of the company’s productization process can lead to improvement opportunities.

Currently, “lessons learned” type activities are only organized in software department
instead of utilizing them cross-functionally after a larger-scale project. The project
postmortem audit is a principle to initiate corrective and preventive actions to address
opportunity for improvement as well as to initiate actions to ensure that the positive
experiences are repeated in future projects. A suggestion for project postmortem audit

process and related documentation is presented in figure 29.

One to
: Phase 2: Phase 3: two weeks Phase 4:
Phase 1: Project
>/ Kick-off Ready for Ready for > et
Sales Deployment .
audit
- -
- -~

-~
- “ -
-
-
-
- ~
-
Project team lists Cor_lsol_ldat_lon and F_ieyl_ew _ancl
lessons leamed —>] distribution of |—| prioritization of
lessons learned lessons learned
Y Y
Preliminary lessons Final lessons
learned report | s  learned report

Figure 29. The project postmortem review process as a part of the productization

process

Self-assessment

Self-assessment tools can help 9Solutions to monitor and improve its performance. Self-
assessment tools, such as EFQM or MBNQA should be considered after the QMS has
been implemented and the cultural foundations for QM are achieved in the organization.

Self-assessment
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4.5 QMS documentation

Documenting the QMS should begin from higher level documents that are linked to
lower level documentation, such as core processes and their sub-processes. The QMS
documentation may be stored in the company’s cloud-storage, with direct links to
necessary external documents. The intended QMS process documentation covers the
identified core business processes. As recommended in existing literature by Nanda
(2005) and Dale et al. (2009), the QMS documentation should be divided into four
hierarchical levels. At 9Solutions, the QMS should include the following documents:

e The first level of documentation should consist of:
o Quality manual
o Organization chart and the QMS management team
o Process map of core business processes
o Quality policy, objectives and KPI
o The CSFs and organizational performance KPIs
e Level 2:
o Procedure documents describing the core processes
o Performance measures of core processes
e Level 3:
o Procedure documents describing sub-processes
o Work instruction documents
o Individual performance appraisal methods
o Templates (productization milestone checklists, quality audits)
o Level 4:
o Audit reports
o Project information (documents, records, data)

o All other reference documents

Quality manual

A QMS requires the development of quality manual, that describes how the QMS
works. At 9Solutions, ISO 9001:2015 based quality manual exists partly. Following
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ISO 9001 requirements is a good way to define QA elements into the QMS and allow
for certification later if it is seen necessary. The Annex SL form of the ISO standard
allows combining the current ISMS system and the QMS into a business management
system, covering the organization’s quality and information management aspects in a
standardized format, promoting the lean management philosophy. Compared to ISO
9001:2015 certification standard, the proposed improvements will help to define and

document the following clauses:

e The top-level quality policies and objectives — clauses 5.1, 5.2 and 6.2.

e The performance measurement framework — clauses 9.1, 9.3

e Process approach — clause 4.4

e Defined product and service design and development process — clause 8.3
e Internal auditing — clause 9.2

e Customer involvement — Clause 8.2

e Continuous improvement of the QMS — clause 10.3

Process documentation should be presented in the quality manual in the following way:

1) The core business processes should be presented in a simple process map (first
level of detail), with each process inputs and outputs described in a SIPOC card.

2) Each core process is described in a high-level procedure document, that
describes how the process is carried out; what activities are involved in the
process, when the activities are performed and who performs what actions.

3) Work instructions form the low-level documentation of a process, describing in
detail how to perform activities and tasks within a process step. Work
instructions define activities in a step-by-step manner to accomplish the
activities in a process. Work instructions are necessary only for activities that

need a detailed step-by-step guidance for performing the activity.
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S CONCLUSIONS

The objective of the study is to provide a quality improvement framework for the case
company in the form of a QMS. The improvement recommendations are based on
existing literature findings and empirical analysis of the case company and
benchmarking companies. The key concepts of quality management, quality
management systems, productization and product development create theoretical
background for the study to assess the current state of the case company and to clarify
improvement direction. The identified best practices from the benchmarking study were
also utilized in the construction of the improvement framework. As a result, a process-
based QMS is presented, aiming to systematize quality management at the case

company and adopt a more preventive approach to quality issues.

