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Abstract

Mass customization is one of the buzzwords of tlaekets according to Pillar (2004). With
increasing coverage in the literature, it is a gngnarea of research with new opportunities as
well as gaps.

This thesis aims to address the gap which existgeirature about implementation of mass
customization in supply chain level. Inspired bytesmsive literature review, it has been
recognized that implementation of mass customimatio supply chain has been studied
fragmented and still it is not clear how it would possible to manage a supply chain in a
turbulent environment. The purpose of the framewserko help companies, which want to
start doing mass customization, to understand rasprects of the supply chain, understand
which factors impact these aspects and how thefopeance can be assessed. To reach this
goal this study needs to answer to two main questio

1. Which factors are needed to be considered whildementing mass customization in
supply chain level?
2. How these factors can be measured?

Different strategies have been analyzed and ura&tsh relation with the other strategies to
create a wholesome frame. Each strategy is prebsevite different factors which affect the
decisions and indicators for assessing these facitre frame aims to aid the companies by
providing these different factors they have to nggnéo implement for an effective mass
customization strategy and indicators which they gse to assess the performance of these
factors. At the end of the study, a validation ghhas been implemented to evaluate the
correctness and completeness of the frame.



1. Introduction

Mass customization, is a almost new rising subjeatpw follows an increasing trend both in
literature and in industry with customization obgucts which reach the customers.

Before starting, it is appropriate to define masstamization. Davis first coined the term in
1987 and from that they the literature has beewigip (Pillar, 2004). Over the literature, it

can be seen that mass customization definitiommstantly evolving, so rather than a single
definition an explanation is more necessary.

Piller (2004) defines as

“Customer co-design process of products and sesyiaghich meet the needs of each
individual customer with regard to certain produeiatures. All operations are performed
within a fixed solution space, characterized bybktabut still flexible and responsive
processes. As a result, the costs associated wgtomization allow for a price level that
does not imply a switch in an upper market segment”

It is a strategy, not a manufacturing but a businese, which create these customized
products in high volume and high efficiency witham acceptable price range for the
customers. Three distinctive elements are idedtifidich creates the system: customer co-
design, modular product design and finite soluspace (Kumar et al, 2008)

By being a market pull system it responds to madezhands by enabling the customers to
co-design the products. The customer is integrateéde design of the product the make the
customization possible. Within the system, the eskgh can happen at different steps of the
product design cycle, engineering, production, m&dg or distribution. These strategies with

different levels of involvement are defined as paustomization, tailored standardization,

customized standardization, segmented standamizand pure standardization. In pure
customization the customer starts the coordinaiothme engineering phase, involving in the
design of product making it fully customized foreth. At the other extreme, in pure

standardization, the process is fully standardingthout customer involvement and the

production is made-to-stock, no customization isedo

Another important aspect of mass customizatiorteggais the mass production efficiency.
This efficiency enables the prices to be kept laveaning that the cost changes created by
customization is minimally reflected on the custonigy decreasing costs of the supply chain
and manufacturing.

Based on the overview of the mass customizati@aiegjy, the aim of this work is to create a
framework for companies who want to start massototation activities on their supply
chain or manage better their existing systems. ffame aims to aid the companies by
providing different factors they have to managerplement an effective mass customization
strategy and indicators which they can use to agbesperformance of these factors.

The organization of this thesis is as follows. Faditerature review is presented followed by
a critical analysis. As the third chapter the redeaobjective and methodology is given,
explaining the steps of the work. The methodologyallowed by the explanation of the
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conceptual framework. The fifth chapter is dedidate the validation of the created
framework and the work is finished with discussidrthe findings.

2. Literature Review of Mass Customization on Supply Gain Level

From now on the literature review will focus on tbaly the supply chain in the mass
customization context, which is the scope of thests.

The literature review consists of two steps. Fi& related studies were searched. As the
second step, the found studies were grouped ierdift research streams to analyze for the
beginning of the framework.

As the first step of this thesis, an extensiveditigre review was done on the subject of supply
chain management and mass customization stratégiesder to do so, searches was done for
studies with the keywords “mass customization” dadpply chain” in their keywords,
abstracts or titles.

As the second step of the work, all the publicaifound were clustered into different groups
based on the main idea or strategy that is invatstihin them. The 12 research streams
created are given below with the correspondinglartounts (Graph 1).

Article Count in each Research Stream

Product development ST 2
Manufacturing | ST ]
Commaonality and platform products | SE—— 0
Performance | I
Inventory management & scheduling | EE————————— 1
Agilityand flexibility | ——
Customization leve| | &
Mass customization strategy | O T
Modularity | B
Information tehnologies | — T
Relationship management | S — 10
R S ————— L

Graph 1 - Research Stream Composition

In the following parts of this chapter, first thentents of each research stream will be
explained in detail, with the relevant definitioasd extractions from the literature. In the
second part, the critical analysis of each streagivien to better understand the strengths and
weaknesses of topic.
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2.1.Postponement Strategy Research Stream

This group of literature is dedicated to the posgent strategy which is one of the enablers
of a mass customization system. To ensure the cgpipin and the efficiency of mass
customization on the supply chain different typégostponement strategies can be used.
There are different partial definitions associatgth postponement strategy. Graman (2010)
defines postponement as “the capability of a suppbin to delay product differentiation, or
customization, until closer to the time that demé&rdthe product is known”. Baozhuang, et
al. (2008); Hoek (1999) and Qin (2011) defines posement only on postponement of
manufacturing until the receiving of customer osdarhile Su (2005) emphasizes on the
delaying distribution until the arrival of customerders and also delaying differentiation in
the supply chain. Ji & Sun (2011) adds to therddin with the conflict between product
variety and quick response time and Qin (2011)nésfit as a supply chain strategy which is
used to achieve mass customization and can dealproduct growth while keeping costs at
certain levels

Different companies adapt different types of posguent strategies which are best fit for
their operations and market. The literature agrees three different categories of
postponement strategy is present: time, form aadeppostponement. With the integration of
these different categories a full postponementesisais created

2.1.1. Postponement types: Time, Form and Place Postponente

Time postponement (TP) denotes the delaying typated by the holdup of delivery of the
product until the orders are received from the @ustr. This holdup can occur at different
stages of the supply chain, mainly manufacturingl dogistics. In manufacturing, the
production of the final good is started after theaiving of the customer order also known as
the make-to-order approach. In logistics the hawgdéind the shipping of the product can be
postponed to a later time. This postponement gfyatesults in lower inventory levels while
it increases service by fulfilling the customizeenthnd (Hoek 1999; Su 2005; Kisperska-
Moron et al 2011).

In the case of form postponement, production ofpfealuct is completed to a certain point,
(Hoek 1999; Su 2005; Graman 2010; Trentin and F20A®); Kisperska-Moron et al. 2011).
The semi-finished products are in generic form whéey are shipped out of the
manufacturing process and customized further ondihvenstream supply chain after the
customer order is received. The final form and fiomc of the product is given by
differentiation after the exact demand is knowntlsat the resources to be used at the end
product are hold as long as possible in the supipiyn and product variety is compensated.
This kind of postponement is aimed to have shoead times on customer orders by
manufacturing the generic part of the product kefand

The last type of postponement is the place or losgiostponement. This category is based
on moving of the inventories in the upstream sumtigin in selected centralized locations
where manufacturing or distribution activities occin these inventory-keeping points
downstream shipment is delayed until the custometerois received, resulting in
postponement of the progress of the products tesvédrel customer. This is usually a part of
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the logistics process of the supply chain and eanlt in spatial reconfiguration of the supply
chain by repositioning inventory points and somesnalso final manufacturing activities.
(Hoek 1999; Artur et al 2011).

With the combination of these three different posgment types a postponement strategy
can be put forward in a company. A supply chairhyibstponement and mass customization
is a market pull strategy; it is initiated by a wumser order, rather than a traditional push
strategy of mass production. According to Artuakt(2011) different categories like product
type, consumer demand and supply chain approachused to determine the different
strategies. Product type is important in two déf@raspects. The first one is the current place
in the product lifecycle and the second productgihesThe product lifecycle is important
because at different stages of the lifecycle diifiéipostponement strategies can be used for
increasing customer satisfaction (during introduttand growth) or reducing costs (during
decline). Product design is another aspect affgqimstponement strategy. Based on how the
product is designed, for example its modularitjfedent strategies can be adapted.

The consumer demand is an important influencergalioile with the market’'s effects. The

requirements of the consumer influence the type extdnt of the postponement strategy,
which can be described under customer satisfactiattors influencing the customer

satisfaction, like the delivery times should beanakd in the supply chain based on the
different customer types to ensure satisfaction.

The last category is the supply chain approach kvldienotes the production and logistics
activities and their characteristics in the supgigin. Kisperska-Moron et al. (2011) sees two
factors as most important, the availability of emmies of scale and the need of special
knowledge. When there is lack of both, a postpomgéns&grategy can be more effectively
implemented.

Studies Su (2005) and Ji et al. (2011) take lodk@system in a strategic point of view. In Ji
and Sun (2011) they use different decision driversa supply chain, namely correlative
coefficient, customization ratio of the productgpected waiting time’s coefficient on total
cost and product variety in the production systenpérform a sensitivity analysis over the
total cost of the supply chain. These differertisien drivers drag the optimal differentiation
point of the system at different points of the dypghain which raises the question of how
different drivers affect the structure of the pastpment strategy.

The study of Su (2005) follows a similar way to emss the two different postponement

strategies, time and form postponement. The sieege evaluated under two performance
measures, costs, which include both fixed and ojp@@ costs, and customer waiting time.

Experiments conducted by the authors try to undedsthe effects of arrival and process time
variations, generic component coverage percentagaper of products and interest rates on
the supply chain under the two different stratedgresults show that higher variations both in
arrival and process time are compensated in forstppoement systems; there was no
evidence of waiting time increase. Also generic ponent coverage increases are favorable
in form postponement because they result in waitimg decreases. The other two drivers,
number of products and interest rates, both fawwe postponement.
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In the light of these results Su (2005) explairat flor companies with high variations it is
significant to apply some type of form postponememtcompensate the effects of the
variation. The affects of variations are not pragelcupon the customer on the waiting times
by the mass produced and stored generic compowoéritee products. On the other hand,
number of products favors time postponement becassrlly, more products might indicate
the need of different generic components or mosgornization work after receiving of the
order on form postponement but does not have sffiebt® on time postponement. Similarly
interest rate increases also favor time postponeiche® to amount of inventories at hand.
Although it increases costs in both cases, becdbnsee are less inventories in time
postponement when compared with form postponenmm@hirderest rate increases the cost of
inventories, the increase in interest rates hagldriimpact on form postponement strategy.

Within the literature there are studies which amdustry specific. The food industry is
examined inHoek (1997) via a case study of a wine produceffezint decision making
models for postponement are created to show thee ablproduct differentiation, process,
technological and market characteristics. The faedisions considered are manufacturing,
assembly time and packaging and labeling postpontmevhich denote the level of
customization as done by Ji & Sun (2011).

Hoek (1999) sets to examine food, electronics, rmotive and clothing companies to
understand the effects of postponement strategisoorcing and special reconfiguration
across these industries and mainly understandoibe ihdustry. An important characteristic
of the study is that it defines some processess@rcing, primary and secondary production,
inventory, distribution and sales) and their spatieucture (global, continental, international
and local) for the given industries. Even though ribsearch focuses on only companies from
Netherlands, Belgium and Germany and especiallyhasipes the food industry, it can
function as a stepping stone to understand howepeas differ over industries and how these
differences effect the postponement and outsourdewsions of companies. Based on the
survey conducted on selected companies of thesestimes the results show that
postponement amount increases on activities cltissghe customer in the supply chain,
mainly packaging, labeling and adding the user raBnuHowever, it is also found that food
industry is the industry where postponement leaetslower than the others. The study also
finds the important efficiency levers (costs, intarg and manufacturing efficiency etc.) and
customer satisfaction factors based on industrytier important contribution is the insight
on outsourced activities and the factors that attee outsourcing decision.

Apart from papers which take and compare diffef@rgtponement strategies some studies
focus on only one aspect of postponement, mainign fpostponement. Trentin and Forza
(2010) focus on designing, or rather redesigningfdrm postponement. The analysis on the
five case studies on machinery industry aims tceakwifferent approaches in product
architecture, supply chain and production processesl organizational design by
understanding the enablers of postponement. Thelessato be considered are “simple
production planning environment”, “self containmesit the production planning tasks”,
“production planning frequency” and “lateral retats in the production planning process”.
On all enablers it is found that higher degreesifate the form postponement son production
family.
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Other studies about form postponement focus orvéinables which have an effect on the
selection of a postponement strategy (KisperskaeMlat al. 2011). These determinants are
consolidated in three categories which accordingh® author determine the production

strategy, which are product type, consumer demamdl supply chain approach. The

variables, 15 in total, are merged into five diffier factors based on their characteristics like
compare company performance, quality of forecaséitty to use in a multiple regression

analysis with postponement strategy in general @sd three subgroups, full (engineer-to-
order), production (make-to-order) and assemblygable-to-order) postponement.

2.1.2. Advantages and Disadvantages

Implementation of a postponement strategy as exgdaby Hoek (2000), Graman (2010)
Hoek (1997) and Qin (2011) has different advantayes the supply chain. The first one is
increased value to the customer which is achiewedustomization of the product, which is
general for a mass customization strategy. Howasanentioned before strategies like form
postponement can decrease lead times which alkecteefpositively on customer service
levels. Another benefit gained by postponemenbvgeled inventory costs by pushing the
inventories towards upstream and reducing downstrégaventories by the market pull

method and different postponement strategies.

However, there are also some disadvantages assbaiath postponement strategy which

requires attention during implementation. An impattpoint is that manufacturing costs are
higher due to small lot sizes and additional hangjlmoving and storage activities (Graman,
2010). Qin (2011) shares this view of increasingt€@nd attract attention to the tradeoff
between finished goods inventories and inventonigstream created by the postponement
strategies. They also consider costs incurred blydales or customer dissatisfaction due to
high lead times after ordering.

2.1.3. Inventory management for postponement

When the research done on the subject it can breteaeone of the topics most emphasized
iIs the effect of postponement on inventory levefsl aosts in the supply chain. All
Baozhuang et al. (2008), Ma et al. (2002), Grama01@) and Qin (2011b) create
mathematical models to optimize the inventory |svial the supply chain. While doing this
and set the optimal stock amounts, they also cneatdels which find the optimal level of
postponement for the companies. At the heart ofothjective functions of these studies lie
different costs. Ma et al. (2002) uses componadt@oduct inventory costs as well as cost
of holding of goods in work in progress to find tbptimal inventory levels of the system.
Graman (2010) uses cost categories of assemblyr labd material, postponement,
packaging, finished goods inventory, postponed nimgy and shortage costs to find
inventory levels and capacity for the optimal posgment strategy. Two papers (Qin, 2011b;
Qin 2011a) take the study conducted by Graman (2@a@ create new models with added
value. Qin (2011b) creates a new model with penatigts while Qin (2011a) aims to
understand and model the benefit and costs oftthéegies based on the work of Graman
(2010).
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These studies show that, theoretical studies cobtshe supply chain are used as a
performance indicator to evaluate the benefit ef postponement strategies against systems
without postponement strategies. Also minimizatadrthe costs is considered the pillar to
find the optimal level of postponement and commioyal the systems.

The literature, even though only in one study (H&00), talks about the logistic processes
and its possible importance for a mass customizatategy. With the outsourcing option of

some of the logistics processes to third partiesesof the steps of final manufacturing and
postponement can be outsourced to the third pattegk, 2000). The article gives an

overview of the activities that can be overtakerth®sy third party which gives a clear picture

of the logistic services provided. It also presesnspirical data about the importance and
positive effect of information sharing and advangedtnerships on the ability to outsource
the postponement actions. However the study lao&sunhderstanding of why, under which

circumstances and which type of companies prefeoutsource certain actions to third

parties.

Year Authar Focus
1997 |Hoek Food industry decision model
1999|Hoek FPostponement, outsourcing and spatial reconfiguration
2000|Hoek Third party logistics
2002|Ma, Wang, Liu Inventory management
2005|5u Form and time postponement
2008|Baozhuang, Shouping, Zhiyong, ¥inghua  [Inventory management
2010|Graman Inventory management
2010{Trentin, Forza Fostponement enablers
2011)Ji and Sun Postponement level and performance
2011)Qin (a) Inventory management
2011 |Kisperska-Moron, Swierczek Postponement determinants
2011]Qin (b) Inventory management

Table 2-1 - Postponement Research Stream

2.2.Information Technologies Research Stream

The focus of this research stream is informati@hnelogies (IT) and e-commerce and their
interaction between them the mass customizatioplgughain. In the following sections it
will be explained how the literature portrays ITasenabler of MC, the place of e-commerce
on MC supply chains and especially agent systemtergrise resource planning (ERP) and
Electronic Data Exchange (EDI) which are presenh@literature.

2.2.1. Information Technologies as an enabler of MC

According to Peng et al. (2011) information teclugds are computers, software and
telecommunication devices which offer different @aifities to the user. These can be in
different forms like ERP systems discussed by Akidars et al. (2008) or the different
computer aided tools listed by Romero et al. (2011)

For a mass customization practicing company thermétion technologies can be used to
enhance information sharing and processing capac{fPeng et al. 2011; Ruohonen et al.
2006) which is vital for understanding customerd #meir needs. It also helps the efficient
and effective proceeding of operations while autiomyeand integrating processes (Peng et al,
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2011). It decreases time to market and increasadbility and reliability which facilitates
mass customization (Ghiassi et al. 2003) which exsjzles the role of the IT as an enabler in
the mass customization system.

However there are also some disadvantages to tsdeoed. Even it decreases the cost of
information processing (Peng et al. 2011), it isoatly, capital intensive option (Dietrich et
al. 2006). However, internet based systems likern@t based software can present different
options which are scalable, more compatible ang easnplement which can result in lower
investments (Jiao et al. (2006)).

The study conducted in Peng et al. (2011), condarctanalysis based on a large scale survey
to understand the impact of IT on mass customimgatapability. According to their results
new product development information technologieBIPNT) has a positive correlation with
modular product design, while modular product dedigs a positive correlation with MC
capability. Also, they found support to their hypesis that modular product design
encourages the use of configuratior IT in compandes a last point they indicate that IT
which helps supplier collaboration with the mantiaer has a positive influence over MC
capability. The hypothesis based on positive aftéananufacturing 1T/ MC capability and
configurator IT/MC capability pairs were not supiear by the data collected.

An example to an enabling IT is given in the adtidlao et al. (2006). In Jiao et al. (2006) an
electronic configure-to-order platform was cread@d explained by the authors as a result of
their research. This platform, gives the abilitythe@ company which manufactures and sells
injection-molded products to customize its produmtsr the internet. By this the design and

engineering activities can be organized within ¢cbenpany and effectively communicated to

the outside actors and the customers.

2.2.2. E-commerce

In the research of Turowski (2002) e-commerce fndd as businesses in any form which
take place electronically over computer networkswken supply chain actors. These
interactions between actors resulted in four dfifértypes of e-commerce activities: business
to business, business to consumer, business tmestiaiion, and consumer to administration
(Turowski, 2002). Ghiassi et al. (2003) also atsate attention to the new opportunities
created for business-to-business operations cansttby e-commerce.

The study of Helander et al. (2002) focuses onmergerce and its use as an enabler of mass
customization in the new product development pliasether words e-product development
(ePD) and present a research program. Accorditigetauthors, mass customization is one of
the pillars of ePD along with supply chain managenaad integrated product lifecycle along
design, engineering, manufacturing, assembly, idigton, sales and marketing. The
fundamental issues to be considered are identiiedhuman-computer interaction in
customization, customer decision making proces®aally based on internet and mass
customization, product platforms, electronic cajaloproduct family modeling, virtual
teaming of supply chain actors, web-based workfloanagement and architecture of the
system.
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Ruohonen et al. (2006) aims to understand theioaktip between e-business and mass
customization using metal and electronics industriur different types of different mass
customization strategies were identified based dange in product and change in
presentation: transparent, collaborative, adapdiveé cosmetic. After this identification, the
authors tried to understand the different phasema$s customization implementation in
these companies. The four phases discovered wefe-pERse, SCM-phase, Customer
relationship management (CRM) -phase and Knowlddiggavorks (KN)-phase. Shortly, the
ERP phase denotes the beginning which aims toectbatintegration within the company.
the second phase, SCM implementation, ensuresuéecl/ of the supply chain. CRM-phase
focuses on customer relations and knowledge whieldst phase based on KNs try to use
business intelligence systems to handle differettra and systems within the supply chain.

2.2.3. Agent based systems

Multiagent systems are artificial intelligence &yss which are composed of intelligent
agents (Dietrich et al. (2006)). The agents areraarhous units within the system which can
perform different tasks without the need of humaeraction (Turowski, 2002; Ghiassi et al.
2003; Dietrich et al. 2006). These agents haveathibty to choose the tasks to work on
(Dietrich et al. 2006) and they can use data fraffer@nt environments. This capability
results in agents using different resources andvkhow within a network (Ghiassi et al.
2003). They also can detect changes in the envieanrgDietrich et al. 2006). Apart from
these another important characteristic of thestessis the cooperative nature of the agents.
Different agents communicate, interact and shafenmation to complete tasks and solve
problems (Ghiassi et al. 2003; Dietrich et al. 2006

In the mass customization context the agents carsée@ for communication and coordination
of activities within the supply chain. They cani@#ntly and effectively handle data

exchanges between actors, as an example supptiemanufacturers. This can be a cost
efficient and flexible way to ensure these processe working effectively (Turowski, 2002)

In the study of Dietrich et al. (2006), the aintasunderstand mass customizations effect on
business information systems using agent technoldfigr giving background information,
the authors explain the DAISY (Deliberative Ageifits Intelligent Simulation Systems)
framework. The framework is a methodology to hedgearchers analyze and implement
agent based simulation systems for different scenar

The focus on Turowski (2002) is in a different agp® multiagent systems; the e-commerce
and electronic data interchange (EDI) applicatioosnected with agent technologies. For a
mass customization supply chain they propose tolement an agent system based on
contract net paradigm where all actors (manufactared suppliers) are represented by
different agents. These agents negotiate on theg afftil an acceptable offer is reached and
the ERP system creates an offer. In the caselaféaagain agents negotiate to create suitable
conditions like shipment times or amounts. As alltesf these systems Turowski (2002)
argues that the mass customizing company would bee rflexible, efficient and more
responsive to the needs of the customers.
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A part of the research done on the subject dogmitit to the teclology directly. Thes:
researches rather integrate and explain diffeestirtologies and strategies to use them it
mass customization supply chain. The following pa@how integrated solutionGhiassi et
al. 2003, state of the art software syster(Romero et al. 20)1and ERP systen
(Akkermans et al. 2008).

Ghiassi et al. (2003%tudies a software system that satisfies the nesgidting from the
changing supply chain and the environment it idue to mass customization. It explains
enablersfor mass customization, especially object orier(tl/a), intelligent agents an-
marketplaces and using these technologies to caesyachronized supply chain model. 1
proposed software for this model is LEAP, softwadeich integrates all the tecologies
given in the research. The authors provide infolonaabout the characteristics, architect
of the software and benefits.