5.1 Key results

During the last decades, QM has developed from routine inspection activities to supply-
chain wide process of continuous improvement and is now considered an important
managerial tool in both small and large enterprises. Managing quality aims to detect and
prevent problems by planning, monitoring and continuously improving organizational
processes. Systematic quality management helps organizations to increase customer
satisfaction by involving people on all levels, setting concrete and measurable targets,
providing clarity in processes and measuring the organization’s progress towards set
goals. SMEs may find a QMS implementation necessary when the company is rapidly
growing, moving their business abroad or want to improve their product or service
quality. Also, external customers may require that the company has a certified QMS in
place. However, if the sole reason for QMS implementation is to get certified or pass a
customer audit, a lot of QM benefits may not be achieved. The real motivation for QM
should derive from management initiative to enhance customer satisfaction and improve

company’s performance.

Current state of QM in the case company revolves around inspection and quality

control, with some quality assuring activities. Managing quality is not systematic in a
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sense that there is no documented QMS or a designated person for managing quality.
The lack of systematically defined processes and process owners has led to information
gaps between organizational functions. Quality planning is not practiced systematically
in the company’s productization process, which forces a detective approach to finding
and fixing problems. Also, the lack of dedicated project teams and project managers
lead to unmanaged productization process where milestone reviews are ignored, and
therefore crucial quality control of the development process is missing. The lack of
quality manager or management quality representative means there is no proper
initiative to establish systematic QM. The benchmarking survey demonstrated the
importance of a QMS that covers the most important areas of company’s operation. A
clear view on organizational targets, core processes and process owners, planning
activities and auditing promote continuous improvement and can be considered as the
best-practices of managing quality among the benchmarking companies. These aspects

can be viewed as the desired improvement direction also at the case company.

This study suggests that implementing quality assurance tools and establishing a QMS
will help in applying a more preventive approach into quality to improve product
quality at the case company. Recommendations provide an improvement framework for
the case company. Establishing QMS at the case company should begin with a top-
down approach of redefining quality policy, objectives and KPIs. Communicating the
quality goals throughout the organization help forming a mutual understanding of
quality and promoting quality culture among the employees at the case company. The
established quality policy and goals act as the improvement direction for the whole
QMS. The QMS should then be structured around the core organizational processes.
The most crucial business processes are objectively identified through the establishment
of an organizational performance framework. The company’s mission should be used as
the base for creating CSF with KPIs that act as performance metrics for the top-level
processes. Performance metrics provide information about company’s progress through
balanced set of performance metrics and targets. The process management approach
allows better management of core business and continuous improvement of the system
and helps to cover all areas of the company’s operation that are seen necessary to
achieve the main organizational targets. The QMS implementation requires full

management support and establishing a QMS team consisting of the members of top
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management is advised. The allocated managers should be responsible for providing
adequate resources to the QMS implementation and development, as well as promoting

quality culture among their areas of responsibility.

5.2 Theoretical contribution

QM has been studied extensively and the key concepts around the topic are well
established. Several principles and frameworks have been developed for managing
quality in social and technical aspects that affect quality within an organization. Quality
is usually understood as satisfying customer and meeting required specifications. Earlier
studies conducted by Oakland (2014) and Dale et al. (2009) promote a systematic and
preventive approach to quality, while also addressing the importance of quality control.
The modern, preventive approach to quality highlights the importance of establishing
quality objectives, involving people and performing quality planning, so that continuous
improvement is achieved. The distinction between detective and preventive QM
principles allowed to assess the current state of QM in the case companies, as the
empirical findings from studying the case company and benchmarking companies

support the QM maturity level classification described by Dale et al. (2009).

The relationship between QM and productization has not been discussed to any greater
degree. Productization aims to produce products and services of high quality, but the
practical models for developing QM into whole productization process have not been
established. Thus, this study complements existing literature on productization and
quality management by linking the concepts. On the other hand, quality has been widely
studied in PD environment that has a direct impact on the quality of the resulting
product or service (Ulrich & Eppinger 2012, Oakland 2014). The quality concept has
been brought into PD with methods such as project-specific quality planning and QFD
(Zair1 & Youssef 2009).
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5.3 Managerial implications

This study demonstrates the importance of QM in both small and large enterprises. QM
should start from management initiative and be applied to all functions of the
organization, that are seen crucial to satisfy customer and meet internal and external
requirements. Systematizing QM by establishing a QMS can allow a more systematic
way in understanding the needs of the customer, manage risks, remove waste, improve
cross-functional communication and improve the organization’s business performance.
Implementing a QMS is seen as a method to raise company’s maturity level as the
company grows or expands to new market areas. In SMEs that wish to implement a
QMS, the main principles and scope of QM should be defined first. As QM in general,
also establishing a QMS should be a planned, company-specific process, guided by

existing QM concepts and management know-how.

The study indicates, that in the context of SMEs with no QMS, the implementation
should start with creating quality objectives and identifying and managing the core
functional elements of the organization towards set goals. If seen necessary, the system
can be expanded further to cover more organizational functions after the main
functionalities have been established. Measuring organizational performance guides the
managerial decision making and future planning, thus promoting continuous
improvement within an organization. Especially product development-heavy companies
should establish quality planning procedures for projects, ensuring that the voice of the
customer is considered in their development processes from start to finish. Proper
quality planning should be regarded as one of the key points in ensuring the quality of

resulting product or service, as well as in successful QMS implementation.

5.4 Validity and reliability

The validity and reliability of the research results can be assessed according to Yin’s
(2009) four main criteria for evaluating the quality of research design. The evaluation

criteria consist of construct validity, internal validity, external validity and reliability.
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Construct validity requires the use of multiple sources of evidence and establishing
correct operational measures. The literature review chapter collects information from
several academic sources, so that quality management is considered from different
viewpoints. Therefore, construct validity can be seen successfully achieved for the
study’s theoretical part. The empirical part studied the current QM status at the case
company through several semi-structured interviews and comparing the results against
key concepts of the literature review. Benchmarking interviews were also semi-
structured in nature to allow open discussion about the topics. The benchmarking
interviews brought a new perspective to the study and the findings were found useful in
the construction of the improvement framework. Semi-structured interviews can be
affected by inaccuracy and by the interviewer’s influence on the interviewees (Bryman
& Bell 2003). Obtaining information from several different sources aim to minimize
these weaknesses. The large number of internal and external interviews, as well as
internal data collection have provided good construct validity for the empirical part of

the study.

Internal validity of the study can be evaluated through causal relationships, and
therefore is not fully relevant in case studies (Yin 2009). In this study, several literature
sources form the basis for the thesis worker’s reasoning in empirical part of the study
and in construction of the improvements. Hidden factors can have effect on concluding
causalities, and therefore the research focuses on improving the current state by
constructing an improvement framework, rather than examining causalities between x

and y.

External validity considers how well the research results can be generalized outside the
immediate case study (Yin 2009). The literature review presents a generic but versatile
look into different quality management approaches, so that the key findings can be
regarded as theoretical QM guidelines for improvement. The improvement framework
is specific to the case company and can not be directly transferred to any external
context. However, the generic key concepts behind the framework could be applied in
any organization that wishes to systematize their QM by implementing a QMS,

especially in similar sized SMEs.