The research conducted Romero et al. (201 aims to present state of the art comp
aided tools and their characttics which help the mass customization process. tobés
presented are computer aided engineering and nwuocfay, production and plannin
supply chain management and sustainable suppast

Akkermans et al. (2008focuses on the relations betweenterprise Resource Planni
(ERP) systems and supply chain management. Foreearch a survey was conducte(
understand the current SCM trends. Five of theseds, integration, customization, dri
seat, information exchange and transparency, 'selected for a deeper analysis to ider
the shortcomings of current ERP systems. The nlastars of shortcomings found are: I
of extended enterprise functionality, flexibilitg adapt altering supply chain requireme
lack of supporting functicadity and open and modular system architect

Year Authar Focus

2002|Helander and Jiao Agent based systems

2002 Turowski E-commerce

2003|Ghiassi, Spera Software systems to support SCM

2006|Dietrich, Kimn, Timm Agent based systems

2006|Ruchonen, Rithimaa, Makipaa IT as an enabler

2006|Jiao, Helander IT as an enabler
Akkermans, Bogerd, Yicesan,

2008|Wassenhove ERP systems

2011]Peng, Liu, Heim IT as an enabler
Romero, Osorio, Bentacur, Estrada,

2011|Malina Computer aided tools

Table 2-2 - Information Technologies Research Stream

2.3.Relationship Management Research Strea

This research stream in the literature review idiced to th works on the relationshi
between actors in the supply chain. Apart fromrtiaerial and monetary flow in the sup|
chain there is another very important flow to besidered: the information flow. It
becoming more and more important these inforon and knowledge flows and their effi
on the other flows of the supply chaWarkentin et al. 2000).
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Physical supply chains created by suppliers, matwfars, customers and other third party
players, of which in the globalized world are naubded by geographical, time or space
constraints also help create a second very impontork which is part of the supply chain
created by the aforementioned information and kedgg, the value network (Warkentin et
al. 2000). These networks, acting together and baioasly, create modern networks which
Monroy and Arto (2010) believes defined by globatian as well as strategic alliances,
flexibility and mass customization. The advantadethese value webs is the increased
efficiency and profitability of the actors of thgssem. The network has the ability to provide
customized solutions to the customers in an inesipenand fast manner (Warkentin et al.
2000).

These networks, which are based on the informatioct knowledge, are used to create
environments which are characterized by informagechange based on the relationships
between different actors (Warkentin et al. 2000eSe free or easy information flows and the
carefully managed relationships result in morecedfit decision making which is beneficial
and desirable by all the actors, mentioned by Whdikeet al. (2000) and Jitpaiboon et al.
(2009), can have many benefits on quality, prodaciety, flexibility and many others (Liao
et al. 2011).

It is believed to be appropriate to start with Waanrkn et al. (2000), which provides an
overviewed look over the subject. Warkentin e{2000) investigates the altered information
flows between the actors on a traditional supplgichcaused by the new web-based e-
commerce activities. The authors describe how itteat information flow of supply chains
turned into value webs, where all actors becomaected with the removal of time,
space and location constraints. Due to these veeissomer specific solutions can be created
for mass customization. The paper also highliglets marketplace models which alter both
internal and external relationships (industrial asngational effects) and macro and micro
economic indicators.

The other article related to networks is Monroy &mtb (2010). In the study a data analysis
was done for the modeling of Global Manufacturingtél Networks and gain understanding
of the organizations that employ these networkseyTlproposed a network analyzing
framework in four main categories network strategiyicture, communication systems and
culture and knowledge sharing. Especially the tHedel, communication systems relate
directly to the aim of this literature group beaautstried to analyze the real time information
flows, synchronized supply chain management aneraotive product development. They
used this network analysis on Rolls-Royce’s glatsilvork case study.

In the literature these relationships are consttleretwo different levels between three
different actors. The two different levels are cexgtion and integration considered supplier-
manufacturer, manufacturer-customer and internamahufacturer categories. (Moser and
Piller 2006; Wang et al. 2007; Jitpaiboon et al020Zhanga and Huangb 2010; Liao et al.
2011; Qin 2012). However before defining these eptx the relationship between mass
customization and actor relationships are defireskd on the literature.
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2.3.1. Relationship management for mass customization

At different levels of mass customization involvesstomers in the system at different
degrees (Pan and Holland 2006). Regardless qidim of involvement, mass customization
transforms the traditional supply chain, the pusatsgy, into a pull strategy which is based
on the relationship between the customer, the smpm@nd the manufacturer, which
emphasizes the importance of relationship managemen

Wang et al. (2007) states that, parallel to massoouization definition, customer information
should be well accumulated and understood by matwfx and provider of the good.
However, this is not enough. This understandingukhde also communicated and
understood by the suppliers to ensure flexibilitg @mooth flows in the supply chain. This is
provided by the information exchanged between ensetp manufacturer and supplier,
emphasizing the information flows and the importaatrelationships.

There are different advantages of relationship mament and managing information flows
on the mass customization supply chain, like ireedacustomer satisfaction and quality. For
Liao et al. (2011) along with environmental unceerthia and enablers, inter-organizational
relationships like trust and commitment affect mfation sharing and mass customization
quality of a company.

2.3.2. Cooperation & Integration

Before advancing with the literature review itngportant to understand the different types of
relationships used, mainly the difference betwesoperation and integration with different
actors of the supply chain. Although both are usader and sometimes a synonym for
relationships they usually denote to different g/péassociations between actors.

Cooperation is the mutually beneficial relationsbgtween the actors of the supply chain.
This relationship can be used to improve importaritomes like customer satisfaction, time
to market or resource usage (Pan and Holland (2006)coordinative and cooperative
situations the actors are centered on common @gscreducing duplicate activities for
increasing value added activities (Zhanga and HoaR@l10). This is created through
information sharing across the supply chain (ZhaarghHuangb 2010).

Integration is a more rigorous concept which aimsirttegrate the actors in both ends
(downstream and upstream) with the internal fumgtito achieve an optimal supply chain
process. This includes integrating processes, iaefiy locations etc. to optimize the
performance of all actors as a whole (Jitpaibocal.€2009; Lau et al. 2010). Lau et al. (2010)
argues that with integration decreases uncertaintiereasing flexibility and the ability to

response.

As seen from the above definitions cooperationd@ordination) results from information
sharing along the supply chain based on commorctgs of the actors however it does not
require the integration of activities, just theg@ece of a relationship. However, in integration
the actors are functioning as a whole rather tmaaller, individual companies collaborating,
optimizing as a single entity. This can show tHadré is cooperation in the integration
strategy, but the vice versa is not true, coopamadoes not signal integration.
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After making the distinction, the different apprbas of these strategies can be defined on the
selected actors (mainly supplier, customer and fiaatwrer itself) of the supply chain.

2.3.3. Supplier and Customer Cooperation

Supplier cooperation is the activity of communiogtand coordinating activities between the
supplier and manufacturer for better serving theta@uer needs. This is done by the quick
response capability created by the cooperatiopailibon et al. 2009). This within the supply
chain can be done by building an information plaifoto manage and maintain the
information flows, enhancing the participation bétsuppliers and evaluating them to build
better supplier relationships and enhance suppléaragement (Wang et al. 2007).

Similar to supplier cooperation, customer cooperatis based on enhancing customer
relationship through information flow and using sthinformation to better understand
customers and their needs.

The four articles Pan and Holland (2006), Zhanghnangb (2010), Liao et al. (2011) and
Qin (2012) focus on coordination of supply chaitoes The first three Pan and Holland
(2006),Zhanga and Huangb (2010) and Liao et alL1p@cus on the upstream relationships,
i.e. relationships with the manufacturer, while yo®in (2012) sets to understand the
relationship between the distributor and the mastufar. No study was done to understand
the customer cooperation on the supply chain; rathe literature is more concentrated on
customer integration as it will be presented later.

The authors of Pan and Holland (2006) focus onfalshion apparel industry to investigate
collaborative mass customization upstream, betwikeermrmanufacturer and the supplier. The
focused actor couples are textile suppliers antidasapparel designers/brand houses and
textile manufacturers and fashion apparel desigmensd houses. For these groups key
interfaces are identified, like sales team commatioa and information transfer. The
research shows that garment design processesaasdeired from designer/brand house to
the manufacturer’s domain which signals leannesgssaift to mass customization. With this
transfer some of the duplicate work carried outdmgh actors are eliminated, which is
decreasing an important time loss in the procesg dnd decreasing the time from design to
production, thus the cycle time. The work also eastes the creation of decision
integrations and a continuous feedback chain whitdreases sharing information on
customer preferences.

The study done in Zhanga and Huangb (2010) setmderstand the differences when a
supplier and manufacturer moves with (with platforg) and without cooperation (without
platforming) in a game theory approach. The peréorces are measured by the different
costs and profits present. The results show thstisadecrease and profit increases for both
actors. Also it is discovered that for low demaadels the manufacturer’'s purchasing costs
increase, the manufacturer uses a low sourcing tands to favor lower customization
compared with high demand levels. Also it is fouhat supplier’s flexibility can affect
platform product configurations of the manufacturer
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Like Zhanga and Huangb (2010) and Pan and Holl&t0g), Liao et al. (2011) also
examines the supplier-manufacturer collaboratidme &uthors, through an empirical study,
research the effect of information sharing on nasstomization capabilities. The findings
confirm that higher information sharing increaseshwrust and also higher information
sharing leads to a higher mass customization cgpaci the manufacturer. The results
indicate that companies must implement free infaionaflow and sharing on product design,
process, logistics and quality management for highass customization which can be
created by higher trust.

Qin (2012), unlike the others, focuses on the megtufer-distributor relationship. In the
study a mathematical model, a stackelberg game,cvesded to find the optimal decisions
that can be taken by the actors as in customizagovice and final product price, promised
customization time of distributor and promised iy time of manufacturer. The
performance of the system, the objective functisnbased on manufacturing cost of the
product, service cost paid to the distributor taisih the final customization activities and
penalty cost paid to the customer in case of latevely. The profit and cost of both players
are considered to represent the total cost andtpbfthe supply chain representing the
cooperation between the players rather than makxigitheir own profits. The results show
that total cost of the supply chain is increase@mnvpenalty cost, average customization time
and price elasticity of customization demand inseeand elasticity of the delivery time of
supply chain decreases.

2.3.4. Supplier Integration

The supplier integration, also called upstreamgraton, is the degree that suppliers are
present in the activities of the manufacturing fidmectly rather than through a supplier
management system (Jitpaiboon et al. 2009). Jpaiket al. (2009) and Liao et al. (2011)
argues that this is a long time relationship bamedrust, reliability and openness which will
facilitate the information flow across the playes the upstream supply chain. This
information and trust is not contained within thedormation on production or activities
directly relating to the supplier, but as Moser d&iller (2006) states the data coming from
customers and forecasting can also be an impdrtpat for a supplier. Integration facilitates
this information to be shared across parties regpit a more efficient supply chain.

Similar to the cooperation case the informatiornteays are important to provide a platform
for the integration which will help optimizing th&upply chain (Wang et al. 2007). Also
involving the suppliers in the early production iaties, such as design, facilitate
optimization by better communicating the requiretaef the products from both ends which
also helps the manufacturer to understand the mugpthnology and benefit from it (Wang
et al. 2007; Jitpaiboon et al. 2009). Lau et aQ1(® states that integration with suppliers
reduces uncertainties, can promote integrated towensystems and adding to these
advantages can increase customer satisfaction laxibility of the system (an enabler of
mass customization).
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2.3.5. Customer Integration

The second type of integration is downstream irdggn meaning integration with customers
and in some cases retailers. The retailers caratieopthis integration if the manufacturer is
dependent on external partners to achieve disioib@nd connection with customers (Moser
and Piller 2006).

Customer integration is making customers a pathefearly product lifecycle, similar to the
case with the suppliers, integrating them in desigrengineering stages which help the
customization aspect of mass customization (ParHatidnd 2006).

In the case of retailers Wang et al. (2007) lisenynadvantages of an integrated relation
between an enterprise and its retailers. Understgrahd mutual support, sharing of the risk
and information exchange for better understandiegcustomers or issues about quality are a
few of these which are coinciding with mass custation and its implications from the
supply chain. Similar to upstream integration, dsirgam integration reduces uncertainties,
increases customer satisfaction and supply chexibility (Lau et al. 2010).

2.3.6. Internal integration

Internal integration is the third pillar of inte¢iean available in the literature. This integration

type deals with employees and information flow egst within the enterprise (Moser and

Piller 2006; Wang et al. 2007; Lau et al. 2010)o<3r functional teams across companies
along with functional coordination to improve thegrformances as a company by bringing
different departments together and enhancing tinaiterstanding of each other (Lau et al.

2010). The increased information flows result mare efficient working enterprise in a mass

customization environment.

The papers Moser and Piller (2006), Jitpaiboorl.€2809), Lau et al. (2010) and Wang et al.
(2007) center their attention on integration. Nmtusing on a single aspect, all these papers
look at integration from different perspectives w@hiinclude supplier, seller, internal
integration and also the role of information withiire integration activities.

Moser and Piller (2006) are talking about a sin@krman bicycle producer, Steppenwolf,

which is practicing mass customization to provitke dustomers with customized bicycles.

The study first focuses on the customer integradictions taken in the company and secondly
on challenges which presented itself on all integnafronts, supplier, customer and internal.

The authors emphasize the importance of the sabesop in Steppenwolf's case, the

customization is done in the store, and the assistgiven to him by IT systems which aids

them. Also the data collected from the customesigsificant. This data is stored, up to 10

years and including bicycle configurations done pestomer, and used not for only

understanding customers and market trends, butshlaed internally to create forecasts for
all supply chain.

The second part of the work of Moser and PillelO@0 the problems related to the different
integration types are considered. On upstream ratieg, the problem is based on suppliers’
unwillingness to create faster replenishment systeesulting on high inventory costs for

Steppenwolf. To solve this problem the manufactstarted to share the forecast data with
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the suppliers to both help them plan their actgitand demand a more flexible supply
structure. When downstream is investigated, thelpro arises from the lack of experience of
retailers on selling customized bikes, many are haeics, which effects the customer
elicitation. To compensate for this fact, they istesl in both shop design and creating sales
guidelines and trainings for the sales personne¢ [&st point is the integral integration. In
these activities the problem arises in the tramsitif employees from a traditional structure to
mass customization which is not something theyvarg comfortable with. To counter with
this, they are trying to make mass customizatioa fincus point of the supply chain.
Steppenwolf is trying to implement a scalable orgaional model with flexible processes
for future growth.

In the study of Jitpaiboon et al. (2009), both oostr and supplier integration is investigated
by obtaining survey information. Different indicetdike participation levels of customer or
suppliers in internal activities are asked to tB® 2ompanies. The results show that a higher
level of customer integration will result in highlewel of mass customization. However, the
same hypothesis for supplier integration was nppetted which means the effect of supplier
integration on mass customization is not known. TBs¢ hypothesis of the authors was also
supported which signals that a high level of masstamization leads to a high level of
organizational performance. The authors also pouttthat the inconclusive nature of the
second hypothesis can be due to different levetstgpes of relationships that firms have
with suppliers.

The next research (Lau et al. 2010) focuses onlgubain management as a combination of
information sharing, product co-development andanizational coordination and their effect
on product design and performance. The authosgdian a survey and two pilot studies on
electronic, toy and plastics industries, testedesbgpothesis regarding the points mentioned.
The hypotheses did not support the positive refatigp between information sharing-product
performance and organizational coordination-proquetformance. The data supports the
positive relationship between product co-developnmesupply chain integration and product
performance. Also information sharing, product ex@lopment, organizational coordination
in a supply chain integration concept has positiglationship with product modularity
individually. Finally it is also concluded that phact modularity is positively correlated with
product performance. Additional results show thsifpege relationship between product co-
development with organizational coordination antbrimation sharing. Also the positive
effects exist between organizational coordinatiod imformation sharing.

The last research on integration literature (Wah@le2007) is a research on the how to
harmonize and optimize different actors of the $ygbain under mass customization. The
research is focused on two pillars: suppliers afiérs. The authors suggest the usage of ERP
for decreasing market reaction time, stock levelsd awaste within the system,
synchronization of demand, production plans and enat inventories and sharing
information. They also suggest the usage of adwhrieehnology and business process
reengineering. For the other side of the supplyrgtibe sale link, the research focuses on an
information exchange and an urging mechanism whgea system aiming to increase
customer satisfaction.
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Year Authar Focus
2000)Warkentin, Bapna & Sugumaran {2000) Supply Chain Relationship
2006|Pan & Holland {2006) Supplier, customer and internal integration
2006|Maoser & Piller {2006) Supplier-manufacturer coordination
2007 |Wang, Fan & Li {2007} Supplier-seller integration
2008 Jitpaiboon, Dangols & Walters (2009) Supplier-customer integration
2010|Zhanga & Huangb (2010) Supplier-manufacturer coordination
2010|Lau, Yam & Tang (2010) Global manufacturing virtual networks
2010{Maonroy & Arto (2010) Integration, product performance and modularity
2011|Liao, Ma, Lee & Ke (2011) Supplier-manufacturer coordination
2012)Qin (2012) Manufacturer-distributor coordination

Table 2-3 - Relationship Management Research Stream

2.4.Modularity Research Stream

The research stream focuses on the modularity n&@se®ne on mass cumization supply
chains. The main areas of focus are coordinatiah iategration with supply chain actc
(Howard & Squire 2007; Lin et al. 2009; Lau et a1€f), explanationof characteristics c
modularity as a mass customization supply chamtesgly Wang 2007;Ro et al. 200" Lau
2017 and optimization of modularity on the supply e¢h(Cunha et al. 200).

Modularity refers to the concept of where the fipedduct is th made up of smaller parts a
components, which are called modules, which camtbependent in design and producti
With mixing and combining of these independent mesluthe final product gets differe
characteristics and functionalities. Within - concept, with a finite number of modules
high number of final products can be realizHoward & Squire 2007Ro et al. 200" Cunha
et al. 2007; Lin et al. 200Qau 201.). This can be done best on product families, wiitdre
similarities in functionstructure and technologWang 2007).

Lau et al. (2010)defines that a modular product design must haveetloharacteristic:
separateness, specificity and transferability. Bdpaess is the ability to separate the pro
into modules and reassemta different configuration without suffering fromdecrease i
the functionality. Specificity refers to every maelinaving a specific and clear function
the product system. Finally, transferability shdtes degree of which the same module ca
usedby different items within the system. As the lewélthese characteristics increase
modularity can be used more efficiently within gwgply chain

There are two different kinds of modularity whicindoe realized within the supply chain,
prodwt and process modularitWang 2007. Product modularity refers to, as explait
before, structuring the product with modules whidve different purposes on the prod
architecture and corresponds to different functionsthe end product. These drent
modules can be used within different products witihie product family, limiting the numb
of total modules and increasing the transferabilRypocess modularity concept has the t
idea similar to the product modularity, but on egé&a, proces:scale. In process modulari
the supply chain processes are divided into modulesh are cells performing simil.
activities. These process modules are independamtéach other so can be easily rearrar
to enable different network designs, workin parallel or in different sequenc:
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As in any situation there are different advantagel alisadvantages related with the

modularity concept. One of the few advantages avdufarity can increase product variety,

decrease lead times of the products and can fesnéfiting from economies of scale due to

high volumes of shared modules even if the end yotsdare not the same (Ro et al. 2007;
Lau 2011). Adding to these reused modules can aserespeed of product development,
quality problems are treated easily due to loctibna experience curve is exploited due to

high volume module production, and postponement magds customization enabling are

given as advantages in the literature (Lau 201Dwéver, mass customization can also
decrease product differentiation resulting fromr@ased product similarities, the end product
cannot be optimized in terms of mass, size andpagnce and competitors can copy designs
easier.

One of the examples to understand the conceptrhettee Smart car project done together by
Mercedes-Benz and Swatch. The Smart car, unlilditimaal car architectures, is based on
five principal modules. The low number of modulexrtases the number of suppliers (from
around 300 to 25) who are integrated into manufagjuand assembly facilities. This leads to
sharing of risk, decreasing costs, increasing idigion speed, flexibility and higher
collaboration between actors (Howard and Squire’ 20 et al. 2009).

Three of the researches (Wang 2007; Ro et al. 20017;2011) in this research stream focus
directly on the characteristics of modularity and place as the enabler of mass
customization.

Wang (2007) first aims to understand the modultioraand standardization processes in a
supply chain, namely component, process, prodactdsirdization and product and process
standardization. After this introduction the authfmcus on mass customization supply chain
difficulties due to product varieties and how madily helps overcome them. One of the
main points is modularity helps general componetds be completed earlier and
independently from each other (as modules) whidpsh&ith uncertainties of inventories and
capacity requirements of production. As mentionetbte modules increases flexibility and
facilitates the determination of quality probleriiey can also decrease costs of production,
inventory and transportation which tend to increasmass customization supply chains. The
modules can be used within product families, gdneradules even between different
markets.

Apart from explaining these advantages the reseemammunicates the characteristics of a
product family oriented supply chain. As a conabasthe authors propose a modeling of the
supply chain oriented product family supply chain.

Similarly Ro et al. (2007)’s focus is how modulgrélters the processes in the supply chain,
how it affects supplier buyer relationships, whatés affect modularity and if modularity is
a good strategy to achieve mass customization anatitomotive industry. They identified
different kinds of modularity strategies used thlgloout automotive industry history to from
outsourcing part of the assembly to fully designmgdules with suppliers which is based
heavily on supplier manufacturer relationships. Bla¢hors also explain the move towards
modularity and mass customization within the Amamic@utomotive industry. One of the
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important points of the study is how the modularéifects the supplier manufacturer
relationships and what are the problems associaidd it. The identified problems are
conflict of the sourcing power, lack of trust andrvanty and liability issues. These issues
started to rise as the actors became more integdate to the modularity context.

In Lau (2011), the six different case studies ahpanies of who adopted different levels of
modularity are analyzed based on product charatitesj pre-defined product advantage,
module definition, selectively used design rulestegn integration, internal communication,
technological newness and supplier and customedowdion. Based on these case studies,
different conclusions are received on these amabysiups. It is found that the product variety
signals the product advantage in modularity alonilp wustomization and standardization.
The module definitions tend to be extended by mactufers to include intangible
knowledge. The design rules are substituted byresxpee in small companies also difficult to
implement design rules are not chosen. In systéegiation, large firms have formal teams
which handle integration, in small companies theldl@ management substitutes for these
teams. New module development causes significaneéase in balancing the coordination of
the supply chain regardless of the size of comphrgrnal communications tend to be more
informal in small companies and more formal in &apes.

Adding to these, Cunha et al. (2007) proposes &enatical model to optimize the supply
chain to find the configurations of modules withvkst cost in an assemble-to-order system.
The results show that mean assembly times andpoaasion costs of the system have
important effects on the optimal number of moduéessthe mean assembly time increases the
optimal number of modules also increases. In tremgke given it is cost efficient to stock
items rather to assembly them in a nearby locadie® to high transportation costs, so the
system yields a lower overall cost when the nundfenodules are lower. The results also
show that make-to-order increases costs 25% wheapad to the optimal solution.

2.4.1. Supplier — manufacturer relationships and modularity

As modularity becomes an important concept on nwstomization supply chain, the
supplier-manufacturer relationships became morkalwofative (Lin et al. 2009). Due to this
reason part of the research stream focuses onisupphin integration, especially supplier-
manufacturer relationships and how modularity affé¢bese relationships (Howard & Squire
2007; Lin et al. 2009; Lau et al. 2010).

The authors of Lin et al. (2009) set to understdredsupply chain and its actors using a 3C
(context, capability and configuration) approachcentain case studies. The case studies are
chosen from companies which practice differentleewé modularity. The results are based on
the comparison of two different scenarios of fullyegrated and partly integrated modules
(FIM and PIM respectively). In FIM both actors (glipr and manufacturer) are practicing
modularity, however in the PIM approach the maniuiiggs is practicing modularity but the
suppliers are beginners in this strategy.

Under the first C, context, in FIM the supplier idets a fully integrated module to the
manufacturer, however in PIM the module is not yfulhtegrated when it reaches the
manufacturer; the subassembly is finished aftergvaftie capability refers to four subgroups
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of design, production, inbound logistics and infation, in which the FIM supply chain is
more directly connected with the supplier. The giess provided to the manufacturer as a
complete solution, the production of the integratestlule is finished in the supplier site, the
integrated module is delivered directly and notogked by third parties and there is full
visibility. However in the PIM modular supply chaall of these characteristics are partly
achieved. The last pillar, configuration, is basmu three items, role structure, process
structure and information structure. In FIM the glymetwork is two-echelon but in the PIM
the echelon count is higher due to other actorghvhffect the process structure also. Finally
on the information structure there is more infornoratflow on the PIM supply network
because of the more number of actors.

Howard & Squire (2007) focuses on modularity, amdlaboration between supplier and
buyer using two regression models. These modelsdiffeent mediating variables, asset
specificity and information sharing, to test thefeafs. The results show that, first,
collaboration between the actors is positively et#fd by modularity. With the replacement of
traditional sourcing with modular ones the processfedesign, production and delivery shifts
to be joint decisions. With this movement the dmdieation and responsibility sharing
increases between actors. Adding to the analysss fibund that intermediaries, asset and
information sharing, mediate the collaboration e tmodularity environment. On asset
specificity, the increase in modularization incesaghe assets based on supplier-buyer
relationships (such as data exchange and qualityedi¢cation) which also increases
collaboration. Modularization also enhances infararasharing due to the integration of the
actors, which shows that information sharing letmdetter collaboration and increased
modularity capability.

The last study, Lau et al. (2010) aims to undetstaow product modularity and supply chain
integration interact with each other and what kaidelationship they have between them.
The results of the cross case analysis identify tmmtingency factors between modularity
and integration which are new module/component ldpweent, technological knowledge
leakage/capture, project team size and supply aféimency. The results show that modular
design usually relates to loosely coordinated supphins while integrated design results in
tightly coordinated supply chains. It is found tiveten the modules and components are
innovative, rather than standard, the integratimmeases due to the need of close connections
with suppliers and customers. Another result shdkat knowledgeable customers are
involved in new product development, for both madw@nd integrated design. The team sizes
are important factors to assess the affect of prochwdularity on internal integration. When
the product development groups are small and thereno sub teams the information flows
and sharing decreases due to low need of informat@ring which ends with almost no
effect of modular products on internal integratidime last point found by the authors is
regardless of the design type, integrated or modpladuction information must be shared
with among actors of the supply chain which poitdsincreased integration between all
partners.
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Year Authar Focus

2007 |Howard and Squire Modularity strategy

2007 |Wang SC relationships

2007 |Ro, Liker and Fixson SC relationships

2007 |Cunha, Agard and Kusiak Optimization of modularity
2009|Lin, Zhou, Shi and Ma Modularity strategy
2010|Lau, Yam, Tang and Sun Modularity strategy

2011 |Lau SC relationships

Table 2-4 - Modularity Research Stream

2.5.Customization Level Research Stream

The research stream on customization level is madaef works of different authors aimed to
answer how customization levels affect mass cugatmoin capability and supply chain
characteristics and how mass customization suppimne can be configured for different
mass customization levels.

In mass customization, which aims to provide custeoh products to the consumer (Wang
2011), the level of customization is an importamaracteristic. The mass customized supply
chain should balance different factors to find\aeleof customization which they can provide
to the customer. These different factors includéimgtime for the product, inventory and
transportation costs, feature of the products,llef’enodules and standardization and others
(Yu and Jie 2008).

2.5.1. Customer Order Decoupling Point

The customization level or the level of customewnimement within the system is determined
by the Customer Order Decoupling Point (CODP). TIRDP is the point in the supply chain
where the customer input starts making changesherptoduction activities (Poulin et al.
2006; Yu and Jie 2008). In this turning point themafacturing turns from based on inventory
or stocking, to base on customization. Upstrearm@éoCODP, the system can be considered
to be a push system and after the point a pulesysiased on customer orders (Yu and Jie
2008; Wang 2011). Also it should be noted that @€ moves closer towards the customer
it can ensure shorter delivery times, but this loait customization options provided to the
consumer. The scope of customization increaseseapdint moves away from the customer
(Yu and Jie 2008).

Even though when a CODRP is fixed after it is dafif@/ang 2011) a system can have more
than one CODP. These systems with multiple CODPsnaestigated in this research stream
by Yu and Jie (2008) and Wang (2011).

The aim of the research of Yu and Jie (2008) iswticoduce and explain the mass dynamic
customization systems (MDCS). These systems areaciesized by having multiple or

mobile CODPs within the system. Products or orders be grouped together to fix certain
CODP within the system while other groups can rdifferent CODPs. This can be based on
the popularity of the products, which is found framalysis of the demand information. The
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authors emphasize that in MDCS when the demandgelsathe location of the CODPs can
also change rendering the system flexible.

Similarly Wang (2011) investigates multi-CODP sys$e They start by explaining the
restrictions of single CODP systems based on actridal bicycle supply chain as a case
study. In single CODP systems every customer muast tve same amount of time before
delivery, even though some orders are more stanthard others. Also when the CODP is
fixed, the changes which can come with time carbetreflected upon the supply chain.
Based on customer preferences, like Yu and Jie8)2830 believed, high demand product
groups can be clustered together to be consideradcsamgle CODP point and the push part of
the system can be forecasted. These movable antiplmuCODPs solve the flexibility
problem of single CODP systems which can occur twes.

2.5.2. The Four Representative Supply Chains

In the literature the different CODP points arenidfeed by different names based on where
they are located. In the following part it will Been how these different points can be named
and defined as well as their characteristics arsgfomuization levels (Salvador et al. 2004;
Poulin et al. 2006; Stavrulaki and Davis 2010; Yiiraed Demirli 2010).

The study of Poulin et al. (2006) focuses on thi igdustry and proposes a personalization
framework based on different CODPs within the gyst&hey identify eight customization
options named popularizing, varietizing, accessagiz parametering, tailoring, adjusting,
monitoring and collaborating. These different opsicstart with popularizing which is the
group where off-the-shelf products are found tdatmrating, where the customer is seen as a
collaborator of the design. The same points caddfmed as sale-to-order, deliver-to-order,
assemble-to-order, finish-to-order, make-to-ordeesign-to-order, and supply-to-order
options respectively. These titles give the reaglemore clear understanding where the
CODPs are located within the supply chain. The astliefine this framework to optimize
the total manufacturing costs, respecting deliienes and providing the customer with the
customization they desire. So the best fitting @ustation offers should be chosen by
companies based on these factors.

In a similar way Stavrulaki and Davis (2010) alsogmses a framework, but consisting of
less decoupling points within the system. They levour strategic points on the system,
which correspond to build-to-order (BTO), assemntbl@rder (ATO), make-to-order (MTO)
and design-to-order (DTO) supply chains. After g@videtailed product, manufacturing and
logistic related characteristics and their effeatsthe supply chain they propose a matrix
based on these characteristics and core competiotes of the companies which practice
them. The companies can locate themselves on #meefvork to align products and their
strategy.

They also provide information on how these différenpply chains are performing on

different aspects like customer relationship mansage, customer service management,
demand management, order fulfillment, manufacturiigw management, supplier

relationship management, product development andnercialization and returns

management.
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The authors of Yimer and Demirli (2010) focus o thuild-to-order (BTO) systems and
create a model on how to optimize the supply chased on this strategy. The model is based
on two phases, the first one is a dynamic modgllam assembly and distribution of final
products and the second phase is to plan the canponanufacturing and raw material
procurements based on the plans calculated byitstephase. Different costs, lead times,
assembly and production times, capacities, cust@aesice requirements and other supply
chain factors were considered during the creatidhemodel.

The last paper which is the part of this reseatotam (Salvador et al. 2004) presents their
findings on six different case studies to giveghss on different supply chain configurations
which allow companies to be mass customizers. Tase their findings on two different
strategies, soft and hard mass customization.r8a#ts customization is when the customers
are not asking for high levels of customization anel not willing to wait, but usually buy off
the shelf. On the other hand, hard mass customizdiappens when the customer is
requesting highly customized products and is wgllia wait for the customization. These two
opposite strategies are compared based on mogulaype, distribution network,
manufacturing network and supply network and tpkice in operational performance.

The main findings are on hard MC the distributicgtwork acts as ATO or MTO system

when on soft MC it works on a make-to-stock ba@is.the suppliers the effects of the hard
MC is much higher and require collaboration andoinmfation exchange with the

manufacturer while on soft MC very small amountsappliers are affected. On operational
performance, which is measured by cost effectiveniseliness of delivery and degree of
customization, the two different supply chains ®aun different measures. Namely soft MC
can focus more on cost effectiveness and timelindse hard MC can make a tradeoff and
score better on degree of customization.

Year Author Focus
2004 |5alvador, Rungtusanatham and Forza |Differeny CODP systems (BTO, ATO, MTO, DTQ)
2006(Poulin, Montreuil and Martel Differeny CODP systems
2008|Yu and Jie Multiple CODP systems
2010(Stavrulaki and Davis Differeny CODF systems
2010(Yimer and Demirli Build to order systems
2011|{Wang Multiple CODP systems

Table 2-5 - Customization Level Research Stream

2.6.Flexibility and Agility Research Stream

The research stream on flexibility and agility fees on supply chains using these two
strategies in a mass customization environmens Thapter will explain these concepts and
shows what kind of research was done on the subject

2.6.1. Agile supply chain

The agile supply chain is described as the dynaretevork of supply and demand in the
literature. This network consists of all the actofsthe supply chain including suppliers,
manufacturers and distributors. The agile suppigirc is able to respond quickly to the
dynamic environment it is situated in, which isidefl by cooperation and competition
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(Weizhe & Zhihua 2010; Benzheng 2011). The codperawithin the supply chain is
enabled by different IT technologies (Song et @D7.

Song et al. (2007) believes that agility consistsme sub-groups which gives this dynamicity
and the quick response ability. These charactesistre flexibility and reconfigurability.
Flexibility, which will be explained in more detail the second part, is the skill to adjust the
systems to fulfill the changing demands. Reconfgility is the ability to change with the
changing needs of the customers.

The study of Benzheng (2011) focuses on how ineestaffect the agile supply chains and
mass customization capability. The incentive meidms introduced are based on
cooperation and risk sharing within the system.yTheoup incentives in different groups

based on the subject and object (the giver anddbeiver). The subject and object can be
different supply chain actors, mainly suppliers, nofacturers, customers and logistics
providers. A simple model was created to illustiaie subject better. The incentives offered
are based on price, order, reputation, informaticosdevelopment, organization, trust,

enterprise culture, penalty and elimination incezgi

Weizhe & Zhihua (2010) investigates the agile symplain in the clothing industry. The aim

IS to optimize the mass customization supply chmirusing the agile thinking to create an
agile supply chain and integrating the lean praduacprinciples. They believe optimization

should be done on standardization and modularizatfgoarts, information platforms, delay

manufacturing strategy implementation, supplier ag@ment and vendor management
inventory to be able to benefit from all advantagegtity on the supply chain.

The authors Song et al. (2007) present a multifagerdel for agile supply chain practicing

mass customization. They explain a system baseéd@ulifferent agent types, functional and
mediators. While functional agents control and plhle system the mediators act as
coordinators in between. The authors present a Inglieh ensures that the supply chain
produces “the right products in the right quardit{at the right location) at the right moment
at minimal cost”.

Yu et al. (2008) focuses on the subject of quidpomse ability. An index system is created
to evaluate the quick response ability of a masstotnization supply chain. The quick

response ability is evaluated on five aspects:l{imeaterial supply, quick demand response,
quick production design, quick production manufaetand quick production distribution.

2.6.2. Flexibility

Flexibility is the ability to respond to changes time environment (Yi et al. 2011). The
uncertainty resulting from the environment can keduse of suppliers due to lead time or
quality, market demand, the information flows witlihe system or the competitors (Yi et al.
2011). To deal with this, different flexibility sttegies were proposed by different researches
(Salvador et al. 2007; Yi et al. 2011).

In Yi et al. (2011) a framework is presented fompanies to understand and implement
different flexibility strategies based on their chaeristics. Four strategies, conservative,
laggard, agile and aggressive, were proposed bgrabg case studies based on different



33

dimensions of flexibility. These dimensions are remg, operating system, organizational
and distribution flexibility. Based on the casedstis few propositions are made by the
authors. The first one is when the level of undetyas low a conservative flexibility strategy

is favored. For high level of uncertainties of sypghain, agile flexibility strategies are put in

place. The aggressive flexibility strategy is patpractice by restructuring the companies
operating systems to decrease the effects of wactess resulting from the environment or
finding new ways to increase the flexibility of teepply chain.

The work of Salvador et al. (2007) sets to undadstavo different flexibility strategies of
build-to-order supply chains. These flexibility atrgies are volume and mix flexibility.
Volume flexibility is used to describe the abilitgspond to environmental changes by
changing the volume of production without losing ttost effectiveness while mix flexibility
aims to change the mix of items produced. The asthive an example to these strategies
using LawnWorks, a manufacturer of lawn tractora aase study.

Y ear Author Focus
2007 |Song, Fu, Zhu and Xin Agile supply chain
Salvador, Rungtusanatham,

2007|Forza and Trentin Flexibility

2008(Yu, Ma and Li Quick response ability
2010{Weizhe and Zhihua Agile supply chain
20711|{Benzheng Agile supply chain
20711{Yi, Ngai and Moan Flexibility

Table 2-6 - Flexibility and Agility Research Stream

2.7.Mass Customization Strategy Research Stream

The mass customization strategy research streasist®mf works which do not deal with a
single aspect of mass customization but give acomerview of the strategy. Because they
cannot be grouped together each paper will be eqaandividually.

Trappey and Wognum (2012) give a short researclclartcollection about mass
customization and demand-driven value systems.dBasdhe literature, the authors mention
reproduction decision support systems which helh wale forecasting. They also talk about
how transparency is an important characteristicattnacting and interacting with customers
in demand-driven environments.

In the study of Buffington (2011), a comparisonven mass customization and generative
customization is done based on customer’s involvereyels and willingness in the system.
In generative customization, the customers areactitely involved in the customization
process but rather virtually involved using a gatiee design process. Based on their study
they found that customers are willing to pay fa ttesign process, they are unwilling to pay
a price premium for mass customization and donitehemore than a few days of extra
tolerance for a customized product. However, custsnare inclined to consider a mass
customization product if the proposed value iss$iati. When branding is considered, it is
found to be more important the value and buyingeeepce than brand loyalty and customers
don’t pay much attention to brand messages. Basethese results it is suggested that
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generative customization can fulfill customer reguoients, aiming to address problems with
willingness to wait and pay premium prices.

The aim of MacCarthy et al. (2003) is to give afying framework of mass customization
strategy for supply chains. They identified six ggsses which create mass customization.
These processes are order taking and re-ordingiroduct development, product validation
and engineering, order fulfillment management, pfdéillment realization and post-order
processes. Based on these processes, five diffenedies of mass customization were
created. The first, catalogue MC, the engineersxglone before the order comes to the
company. In fixed and flexible resource design geler MC, the product is engineered for
the customer, however there is one differencehdnlatter the order fulfillment is specific for
the product, while for the first it is standard.eTfourth mode is fixed resource call off MC
the item is designed for the customer and the ousta@an order anytime through a standard
order fulfillment process. The last one, flexibdsource call off MC, is the same with again a
difference in the order fulfillment process, thegess is modifiable.

On Dong et al. (2012) a process representationiviengfor the garment industry mass
customization supply chain. The main processesidted are a tailored system for collecting
and storing of customization information, data gsial system to analyze the data collected,
customized design system which designs accordingeamutput generated by the analysis
system, an inventory system which manages invegpdistribution management system,
which manages the distribution network and CAD/Caydtem which provide IT solutions to
the supply chain. As an example the Adidas syssepnasented at the end of the studies.

Liu & Deit (2011) aims to understand how managen@mmbles mass customization in a
supply chain. Based on their survey, the resul@vskempirical evidence that customer

focused product design and supplier lead time memlucare increasing the mass

customization capability of a company. Also the d¢tyyesis about supply chain planning

positively impacting supplier lead time reductiamdacustomer focused product designs are
supported.

Mikkola and Skjgtt-Larsen (2004) focuses on thragpdy chain strategies, mass
customization, postponement and modularity. Flreytgive different characteristics of these
supply chains and contrast with the traditionalpgyghain on interface compatibility effects,
component customization, value inputs and suppliser interdependence. After they give
more detail about postponement and modularizatiaegjies.

The final research in this stream Barutcu (2007)@sed on the concepts customized
products, relationship marketing, mass customipat@nd agile manufacturing. For
relationship marketing, four main key stages arenified. These are, identifying,
differentiating, interacting with the customer andstomizing the products. The other
concepts are also explained and as a result agrateel strategy has been presented by the
authors. According to this framework, personaimatstarts with relationship marketing
strategy and then mass customization IT, flexiblecesses and organizational structures
come into the picture. The companies must havéygdiexibility and responsiveness in their
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supply chains to be able to keep up with the chapgnarkets. Finally sujly chain
management keeps all the supply chain in harmormahleng information and material flow

Year Author Focus
MacCarthy, Brabazon and
2003 (Bramham Unifying framework for MC
2004 |Mikkola and Skjett-Larsen MC, postponement and modularity
2007 |Barutcu MC, relationship marketing and agile manufacturing
2011|Buffington MC vs generative customization
2011 {Liu and Deit MC on supply chain
2012 |Trappey, AJ.C_. Woagnum, P.M_|Literature review on MC
2012|Dong, Jia, Li and Dong MC on supply chain

Table 2-7 - Mass Customization Strategy Research Stream

2.8.Performance Research Streal

This research streaonsists of works which are concentrated on théopaance of the
mass customization supply chain under differeratsties. The strategies considered
modularity (au et al. 2007; Cheng 20:, co-development of productkgu et al. 2007 and
elicitation, flexibility in design, advanced manufacturiigchnologies and just in tin
practices (Zhang et al. 2011).

The work of Cheng (2011¥earches for performance metrics to measure thexteffot
organizational modularity in the company. Organaal mcdularity is described &
autonomous but interrelated -systems in the organization. Four metrics are use
measure the performance of the systems; produetiajzation and capacity utilization
measure the efficiency of the system and returnnvestment (ROI) and return on ass
(ROA) to assess profitability. To study concludeat torganizational modularity tends to hi
a decreasing effect on product specialization bateiasing on capacity utilization. For 1
profitability metrics, the regssion model shows that higher organizational mardylleads
to higher ROI and ROA for the compat

Lau et al. (2007nim is to understand the relationship between nasidy] cc-development
and performance and also hovan supply chain integrationmprove supply chain
performance. To do so, all concepts are considerée consisting of different s-strategies
for measurement and explanation. Fo-development and thus integration, these varie
are supplier, internal and custome-development.rl the model performance of the sup
chain is described by flexibility and customer $ez\as the literature sugge

The results olLau et al. (2007 show that cadevelopment has a positive relationship v
product modularity which has a positive tionship with flexibility and customer servic
Increased flexibility and customer service causeseiased product performance. The res
also suggest that market stability has a posiglationship with supply chain integratic

Zhang et al. (2011)jesearches the mass customization practices amd etfiects on the
company’s performances. According to the resultiesed by the surveys conducted,
operational performance of a supply chain, botbast and quality, has positive effect on
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financial performance of the company. Keeping timsmind, it has been proved that

elicitation practices and integrated logistics mifation systems interface (an interface which
enables real time collaboration) has a positivecdoon operational performance. For
application flexibility, there is evidence to supptine positive effect on cost performance but
not quality. The same case is present for advanw@tufacturing technologies. According to

the study the JIT supply chain hypothesis aboutatjnal performance are not supported.

Y ear Author Focus
2007|Lau, Yam and Tang Modularity, co-development and SC performance
2011|{Cheng COrganizational modularity and SC performance
2011|Zhang, Qi and Zhao Customization pracitecs and SC performance

Table 2-8 - Performance Research Stream

2.9.Inventory Management and Scheduling Research Stream

The inventory management and scheduling researelanst consists of works which are
focused on inventory management (Aigbedo 2007; Ga@md Jihong 2010), and scheduling
problems (Yaoa & Liub 2009; Fei et al. 2009) of thass customization systems as the title
suggests.

2.9.1. Inventory Management

The focus of the research of Aigbedo (2007) isitiventory management in the just-in-time
supply chain. The study was done to understandthewnass customization supply chains’
inventory levels are affected in the automotiveustdy. To study this subject a mathematical
model was proposed to act as a basis of a simulatiedy. As the results of the simulation
study it has been found that making supply frequemore frequent results in higher
inventory levels for the manufacturer. The resals® demonstrate that as customization level
increases, the inventory levels also increasedwgnt stock outs of the parts in the system.

The other study on inventory management (GuohuaJdmahg 2010) focuses on a supply
chain with three actors (supplier, manufacturer distkibutor) to understand the effects of
target inventory and order cycle time of differactors on the system. The simulation study
illustrates that the supplier order cycle time banncreased up to an optimal point where the
delivery ratio of all the actors also increases.wklger after this optimal point, the
manufacturer and distributor’s inventories facebtems with satisfying demand. The same
effect of increasing all the delivery ratios canbetdone by changing the distributor’s order
cycle time.

The target inventories of different actors affeloe tsystem differently. When the target
inventory of the manufacturer is changed, it affet¢he deliveries of supplier and
manufacturer but not the distributor. If the invamyt target of the supplier is changed, it
affects all three actors in the supply chain. Hosveas changing suppliers levels the delivery
ratios cannot have a positive position for all extthe solution does not improve the delivery
ratios of all actors at the same time, it is local.
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2.9.2. Scheduling

The authors Yaoa & Liub (2009) create a dynamic raniti-objective model to optimize the
scheduling problem of the mass customization supp@in. As a result of the model several
problems are identified which can cause problemshe mass customization scheduling
problem. The points which need attention are prbdoacongestion at some nodes, timely
delivery, dynamic characters and irregularitiethim system.

The last study (Fei et al. 2009) focuses on rea¢tscheduling problem for production and
distribution in the mass customization supply chaime advantages of the model created are
listed as follows. It enables coordinate distribatallocation which results in lower costs of
inventories and low service levels. It enhances ket pull characteristics of mass
customization and takes into account all objectviethe supply chain with realistic decision
variables. At the end of the study numerical ressale given to demonstrate and validate the
model.

Year Author Focus
2007 |Aigbedo Inventory management
20059(Yaoa and Liub Scheduling
2009|Fei, Meng-na, Bao-feng and Hua |Scheduling
2010|{Guchua and Jihong Inventory management

Table 2-9 - Inventory Management and Scheduling Research Stream

2.10. Commonality and Platform Products Research Stream

This research stream focuses on commonality arttbpta products in a mass customization
concept. The main areas focused in the supply draiperformance (Huang et al. 2005) and
supplier-manufacturer relationships (Huang et 807} in relation with commonality and
platform product practices.

For a mass customizer company a common platfornotdsena platform based approach
where the different products which similar propestican share. These platforms can be
components, structure or production processes.afliantages associated with commonality
and platform products are easier scheduling anohplg due to common components, lower
setup and handling costs, decreased safety stogkey, lead time uncertainty due to suppliers
and ability to benefit from economies of scale (hmat al. 2005). However, it should be
noted that these advantages are achieved by tde-af& between providing the exact
customized product wanted from each market segraedt the benefits gained by the
economies of scale from the usage of common phagqHuang et al. 2007).

2.10.1Supply Chain Configuration and Performance

Huang et al. (2005) aims to understand the effeicdatform commonality and supply chain
performance by constructing a model to optimize glaform product configuration. Three
different cases for two products, one together wibmmonality and two individual cases
without common platforms were analyzed to undedst#me differences. Two decision
variables are considered for the optimization:@p8election and service time.
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As a result of this optimization problem, it hasebefound that the results of the
configurations are dependent on variation of denratiter than the level. When the variation
is high, the optimal solutions shift to solutionstrwlower lead times. The option with
commonality provides higher service time allowanbgdhe presence of short service times
of assembly and ability to react fast to the chaggdemands. Also, the option with
commonality is affected less by the demand vamatiche configuration of the supply chain
does not show an excess change in the optimali@oiwhen the coefficients for the demand
(variation) changes which is not the case in camfigjons without commonality.

The costs on all cases increase with demand vhtyalhiowever the common platform
options shows a lower increase which points toathiéity to buffer variation. Also quantity
discounts have important effects on configuratibnhe supply chain. It has been observed
that quality discounts have a higher impact on dpéimal solution than the demand
variability.

2.10.2 Supply Chain Relationship

The study of Huang et al. (2007) focuses on moddl relationship between supplier and
manufacturer with a game theory approach. The dirth® model is to understand how
platform product development and supply chain gurfition decisions affect each other for
both actors.

At the end of the study in the simulation resultevas found that the manufacturer aims to
give more customized products when the demandgisehi Platforming strategies are more
profitable for both manufacturer and suppliershe system. The manufacturer’s inventory
levels drop with platforming option but the purcimgscosts might increase when demand is
low. Also, the manufacturer can agree to highergdsfrom the supplier’s to be able to share
the benefit and take different platform product elepment decisions based on suppliers’
flexibility.