115



The last criteria, reliability, evaluates the repeatability of the study. Meaning if the
research study process is repeated by a later investigator, would he end up with same
findings and conclusions. (Yin 2009) The study supports the reliability aspect by
describing the research process and topics, and their utilization in empirical findings and
improvement suggestions. The research questionnaires are also included as appendices.
The key concepts around QM has been well established and haven’t changed a lot
recently. Therefore, it can be concluded that another researcher would end up with
similar conclusions for improvement proposals. However, another researcher might end
up with different results, as the outcomes of semi-structured interviews can vary
depending on the interaction between the interviewer and interviewees. The business
environment and company’s internal procedures are also constantly developing, and
thus the empirical research could yield some different results if it was to be performed

on a later point of time.

5.5 Future research

Even though QM has been studied extensively, some areas of interest for further
research were discovered during the study process. This chapter presents the identified

gaps in existing literature, some of which could also benefit the case company.

While the existing literature on QM is rather extensive, more research could be done on
QM in SME context. Current QM models are mostly applicable to large organizations
with abundant resources and personnel to manage quality effectively. Implementing a
QMS requires increased amount of system documentation and continuous ongoing
support, which can be repulsive factors against QMS implementation for companies that
work with little resources. However, as the benchmarking study demonstrates,
successful QM can be also achieved in SMEs. Therefore, SME-specific guidelines and
practices for managing quality in small enterprises and growing organizations should be
examined and developed further. Lean philosophy has been widely adopted in SME
business environment, and more research should consider QM’s significance in lean
organizations. Further research is also needed to assess the relationship between the QM
principles and productization and how QM can support effective productization

practices. QMS implementation methods and schedules vary between organizations and
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are not discussed to any greater degree in existing literature. Therefore, more research is
needed to define effective models for QMS implementation process in both small and

larger organizations.

In the case company, managing quality and establishing a QMS should begin with
implementing basic concepts described in this study. Further research could observe the
QMS implementation process and its short- and long-term effects within the case
organization. Development of quality culture within the case organization can allow the
use of self-assessment models, that can be useful for the company to observe its
progress towards operational excellence. External QM factors should also be evaluated,
such as supplier relationships and involving external customers into company’s
processes. Regular external benchmarking methods can be a helpful tool for the case

organization to develop their managerial systems, including the QMS.
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APPENDICES

Appendix 1: Internal questionnaire (productization)

1. Products and product structure

1.1 What is a product from your organization’s point of view?

1.2 To what kind of product families do you divide your products?

1.3 How many separate products or product configurations exist? Is there too many or
too few products?

1.4 How large are product specific volumes?

1.5 Are all products in the product catalogue?

1.6 What is a typical life cycle for a 9Solutions product?

1.7 Are commercial and technical product portfolios defined?

1.8 Do you separate the product that customer sees and everything else related to the
product (installation, maintenance)?

1.9 Do you sell product assemblies or individual products?

1.10 How and when are the sold assemblies and sub-assemblies defined?

2. Productization

2.1 What are currently the biggest challenges regarding commercial and technical
productization?

2.2 Which factors have an influence on the number of sales items?

2.3 Does the product include hardware, software and service aspects?

2.4 How products are added/removed?

2.5 Are there modular elements in products?

2.6 Do the products share common parts?

2.7 How repeatability is utilized in the products?

2.8 How does the development of product variants differ from the development of a
whole new product?

2.9 How are quality and testing activities included in the product development process?
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Appendix 2: Internal questionnaire (quality)

1. Interview questions, background:

1.1 What is your role in the company?

1.2 What is your work experience in the company?

2. Quality management issues in the company:

2.1 What does quality mean to you?

2.2 What does quality mean in your own team?

2.4 How do you view the current state of product quality in the company?

2.5 Are you aware of quality systems in use (ISO 9001 etc.) in the company?

2.6 How does (the lack of) quality impact the company’s results?

2.7 What product quality related data is created or collected in your work? How often
is that data used?

2.8 Are the suppliers certified and qualified for quality?

2.9 What are the current challenges in managing product quality at 9Solutions?
2.10 How would you improve the overall quality of products?