Year Author Focus
2005|Huang, Zhang and Lo SC Configuration and performance
2007|Huang, £hang and Lo SC Realationships

Table 2-10 - Commonality and Platform Products Research Stream

2.11. Collaborative Product Development Research Stream

The product development research stream consisthreé studies on different subjects:
concurrent engineering (Kincade et al. 2007), #&echiure based product development
(Mortensen et al. 2008) and collaborative desigagpey and Hsiao 2008). Each subject will
first be explained based on the research and teefindings will be presented.

2.11.1Concurrent Engineering

Concurrent engineering takes the linear, traditiopppduct management process and
transforms it into a partly simultaneous, integigbeocess. It links different stages of product
development and production. The most commonly esedurrent engineering processes are
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design for cost, lifecycle (inspectability, maimtability and reliability), manufacturability,
enabling technology and quality (Kincade et al. 200

Kincade et al. (2007) believes that with using eorent engineering the companies can
become more consumer-centric, a better mass customnd focuses on especially apparel
industry. They used a survey to assess the freguaingsing the seven different concurrent
engineering processes (design for cost, lifecytte) et three different companies in the
apparel industry. They used different operatiotetesnents to understand deeply the usage of
these processes.

The results show that the operational statemergsdoan concurrent engineering represent
their different product development processes. diesign for cost processes are used by
product development activities which are cost-sslatDesign for enabling technologies is
used by activities based on information and degisiaking. Design for inspectability covers
activities related to colors and specifying theduats while for maintainability covers fabric
testing based on performance. For reliability idelsi the activities of designing different
prototypes. Design for manufacturability take itiaties which encompasses close to mass
production efficient production processes of masstamnization and finally for quality are
activities which consumer-centric such as goalsisamer demand data to determine the
customer needs.

2.11.2 Architecture based product development

Architecture based product development emerges frmvegration of three different factors

into the product architecture. These factors areketademand, product architecture and
production layout. By considering all these factarsdesign which benefits fully from

modularization can be created (Mortensen et al8R00

Based on this concept, Mortensen et al. (2008)qwep their own methodology for designing
for architecture based product development. Thay §bm the architecture design presented
in the literature. The literature shows the différeharacteristics that the aforementioned
factors include. These are, for market aspectskehaegmentation, product features and
specification ranges, for product assortment aspetgrfaces, constraints and component
assortment and for production/supply chains pradndayout and process technology. All

these factors should be aligned in the design phase

The authors develop an eight step methodology dbreaing the alignment between these
factors. These steps start with understanding mestaneeds, create overviews, combine
them, visualize and evaluate the concepts. Theadetbgy is explained in detail with a case
study in the research.

2.11.3Collaborative design

Collaboration can be simply explained as differpebple in a system working together
without the constraints of the physical world arduhem. Throughout the literature different
methods, like over the internet or multi-agent eyst, are proposed to make this possible
(Trappey and Hsiao 2008).
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The study of Trappey and Hsiao (2008) focuses gule@mentation of an advanced production
quality hub (APQP) which will make collaborationtlween different actors on the supply
chain possible. The authors describe the currerdeinas lacking collaboration in design
phase; all designs are done independently from etmgr. Also due to lack of collaboration,
the design changes which are needed to keep uphdtbhanging demand cannot be shared
on-time and effectively, also pointing out the lafkvisibility between different supply chain
actors.

The APQP hub implementation would provide a categdrpart library, online combination
of parts, online ordering, real time informatiorckange between supply chain actors and by
a combination of these, collaborative design. ifhglementation of APQP hub is aimed to
address all these problems while shortening theydgahase. In the test runs the new product
planning phase was shorter than the original casd.5 months. Additional benefits on
design quality, supply chain efficiency and produstbility are also seen.

Y ear Author Focus
2007 [Kincade, Regan and Gibson Concurrent engineering
2008 Mortensen, Pedersen, Kvist and Hvam |Architecture based product development
2008 (Trappey and Hsiao Collaborative design

Table 2-11- Collaborative Product Development Research Stream

2.12. Manufacturing for Mass Customization Research Strem

The manufacturing research stream consists of twglies (Tuck and Hague 2006;
Hauslmayer and Gronalt 2008), based on how manufagt activities are designed and
affected by mass customization.

Hauslmayer & Gronalt (2008) researches the manufact systems used on woodworking
industry and how the transition to mass custonomais in relation with these systems. They
analyze different modularization options and hoeytare affecting the production process of
the floor boards. After recapping current statehaf floorboard production, they introduce
two modularization concepts: sorted and unsortedutasization. A simulation study is run
to understand how these two modularization concedgter on several outputs as order
fulfillment rate and stock levels.

The study Tuck and Hague (2006) focuses on theemiraf rapid manufacturing and mass
customization, more precisely on different typeswubply chain strategies like lean, agile and
leagile supply chains. According to the study, dapnanufacturing can aid mass

customization mainly in two ways. The first oneaissthetically and the second level is by
capturing the body shape of the customer to cradtetter fit. Rapid manufacturing could

offer truly customized products.

Year Author Focus
2008 |{Hauslmayer and Gronalt Manufacturing systems
2006|Tuck and Hague Rapid manufacturing

Table 2-12 - Manufacturing for MC Research Stream
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2.13. Critical Analysis

2.13.1Postponement Strategy Research Stream

The postponement strategy research stream can rimdeced divided into two different
groups. The first group focuses on different posgmoent strategies, how they can be
optimized and what are the impacting factors wthike second part focuses only on inventory
management in the postponement strategy.

The postponement is centered on three main typegeatoned before: time, form and place.
While time and postponement strategies find extéraigalysis in the literature, the place
postponement is not a part of the study, sometiewes left out without mentioning next to
the other two strategies (in the case of Su, 200B)y in one study Hoek (1999), spatial
configuration which is related to place postponenmenonsidered.

The other two postponement types - form and tiraee-evaluated in depth by other studies
(Hoek 1999; Su 2005; Trentin and Forza 2010; KisgeMoron et al. 2011;)comparing the
strategies and giving different factors that afeaing them. Especially form postponement
is well defined consistently across studies (Su5200entin and Forza 2010; Kisperska-
Moron et al. 2011). In this point, all the literegufocuses on the ability of the strategy to
stabilize the uncertain demand environments.

Connected with the lack of place postponement & stream, postponing to the logistic
processes is an area suitable for improvement.oliteurcing of postponement activities to
the logistics provider is in depth present in tegearch of 30 and Hoek (1999) only. It is also
present in the decision making model of Hoek (1997)

Two studies, Hoek (1997) and Hoek (1999), apprdhehtopic from a different perspective,

from different industries. Even in both papers tbed industry is in the center, especially
Hoek (1999) provides how different industries apgto the subject. It also provides which
costs and factors are relevant for each industegent; even though the study is relatively
small, it raises the question of the applicabilityy general optimizations and frames for
different industries. Although the general framespecially about for form and time

postponement, gives the reader a clear undersggnaireader interested in single industries
can find these frames partially applicable or inptete in some aspects.

The second part of the research stream, invent@ayagement and optimization, is very
consistent. This might be due to the fact that sivmlies (Qin 2011a; Qin 2011b) are done as
the follow up of an earlier study (Graman 2010)e&v¥hough this is the case, all the studies
in the research stream aims to set the optimairget inventory levels in the system to decide
until when the postponement should occur. They as® the models to see how different
postponement strategies are affecting the systdmgxpected all models use time and cost
based models to asses these decisions. Simildriiale into account different kinds of
inventories - common components, semi-finishedsHhied goods - and what are the optimal
levels for these items.

In the literature the link between the customizatievel (or the customer order decoupling
point) and postponement is given very clearly. €mme optimization models present ( Ji and
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Sun 2011) and also there is a clear understandirggs all research mentioned above about
which kinds of postponement related to which custation level or how the postponement
methodology and indicators change when there lage in the decoupling point.

Hoek (1997), Su (2005), Trentin
& Forza (2010), Kisperska-
Form postponement |Moron et al. (2011)
Time postponement | Hoek (1997), Su (2005)
Postponement | Postponement type Place postponement |Hoek (1999)
Research CODP Jietal. (2011)
Stream Logistics postponement
and outsourcing Hoek (1999), Hoek (2000)
Optimal Ma et al. (2002), Baozhuang et
postponement/inventory al. (2008), Graman (2010), Qin
levels (2011a), Qin (2011b)

Table 2-13 - Postponement Critical Analysis
2.13.2Information Technologies Research Stream

The information technologies research stream iorabination of different technological
enablers for mass customization. In the group wiffe practices and technologies are
presented as well as the uses of internet.

An important trend within the stream is the usestdrnet and e-commerce within the mass
customization context. Out of the nine researchesgmt six (Helander et al. 2002; Turowski

2002; Ghiassi et al. 2003; Ruohonen et al. 200&) 8t al. 2006) focus on these subjects.
However, all the studies focus on different aspetthis general trend, some combining with

other enabling technologies, such as agents.

Even though the range of the focus on these stymm#ents the reader to gather different
opinions or results about the exact same topigiviess the opportunity to understand many
different practices present in the industries anactices of mass customization. A clear
message on the importance of internet and e-conem&ctvities on mass customization
practices is also given.

Another focus of the studies is the usage of atgmiinologies for mass customization. The
ability of agent technologies to exchange datehvs to be an important enabler for mass
customization. Also two studies (Turowski 2002; &dsi et al. 2003) show agent
technologies intersection with e-commerce actisiied technologies.

Apart from e-commerce and interaction with the cosdr, also the interaction within the
companies or the supply chain is also emphasizeshwthe all the studies are taken as a
whole. Especially product development (Helandeale2002; Peng et al. 2011) is shown to
be important as well as ERP systems (Akkermank 20@8).

It is believed that the research stream as a wigks a broad and clear understanding how
information technologies can enable mass custormizaiVhile some studies focus on single
aspects, the others combine ideas which broadewraatk a better understanding. However,
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when the analyses are concerned, because of therarmge, validation of the ideas by
different studies is hard.

Electronic Data Turowski (2002);
Interchange (EDI) | Dietrich et al. (2006)
Turowski (2002);
Ghiassi and Spera
e-commerce (2003)

Turowski (2002);
Dietrich et al. (2006);
multi-agent Ghiassi and Spera
systems (2003)

Information Akkermans et al.
Technologies (2008); Ruohonen et al.
Research ERP systems (2006)

Stream New product Helander and Jiao
development (2002)

IT (supplier-manufacturer) Peng et al. (2011)

Jiao & Helander (2006);
IT (manufacturer-retailer) Peng et al. (2011)

Jiao & Helander (2006);
IT (manufacturer-customer) Peng et al. (2011)

IT (supply chain) - new prod. Dev. IT Helander & Jiao (2002)
State of the art Romero et al. (2011)

synchronization in supply chain

Table 2-14- Information Technologies Critical Analysis

2.13.3Relationship Management Research Stream

While the whole literature is being looked at a ¥hon the relationship management
concept, it can be realized that there is a gaperdefinitions of cooperation and integration
within the system. Some research (Moser and FAD&6; Jitpaiboon et al. 2009; Lau et al.
2010) explicitly defines that integration is theit being investigated; with the others it is
hard to draw the line between cooperation and raten. For the terms like information
sharing, the level of the activity is not defin@hich makes it hard to understand the nature
of the relationships.

Another gap can be identified on the subject oftauer relationships. The literature on
downstream supply chain mainly focuses on sellecsdastributors (Moser and Piller 2006;
Wang et al. 2007; Qin 2012) rather than directlytloe customer integration or coordination.
The sellers and distributors, which are extern&brac in this case are considered the bridge
between the manufacturer and consumer. Direct co@suontact, where the distribution and
selling channels are owned by the manufacturemaireresent in the literature.

The two well defined points in the stream are thppsier relationships; in both integration

and cooperation (even tough not perfectly defirted)upstream relationships are given a lot
of attention. This gives a clear idea to the readerboth what characteristics the suppliers
should have for successful relationships and h@ictoperation/integration must be created.
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An important point to emphasize is the significan€enformation sharing in the relationship

management in the supply chain. The amount anddiypgormation shared is mentioned by

all the researches in the stream. Information gl used as the indicator which defines the
amount of cooperation between actors.

Apart from studies which look at the relationshyggween actors, there are two (Warkentin et
al. 2000; Monroy and Arto 2010) which gives an ei@w of the value chains and how they

are modified away from the traditional supply cheamcept into a mass customization value
chain. This gives the reader better understandatgny under a spatial considerations and
structure, of how the supply chain actors are kxtand interacting; which creates as an
introduction before going in depth to relationshiypspecific actors.

Lau et al. (2010);Pan & Holland (2006);
Wang et al. (2007); Moser & Piller
(2006); Liao et al. (2011);Zhanga &

Supplier Cooperation/integration Huangb (2010);Jitpaiboon et al. (2009)
FElETEmSND Moser & Piller (2006); Wang et al.
Management .
Internal Integration (2007); Lau et al. (2010)
Research o
S Jitpaiboon et al. (2009); Pan & Holland
(2006); Moser & Piller (2006); Wang et
Consumer integration al. (2007)
Distributor cooperation Qin (2012)
Warkentin et al. (2000); Monroy & Arto
MC Value Chain (2010)

Table 2-15 - Relationship Management Critical Analysis

2.13.4Modularity Research Stream

The modularity research stream gives a clear utatetsg of the modularity strategy in two
different perspectives. Because there is an agtegdition for modularity, it is easy to form
an overall understanding of the concept from aitlss.

The studies are grouped in two: an overall modzddion strategy (Wang 2007; Ro et al.
2007; Cunha et al. 2007; Lau 2011) and the reiahigp between value chain actors in the
modularity context (Howard and Squire 2007; Lirakt2009; Lau et al. 2010). In both cases
the literature gives a complete understanding am ¢hiéferent product, company, value chain
and market characteristics define the differen¢lewf modularity.

Product characteristics Lau (2011); Wang (2007)
Howard & Squire (2007); Lau
Modularity Research | Value chain cooperation/integration et al. (2010); Lau (2011)
Stream Modularity strategies and optimal Ro et al. (2007); Cunha et al.
modularity (2007)
Value chain capabilities and configuration Lin et al. (2009)

Table 2-16 - Modularity Critical Analysis
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2.13.5Customization Level Research Stream

The customization level research stream, aims fenstand the how the systems with
different customization levels behave. Two reseasdfyYu and Jie 2008; Wang 2011) give a
clear understanding about how systems with multglenobile customer order decoupling
points (CODP) work, while giving their advantagesnpared to the single-CODP systems.
Even though they give a good overall understandimgy do not go into depth of the subject.
The why of the multiple-CODP systems are clear, én@w the how such systems could be
created and optimized were not given in the resegicup.

The rest of the literature focuses on describing amalyzing different customization

configurations. The most which finds focus are adse-to-order and make-to-order is the
ones which are featured the most in the litera{@advador et al. 2004; Poulin et al. 2006;
Stavrulaki and Davis 2010; Yimer and Demirli 201A)so two studies give clear distinctions

between different strategies and their implicatiémsdifferent actors and processes in the
supply chain (Salvador et al. 2004; Stavrulaki @wavis 2010) which shows the reader
clearly the differences between these differenhisoand what kind of factors might effect a
company into choosing a certain customization leweich as demand or time related
indicators.

However, the analysis of the multiple-CODP systesi®d comes into the picture here.
Because all the studies in the second group tdakeactount all different customization levels
individually, even though the individual CODPs awmderstood, there is no clear
understanding on how they might work together agiistem.

Mobile/multiple CODP Yu & Jie (2008); Wang (2011)

Salvador et al. (2004); Poulin et al. (2006);
BTS Stavrulaki & Davis (2010)

Salvador et al. (2004); Poulin et al. (2006);

Customization level Stavrulaki & Davis (2010); Yimer & Demirli

ATO (2010)

Salvador et al. (2004); Poulin et al. (2006);
MTO Stavrulaki & Davis (2010)
DTO Poulin et al. (2006); Stavrulaki & Davis (2010)

Table 2-17 - Customization Level Critical Analysis

2.13.6 Flexibility and Agility Research Stream

In the agility and flexibility research stream Haeen put together due to the fact that agility
encompasses flexibility by definition. However tive stream there is no one single definition
of what agile supply chains consists of. When lab&ethe overall research which talks about
the subject, then a better understanding can be\exh This is due to the fact that the
descriptions are not conflicting in nature but estbomplementary.

There are a number of different subjects mentioneder the agility context. Benzheng
(2011) talks about incentives, Song et al. (200v@ga technical explanation of uses of agent
technologies for agile supply chains and Weizhe l&hda (2010) talks about agile supply
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chains in clothing industry. The different perspees help creating an overall understanding
of what agility is and what are the characteristics

The other side of the research stream talks abaiak gesponse ability (Yu et al. 2008) and

flexibility (Salvador et al. 2007; Yi et al. (201®hich are sub-sections of agility. When the
flexibility research is considered, the two differestudies talk about different subjects under
the name of “flexibility strategy”. While Yi et a2011) talks about sourcing, operating

system, organization and distribution flexibili§alvador et al. (2007) focuses on volume and
mix flexibility in build-to-order systems. Due tbdse different uses of flexibility strategy, it

is difficult to understand to which dimensions bétsubject these “strategies” translate to in
case of mass customization.

Flexibility Salvador et al. (2007); Yi et al. (2011)

Agility & Flexibility

PeaEardh Sieer Quick response ability

Reconfiguration

Yu et al. (2008); Benzheng (2011)

Song et al. (2007)

Song et al. (2007); Weizhe & Zhihua (2010);
Benzheng (2011)

Agility as a strategy

Table 2-18 - Agility and Flexibility Critical Analysis

2.13.7Mass Customization Strategy Research Stream

This research stream composes of different magsraimation studies which either combines
different strategies present in different reseatchams present in this thesis or give different
ideas in the mass customization strategy which dogdit in other research streams. Due to
this fact this research stream gives an overaletstdnding of mass customization and supply
chains. Studies like Mikkola and Skjgtt-Larsen @0@hich focus on mass customization,
postponement and modularity or Barutcu (2007) wlnehter on customization, relationship
marketing, mass customization and agile manufagjutielps understanding the links
between other research streams present in thatliterreview.

Management enablers for MC Liu & Deit (2011)

Mikkola & Skjgtt-
Larsen (2004)
MacCarthy et al.
(2003); Dong et al.

MC, postponement and modularization

MC Strategy - -
s S Process framework for MC (2012)
Trappey & Wognum
Literature review on MC (2012)

MC vs. Generative customization

Buffington (2011)

Customization, relationship marketing, agile
manufacturing and MC

Barutcu (2007)

Table 2-19 - MC Strategy Critical Analysis
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2.13.8 Performance Research Stream

This research stream consists of studies whicht@icneate and find indicators to measure the
performance of the supply chain under mass cusadiniz Although the studies doesn't
encompass all strategies in the supply chain, doteeesting ideas which are not seen in the
rest of the literature review is present. To gimeexample, Cheng (2011) uses performance
indicators such as return on investment and retarassets to asses organizational modularity
and Zhang et al. (2011) tries to understand howsneastomization practices are effecting
operational and financial performances of suppbich

Organizational modularity performance metrics Cheng (2011)
Performance Modularity, co-development and performance Lau et al. (2007)
Performance on MC practices Zhang et al. (2011)

Table 2-20 - Performance Critical Analysis

2.13.9Inventory Management Research Stream

The inventory management research stream is dividiedtwo parts: inventory (Aigbedo
2007; Guohua and Jihong 2010) management anddoigedYaoa and Liub 2009; Fei et al.
2009). The inventory part of the stream acts asmaptementary addition to the inventory
optimization and management techniques presenthen postponement research stream.
Especially Guohua and Jihong (2010) provides seitgianalysis on supplier, manufacturer
and distributor’s inventory levels of market demamarder cycle times.

The other two studies gives optimization modelsstidve scheduling problems of mass
customization supply chains while one is real-t{ifiei et al. 2009) and the other is not (Yaoa
and Liub 2009). It can be seen that both studiessase time and cost information to create
their models on production and inventory which Betfefining KPIs for a supply chain
system.

Aigbedo (2007);
e Guohua & Jihong
Mzn:g:r:le?t Inventory management (2010)
and Scheduling - .
R Dy e : Yaoa & Liub (2009); Fei
Scheduling et al. (2009)

Table 2-21 - Inventory Managemend and Scheduling Critical Analysis

2.13.10. Commonality and Platform Products Research Stream

This research stream is beneficial in this literatteview for the introduction of commonality
and platform products. Even though a high numbestodies are available on commonality
and platform products, they are not in the supplgirt and mass customization subject. The
articles present in this research stream focus enfopnance (Huang et al. 2005) and
relationships (Huang et al. 2007) which help cardding links between research streams and
understanding concept better. Also they serve waalidation as the indicators and factors
mentioned and used in these studies coincide Wwelother available in the related research
streams.
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Commonality Supply chain performance & configuration Huang et al. (2005)
and Platform
Products
Research Stream | Suppl chain relationship Huang et al. (2007)
Table 2-22 - Commonality and Platform Products Critical Analysis
2.13.11. Collaborative Product Development Research Stream

This research stream, due to the low number ofietudcluded, talks about three different
aspects of product development: concurrent engimgé€Kincade et al. (2007)), architecture
based product development (Mortensen et al. 2008)callaborative design (Trappey and
Hsiao 2008). As present in other research stretdrasstudies gives an overall understanding
about the different aspects, strategies and caraidaes about the product development phase
of the value chain process however it doesn’t gifell and detailed overview of the subject.
However, especially the research on architectusedaroduct development (Mortensen et al.
2008) gives the reader a perceptive that allowtebenderstanding the product architecture
considerations, in terms of in other research steesuch as modularity and commonality.

Collaborative Concurrent engineering Kincade et al. (2007)
Product Architecture based development Mortensen et al. (2008)
Development

Research Stream | Collaborative design Trappey & Hsiao (2008)

Table 2-23 - Collaborative Product Development Critical Analysis

2.13.12. Manufacturing for Mass Customization Research Strem

Manufacturing research stream in the mass custoimizand supply chain context is very
limited. Of the two studies in this stream one f&&sI on the modularization’s effect on
floorboard manufacturing (Hauslmayer & Gronalt 2D@hile the other focuses on the
concept of rapid manufacturing and mass custonozdfiuck and Hague 2006). Due to this
fact the understanding created by this researcharstr gives a general idea about
manufacturing practices in mass customization, lew&r sure does not provide an overall
understanding of the subject.

It should be noted that both studies give diffeidetis which are not present in the literature
review. Hauslmayer & Gronalt (2008) brings in diéfat indicators based on decoupling point

stocks to measure modularity while Tuck and Ha@@®6) makes an introduction to lean and
leagile supply chains.

Manufacturing Hauslmayer & Gronalt
for MC Research | Modularization (2008)
Stream Rapid Manufacturing Tuck & Hague (2006)

Table 2-24 - Manufacturing for Mass Customization Critical Analysis
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3. Research Objective

When the literature review and created researdarsis are viewed, even though the total
literature covers many different methods and emablgsuch as postponement, information
technologies, modularity and more), there is aigamifying these strategies. Although there
are works like MacCarthy et al. (2003), which pd®s frameworks for supply chains, they
are usually focusing around customization levelotrer strategies separately rather than
together.

The current literature often talks about these eptewith or without mass customization.
However it is not clear how they are interrelatechow it is possible to implement them in
practice. Even though different examples are givesuccessful mass customizer companies,
one of the biggest examples being Dell, it talkswbmethods already implemented and not
how to implement them. This identified gap has bibenbase of this thesis.

The objective of this work is to create a concebpftmework, which enable the firm to
completely understand which factors needed to bsidered and how they can managed and
assessed, for the management of a supply chainr undss customization context. The
framework aims to establish a comprehension on different methods and enablers of mass
customization are affected by different decisialkeh about impacting factors.

At the completion of the framework it is intendeddreate a guideline to companies (new or
already established) who want to pass to massmoustion strategies. This guideline would

help them understand which strategies and procesgesmportant while creating a mass

customization strategy, which kind of factors shiotiiey consider before making decisions
and how can these factors effects can be measured.

To do so, the following research methodology wdlsvaed.
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4. Methodology

To succeed in realizing the above mentioned olject literature based methodology was
adapted. To create the framework with related facfiorst a literature review was done. After
the research, the found publications were colledctedesearch stream clusters to create a
structure within the literature review. After thetep, all the main factors that are related do
mass customization is identified in each reseatedns.