2.11 Name an example of 9Solutions product with good quality. Product with bad
quality?

3. Examining existing performance:

3.1 Quality control and inspection related questions:

3.1.1 What are the main tools for finding faulty products?

3.1.2 What inspection activities are used in the quality control?

3.1.3 Is there a quality manual in the company?

3.1.4 How product related documents are controlled?

3.1.5 How are defects and customer returns handled?

3.1.6 How is product quality measured? Key performance indicators?

3.1.7 What is the current state of quality planning?
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3.1.8 When faulty products are detected?

3.1.9 How products are tested? Are the current testing methods enough?

3.2 Quality assurance related questions:

3.2.1 Is the quality system documented? How?

3.2.2 Can the origin of faulty features be identified?

3.2.3 Is there a tracing and tracking system of products or product batches?
3.2.4 Are there statistical methods in use to manage quality?

3.2.5 Are quality costs calculated?

3.3 Total quality management related questions:

3.3.1 How are the senior managers promoting a culture of excellence in the
organization?

3.3.2 Is there a clear long-term strategy for quality management in the organization?
3.3.5 Does your organization provide training to people working on quality-related
activities? Have people been trained in how to prevent errors and problems?

3.3.6 How does the management share information with employees, listen to them and
act on their suggestions?

3.3.7 What issues exist regarding internal and external communication within the
organization?

3.3.8 Is teamwork practiced in the organization? In what forms?

3.3.9 Is there defined internal and external key performance indicators to measure
improvement (i.e. business measures, competitive, benchmarking, customer surveys)?
3.3.10 What is corporate quality culture like? Does the culture promote continuous
improvement to everyone?

3.3.12 Does established quality objectives and responsibilities exist for different
functions and levels of the organization?

3.3.13 Are activities oriented to focus on the customer needs? How does customer needs

effect on defining requirements for the organization and its products?

3.4 What quality management areas were not present in this interview? Proposals for

this interview?
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3.5 Estimate on a scale 1-5:

3.5.1 “How important is that 9Solutions improves its quality management?”
1 = Not important, 2 = Somewhat important, 3 = Important, 4 = Very important, 5 = It’s

the most important thing

3.5.2 “How would you rate the quality level of 9Solutions products and solutions?”

1 = Very Poor, 2 = Poor, 3 = Adequate, 4 = Good, 5 = Excellent

3.5.3 “How proud are you of the quality of 9Solutions products and solutions?”
1 = Not Proud, 2 = Somewhat Proud, 3 = Basic Quality level, 4 = Proud, high quality 5
= Proud, we have the best quality

3.5.4 “Select the most suitable statement which describes your daily work™

1: Customer experience is not important in my daily work at 9Solutions

2: Customer experience is somewhat important in my daily work at 9Solutions
3: Customer experience is important in my daily work at 9Solutions

4: Customer experience is very important in my daily work at 9Solutions

5: Customer experience is the most important topic in my daily work at 9Solutions

3.5.5 “Senior management is committed to high product quality by promoting quality
culture for 9Solutions”
1 = Not at all, 2 = Somewhat committed, 3 = Commited, 4 = Very committed, 5 = It’s

the most important topic for senior management

3.5.6 “Would you recommend 9Solutions products and solutions to your friend or
Sfamily member?”

Scale from 1 to 10 (NPS): 123456789 10

4. Requirements for quality management system

4.1 Are company’s quality policies defined and published?
4.2 How does the management review the quality system and previously decided

actions? How often?
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4.3 Are quality records created internally? From the suppliers?

4.4 What tools are used in product design and development to ensure that the output
meets the requirements

4.5 How suppliers are evaluated and selected?

4.6 How product and service delivery processes are controlled?

4.7 How care and support services are planned?

4.11 How is collected data analyzed?

4.12 How causes of nonconformity are eliminated?
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Appendix 3. Benchmarking questionnaire

1. Quality and QM

1.1 What does quality mean for your company?

1.2 How do you view the current state of product quality in the company? What is the
significance of quality for business?

1.3 What type of quality management system do you have in use? Certifications?

1.4 How is quality managed daily in the company?

1.5 How does the company ensure good customer experience with limited resources?
1.6 How does the company invest in quality? How are resources allocated to quality,
for example in terms of human resources?

1.7 What kind of quality related challenges have existed in the company in the past?
How product quality has been approached?

1.8 How the quality management system is maintained and previously decided actions
are reviewed in the company? How often?

1.9 How has quality management developed with the company's growth/development?
1.10 How would you improve current the quality management system or quality culture

in the company?

2. Measuring quality and performance

2.1 What quality and customer experience related metrics are used in the company?
2.2 How are costs of quality measured in the company?

2.3 What quality targets have been developed in the company?

2.4 How does the company keep track on achieving quality goals?

2.5 How and when is the testability and test coverage of a product defined?

3. Quality in PD

3.1 How quality issues are considered in product development and specifically in
software development? Is there a specific development model for software
development?

3.2 How product development projects and related roles, responsibilities and phases
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have been organized in the company?

3.3 Is there a gate model in use for product development? (or another model)

3.4 How and when are the product development projects reviewed during the project?
3.5 To what extent is the product development process documented?

3.6 What is the role of the customer in product development? To what extent does the

customer participate in new product development?
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Appendix 4: Benchmarking summary

Company A

Company B

Company C

Quality management

QMS characteristics

-The whole organization
participates in continuous
improvement

-Striving for sufficient
quality level

-Precise quality targets in
operations

-The organization must
fulfil the set requirements
-Clear requirements and
targets for different
functions and
departments of the
organization

-QMS focuses on quality
through the whole
organization and
different departments

-Quality is recognized as
one of the main functions
of the company

-Defined key processes
for all organizational
functions

-Set metrics for almost
all processes

-Quality manual contains
processes, metrics, work
instructions, audits

QMS and certification

ISO 9001:2015

ISO 9001:2015, ISO
14001, 5S practices

ISO 9001:2015

Daily quality activities

-Memo practice for
employees

-Continuous filling of
memos by the employees

-Specified KPIs for every
organizational function
-KPIs are reviewed
monthly

-Reviewing KPIs and
related metrics
-Internal audits

Ensuring customer
satisfaction

-Customer feedback
memo

-Reviewed every two
weeks

-Focusing on essential
issues and to be as
efficient as possible
-Prioritization of big
customers and critical
issues

-Investing in customer
support and service
-Big customers get the
most attention

Investing in quality

-A few persons with
quality title

-Quality is budgeted
beside other projects
-regular QMS auditing
and consulting

-One quality manager
and few persons with
quality title

-Every employee has
been trained for ISO
9001

-One quality manager
-Investing in customer
support and service
-Maintain of quality
manual

-Designated
responsibilities for
processes and metrics

Quality related
challenges

-Updating QMS to
correspond to the newest
standard

-Internal random test
auditing if a problem has
been detected

-Quality variation in
small product batches

-People not following
processes and
instructions

QMS maintenance

-Cumulative quality
memo

-Action list, which
includes improvements,
targets and KPIs

-The list is monitored
monthly and annually on
audits

-The list is open for
everyone in the

-Internal audits

-Audit annually for every
main function

-“Annual wheel of
quality”: defined internal
audits for every function
-“Internal audit plan”
includes schedule and
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organization

-Quality manager lists
the emerged issues, that
are reviewed together

checklists for audits
-Actions are based on
measurable facts, not
opinions

QMS evolution

-From heavy QM
software to light memo
system

-Implementing QMS
-KPIs and action lists
have been introduced
with the QMS

-Processes in product
development have
become more precise and
better monitored

-More checklists, records
of audits

-More systematic way of
accepting things

-From process-oriented
system to checklist-
oriented system

-Some processes have
been combined

-New processes
identified, such as
product ramp-down
process

Quality measures

Quality metrics

-Customer feedback
-Customer complaints
-Maintenance work

-KPIs: reliability of
delivery, production
yield, capacity, customer
claims, maintenance
work, customer returns,
most common faults
-Staying on schedule in
PD