Following the identification of the main factorseach research stream, ideas were combined
and refined to create a clear, consistent and statetable framework. This framework
coming directly from the literature was enhancethwuggested factors and indicators based
on the understanding and knowledge gained fronextensive literature review.

After the finalization of the framework, the lagep is the validation in the form of case
study. In the validation step it was aimed to ustherd if the created framework was
consistent with the practices in the industry aiffieebnt suggestions that can be taken from
the professionals.

Proposal of:

— Additional
factors

— Qualitative
indicators

— Quantitative
indicators

Validation of
> the Framework

Figure 1 - The Research Methodology

In the following chapters each step will be expdaiin depth.
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4.1 .Literature review

In the first step of the research an extensiveditee review was done to understand the
subject and identify the objective that is goingb addressed. Because the scope of the
literature review was decided beforehand — suppfircmanagement and strategies in mass
customization — the combination of two keywords eveised: “supply chain” and “mass
customization”. Also only the studies which focustbese subjects both, i.e. have it in their
keywords and abstracts, were taken into accoumey dlhan some exceptions.

The search was first done on Science Direct andrélthdatabases for easy access. After the
available research is taken from these databdsesearch was extended to PoliSearch (the
academic search engine of Politecnico di Milan@) @oogle Scholar.

The literature review was done without any restiitg or preferences over journals. This was
due to the fact that an overall understanding ef nilass customization supply chain was
searched and restricting the type or name of thenfds could have resulted in missing some
work which might provide insight on the subjectuebto this reason, the journals that came
up in the searches range from operations researchfarmatics, telecommunications to
logistics management. It is believed that thistetrg gives a better understanding of the
subject rather than searching in individual jousnal

This being said, only one journal has been sougitapart from the search engines, the
Journal of Mass Customization. With the highest bentontribution to this literature review

(in total 9 studies) this journal was searchedartipular. The logic behind is that, a journal

dedicated to the mass customization concept icttirand fully relevant to the subject at

hand unlike the other journals. Due to this reasbrs, a worthy source to get information.

Also for this journal, the same keywords were ugedhe searching of articles. You can find

a full list of articles with study numbers in Apkx A.

Journal Name Number of Articles

International Journal of Mass Customisation 9
International Journal of Operations & Production Management
International Journal of Production Economics

European Journal of Operational Research

La | L0 | ] | =]

Supply Chain Management: An International Journal

Table 4-1 - Highest Article Counts

As explained in the literature review before, itatar1 articles from 39 different articles were
selected for the thesis.

4.1.1. Research Stream Clusters

After the search for publications were completeal itiain strategy which is underlying each
study was identified. First the clusters were dbased on different implications on supply
chain, such as supply chain management or configaraHowever this approach was later
abandoned to focus on the different strategies;gases and enablers that is available in a
mass customization supply chain, which gave a bettderstanding over the subject.
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This was done in two steps: In the first step ladl tesearch was collected around 36 points,
with little standardization among the points. Thase 36 points were clustered further to
obtain the Jitpaiboon et al. (2009) research stsgam@sent in the work now.

Primary topic list

Research Stream

Agile supply chain

E-commerce

Postponement

Flexibility

Relationship management

Manufacturing

Modularity

Information technologies

Performance

Modularity

Rapid manufacturing

Build-to-order

Mass customization strategy

Collaboration

Customization level

Commonality

Commonality and platform products

Agility and flexibility

Commonality and postponement

Inventory management & scheduling

Concurrent engineering

Cooperation

Performance

Customer order decoupling point

Commonality and platform products

Customization level

Inventory & order cycle times

Manufacturing

Information technologies

IT and lean production

Product development

Information

Inventory management

Lean, agile & hybrid SC

Manufacturing

Mass customization

Mass customization, postponement and modularity

Modularization and standardization

Performance

Platform products

Postponement

Product Lifecycle Management

Quick response ability

Scheduling

Standardization and modularization

Strategy integration

Figure 2 - Research Stream Clustering

During the clustering, the aim was to identify difnt strategies in the supply chain, like
postponement or modularity, or processes, suchr@dupt development or manufacturing,
which has an effect on mass customization. Thesee momplete and focused research
streams would serve as a base to constructingedfamework.

The clusters and numbers of articles in each alastegiven below:
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393%>%
4%

6%

8%

Percentage of Research Streams in Total

® Postponement
M Relationship management
® Information technologies
m Modularity
B Mass customization strategy
® Customization level
Agility and flexibility
Inventory management &
scheduling
Performance
Commonality and platform

products
Manufacturing

Graph 2 - Percentage of Research Streams in Literature Revie

Article Count in each Research Stream

Product development
Manufacturing

Commonality and platform products
Performance

Inventory management & scheduling
Agility and flexibility

Customization level

IMass customization strategy
Modularity

Information technologies
Relationship management
Postponement

Graph 3 - Article Count in Research Streams
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This classification of the articles was made kegpmmind the supply chain strategies
mass customization and chosen for the best wayuiet similar strategies together. T

evolution of the literature oveime is given below:
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Research Streams

1997

1998

1999

2001

2002

2003

2005

2006

2007

2010

2011

2012

Research
Stream
Total

Postponment

Relationship management

Information technologies

Mass customization strategy

Agility and flexibility

Customization level

Modularity

LR RS

Inventory management &
scheduling

Performance

Commoenality and platform
products

1

Manufacturing

1

Product development

1

Grand Total

0

1

2

0

3

2

2

2

7

12

10

15

Table 4-2 - Research Stream Article Composition Across Years

As it can be seen from the Table 4-2, the amoumnésdarch present in the literature starts to
increase after 2007 and reaches the highest anmur2011. This evolution gives the
impression that mass customization in the suppbirclarea is a relatively young subject
which is attracting increased attention as thesypass. Because of this, the literature can be
expected to have a lot of future research poterilahy research streams, with the exception
of postponement and relationship management dobsné any publications before 2002.
This points the acceleration of the research &2 on the subject. However, the newness
of the subject can also point to incompletenessoaflicts within the literature, which needs
to be taken into account while working on the sabje

4.1.2. ldentifying Main Factors and Indicators in Each Rearch Stream

After clustering into each of the research stretimsmain factors and indicators in each was
identified to create a complete look to the ovestlategies. In doing so, the factors which
overlap or contrast with each other could be sedrettranslated into the framework.

First the main ideas in each article were iderdifi@y this way it was easy to see the
similarities and differences between the worksitiedent researchers. In this point, as it has
also been underlined in the critical analysis befahe different articles were usually
complimentary due to relatively low numbers and dkailability of different sub-groups in
the research streams.

An example of the research streams is given belollvtébles can be found Appendix B). It
should be noted that only the ideas related tod¢bearch stream and which can be used in the

framework has been selected.
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Research Stream Source factors Link Performance [kp1 Industry
Monroy & Arto (2010) aeronautical industry
commonality [total cost development cost

Relationship
Management

Zhanga & Huanghb (2010}

modularity
platforming (with or without)
level of customization
demand levels

purchasing cost
ordering cost
inventory holding cost

Lau et al. (2010)

information sharing
product co-development
organizational coordination
product modularity

product performance
product modularity

electronics
toys
plastics

Jitpaiboon et al. (2009)

customer integration

supplier integration

participation level of customer in product development

participation level of customer in finished good distribution
participation level of customer in manufacturing process

willingness of customer to share demand

customer involvement level on business plans

extent of follow up for customer feedback

The participation level of suppliers in manufacturing processes

The participation level of suppliers in production planning processes
The participation level of suppliers in product development processes
The participation level of suppliers in logistics processes

The level of cross-over of activities between our firm and our suppliers
The level of supplier involvement in preparing our business plans

Our capability of customizing products at low cost

Our capability of customizing products on a large scale

Our capability of translating customer reguirements into technical designs quickly
Our capability of adding product variety without increasing cost

Our capability of customizing products while maintaining a large volume
Our capability of setting up for a different product a low cost

Our capability of responding to customization requirements quickly

Our capability of adding product variety without sacrificing overall production volume
Our capability of changeover to a different product quickly

Organisational performance

Customer retention rate
Sales growth

Return on investment
Production throughput times
Overall competitive position

Liao etal. (2011)

mutual trust

free information sharing (with manufacturer)

mass customization

openness and honesty

respect for confidentiality

product development information sharing
manufacturing processes information sharing
logistics information sharing

quality management information sharing
financial information sharing

customization ability on large scale

product variety adding without cost increase
customize product features rapidly

free information sharing {from trust)

mass customization capability

cost
rapidity

Pan & Holland (2006)

textile suppliers with apparel designer/brand houses

[garment manufacturer's with apparel designer/brand houses

sales team communication with clients

Design development team's seasonal presentations

approval of client requests for fabric match sample
information transfer into technical specifications of production

sales team communication with clients

Design development team's technical service to clients
zarment manufacturer's technical package
CAD/CAM data files to establishment for production

fashion

Moser & Pil ler (2006)

cost

inventory costs

bicycle

in (2012)

delivery time promised

market demand

orders in unittime

actual time of customization

penalty costs paid to manufacturer

penalty costs paid to customer

elasticity of response time

elasticity of customized demand

total time of manufacturing and distribution

cost of unit of common product produced by manufacturer
cost of unit of product customization done by distributer

common variables

price of customized product

decision variables

price of customization service quoted for manufacture by distributor

time of customization
profit

sharing of information
dynamic and agility

rowdedness of information technolog,
vendor selection weighted score
wang etal. (2007)  [internal Usage of ERP
Usage of advanced technology
Business process reengineering
Downstream urging mechanism
information exchange mechanism
Value webs Information exchange

Warkentin et al. (2000)

Relationships
New ecanomy

Table 4-3 - Modularity Research Stream in Article Cetail
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After the identification of ideas in all studiebgtideas are aggregated together to create
one overlook for each research stream. These mkerlare with few factors in each
research stream and in lower level factors effgctiacision variables. The aggregated
version example of the research streams are giewi(full versions can be found in
appendix C)

Factor Factors Impacting Decision 'who KPIs
design Lin et al. (2009)
capabilities Pmduc‘tion - L?n et al. (2009)
inbound logistics Lin et al. {2009) separateness [Lau et al. (2010)]
information Lin etal. (2009)| transferability [Lau et al. (2010)]
role structure Lin et al. (2009) specificity [Lau et al. (2010)]
configuration process structure Lin et al. (2009)
information structure Lin et al. (2009)
module definition Lau (2011)
technological newness Lau (2011)
. . . internal communication (formg Lau (2011)
internal integration - )
team size Lau et al. (2010) [team size
customer coordination{customer involvement [16] Lau (2011) |customer knowledge [Lau et al. (2010)
Modularity |evel of modularity system integration - - Lau (2011)
innovative Lau (2011)
product characteristics{functional Lau (2011)
value added Lau (2011)
set of products Wang (2007)|number of product sets
product family general and customized modul Wang (2007)|number of general modules
number of customized maodules
tight/loosely coordinated Lau et al. (2010); Lau et al. (2011)
. R Module development Lau et al. (2010)
supplier coordination | - ) .
infarmation sharing Howard & Squire (2007); Lau et al.
asset specificity Howard & Sguire (2007)

assembly times [Cunha et al. (2007)]
transportation costs [Cunha et al. (2007
costs [Ro et al. (2007)]

Table 4-4 - Modularity Research Stream in Aggragate View

4.2.The Conceptual Framework

As the next step of the methodology, the frameisstructed. Inspired by the literature
first the main strategies the framework is goin@pécconstructed on are selected. These
four main strategies are, relationship managemmeodularity, postponement and
customization level.

For each of main aspects, some factors were definézh impact them on the value
chain. These factors were later paired with indiafrom the literature which can help
the company measure the factors.

As a final step of the frame, additional factorgdnbeen added which are not directly
present in the literature, but thought to be usefldo, indicators have been proposed for
all factors present in the framework. A detaile@laration on these points is present in
the conceptual framework chapter.

4.3.Case study

The last step of this work was the validation & theated framework and assessment of
its correctness and completeness. Because the viieikecomes from the literature
(which points to mostly theory) it is important &k the justification from companies
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who are practicing mass customization. It is be&dvhat the insights that can be
obtained from the industry would make the framewoidke complete and applicable. To
do so, a questionnaire was created to be sentféwadit mass customizing companies.

The questionnaire was created to include all decignpacting factors and quantitative
indicators in the framework. The qualitative indara were excluded due to the fact that
they are not measureable and more like suggedtiorcempanies which want to do mass
customization.

Addition to the components of the framework, addiéil questions were asked such as
the number of employees and turnover of the compargsses the size. Based on this
information, a conclusion can be reached on diffefactors which affect different sized
companies. This means the identification of factetich can be relevant for small
companies but not for big ones and vice versa.

The same objective lies under the reason of agki@gustomization level of the system.
Different customization levels can show differehtaacteristics, identification of these
characteristics would crate a more complete frannkewo

The rest of the questionnaire is divided up to formups representing the groups present
in the framework. Each group is assessed in it$b#, links were not asked to the
participants to due to the reasons of complexityl &ngth of the survey. The
guestionnaire is available in Appendix E.

For assessing the framework three different quedipes were used. The first one is
multiple choice questions (without the restriction the amount of choices that the
participants choose). These questions were usassts the decision impacting factors in
each group. Also for each of these questions aioropvith “other” was added to
intercept any points that are not available in ttemework but important to in the
practice.
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Why did you choose the postponement types mentioned in the previous question?
You can select more than one choice

[1 Product architecture

[ Production capabilities

[1 Market demand levels and variahility

[ Customnization levels

[ Supply chain network characteristics

[ Inventory levels

[ Value chain capability

[ Cost of postponement (tradeoff between cost and efficiency)

[ Other

Figure 3 - Example of Multiple Choice Questions

The second types of questions were matrices useddes key performance indicators
proposed to measure each factor. These matrixew/(sim Figure 4) were constructed by
putting KPIs in the rows and the factors in theuowhs, allowing the participant to
choose multiple indicators for each factor if nesede

Regarding the customization level (pervious question), in order to understand how to
select the customization levels, how do you measure your critical factors?

The columns correspond to the factors in the previous question. If none of the indicators on the rows
correspond to factors or you do not measure the factors, please leave the column empty and let us
know any suggested indicators on the space provided below

Cost of
Value chain custamziation
MWarket Product Value chain ) {tradeoff
: - network )
demand architecture capability ... between cost
characteristics
and
efficiency)
Production capability
e o o o o] 0]
dex (Lp)
Time of production of
maodules o © © © o
Time of production of
common base O O O O O
Market demand
' ¢} o} C o} o

analysis

Figure 4 - Example of Matrix Questions

The last type of questions used was open-endedigugsideally these questions were
avoided when possible and replaced with one optheious kind of questions, due to the
possibility of not being answered by the particigapecause of their length and lack of
structure. They were used in two cases, the firsh@ end of each group to enter any
hardships encountered during implementation of ea@tegy, to enable the entering of
comments and the second after the matrix questepsovide comments and additional
indicators.
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Please enter below if you have any suggestions on indicators to measure factors

Please specify if you had any particular challenges in managing postponement.

Figure 5 - Example of Open Questions

The questionnaire was created on an online platf@aogle Docs, for easy distribution,

data collection and analysis of answers. It isdveld also to be more convenient for the
respondents due to the fact that it is easy to ¢etevith the user-friendly interfaces and
eliminates the attachment and email traffic, widah be inconvenient.

After the preparation of the questionnaire, théed#nt companies which are going to be
contacted were selected. At this point two différsyurces were used. The first one is the
literature; all the studies in the mentioned litara review were scanned for examples for
companies doing mass customization. The secondeasrthe “Mass Customization
500" list, where the companies were chosen at nanobe contacted. In both selections
the only criteria were that the companies shoulgrogiding some kind of customization
to their customers, regardless of their size orattmeunt of customization. This was due
to the fact that, as explained before, to undedsktenw the framework differs for different
(type of companies (based on size and customizbeicat).

These companies were first contacted with a gereriail explaining the aim of the
thesis and their contribution. Also, the full repparas promised to be sent at completion
as a form of incentive. The companies which gaw@tpe response were later contacted
with the link of the online form.
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5. The Conceptual Framework

Following the methodology presented in the previchapter, in this section the result of
the fourth and fifth steps are presented: the quned framework. This framework is the
outcome of the steps taken to refine the ideasethie literature review and addition of
new ideas.

The framework aims to aid companies who want td stéering customized products to
their consumers, adapt a mass customization syratég their value chain. It intends to
identify major decisions that the company needsl¢ocide upon and understand the
different factors which can impact these decisimmd how these factors can be assessed.

A company interested in implementing one or morehaf 4 aspects available in the
frame will find this framework as a useful guideimrelated to the aspects to be
considered and a list of indicators.

The companies which are targeted by this frameveark be defined in three different
groups, new companies who do not have operatioferédb@and already established
companies with a traditional supply chain which tgaio understand and pass to a mass
customization value chain. As a third, companies velne already practicing mass
customization but want to improve. For all thespety of companies the created
framework is believed to be applicable.

Adding to these factors which need managing ancenstanding, there are indicators
proposed for each factor. These indicators areesigd to help the companies to assess
the factors better. The presented factors, somaetigaive and some qualitative, aims to
measure the performance of the different factors.

The framework is clustered around four major sgigte — relationship management,
modularity, postponement and customization levethich represent different aspects of
the mass customization value chain that needs nranaBach group has two lower
levels, the lowest level is the factors which impaecisions based on these four aspects
and the middle level is the where in the supplyirchizese factors belong to. You can see
the first two levels (highest and middle) of thanfre in figure 6.
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Relationship Management Modularity
Internal Integration level Product
Customerintegration level Production Systems
Cooperaticn level with partners Value chain characteristics
Supplier Selection Criteria

Postponement strategy Customization level
Product Product
Value chain characteristics Market Characteristics
Market Characteristics Value chain characteristics
Production Systems

Figure 6 - The first two levels of the framework

During the creation of the framework it was aimedstandardize factors included in
different groups when possible. Some examples faeptoduct architecture which is
present in modularity, postponement and custonuimakevel or the demand level in
postponement and customization level groups.

The aim of this standardization was to communitatde user that one factor can affect
multiple strategies, and even sometimes oppositetytwo different factors can have
opposite effects, such as time and cost. So the msst understand these tradeoffs
clearly to create and optimal strategy for massotuzation.

The chapter is organized as follows. First genefarmation about the value chain that
the framework is created upon is given. After lansenablers, which are not directly in
the framework but it is believed to be importaatekplained. The enabler included n this
study is the information technologies. As the Isiglp, the framework is explained in
detail.

5.1.The value network

In the modern context the supply chain is changamdly from the traditional, almost
linear to downstream and upstream actors from thaufacturer, into value networks.
Value networks are complex networks which host mgmber of actors and unlike the
traditional supply chain are not bounded by timpace and geography constraints
(Warkentin et al. 2000; Monroy and Arto 2010). Withe modern information
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technologies it is possible to form these netwakd provide the customer with quick
and less costly options (Warkentin et al. 2000). F@ass customization this complex
structure poses an advantage where the custonmzedio be shifted through the supply
chain to find an optimal solution to present to #rel customer while using different
competences of the actors. The simplified valuenctta the framework created is given
in figure 7 It should be noted that this represgomaonly shows the links presented in
this thesis.

Mass Customization
Value Network

Customer

Supplier le—

Manufacturer Distributor

L

Retailer

Figure 7 - The Mass Customization Value Chain for the Framework

The value networks have different features whicfindethem. These features can be
summarized as strategy, structure, communicatigtyre (Monroy and Arto 2010).

The first feature, strategy, denotes to the apprde manufacturer have on the market
and its projections upon the value network. Difigrifrom the traditional networks, in
value networks, the vertically integrated manufeaatsi or linear horizontal relationships
with upstream and downstream are diminishing giwvay to collaboration networks
where resources are shared and aimed to use opti(Wéarkentin et al. 2000). The
strategies of these networks are focused on fooupg by Monroy and Arto (2010)
which are used today: operative excellence, actesew markets, diversification of
financial risks and access to new technologiese manufacturer, based on the strategy,
can structure the web in the best way choosingradtm collaborate with (even can
include competitors) and the collaboration levela®n them to move forward with its
approach. On this framework, the operational ezcek strategy was focused during the
creation of the framework. Operational excelleneeales “emphasize leadership in price
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and customer convenience by minimizing overheadscasliminating intermediate
production steps, reducing transaction and ‘fricti@osts and optimizing business
processes” (Karl M. Wiig, 1997).

After the strategy, the second trait of the valaemorks is the structure. The structure is
created based on the strategy that the manufaaurer to follow. Different actors can
be selected to be present in the network with wffe types of relations and
collaborations. While making these decisions treeedifferent factors which affect the
outcome. The first factor is the internationalieatiof the manufacturing process. With
the modern supply chains the manufacturing prorsesst bundled up in a single center
like in the past, but outspread to different looas based on the strategy. The second is
the supply and value chain. This factor affectstéss which are to be completed within
the supply chain, their assignment to differenbextand also the control mechanism
within the network. The third is the strategic afices to be formed. While designing the
value network the alliances with different nodessimoe carefully considered based on
the end result which want be achieved. These abisucan be different in nature ranging
from long term relationships to project based dwilations. The last factor which
influences the structure is the integration procesglich integrates all the factors
mentioned above. These factors are interconnectddcannot be considered alone, but
rather should be judged within the frame of theigaletwork strategy.

Thirdly communication the communication systemschhspan the supply chain is one
of the features of the value network. There migatdifferent IT and communication
tools included within this feature. These toolsl®edhe real time information flows on
the network between actors and ensure a synchobrszgply chain to function
effectively.

The last pillar of the value network according t@ivioy and Arto (2010) is the culture

and knowledge sharing within the system. The con@saand the employees must be
reluctant towards mass customization and also camuating and information sharing

with internal and external actors of the value ohal very important aspect of this

feature is the mutual trust between the collabogatictors (Jitpaiboon et al. 2009). The
openness, honesty and respect for confidentialrnmdon might help to crate and

nurture the sharing and trusting culture.

5.2.Enablers of the Mass Customization Value Network

To create such a system different enablers are wghth the organizations who adapt
mass customization strategies. These enablerd #ssisreation of the system and its
smooth running afterwards. In this study, inforroattechnologies as an enabler of mass
customization are explained. Although there mighither enablers in the system, such
as agility, information technologies were the owge explained further due to its
relevance with the framework created.
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5.2.1. Information Technologies

To create such a responsive structure to the mardetustomer demand, it is substantial
to integrate a well running information system thgbout the organization and supply
chain, from the supplier to the customer. This witisure the smooth running of the
system while better decisions are made within tigamization.

[~ ]
Customer I

Manufacturer Distributor

Supplier [«

W

Retailer

Supplier Collaboration J |_ Product Configuration
IT J Customization [T

Manufacturing IT

New Product
development [T

Figure 8 - The Location of Information Technologies in the Value Chain (Peng et al. 2011)

For the system to stay responsive the unblocked ftd information within the
organization and outside (suppliers and customersgessential. With the modern
information technologies, the ability to manage ptew situations within the company
has developed. Apart from the internal proces$esinformation technology can be used
to connect with other actors within the supply ohigie suppliers or logistics providers.
With the real time data connection between thedergcthe capability of offering
customized products within the mass customizatiaméwork increases.

Another important aspect of information technolsgie the data collected from the
customer via these technologies. Piller (2008) emdhat with the more information
collected from the customer a better customizadind better service can be given back
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by better segmenting and targeting the consumeroufih this information internal
processes can be better managed as well, aidingdaks customizer.

Different information technologies such as ERP ayst (Ruohonen et al. 2006;
Akkermans et al. 2008) to ensure information trangfetween actors or within the
company, multi-agent systems (Turowski 2002; Ghiesal. 2003; Dietrich et al. 2006),
electronic data interchange systems (Turowski 2@2trich et al. 2006) are a few
examples that are mentioned in the literature.

5.3.Constructing the Framework: Combination and Refining of Ideas and
Factors

The clear pictures of each research stream gaeaa iea of the different factors,
however to create the framework these ideas netdbd combined and refined. When
the tables created for all research streams wesged, it was evident that some streams
are situated inside others within the framework arel not individual strategies (as an
example, inventory management research streamecaituated within postponement).

Adding to the combinations, it was realized thab tvesearch streams, information
technologies and agility & flexibility, were sitieat outside the framework. This meant
that the strategies and processes these streamaseppare seen as enablers in the system
rather than factors that can impact decisions. Hreynot within the framework, but in a
way around it, helping the realization of mass @umstation practices in the supply
chain.

There are also some research streams, such as ao@mufy, mass customization

strategy, commonality and product development, vhie not situated in the framework
exactly. This means that these ideas are not preseine framework at the first glance.

However they are incorporated within different &ast such as product architecture or
supply chain capabilities. It was important to itiigrnsuch factors; they will be explained

in detail in the next chapters.

After all the considerations four main streamsupg@y chain are identified to base the
framework on. These are:

- Relationship Management
- Modularity

- Postponement

- Customization level

In these groups, first all the factors are put toge After the putting all the factors, they
are again started to be grouped together underéift titles such as product architecture
or customization level.
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At this point also the links between groups startedbe seen due to some groups
appearing as factors in others.

The same approach was also taken for the key mpeaftze indicators. A list of

performance measurements were taken from the tliteraAt this point the indicators

and performance measures were not correspondiegcdo decision impacting factor but
to the stream as a whole.

5.4. Constructing the Framework: Proposal of Additional Factors,
Qualitative and Quantitative Indicators

After the frame according to the literature was ptated, both with the factors and
performance measurements, some additions were ddrese additions, though not
coming directly from the literature, were made Ine tunderstanding gained by the
literature and previous supply chain knowledge.

The main additions were done on the performanceqgbahe framework rather than the
factors. At this point the key performance indicatavere divided as qualitative and
guantitative. This was done to give the abilityth@ framework, and who will use it
afterwards, to measure different factors which camtways measured quantitatively.

For each factor one or more indicators were gigeme just qualitative or quantitative
and some a combination of both. In the case ointlieators, most of it was added at this
step (meaning it hasn’'t come directly from therétare) due to the fact that it was
sometimes difficult to find a single key performanadicator which measures a single
factor from the literature. However, even not diyecoming from the literature, like the

factors they have been influenced by the literature

5.5.The Conceptual Framework

After the explanation of the background informatisaoch as the definition of the mass
customization value chain and information techni@e@s an enabler, the framework is
explained in this section in detail.

The overall view of the framework is given in AppgenD. The detailed tables will be
given with the explained groups.

5.5.1. Relationship Management

The first group on the framework, relationship ngeraent, focuses on different
relationships that a company can have with thesfit actors in the system. In the mass
customization value chain, different relationship#ich can be with customers, other
companies or even internal, play an important nelefhe way chosen to manage these
relationships can be very important for the sucoésse mass customizer company.
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The aim of the group is to understand how to mantgese different kinds of
relationships while practicing mass customizatiorhis has been done through
identification of factors which can impact decisaver the management of relations and
indicators, both quantitative and qualitative, teasure the performance of the factors
while making decisions. These decisions of couraenct cover every relationship
management issue that needs to be addressed, hoivesebelieved to give a clear
understanding.

On the lower level, the group consists of 4 suhigso cooperation level with partners,
internal integration level, consumer integratiovele and supplier selection criteria.
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lGnarE] Information exchange Moser & Piller (2006); Wang et Not from
Integration level al. (2007); Lau et al. (2010) Possibility to have information exchange literature
el ability of organization to carry out mass Not from
Organisational readiness | Moser & Piller (2006) customization processes effectively literature
The ability to use different resources
Customer wilingness and (feedback mechanis, configurator, Not from
Consumer | capability Jitpaiboon et al. (2009) workshops) to interact with customers literature
integration
level Moser & Piller (2006); Jitpaiboon
Information exchange et al. (2009); Pan & Holland Not from
level (2006); Wang et al. (2007) Possibility to have information exchange literature
Possibility to have a contract which defines Not from
Joint profits Zhanga & Huangb (2010) joint profits literature
Type of information Amount and details of demand (number of Not from
shared Qin (2012) modules or parts ) literature
) Possbility to share company's internal )
Cooperation Joint advantages information with other actors: Qin (2012)
level with Qin (2012) Delivery due date
partners Order registered time
Cost of delay
Flexibility of the time to respond to orders
Total time of manufacturing
Total time of distribution
Cost of unit of customization
% of Ability to ensure needed responsiveness
. completed | and flexibility by type of contract, Not from
Supplier - . . . . .
selection Agility of supplier Wang et al. (2007) orders punishment and incentives literature
Critaeria Huang, Zhang & Lo (2007);
Demand behavior of the | Zhanga & Huangb (2010); Qin Supplier's ability to follow the Not from
product (2012) manufacturer's demand behaviour literature
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capacity of
supplier
allocated on
total Not from
Capacity of supplier Lau (2011) capacity literature
Moser & Piller (2006); Pan &
Holland (2006); Wang et al.
Information  exchange | (2007); Lau et al. (2010); Liao et Possibility to gather the required Not from
level al. (2011) information in the desired time frame literature
% of
Historical relationship completed Not from
with supplier Not from literature | orders literature
Sustainable price offered
by supplier (discounts price per Ability to ensure sustainable prices via the Not from
and low costs) Not from literature | unit contract type literature
price per Not from
delivery literature

Table 5-1 - Relationship Management Framework
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The cooperation with partners’ subgroup focusebam to manage cooperation with the
actors of the supply chain such as suppliers astfilditors. This factor is situated in

between two extremes, at one end there is no iatom sharing across actors while on
the other hand there is full integration with tharmafacturing company and the outside
companies. The factors selected for this subgréi@gte the decisions to the place of the

manufacturing company between these two extremes.

Although the literature is mostly focused on to @igss in this case, in the framework
this point has been extended to include other aasrwell, believing that the selected
factors that are impacting the cooperation with ghppliers can also be used for other
actors. The factors are selected accordingly keepiis extension in mind.

Cooperation
level  with
partners

Joint profits

Zhanga
Huangb
(2010)

&

Possibility to have a
contract which
defines joint profits

Not from
literature

Type
information
shared

of

Qin (2012)

Amount and details
of demand (number
of modules or parts )

Not from
literature

Joint
advantages

Qin (2012

Possbility to share
company's internal
information with
other actors:
Delivery due date
Order registered time
Cost of delay
Flexibility of the time
to respond to orders
Total time of
manufacturing

Total time of
distribution

Cost of unit of
customization

Qin (2012

Table 5-2 - Relationship Management Group - Cooperation with Partners

Joint profits:

This factor denotes the ability of actors in a dypghain to take decisions together to
maximize their joint profits rather than act sepelsatrying to maximize their own
profits. The base of this factor comes from thelgtof Su (2005), where they show how
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jointly made ordering and pricing decisions ovetaanmon objective function is more
advantageous for all parties under some circumetanthe study also uses this as an
indication of cooperation level between actors, albge without certain amount of
cooperation it is impossible to obtain joint decrs and profits.

Building up on study of 3, this factor is up scatedinclude other actors of the value
chain, such as the distributor, due to the fact the joint decisions should not be only
limited to the upstream value chain. The sameegisatan be used with other actors.

Due to the clear connection between cooperationttamdisage of joint profits this factor
has an influence over cooperation decisions. ltukshbe kept in mind that there might be
characteristics of different actors (such as flékjoshown by Su (2005)) which can
affect the cooperation level in this context.

The indicator selected to measure this point ispib&sibility to have a contract which
defines joint profitsa quantitative indicator. This indicator denotesttthe company can
control its ability to create joint profits thouglfferent contract types between the actors.
As an example with incentive mechanisms built ia tontract, they can enforce this
point.

It should be kept in mind that this factor is clgseslated with the other factors within
this subgroup and can be quite complex to implenreptractice. However, if it can be
done, it is believed that it would be advantagdoushe companies.

Type of information shared and joint advantages:

Qin (2012) proposes a mathematical model which shdww decisions of a

manufacturer and distributor are connected to edloér, together making up the profits
of the actors or the supply chain service levelgeyl'show how profits and the service
level can change when some of the decisions (cuzabion time, price and final product
price) are left to the distributor based on theinfation provided by the manufacturer.

Founded on this idea, it can be important for antastomizer company to share internal
information with other actors in the supply chaamich is not limited to the distributor as

it is in the case of Qin (2012). The decisions dnclv information should be shared with
the actors, or the question of it is going to baret at all, are the questions that should be
answered while putting in place a strategy and eeplly effects the amount of
cooperation, or in this case even full integratt@pending if the shared information is
real time.

Based on these different types of information sthaj@int advantages can be achieved,
which parallel to the previous factor, joint prefit

The performance measurements proposed for thisrface all qualitative. One is the
amount and details of demand information (numbenoéiules or partsghared with the
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actors, which is also used in the study of Qin @0Also the study of Moser and Piller
(2006) mentions sharing demand information with dotors in integration, in this case
with suppliers. Due to this case, this measureroamtbe appropriate to assess the type of
information shared.

The other indicator is thpossibility to share company's internal informatiaith other
actors.lt is similar to sharing the demand data, howekisrtime the internal information
is shared among actors to make decisions. Thelplitysof sharing indicates the factors
effect on the cooperation level. The different tyé data which has been identified in
this case are delivery due date, order registemael icost of delay, flexibility of the time
to respond to orders, total time of manufacturitogal time of distribution and cost of
unit of customization. Some of these different g/é information come from work of
Qin (2012) as mentioned before, while the otheesaaided afterwards.

Customer Integration Level

A very important influence over the company is thustomer’s. Their input being in the
center of operations, regardless of the custonozdével, they pull the activities over the
value chain.

Due to this reason, for a company who is startmdigure out its mass customization
operations, it is crucial to understand the cust&symace in all this and how they should
manage this subject. It is important to understaomd and how much can the customer
be integrated in the system. This group focusesiding the companies in this aspect.

The ability to use
different resources
(feedback mechanis,
configurator,
Customer workshops) to Not
wilingness  and | Jitpaiboon et interact with from
Consumer s .
) .| capability al. (2009) customers literature
integration
level Moser &
Piller (2006);
Jitpaiboon et
al.  (2009);
Pan & Holland Possibility to have Not
Information (2006); Wang information from
exchange level et al. (2007) exchange literature

Table 5-3 - Relationship Management - Customer Integration Level

Customer willingness and capability
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Jitpaiboon et al. (2009) defines the customer naBgn process as a manager’s
understanding of the willingness and participaterel of customers in a company. They
tested and found support to their hypothesis thiatomer integration increases mass
customization capability in a company. They idgntifustomer integration as a
combination of willingness of customer to shararthearket demands, the feedback they
are willing to give, their participation in produgévelopment, finished good distribution
and manufacturing processes and finally their imewilent in preparing business plans.

All these identified points can be included in thestomer willingness and capability
factor of the framework. A mass customizing compamnst make decisions in all these
points, to give an example deciding if they willcenrage participation in processes
(after understanding if the customers are willimgl &apable in such a context), like
manufacturing or product development, and if they @ble to capture this information
using their resources. They should understand hew system will function best and if
the customers are willing to participate.

It is important here to underline that this fad®not here to measure the willingness of
the customer but the ways that they are ready tolanto capture the willingness and

the ability to act on this decision. This factorrelg indicates that the willingness affects
the customer integration amounts in the supplyrclzaid should be maintained. The
willingness levels of the customer and their measient are not in the scope of this
framework.

For the assessment of this factibre ability to use different resources (feedback
mechanism, configurator, workshops) to interachvatistomerdias been proposed as a
qualitative implication. This indicator is aimed tmderstand the ability to use these
different resources to capture the willingness eapgabilities of the customers for the

chosen activities.

Information exchange level

The information exchange level is an importantdaethich can be used to understand
the cooperation with the supplier. Different frohe tprevious factor, the pervious factor
focused on the capturing of the input that the @mustr was willing to give; this point
focuses on the actual exchange of information.

In the literature, as explained in the literatusview before, focuses a lot on the
information sharing with customers. The works whinfuenced the creation of this
factor shows different aspects of information sigriitpaiboon et al. (2009) focuses on
efficient information sharing while Pan and Hollag&D06) and Moser and Piller (2006)
explains the importance of information on consumr@ferences and requirements, and
its communication (they also talks about the abilif the retailers to capture this
information). Wang et al. (2007) defines the infatian flow as the most important
factor under mass customization and the informatibolient needs be obtained by the
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companies. Lau et al. (2010) also support by tkenvey how information sharing
positively influences product performance and hoferimation sharing with customers is
part of it.

The importance of information for customer integmats clear from the studies, however
the studies usually focus on how to get the infdromarather than the amount of
information shared which proposed in this framewdFk represent this, the level of
information exchange was chosen due to the redsainds it has been explained in the
beginning of this chapter, the information systeares seen as enablers of the system and
are out of the scope of framework. This means @ssumed that the needed information
technologies would be already in place based ond#wsion; they do not affect the
availability or the exchange of information.

Due to this reasons the information exchange leve$ selected as a factor in the
framework, representing the amount of informatianhanged between parties. While a
company is creating a system for mass customizatiis factor needs to be considered
because the amount of information planned to béamged defines the integration level
of the customer. This factor completes the previoos, the previous factor tried to

understand the willingness to share the informatmml this factor tries to understand the
amount.

For the indicator of this factopossibility to have information exchangeas seen
appropriate due to the fact that it captures thigyato have the desired level of exchange
with the customers. Because this framework ainteetp companies to create a system of
mass customization and not maintain it, the lewsds to be decided and the possible
systems for it should be created (as the enaldlbg.actual quantitative measurement of
the information flows can be done after the stgrohthe operations.

Internal Integration level

This group of factors denotes the integration Igvukht are present within the company
itself. The internal operations of the company mustaligned to be able to create the
responding supply chain needed for mass custoroizatiactices.

There are two different aspects which are needdx toontrolled in this context. One is
the interaction between different departments &ed &bility to work together. It might
be important to collaborate or just be aware of possible issues that are generated
during operations. The other is the readiness ef dhrrent or feature employees’
readiness to embrace the mass customization cultdnieh differs from the traditional
supply chain approaches. Both aspects were expdléelew with the appropriate factors.
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Moser &  Piller
(2006); Wang et al. Possibility to
Information (2007); Lau et al. have information Not from
exchange level |(2010) exchange literature
Internal —
Integration ability of

organization to
carry out mass
customization

Organisational |Moser &  Piller processes Not from
readiness (2006) effectively literature

level

Table 5-4 - Relationship Management - Internal Integration Level

Information exchange level

As for cooperation with other suppliers or the ou®trs, information exchange plays an
important role also for internal integration. Thenmumunication between different
departments or functions within the company carabley point in achieving efficient
mass customization.

In the literature, Wang et al. (2007) providesithportance of internal information flows
as well as across the value chain. They map thesfloetween different departments,
both internal and external. Another point to beetakrom the study is the usage of
enterprise resource planning systems, which isnabler of the system. Lau et al. (2010)
also talks about internal interactions and coopmrahowever does not strictly talk about
information flows.

The amount of information exchange level is an irntga factor which defines the
amount of internal integration within the compaBye to this reason, it is necessary to
understand how it can be done and facilitated dk agedefine the levels of exchange
between different departments.

For the evaluation of the factor, the implicatioh mossibility to have information
exchangemust be understood. Because it is difficult to suea the actual amount of
information that is going to be exchanged during thperations, it is more
comprehensible the possibility of having the wantédrmation exchange.

This factor can be evaluated at the company levedtoower levels, such as inter-
departments based on the processes and need. tAés@xchange between different
locations, e.g. different offices of the compangncbe possible and needs to be
considered.
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Organizational readiness

Moser and Piller (2006) defines one of the diffimd that mass customizing companies
encounter is the challenges faced by the compaliedo changes which take the supply
chain concept away from the traditional. The empésymust employ an understanding
which focuses on understanding needs of the entbroes, translating them into
capabilities. They also must be qualified havingltmwompetences or need to be
supervised with attention.

Due to these reasons described in Moser and RARO6), it is important to have an

organization ready for mass customization progees3dis factor implies that the

employees should be trained and ready for a chngethe traditional supply chain to

the mass customization value chain processes. &aé to manage this transition is the
reason this factor is considered effective in thiernal integration of the company.

For the measurement of this factor there is a taiade indicator which is thability of
organization to carry out mass customization preesseffectivelywith this indicator, it
is aimed to understand if the organization is ready perform efficient mass
customization activities.

Supplier Selection Criteria

The different suppliers of the company gain morpontance in the mass customization
supply chain when compared to the traditional ofi@s sub-group aims to help the
companies to understand what factors are impoftargelection of the supplier and how
they should be evaluated for the selection.

It should be kept in mind that the selection ofshpplier can be grouped in two different
situations. The first one is selection of new sigwpl for the company for the mass
customization activities and the other is the retey of old suppliers while passing to a
mass customization supply chain. Of course, thergkpoint is directed at companies
who have operations already present in traditiomays who are seeking to pass to
customizing and not new companies, while the fiht encompasses all companies.

The factors below can be relating to the two situest differently (table 6-5) Some
factors, such as the historical relationship ofdbmpany with the suppliers, is present in
one of the situations, in this case the second(where the company already exists). Or
they can have different implications, as the intdice of supplier agility, for different
situations.
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% of | Ability to
completed |ensure needed
orders responsiveness
and flexibility
by type of
contract,
punishment Not from
Agility of supplier | Wang et al. (2007) and incentives literature
Supplier's
ability to follow
Huang, Zhang & Lo the
Demand (2007); Zhanga & manufacturer's
behavior of the|Huangb (2010); Qin demand Not from
product (2012) behaviour literature
capacity of
supplier
Supplier allocated on
Selection Capacity of total Not from
Critaeria supplier Lau (2011) capacity literature
Moser &  Piller Possibility to
(2006); Pan & gather the
Holland (2006); required
Wang et al. (2007); information in
Information Lau et al. (2010); the desired Not from
exchange level Liao et al. (2011) time frame literature
Historical % of
relationship with Not from | completed Not from
supplier literature | orders literature
Sustainable price Ability to
offered by ensure
supplier sustainable
(discounts and Not from | price per prices via the Not from
low costs) literature | unit contract type literature
price per Not from
delivery literature

Table 5-5 - Relationship Management - Supplier Selection Criteria
Agility of supplier

The study of Wang et al. (2007) underlines the adesharacteristics of the supply chain
and one of these characteristics presented isgiityaCaused by the uncertain nature of
the demand, it is believed that the supply chaoukhbe dynamic and responsive to the
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changes. Due to this reason, they underline a magsmizing company should choose
suppliers on their ability to fit in this dynamiaply chain.

Parallel with the vision of Wang et al. (2007) stfactor is presented to understand if the
selected suppliers will bring the needed flexipiland response ability to the supply
chain. This is why the agility of the supplier mbsttaken into account while making the
supplier selections.

However it should be kept in mind that not all digyg must have a high agility. This
also depends on the integration of the supplier the mass customization activities or
the nature of the relationship between companiks.rneeded agility level can and should
be assessed and determined for each or at ledwstygacof supplier.

For this factor two different types of indicatoree gpresentPercentage of completed
ordersis present as a quantitative indicator whibdity to ensure needed responsiveness
and flexibility by type of contract, punishment amcentiveds quantitative.

The percentage of completed ordecan be used if the company has access to this
information about the supplier. In the two casessglection of an existing supplier or
acquisition of a new one) the source of this indicgan be different. If a re-selection is
being done the company can turn to historical miation. If internal information is not
available or may not be applicable to mass custatioiz context, information might be
coming from the supplier itself or other compamnidsch use the same supplier.

The quantitative indicator looks at the factor frardifferent angle. It aims to understand
if different ways, such as contract type, punishimognncentives might be used to ensure
the agility of the supplier. However, if the sugpldoesn’t have the ability to reach the
agility level desired by the manufacturer, such wafymeasurement might not be

possible.

Demand behavior of the product

Demand is an important external factor which ndedse addresses while making supply
chain decisions. Different demand behaviors care hmpact on the supplier decisions
that the company takes.

In the relationship literature Qin (2012) and Zhammd Huangb (2010) talks about how
demand can change the optimal configuration detssand the customization levels in

the supply chain. While Qin (2012) focus on shaohghe demand information, Zhanga
and Huangb (2010) use it as an important factah@model which includes supplier

selections. The last article on the subject, Hugtrgg. (2007), also creates a model which
where they create a sensitivity analysis over diffiedemand levels.

The usage of demand levels in forming relationskijik different suppliers are evident
in these literature, even though through diffemeatsons and processes (because demand
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changes customer order decoupling points, priciegisibns etc.). These points, of
course, should be important factors in selectiothefsupplier.

However, the factor proposed in this framework aitosinclude another aspect of
demand, which is the behavior. In two of the mod€ (2012) and Huang et al.
(2007)) it is assumed that the demand is lineag single known value, only Qin (2012)
includes the demand elasticity in its model. Ibéieved that the demand behavior, with
relation with other factors such as agility, can de important factor effecting the
supplier selection decisions. The company mustcsedeppliers who can sustain the
demand behavior, especially if the demand is highigertain.

In a parallel way, the qualitative indicator whigkas chosen to define the factor is
supplier's ability to follow the manufacturer's damad behavior.This indicator shows
that for the supplier it is important to follow mé&acturer's demand behavior rather than
the markets. This is an important point due to fdw that the manufacturer's demand
behavior might not be equal to the markets. Theghinbe smoothing out demand with
inventories or reflecting the demand fluctuatiomecatly on the suppliers.

However might be the way, the suppliers to be seteshould be able to sustain the
demand behavior of the manufacturer.

Capacity of supplier

The capacity of supplier, like the price which wikk discussed later, is a factor which
affects all supply chains regardless if it is a snasstomization supply chain or not and
thus should be considered as a factor while mattiegselection decision. The supplier
should be able to sustain the demand coming frenmtanufacturer.

In the study 3, the authors talk about the assumpif infinite capacity of the supplier,

however underlines that it is not applicable td fiéa situations. On a different subject,

Lau et al. (2010) makes their study based on diffecompany sizes and what kind of
different suppliers with different characteristtbgy have.

Based on these two understandings, the factor tgpaicsupplier was formed. This
factor is important to understand if the suppliélt ae able to sustain the demand that is
coming from the company.

But also it is believed that there is another aspeat needs consideration. This is the
amount of supplier capacity that is going to becdted for the manufacturer. This might
me important because it can indicate the cooperamount between the supplier and
manufacturer and the power that the manufacturee leawver the supplier. This point

impact the supplier decisions based on the preteseaf the company.
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For this factor the indicatarapacity of supplier allocated on total capads$ychosen to
understand the above point. This ratio gives eebettderstanding of how the capacity of
the supplier will affect the selection process.

Information exchange level

While selecting the supplier, the forecasted infation exchange levels and methods
needs to be understood in order to make decisidifferent information exchange levels
or expectations can influence the selection of ke

In the duration of the literature review differembrks which talks about the information

exchange with suppliers has been identified. Wara.€2007) mentions the sharing of

information as a characteristic of supply chain aggment for mass customization and
how client information can be acquired and sharé@t e suppliers along with other

actors in the value chain. Similarly Moser andd?i2006) states how forecast data of
the manufacturer can be shared with the supplier¢ate a better mass customization
system, and just-in-time models can aid the orggpnocesses.

Lau et al. (2010) finds support to their hypothesisch shows that information sharing

positively affects product performance which alsoludes information sharing with the

supplier in its definition. As the last point, Ligd al. (2011) made their study on the
subject of information sharing among supplier andnuofacturer. They have found

support that higher information sharing increasesrass customization capacity of the
system. They also proved that higher trust incieabe information sharing levels

between the actors.

Based on this information it can be seen that madron sharing, even in different kinds,
is an important aspect of the relationship with ghpplier. Due to this reason, during the
selection of the supplier, the way and amount ffrmation that is being expected to be
exchanged in the future must be considered.

To understand the implications of the informatioxcleange level on the supplier
selection, it is important to assess plossibility to gather the required information imet
desired time frameThis will aim the company in understanding if gwpplier is able to
fulfill the requirements.

Historical relationship with supplier

As mentioned in the introduction of the supplielesBon sub-group, this factor is only
relevant for companies who are already existingnglproduction and want to pass to a
mass customization supply chain structure.

In this case, the historical relationship with atiseng supplier can be an important
factor. While evaluating the supplier, first hamdormation can be more valuable and
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accurate from the ones gathered from other soufdes.can shed light for the company
about the capabilities of the supplier and theicpsses.