-KPIs for different
functions

-Customer interviews by
subcontract company
-Customers can set
metrics themselves

Cost of Quality -Quality as cost centre -Maintenance costs -Product replacement
measurement -Quality is project among costs

others
Quality targets -Improving procedures -Used metrics originate -Quality metrics

-Satisfied customers
-Continuous
improvement of know-
how

from set targets
-On-time delivery
-Customer satisfaction
-Human resource metrics
-Employee well-being
-Different departments
collect their own metrics
and report the results to
quality manager

-Set maximum count for
customer claims and
product replacement
-Ensuring customer
satisfaction is the
ultimate quality target

Reviewing quality targets

-KPIs are reviewed
monthly and annually in
audits

-Reviewing metrics as
they are defined in the
quality manual

Testing

-Acceptance Test
Procedure (ATP)
document

-Testing is planned in the
beginning of product
development

-Test requirements are
defined with product
specifications

-Testing and related yield
are reviewed before
moving to mass
production

-Out-of-box audit

-Test planning takes
place in the beginning of
product development

Quality in PD
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Product development
model to achieve quality
products

Evaluating suppliers
— estimating risks
— planning

— authentication

-Similar development
processes throughout the
different departments
-Agile-like model

-The product
development process is
defined, including related
sub-processes

— acceptance audit -Waterfall resembling
— accepting for model for software
production development

Roles and responsibilities | -Designated -Line organizations -A project manager for
responsibilities according to every product
-Designated process organizational functions | development project
owners -Responsibilities are set -In the beginning of the

-Project manager leads
the development project
forward and leading it to
production

with specified job titles
-Processes determine
some of the
responsibilities
-Project manager leads
the NPD project
-Program manager on top
level — product
development manager
and R&D manager —
head designers

project, involved persons
are defined, based on the
nature of the project

-If there is no required
person in the company, a
subcontractor is used

PD operational model

-Iterative prototyping
-Git in software
development
-Customer involvement

-Milestones 1-6

-Every milestone
includes a checklist
-Process chart for every
milestone

-Milestones include sub-
milestones for different
functions
-Sub-milestones are
composed to program
milestone

-“Guide for project
activity” includes basic
information of the project
-Project described in
process form: defining
requirements,
preliminary investigation,
technical specifications,
audits

-Three top level
milestones for product
development projects, 14
in total

-Project manager
assembles the milestone
audits, manages the
transcript and is
responsible for managing
changes and re-audits

Reviewing product
development projects

-Developer arranges the
reviews

-Firmware modification
review

-Firmware acceptance
tests, related to ATP
document

-Linked evidence on
completed checklist
points

-Deficiencies are listed as
actions and reviewed on
next milestone meeting

-Three top level
milestones

-14 milestones in total
-Project manager
arranges the milestone
audits

Documentation of
product development
process

-Core processes —
detailed descriptions

-A one page manifest
when software is end of
its life - includes who has

-Process charts, on
company and function
levels

-Processes are described
in quality manual

-Process flowchart
includes the required
minimum steps regarding
all product development
projects
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made it, to whom it was
made

-Milestone checklists
include outputs of
process steps

Customer involvement in
product development

-Contract review
document describes what
has been agreed with the
customer (marketing
dep.)

-Active in the beginning
of PD

-Customer tests the
finished product

— iterative method

-Customer may state
product demands or
testing demands

-Big customers validate
the product by
themselves or demand
specific test reports
-Feedback from old
customers regarding the
earlier versions of
product is reviewed

-Goal: all product
development projects
begin from a customer
need

-Some customers pay for
the whole product
development project and
are involved in audits
-Opportunity
evaluation/qualification
for other projects:
conversations with
customers to evaluate the
reality of the customer
need

-Released products are
tested by customers, to
make changes before
mass production
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