The key performance indicator for this factor is plercentage of completed orderlsis
believed that, even though not a perfect indicattbe historical data of orders can be
used for the quantification of the historical redaship.

There can be other indicators which is not presenthis framework, such as the
“feeling” that the supplier gives to the compartyisinot a proper indicator, can change
from person to person, but should not be disreghbgehe manufacturer.

Sustainable price offered by supplier (discounts and low costs)

In any kind of supply chain and supplier selectidet, it be traditional or mass
customization, the prices offered by suppliersnisnaportant factor in the selection of the
supplier. If all other factors are assumed to beakqgt would be logical to assume that
the selection would be done on the lowest pricédaa.

The low costs are a factor to be considered, homéng does not mean that a company
always chooses the lowest cost option, it is meeelyadeoff between lower cost and
other characteristics such as quality, agility andny others. Thus a company must
understand the impact of the different prices effleon the supply chain and its costs.

The idea of sustainable prices also has anothercgsphich is the quantity discounts
resulting in lower per item prices from the larggagtities of items obtained from the
supplier. 3 cover this subject in their study. Tugb their game-theoretic approach they
show that price discounts offered by suppliers Bult in differences in the supplier
selection.

Three different indicators has been proposed tosareathe effects if sustainable prices
offered by the suppliers. The first two, the quititie indicators, arerice per unitand
price per delivery Although similar in nature, they were both inchdddto take into
account different types of measurements of cosiganes, by item or batch.

The third indicator is thability to ensure sustainable prices via the coatrype which

IS a qualitative indicator. It aims for the compéanyunderstand the company’s potential
to ensure the sustainable prices by integratinmtimto the contract they are doing with
the supplier.

5.5.2. Modularity

Modularity is the second group present in the fraor&. It focuses on different
characteristics of the product and the value chaimnderstand how modularity strategy
can be implemented by the companies. It shoulddbednthat the modularity referred in
this group is the product modularity only, doestiirespond to other types (such as
organizational modularity).
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The idea behind the group is to comprehend if autewgproduct structure is going to be
accepted by the company. If the answer is yespthsented factors can be considered
when making decisions based on modularity, sudhasevel, optimal module numbers
etc.

The factors are clustered around three subgrougedban the processes and the relations
on the value chain. These sub-groups are produatiuption system and value chain
modularity. They will be explained in detail in thest of the chapter.
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Portion of cost related to

product architecture Lau (2011) the common base
Modularity of the Not from
product literature
product The innovative, value
added or functional
product characteristics character of the product
Feasibility of customer Feasibility of customer
requirements' translation into Not from requirements’ Not from
modules literature translation into modules literature
Availiability of
production capability in Time of production of technology to ensure
production making modules Lin et al. (2009) | modules needed production
system Total production costs of Not from
Production costs of modules modues literature
Inventory costs of modules Inventory costs of modules
Howard &  Squire
(2007); Wang (2007);
Lau et al. (2010); Lau | * Cooperation with partners *  Cooperation  with Not from
Cooperation with supplier (2011) block partners block literature
Value chain Not from
characteristics | cystomization level literature *Customization level block
Huang et al.
(2005);
Dietrich et al.
Supplier selection Not from literature *Supplier selection block | *Supplier selection bloc/ (2006)

Table 5-6 - Modularity Framework
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Product

This subgroup sees modularity from a product pofntiew. It aims to recognize what
kind of different product characteristics can hawveeffect on modularity decisions that
are needed to be taken by the company for massroizsttion.

Portion of cost
related to the
product architecture |Lau (2011) common base Not
Modularity of the . from
literature
product
The innovative,
value added or
Product functional Not
product Not from character of the from
characteristics literature product literature
Feasibility of
customer
requirements’ Not
translation into Not from from
modules literature literature

Table 5-7 - Modularity Framework - Product
Product architecture

While making decisions about modules, it is impatrt& consider the architecture of the
product. Lau (2011) discusses about the importarfidhe design of architectures that
incorporate modularity across case studies.

The concept of product architecture can incorpordiféerent mass customization

strategies like commonality or modularity and g#tuenced by different processes as
market demand, assortment of product and produeti@h supply chain characteristics
(Mortensen et al. 2008). All these different issueelp shaping of the product

architecture which going to be offered to the cosp and thus effects the decisions
made on the modularity of the product.

To understand the different consequences of thdugtoarchitecture the company can
aim to qualitatively assegmrtion of cost related to the common basel modularity of
the product By understanding these two points, the differenbetween different
architectures can be understood and comparednis tef modularity.

Product characteristics

Lau (2011) believes that different product chanasties, namely if the product is
innovative, value added or functional, has a direffect over the different module
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definitions and the level of modularity. The authatso mention the pre-defined product
advantages like variety or customization’s affattioe module definition.

Based Lau (2011)’s study, this factor has beendéeicto be included in the framework.
If the product characteristics effect the defimtmf the product modularity, then it should
be managed by the company. It is important forntass customizer to understand how
different characteristics effect the modularity dnmv they can be included in the design.

To see the affect the characteristics have on naoitlylit is proposed for the company to
evaluate theénnovative, value added or functional charactetls productand see how
they translate into the module definitions and giesi

Feasibility of customer requirements’' translation into modules

While defining the modules it is important to urgtand which customer needs and
requirements are reasonable and meaningful tolatensito modules while leaving out
others. The feasibility can be measured in termth@fmarket demand (how essential is
the requirement or how big of the requirements ichpan demand), different costs,
capabilities, constraints and other factors.

This factor is closely connected with the othertdes presented before in the product
sub-group, product architecture and characteristicsan influence or be influenced by
the product architecture and the characteristicefproducts. This means that careful
considerations must be done while understandindetisbility of this translation.

This factor is used as a factor and a qualitativelication because it is both. It is a factor
because it affects the modularity and the modulitiens and it is an implication
because it is based on the understanding of féiasibi

Production systems

The characteristics of the production systems efdbmpany, such as the capability or
the costs, can have effects in the definitionsh&f modules. This can happen if the
company does not have the capabilities to createlésired modules, which can result in
changes in the modules or outsourcing of some caes.

The aim of this subgroup is to understand how #wofs in the production systems
affect modularity and how they can be measureduwsmtkrstood by the company when
creating a mass customization structure.
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Availiability
of
technology
production Time of to ensure Not
capability in Lin et al. production of needed from
production | making modules |(2009) modules| production | literature
system Not Not
Production costs from| Total production from
of modules literature costs of modues literature
Not Not
Inventory costs from| Inventory costs of from
of modules literature modules literature

Table 5-8 - Modularity Framework — Production Systems

Production capability in making modules

The production capability is an important consitiera while understanding the
definition of modules that are going to be designédhe company doesn’t have the
desired capabilities in its production systemsjnitedn of the modules as well as the
optimal module numbers must be created and in\agstigaccordingly.

Lin et al. (2009) sees capability one of the thpilars of modularity in their framework,
along with configuration and context. The authoesalibe these as the critical success
factors of the modular supply network. According ttee study this factor includes
capabilities of design, production, inbound logistand information management.

Based on this study, it can be seen that productpabilities is a essential consideration
for the modularity. The different capabilities miened can be all seen under this factor,
as the production of the manufacturer is considémethis framework and design and
inbound logistics can also be seen as a continuafithe process in the same company.

An integral part of the production capabilities tise technologies needed for the
production of the modules. For different moduldéedéent types of technologies might be
needed which is not owned by the company, can baalgost, time or unavailability of
know-how and technology. Such cases must be caesida making decisions about
modularity levels. Different options can be pressmthanging design of the product and
needed modules, outsourcing the models or partth@fmodules which cannot be
produced in house.

For the assessment of the factor two different @gghres are provided. The key
performance indicator proposed is ttime of production of moduleshich tries to
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understand how the capabilities of production otfl® the production times. If the
production exceeds the desired time, the produdidhe modules might not be feasible.

The second approach is qualitative and it triasntderstand thavailability of technology
to ensure needed productioAs mentioned before, the company must have tedeat
technologies available to go on with the productorhook for other options. Due to this
reason, this is an important point to asses whd&ing modularity decisions.

Production costs of modules

The production capabilities can be enough for thedpction of the modules in the
designed way, however may not be feasible fromsagoint of view of the production.

The costs of the production of different moduleelsvshould be considered carefully
before the decisions are made, to understand prb@uction of the modules is practical
in the decided way or there should be changes nradée module definitions or
production systems.

While understanding this factor, the indicatotal production costs of modulesn be
used and asses different alternatives.

Inventory costs of modules

Like the production costs, inventory costs of thedmles cane effect the different
decisions. The inventory costs referred in thist gdr the framework are the costs
incurred on the manufacturer only based on prodoctinventory costs over the value
chain are going to be discussed later on.

While considering different modularization optiansmass customization, the inventory
costs at different stages of production must besidemed. These costs can be raw
material, work in process or finished module ineeptcosts.

To asses this factors impact on the modularizagioategy,inventory costs of modules
can be used by the company.

Value chain characteristics

After the implications of the production systems modularity (which is in control
directly of the manufacturer), the effects of thelue chain should be analyzed. The
modularization strategy can be affected by the adtaristics of different companies in
the value chain or the level of cooperation betwihem.

The aim of this subgroup is to understand diffefantors in the value chain which can
alter the decisions related to modularity and remesideration.
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Howard & Squire
(2007); Wang *
(2007); Lau et al. | * Cooperation | Cooperation
Cooperation with (2010); Lau | with partners | with partners
supplier (2011) | block block
Value chain | ¢ystomization Not from | *Customization
characteristics | |oye literature | level block
Huang
etal.
(2005);
*Supplier Dietrich
Supplier Not from *Supplier selection etal.
selection literature | selection block | blocl (2006)

Table 5-9 - Modularity Framework — Value Chain Characteristics

Cooperation level with partners

As explained in the previous group, relationshipnagement, cooperation level with
partners can change based on joint profits anddypgormation shared. Similarly under
the modularity group the same factors should besidened, because the relationship
management group has a scope which covers all catope situations under the supply
chain. However, here the influencers over the cadmn level for modularity will be
explained.

Wang (2007) exclaim that under a modularity sggtea strong cooperation, or

integration, among the value chain should be ptefeneffective management of the

supply chain and reach the competitive capabilgégded. Lau (2011) describe system
integration for a must in the modular product desigrhey believe that key suppliers for
the modularization process must be present in yisee in design and development
stages also.

Lau et al. (2010)s work is based on supply chaiegiration and their implications over
modular and integrated product design, where thapleyed a case study approach.
Finally, Howard & Squire (2007) believes that withodularization the sharing of
information across suppliers and manufacturer asee in all the processes of the mass
customization, starting from the design of the pidd up until the delivery. They
indicate that modularity will result in more collaation which is effected by specific
assets and amount of information sharing.

Starting from the different works on the literaturevould be true to conclude that the
cooperation between the company and its partnersiidwde valuable for the
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modularization strategy. The amount of needed métion shared among them would
create an overall modularization strategy; evenes@artners could be a part of the
design processes (Lau 2011).

So, a company who plans to start mass customizatrategies must understand how the
cooperation or integration of different partnersidochange the modularization process
and must consider this on the decision based onulaak®finitions.

For assessing this factor, same qualitative imptoa present in the relationship
management group which aressibility to have a contract which defines joimofis,
amount and details of demand informatiand possibility to share company's internal
information with other actorsould be used.

The standardization among the assessment factorddwieelp the companies to
understand how the same factors affect differenistens and how they are connected. It
is also believed that such approach would simpdyftamework for the companies.

Customization level

In mass customization the customization level is ohthe key points which define the
characteristics of the value chain and the stragegiich as postponement. For this reason
there is a group dedicated to this subject.

Customization level is an important factor whichs lerelationship on two ways with
modularity. The chosen modularity level definestooszation level as also the vice
versa is correct. The interaction between thesestvategies calls for understanding how
they affect each other, and how feasible solut@arsbe chosen. The customization level
can influence the definition of the modules, theptimal numbers or even their
availability in the system.

Because there is the customization level groupepteim the framework, the factors in
the effecting decision of customization level wolldd explained later in the related
group. There, modularity would be also seen astaifanside the group.

For assessing the decisions concerning modulardycastomization level, the indicators
presented in the customization level group candeelu

Supplier selection

As explained in the cooperation with value chaintrpars’ factor, the cooperation
between the manufacturer and these actors carubrldior the effective implementation
of a modularization strategy. Especially if thes®oes would be present in processes such
as design of the modular product, they should ect based on some criteria which
also translates into the modules.
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The factors which effect supplier selection hasnbgeviously discussed in the relation
management group, the same factors which affeaiebision are also present under this
factor. This means that while assessing those rgaateodularity decisions should also be
considered.

Like the factors, the indicator and implications@sated with each factor is also the
same with the previously mentioned group.

5.5.3. Postponement

The postponement group in the literature referthéodifferent postponement strategies
that can be present in a mass customization sysikase different strategies are form,
time or place postponement as it has been expldieéare in the literature review
chapter. A postponement strategy which is goingpeaealized can be combination of
one or more of these three different approaches.

Each company, while going to a mass customizatigoply chain, must define the
postponement strategy that they are going to imprenThe definition of this strategy is
important because it effects many different actotthie value chain and enables the mass
customization capabilities.

This group in the framework aims for the companyutalerstand which factors can
influence the decisions based on the postponenratégy. It should be kept in mind that
the factors does not point to one postponementegtyaor another, it merely raises
awareness of the factors to manage while implemeistich strategies.

The postponement group is analyzed under four soppg, factors which are clustered
under product, value chain characteristics, machatacteristics and production systems.
Each subgroup will be explained in detail.
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product

product
architecture

Hoek (2000); Ma et al. (2002); Su
(2005); Mortensen et al. (2008);
Baozhuang et al. (2008); Graman
(2010); Kisperska-Moron et al.
(2011); Qin (2011b)

Portion of cost related to the common
base

Modularity of the product

Not from literature

Value chain
characteristics

cost of
postponement
(tradeoff between
cost and
efficiency)

Hoek (1997); Su (2005); Graman
(2010); Kisperska-Moron et al.
(2011); Qin (2011a); Qin (2011b)

The desired efficiency of the actors of
the value chain (supplier,
manufacturer, distributor)

Not from literature

Utilization of processes
(machine
utilization)=used
resources/available
resources

Su (2005); Graman
(2010); Qin (2011b)

Average waiting time of
customer

Customer satisfaction in the company's
context (includes cost and time for
customer)

Expected waiting time
[Su (2005)]

Total delivery time after
receiving an order

Delivery speed [Ma et
al. (2002); Graman
(2010); Kisperska-
Moron et al. (2011); Qin
(2011b)]

target service level

Ability to meet the service level
requirments

Yimer & Demirli (2010)

customization
level

Hoek (2000); Su (2005);
Kisperska-Moron et al. (2011)

*Customization level
block

*Customization level block

Not from literature

Inventory levels

Hoek (2000); Aigbedo (2007);
Baozhuang et al. (2008); Guohua
& Jihong (2010)

Inventory levels of
modules, finished goods,
semi-finished goods

Inventory costs

Not from literature

value chain
capability

Not from literature

Integrated information technology
availablilty/usage

Not from literature
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Ability to fullfill the right order at the
right time

Not from literature

Value
network
characteristics

Chain

Not from literature

Physical location and connections of
actors

Availability of information technologies
to ensure needed customization

Not from literature

Huang et al. (2005); Graman

Market Market demand (2010); Trentin & Forza (2010);
characteristics | levels and | Kisperska-Moron et al. (2011);Qin Ability to diminish the demand
variability (2011a); Qin (2011b) variability by using postponement Not from literature
utilization level [Su
Production capability | Availiability of technology to ensure| (2005); Graman (2010);
production production Trentin & Forza (2010); Hoek | index (Cp) needed production Qin (2011b)]
system capability (1997) | Time of production of

modules

Time of production of
common base

Not from literature

Table 5-10 - Postponement Framework
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Product

The product subgroup, similar to the case under utaoidation group, focuses on
product characteristics and designs which canenfte the implementation of different
postponement strategies.

product Hoek (2000); Ma et Portion of cost
architecture | al. (2002); Su (2005); related to the

Mortensen et al. common base
(2008); Baozhuang et

PIReRlYGE al. (2008); Graman
(2010); Kisperska-

Moron et al. (2011); Modularity of the Not from

Qin (2011b) product literature

Table 5-11 - Postponement Framework - Product
Product architecture

In a postponement strategy the product architeatarehave a worthwhile effect. The
modularity or percentage of the common base of phmeduct can impact the

postponement decisions in the value chain. It shbel kept that form postponement is
one of the major postponement types which is direelated to the architecture of the
product.

In the research different articles focused on ¢biscept from different points of view. Su
(2005) includes the generic component coverageraayet families as a factor while
assessing different time and form postponementtstres, while Hoek (2000) talks about
how product configurations can effect downstrearstpanement. Similarly Kisperska-
Moron et al. (2011) stress the importance of déiférproduct designs and their varieties
for this strategy.

Mortensen et al. (2008), even though not in theégmrement research stream, mention
the close relation between the modular productitediures and postponement. The
common modules and their coverage in the produdiitacture is also is emphasized
especially as variables or parameters in optimagntory and postponement cost models
(Graman 2010, Qin 2011b, Baozhuang et al. 2008)e [ast Ma et al. (2002) uses the
component cost structure in making commonality postponement decisions.

Based on all this input taken from the literatuiecan be seen that the product
architecture definitely has impacts on postponendesisions. It is also evident that it
has several different aspects that need to be rednag
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It includes the modularity of the product, whichasailable in the framework as the

previous group. The different module definitions pumbers can influence the

postponement strategy. Similarly, the inverse $® gossible; the optimal postponement
strategy can influence the module definitions.

Another aspect is the commonality across the piofiuilies, how much of the cost is
tied up in this common base or the percentageettdmmon base which makes up the
products. These decisions also can influence tkgppoement. It should be kept in mind
that these different aspects should be taken @iska they are not disconnected from each
other (as it was also seen under the product aathite factor in modularity)

Two qualitative ideas have been introduced to eateland understand the impacts that
different product architectures can have on postpwnt. Parallel to what have been
discussed before these gm@rtion of cost related to the common basel modularity of
the product.The evaluation of these points can make it easiarnderstand what the
effects of different modularity are or commonabigyproaches have on postponement.

Value Chain Characteristics

The second subgroup present is the characteristittse value chain. It is important to
understand the different characteristics of theueathain because postponement
strategies often result in postponement of diffey@ocesses to other companies in the
value chain (such as the logistics providers).

Due to this reason, it is also significant to ustiend which value characteristics can
affect the implementation of the postponementatyias. In this way, the value chain can
be altered or formed in line with the needed charztics or if it is not possible, the
strategy can be created by keeping the charaatsridtthe value chain in mind.



Value chain
characteristics

The desired efficiency
of the actors of the
value chain (supplier,

manufacturer, Not from
distributor) literature
Utilization of
processes (machine
Hoek (1997); utilization)=used
Su (2005); resources/available Su (2005); Graman
cost of Graman | oo irces (2010); Qin (2011b)
postponement (2010); — - -
. Average waiting | Customer satisfaction n i
(tradeoff Kisperska- | .. f customer in the company's Expected waiting time
between cost Moron et al. time of cus . pany [Su (2005)]
L. . context (includes cost
and efficiency) (2011); Qin [ Total delivery time and time for
(2011a); Qin | after receiving an customer) Delivery speed [Ma
(2011b) | order
et al. (2002); Graman
(2010); Kisperska-
Moron et al. (2011);
Qin (2011b)]
Ability to meet the
service level Yimer & Demirli
target service level | requirments (2010)
Hoek (2000);
customization Sy (2005);
level Kisperska-
Moron et al. | *Customization level | *Customization level Not from
(2011) | block block literature
Hoek (2000); | Inventory levels of
Aigbedo | modules, finished
(2007); | goods, semi-finished
Inventory levels Baozhuang et | goods
al. (2008);
Guohua & Not from
Jihong (2010) | Inventory costs literature
Integrated
information
. technology
value chain S
capability ava?l.lablllty/us.age
Ability to fullfill the
Not from right order at the right Not from
literature time literature
Physical location and
connections of actors
Availability of
information
Value Chain technologies to
network Not from ensure needed Not from
characteristics literature customization literature

Table 5-12 - — Postponement Framework — Value Chain Characteristics
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Cost of postponement (tradeoff between cost and efficiency)

The strategy underlying postponement, or in masstoauization in general, is the
tradeoff between the cost and the efficiency ofting the customized products. The
postponement strategies which offer the best cugtdion to do customers might not be
possible to sustain cost-wise or efficiency-wisamiarly the cost-optimized solutions
might result in decrease of customer satisfactiahe efficiency of the system.

All of these tradeoffs, including others which hasaot mentioned here, enter the system
as cost of postponement. Some points to be comsiderder this point can be utilization
and time variations of processes (Su 2005), pramluctinventory, customization,
transportation and material costs (Hoek 1997),vdei speed, flexibility, average time
from start to completion (Kisperska-Moron et al. 12)) costs of packaging,
postponement, holding, penalty and assembly tingis @011a, Graman 2010, Qin
2011b) and investment, warehousing and inventosysdor customization (Qin 2012).

Such examples as these and others should be wuatkfsdw the postponement strategy
affects the different processes in the supply chased on these variables.

To understand the factor's affects better over gpwsment some indicators were
proposed in the frameworkUtilization of processes (machine utilizationBu(
2005,Graman 2010,Qin 2011ban be used to understand different decisions based
utilizations, aerage waiting time of customandtotal delivery time after receiving an
order are time based performance indicators which canused to understand the
strategies from a time based perspective. Alscewdfft literature talks about delivery
speed ( Kisperska-Moron et al. 2011, Graman 2010,2011b, Ma et al. 2002) as an
indicator which these indicator has been derivedhir The last indicator is influenced by
the usage of service level concept by Yimer and iDe(8010), target service levekan
be used how the service level of the system changes

Adding to these indicators some qualitative imglmas were also underlined to
understand the concepts and effects better, ewemglththey are not numerical measures.
The first one ighe desired efficiency of the actors of the valairt, which aims to make
the company understand what the desired efficiéensls of the different actors are and
how they affect the cost of postponement. The nagtis thecustomer satisfaction in the
company's context (includes cost and time for costy which tries to evaluate the
implications of customer satisfaction on the subj@&be last consideration is tlability

to meet the service level requiremeliite the quantitative indicator derived from work
of Yimer and Demirli (2010), which aims to understagualitatively the service level
requirements and the ability of the value chaitranslate these requirements into action,
which can affect the postponement strategy.
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Customization level

The customization level directly affects the posgoent strategy of the mass
customization supply chain. While creating theirdels and doing their analysis some
literature talks directly about the customizatiendl. Kisperska-Moron et al. (2011) uses
the level of product customization in its analysisile Su (2005) defines time and form

postponement for different customization levels Kenéo order and assemble to order
respectively). Hoek (2000), while explaining thesfpmnement to third party logistics

providers, talks about the different types of costation activities such as packaging,
final assembly, installation of products at custosiee and adding product features that
could be postponed. Lastly Ji and Sun (2011) eteiline delayed product differentiation

based on customization levels along with otherpatars.

Based on all these points it can be seen that migation level is a factor while making
decisions on the postponement strategies thatang go be implemented in the value
chain.

Because customization level is available as thetiogroup of the framework, the factors
which effect the customization and the indicatorsclv can be used to measure it will be
discussed under the customization level title.

Inventory levels

In the literature there are many models which aoelets talk about the inventory levels
and how in postponement strategy these levels eaoptimized (Hoek 1999; Graman
2010; Stavrulaki and Davis 2010; Qin 2011a; Qin X1 while non mathematical
models (Hoek 2000) also talk about the subject. Bloation and levels of different
inventory levels, such as modules, finished or samshed goods, can influence the
postponement levels and can be effected by thzeegbostponement strategy.

According to the inventory management researctis dtudy (present in the inventory
management and scheduling research stream, diffearsiderations such as supply
frequency, customization levels (Aigbedo 2007),eordycle times and target inventory
levels (Guohua and Jihong 2010) are componergstaff the inventory management in
the supply chain.

In a postponement strategy, it is important to @@mand manage all the inventories in
the value chain, not only the manufacturer’s. Tisisdue to the fact that with the
postponement strategies the types and levels aniovies in the traditional supply
chains can be altered in a mass customization xionte

The indicators chosen to asses such a factor asively straight forward in this case.
They areinventory levels of modules, finished goods, samnsHed goodsndinventory
costs.With the help of these indicators the inventomeleactor can be measured.
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Value chain capability

Because postponement is a strategy which affeetsséifue chain on all players, it is
important that the value chain has the capabiltyaavhole to carry out the different
postponement strategies.

The company must understand the capabilities Heavalue chain must have or already
have in place to create a strategy which can beedaout with efficiency. Due this
reason, this factor has been chosen as a part @btbe chain characteristics subgroup.

To understand the factor three points has beerdftmigualitatively assess the situation.
The first one is théntegrated information technology availability/ugggvhich aims to
create an understanding if the information techgiel® to put in place such a strategy are
available for the companies in the value chain. Trifermation technology in place
should be able to support the customization ams/itThe second is trability to fulfill

the right order at the right timayhich aims to assess the capabilities of the acidre
last point is theghysical location and connections of actashich is important due to the
understanding the capability of connecting the ractor transportation of the products in
different states. The connections between the sacioould be manageable, by cost and
time aspects.

Market characteristics

Apart from the considerations that are based ornvéthée chain, an important influencer
of the postponement strategy is the market chaisiits. The strategy cannot be put in
place before understanding the market. Due to mésket, this subgroup has been
created.

Huang et al. (2005); Ability to
Graman (2010); Trentin diminish the

Market & Forza (2010); demand

characteristics | Market demand | Kisperska-Moron et al. variability by Not
levels and (2011);Qin (2011a); Qin using from
variability (2011b) postponement | literature

Table 5-13 — Postponement Framework — Market Characteristics

Market demand levels and variability

The market demand and variability is an integrat pathe postponement strategy. This
is because; with the unknown characteristics of ateinfor mass customization it is
difficult to put in strategies which mimic the efiéncy of mass production. Actually, this
is one of the reasons that in mass customizatepadstponement strategy is put in place.
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In the literature two different aspects of the dath&as been referred to, the demand
itself (Trentin and Forza 2010; Graman 2010; QidI20 Qin 2011b) and the demand
variability (Huang et al. 2005; Kisperska-Mororaét2011; Qin 2011a).

Both aspects can affect the postponement stragegthey have been both incorporated
into this factor.

To comprehend the effects of demand variability ithgdicator ability to diminish the
demand variability by using postponembas been proposed. The aim is to understand if
the chosen postponement level can smooth the dewsaiability present in the market,
which is one of the objectives of postponement.

Production System

The last subgroup of this group is the productigsteans that the manufacturer has.
Apart from value chain, the company should be feduseparately because the
production systems are in full control of the compand the manufacturer also should
understand its own production capabilities apannfthe value chain.

utilization

level [Su

(2005);

. Availiability of | Graman

production :L?;:n(zowff Production| technology to (2010);

. capability ’ capability index | ensure needed Qin
production Hoek (1997) (Cp) production | (2011b)]
system Time of Not
production of from

modules literature

Time of Not

production of from

common base literature

Table 5-14 - Postponement Framework — Production System
Production capability

The production capability factor in this case issely connected to the module and
commonality of the products which are going to bedpced by the manufacturer. The
manufacturer must be capable to produce the nemmtagonents before continuing with
the other processes of postponement.

In the literature Hoek (1997) and Trentin and Fo(2@10) touch on the subject of
production capabilities. Hoek (1997) mentions pssceharacteristics and technological
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characteristics associated with processes whiletifreand Forza (2010) talks about
simple production environments.

To understand the production capability three qgtetivte indicators can be used. These
are production capability index (Cp), time of proton of modules and time of
production of common base. Apart from these indicasome qualitative considerations
such as the availability of technology to ensuredee production must be considered.

5.5.4. Customization level

In a mass customization system, the customizatewel plays an important role in
forming the different strategies. The customizatiewvel is based on the customer order
decoupling point or in other words, the point whtre customer comes into the system
with the order. The main customization levels ideluassemble to order, build to order,
design to order and engineering to order.

While customization level influences how differettategies are put into place, there are
also factors which influence the customization tlaies place in the value chain. These
different factors can help the companies while mgkiheir considerations about the
customization degree that will be offered to thetomer.

Like the previous groups, the relevant factors @kected under relevant subgroup to
better understand from which point of view the da@ffects the customization level. All
factors are explained in detail below.
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Market

Poulin et al. (2006); Yu &
Jie (2008); Yimer & Demirli

characteristics | Market (2010); Stavrulaki & Davis| Market = demand
demand (2010) analysis Market demand analysis Not from literature
Product Portion of cost related to the

Product

architecture

Stavrulaki & Davis (2010);
Ji & Sun (2011)

common base

Not from literature

Modularity of the product

Not from literature

Value chain
characteristics

value  chain Integrated information technology
capability Stavrulaki & Davis (2010) availablilty/usage Not from literature
Ability to fullfill the right order at the .
. . Not from literature
right time
Value chain Physical location and connections of
network Salvador et al. (2004); actors Not from literature

characteristics

Stavrulaki & Davis (2010)

Availability of information
technologies to ensure needed
customization

Not from literature

cost of
customziation
(tradeoff

between cost
and efficiency)

Ji & Sun (2011)

The desired efficiency of the actors of
the value chain (supplier,
manufacturer, distributor)

Graman (2010);
(2011)a; Qin (2011)b

Qin

Average waiting
time of customer

Customer satisfaction in the
company's context (includes cost and
time for customer)

Expected waiting time [Su
(2005)]

Total delivery time
after receiving an
order

The desired efficiency of the actors of
the value chain (supplier,
manufacturer, distributor)

[Ma et al.
(2010);
et al

Delivery speed
(2002); Graman
Kisperska-Moron
(2011); Qin (2011)b]

Target service
level

Ability to meet the service level
requirments

Yimer & Demirli (2010)

Table 5-15 - Customization Level Framework
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Market characteristics

The market characteristics are the main driverthefcustomization level in the system.
The degree of customization is generated due tdéhgnds of the market, or it believes
that it will create a market for the product, as ithe case with all products offered to the
customers.

To do so, it is important to understand the markkaracteristics, although this
framework only focuses on market demand and askes influence over the
customization level.

Poulin et al.

(2006); Yu & lJie

Market Market (2008); Yimer &
characteristics | demand Demirli (2010); Market Market Not
Stavrulaki & demand demand from
Davis (2010) analysis analysis | literature

Table 5-16 - Customization Level Framework — Market Characteristics
Market demand

Similar to the market demand factor in postponensérategy, for customization level
also the literature focuses on two different aspettte demand volume (Poulin et al.
2006; Yu and Jie 2008; Yimer and Demirli 2010; ®#daki and Davis 2010) and
variability (Stavrulaki and Davis 2010). Howeverd&d can be seen that demand volume
gains more importance over the demand volume. &agon for this can be that, demand
variability does not affect the customization leasl much as it does the postponement
strategy; here the market volume has more effect.

To understand and asses the market demand faceided here the indicatanarket
demand analysisas chosen. This indicator is considered in bstfeets, as quantitative
and qualitative assessment, in two different wdysr the quantitative aspect, the
numerical volume associated with the different aostzation levels (the forecasts done
by the company) can be used to understand thetgffetr the qualitative aspect, the
demand can be analyzed qualitatively to better rstaled the needs of the customers and
how they can be segmented.

Product

In the second subgroup, like present in the othkbgups, the aspect of the product was
considered. The product, which what the custonomatekes place on, needs to be
understood and assessed for the impacts it mighé lmen the customization level
decisions in the value chain.
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Portion of cost
related to the
common base Not from literature

Modularity of the

product Not from literature

Product Stavrulaki &
Product | grchitecture | Davis (2010);
Ji & Sun
(2011)

Table 5-17 - Customization Level Framework — Product

Product architecture

The product architecture can have different featuvhich can be considered as a factor
in the customization level. Even though it can berenlogical that the customization
level affects the product architecture, in someesat can be possible that the product
architecture restricts different customization ops.

In the customization level research stream, Stakridnd Davis (2010) gives a list of
product characteristics, such as product varietgdutarity which is relevant to the
product architecture which is discussed, and howy titchange over different
customization levels such as build to stock, as¢enaborder, build to order and design
to order. Similarly, a study from the postponenmmsearch stream which focuses on the
customer order decoupling point ( Ji and Sun 2@bEs some sensitivity analysis using
the product variety.

Based on this information about the customizatevel research stream, and from the
information gathered from the other research stse@the same ideas from the previous
product architecture factors can also be refled¢teck), two qualitative approaches to
understand the factor has been provided here:oooofi cost related to the common base
and the modularity of the product. These are theeswith the qualitative indications
provided in the previous product architecture festo

Value chain characteristics

The customer order decoupling point can be corredipg to different points on the
value chain which corresponds to the activities different actors (such as the
manufacturer or the distributor). Due to this regdsbis important for a company who
wants to do customization, if the value chain tesrteeded characteristics to support the
mass customization activities.

Also, even if the decoupling point does not coroesfing to an actor, mass
customization is a strategy that encompasses ttwewalue chain and all the actors
must have the capability to sustain the processeded from them.
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The different factors present in this subgroupraotconsidered from the perspective of

the value chain as a whole and not from

individaators to create an overall

understanding for the company. However, the manwfac must understand the
capabilities and characteristics of different agt@mnd their relations with them.

Value chain
characteristics

Stavrulaki Integrated information
value chain|&  Davis technology Not from
capability (2010) availablilty/usage literature
Ability to fullfill the right Not from
order at the right time literature
Salvador et . )
al. (2004); PhySIca! location and .Not from
Value  chain | stavrulaki connections of actors literature
network & Davis
characteristics | (2010) Availability of information
technologies to ensure Not from
needed customization literature
The desired efficiency of
the actors of the value | Graman (2010);
chain (supplier, Qin (2011)a;
manufacturer, distributor) Qin (2011)b
Average Expected
waiting time of waiting time
customer [Su (2005)]
Delivery speed
[Ma et al.
(2002); Graman
(2010);
Total delivery Kisperska-
cost o of time after Moron et al.
customziation receiving an (2011); Qin
(tradeoff order (2011)b]
between  cost Customer satisfaction in
and Ji & Sun the company's context
efficiency) (2011) (includes cost and time for Not from
customer) literature

Target service
level

Ability to meet the service
level requirments

Yimer & Demirli
(2010)

Table 5-18 - Customization Level Framework — Value Chain Characteristics

Value chain capability

The value chain capability is the capability offeliént actors in the value chain to
support the needed mass customization activitiegs tonsidered as a factor in the
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customization level group because these needs bange based on the different
customization degrees adopted by the company.

Stavrulaki and Davis (2010) talks about differeap@y chain strategic capabilities, as
lean, agile and leagility in the supply chains.

Like the capability factors considered in the poexs parts of the framework, the

capabilities can be driven or driving the custoriaalevels. If the value chain has not
been created yet, or the actors have not been mhtdsen based on the customization
level actors with corresponding capabilities canchesen. However, even this is the
case, the actors with the needed capabilities nmghbe found or partnerships might not
be created due to different reasons. In such casethe cases where the company is
already operating with a value chain in place amdy ovants to pass to mass

customization strategy, the value chain capabddéy be a strong influence over the
customization level chosen.

Similar to other value chain capability factors,otundicators have been chosen to
qualitatively asses the capability of the valueichend its actors. These amdagrated
information technology availability/usagad dility to fulfill the right order at the right
time.

Value chain network characteristics

Like the capabilities of the value chain, the netweharacteristics should also be
considered while making decisions on the degreeustomization that is going to be
offered to the customer.

Different characteristics have been identified bg titerature for different actors and
networks in the value network. While Stavrulaki abDdvis (2010) talks about only
logistic and manufacturing related characterist8ayador et al. (2004) also takes supply
networks into consideration. Different charact&stSalvador et al. (2004) focuses on
includes the physical locations of the actors, aandead times of suppliers,
repetitiveness of the assembly, if implemented gostment strategy is present and
volume for manufacturing network and similarity foass production distribution for the
distribution network. On the other hand, Stavrulakid Davis (2010) focuses on
production process, design the availability of direontact with the end user and the
process focus for the manufacturer related charattts and number of intermediaries,
the bullwhip effect, relationship with the suppiieand again process focus for the
logistics providers.

Based on the characteristics mentioned above frenliterature, of course, different and
relevant characteristics should be added by thepaosn However, these characteristics
act as a stepping stone in understanding the diftetharacteristics of the value chain.
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In line with the characteristics mentioned aboweo tviewpoints were proposed to
understand this factor and how it can affect défercustomization degrees. The first one
is thephysical location and connections of actarsd the other one is tlavailability of
information technologies to ensure needed custdmizdJnderstanding these two points
can help the company understand how the networkactaistics can affect the
customization level.

Cost of customization (tradeoff between cost and efficiency)

The last factor of the framework proposed it thset@j customization. Similar to the cost
of postponement, this factor aims to understand ti@acost of customization can affect
the different customization levels in product.

Similar to the cost of postponement, the custonumatan have a cost structure which
affects the degree of customization by providirigadeoff between cost and efficiency.

Based on the studies of different authors, fewedght indicators have been proposed to
understand this factor. The quantitative indicamesaverage waiting time of customer
(Su (2005)) total delivery time after receiving an ordévia et al. 2002; Graman 2010;
Kisperska-Moron et al. 2011; Graman 2010; Qin 2QHHutarget service levglLau et

al. (2010)). It can be seen that the literature thedindicators are the same with the cost
of postponement in the postponement group duedddtt that the base of this factor
comes from there.

The qualitative implications are also the same vather implications from cost of
postponement. These dtee desired efficiency of the actors of the valoairc(Graman
2010; Qin 2011a; Qin 2011bjustomer satisfaction in the company's contextydes
cost and time for customeahdability to meet the service level requirements @fiand
Demirli 2010).



107

6. Validation

As the last step of the thesis the validation & ttamework was done based on case
studies, as it was explained in the methodologypteha The aim of this step is to
understand and validate if the framework, which wa&sated based on the literature, will
be applicable in the real life cases.

To do so, the before mentioned questionnaire weated. The full questionnaire is
available in the appendix E. The questions presen¢é designed to asses all the factors
and key performance indicators in the frameworkwEehger, the questionnaire only asses
the quantitative indicators present in the framdwthre qualitative indications are not in
scope of the questionnaire.

As explained before, the questionnaire starts gaheral questions to get an overview of
the company profiles. After, the questions wereat@é following the groups in the
framework:

— Relationship management
— Modularity
— Postponement

— Customization level

For the validation phase a total of 179 companieswontacted through e-mail or online

form applications. Out of these 179 companies, fbmegative answers were received,
11 indicated that they forwarded it to the relatieghartment however no response was
received after, 152 hasn’t responded in any modeesponded asking the link to the

online form and in total 4 filled the questionnailBased on these statistics, the
guestionnaire had a 2.2% response rate.

In the following part each first company profileasked on the general questions will be
introduced followed by the analysis of the four ge of the framework based on the
answers received from the companies.

It should be noted that, although the findings ao¢ statistically significant, some
implications will be presented after the framewanalysis which can serve as a starting
point for the companies who use the framework.

6.1.Company profiles

The three companies who are included in this stuge from different industries. One

is in the textile industry (in the survey identdié’s industry as e-commerce), the others
on furniture, fashion and stone cutting market. Téference product families are shirt
apparel, shelves, accessories and diamond wirpsatagely.
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Reference Employee
Industry product family |count Turnover of company Customization level

Build to stock

E-commerce Shirt apparel 50 - 999 More than 150,000 Make to order
Design to order

Furniture Shelves 1-49 More than 150,000 Make to order

Fashion Accessoires 1-49 Between 70,000 and 150.000  |Assemble to order

Stone cutting market  |Diamond wires 1-49 Lower than 20,000 Assemble to order

Table 6-1 - General Characteristics of Companies

While the e-commerce company has 50-999 employdes,other three are small
companies with employee count between 1 and 49.tDtlEs reason, it can be said that
all companies who have completed are small to nmedtaterprises. So, it can be said
that the following analysis is true for small todnen sized companies.

Even though, by employee amount they are smallfuh®vers are usually high. The
companies selected the highest option, “more tH&h0DO0”; while one told that their
turnover is between 70,000 and 150,000 Euros agaiapt the one, which has less than
20,000.

The last general question was the put to assesscubtsmization levels that the

companies employ. While the e-commerce companyectioge options, build to stock,

make to order and design to order, the others chimgge options, make to order and
assemble to order. Because all companies basectistomization on different customer

order decoupling points, all their responses fer daestions will be considered together
to create a “generic” understanding for the framwo

6.2.Relationship management

6.2.1. Supplier Selection

For the first part of the relationship managementig, supplier selection, the companies
were told to choose the factors which influencerteapplier selection decision. The
count of the factors is given in graph 5.
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Response Count for Supplier Selection Factors

Sustainable price offered by supplier
Historical relationship with supplier
Information exchange possibility
Capacity of supplier

Demand behavior of the product

Agility of supplier

Graph 4- Response count for supplier selection factors

As it can be seen that all factors were chosenwwy dr three companies, except the
“demand behavior of the product” and “historicdht®nship”.

It can be considered that the factors are justif@tthough the historical relationship and
demand behavior options had few responses. Fohigherical relationship option it is
believed there can be two underlying reasons fiw: the first is that the companies
didn’t have historical relationships with their gliprs before, or they don’t consider this
an important factor in their selection process.

For the other demand behavior option the reasambealiverse, the manufacturer might
smooth out the demand behavior before it reachesupplier so the selection affected
by the demand. Unfortunately, the difference catmotinderstood by the answers of this
guestionnaire.

For the indicators associated with the factorsjrareary is done (table 7-2)

Percentage of Capacity of supplier allocated on Price per

completed orders total capacity Price per unit delivery
Agility of supplier 2 1 1 1
Demand behavior of the product 4 1 1 3
Capacity of supplier 2 2 2 0
Information exchange possibility 2 1 1 1
Historical relationship with supplier 3 1 2 1
Sustainable price offered by supplier 3 2 1 2

Table 6-2 - Supplier Selection Indicator Selections

On the performance indicators corresponding with tactors in the framework are
shown in red. Due to the reasong “percentage ofpeteted orders” indicator is present
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in the framework twice, it is also present in tledated question twice which created a
higher response rate for that indicator.

When the answers are considered the it can bethaerevery proposed indicator has
been chosen once. However there was different gsiatls came up.

It can be seen that “percentage of completed drdexrs been chosen three times and
“price per delivery” four times as an indicator ttee factor “demand behaviour of the

product”. This can be due to the fact that, ordengletion and delivery price can be

based on the demand of the product and also thevimefr. Very fluctuating demand can

result in low completion of orders during the tinafshigh demand if there is not the

capacity for it.

Price per unit and capacity of supplier allocatiodicators have been chosen for all

factors. This can indicate to certain misunderstandssociated with the questionnaire.

Due to the almost consistent dispersion of the answt seems that some answers might
be given based on the factor’'s effect on the peréorce indicator. If this is the case, the

conclusions driven from this question can be mdilez

6.2.2. Supplier Cooperation/Integration

When supplier cooperation is considered, there nsisalignment with the framework.
While on the framework cooperation with all actare considered, in the questionnaire
guestions about only supplier are asked. Due te thason, these answers will be
considered only on upstream value chain point efwand if possible can be reflected
among all actors of the supply chain.

In the first question, percentage of suppliersicait for the Mass Customization
activities, it can be seen that two extremes aesent. While three respondents answered
with high percentages (Guohua and Jihong (201®izk¢ & Zhihua (2010) and 70)
which show the importance of suppliers in theirueathain, the other responded with 0,
meaning that the suppliers have no effect on theevehain. This is important because,
this shows that there are some companies whichndloesnsider their suppliers an
important part for their mass customization aatgit

Regardless of their criticalness, all respondehtsved that they share information by
real time or by weekly reports which shows thatyth# value information sharing at
some level.
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Shared information type Response count
Amount and details of demand

Delivery due date

Order registered time
Cost of delay

Flexibility of the time to respond to orders

Total time of manufacturing

Total time of distribution
Cost of unit of customization

pa o | b [ [ pa | =

Table 6-3 - Response count for shared information type

Also based on different types of information shangith the suppliers given in table..., it
can be seen that usually some kind of informatsoshiared with the suppliers, only total
time of manufacturing is not shared by any paréiniig which might point to irrelevance
of the information type for mass customization agiens.

However, here an important point should be empbkedsiZhe company in the fashion
sector, which doesn’t see any suppliers as crifmaimass customziation, shares only
two types of informations, delivery due date, counit of customization. It can seen
that these two information types can be alwaysesharegardless of the criticalness of
the supplier for the mass customizor company. éstargly, this company is the only one
who reported that they aim to maximize the joimbfpps with the suppliers instad of

individuals.

6.2.3. Internal Integration

For assessing the factors connected to internagiation in the framework, which are
information exchange level and organizational neass, two questions were asked. The
first was the usage of information technologiesliiferent operational levels, functional
and operational. The results show that while almalstcompanies use information
technologies (graph 6) in an operational levelyanie uses it in a functional level. One
reported no usage of information technologies marthese levels.

However the company who reported no usage of irdition technologies communicated
that they are currently working on improving the@management systems based on
information technologies, which shows that inforimiatis also an important factor for
this company.
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Usage of Information Technologies within
the Company
None
Functional
Operational
Both
0 1 2 3

Graph 5- Usage of Information Technologies within the Company

Regarding the organizational readiness, it was @itoainderstand if companies emp
a kind of training for the employees for mass costation practies. On this, only on
of the companies reported giving trainings. The sammpany also indicateimaking
people aware of the easy implementation of MC withi syster” as a problem the
encountered regarding organizational readiness assntustomizatio This insight
suggests that organizational readiness is a fadiah effects mass customizatic

6.2.4. Customer Integration

The only question related to the customer integnatvas the usage of the resourt
Three of the respondents communicated the usf web or instore configurators wi
the customers, while one reported usage of workshegdback mechanisms and di
contact with the customers. The direct contactoopivas no

6.3.Modularity

The questions in this group were used to assesthpatiblity of factors and indicator
associated with modularity strategy. However outhef three companies, only one |
reported to have a modular product des
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Do you have modular product desing?

Graph 6 - Modular Product Design

The two companies who employ a modular productggesgported the following facto
important for their modularity decisions (graph...With 100% the customization lev
and production capabilities are chosen while produnchitecture, supplier selecn and
inventory costs were not selected at

Factors Impacting Modularity Decisions

Product architecture
Supplier selection
Customization level
Cooperation with supplier
Product characteristics
Inventory costs
Production costs

Production capabilities in making modules

Feasibility of customer requirements'...

Graph 7 - Factors Impacting Modularity Decisions
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Capacity of
Average supplier Total
Time of waiting |allocated to your| Inventory [ Market | Percentage production
production |  time of company on | costs of | demand |of completed|Price per| costs of
of modules| customer | total capacity | modules [ analysis orders unit modues
Cooperation with supplier 2 1
Customization level 1 2 1 2 2 1
Feasibility of customer requirements’
translation into modules 1 1 1 1 1
Inventory costs of modules 2 1
Product architecture 1 1 2 1
Product characteristics 3 1 1 2
Production capability in making
modules 2 2 1 3 1
Production costs of modules 3 2 1 1
Supplier selection 1 1 1

Table 6-4 - Modularity Indicator Selection

The table 7-4 shows the indicators selected fdewtint factors present in the modularity
group, the red cells represent the connectioneptes the supply chain.

When the table is considered, it can be seen thmtsh none of the indicators selected in
the framework were accepted by the industry. Thighinpoint to the need for
reconsideration of the indicators chosen for tloéoias.

From the answers received, it can be seen thaepge of completed orders, similar to
supplier selection questions in the previous sect@ems to be almost used for all the
factors present, especially production capabihtynaking modules. Also links between

production cost of module and product characterifstctors and time of production of

modules indicator which was not present in the &aork.

Another point that needs consideration is the nurobanswers received for this part of
the questionnaire. While the companies who practiwdularity are two, three of
companies have provided answers regarding the rpeaiftce indicators. This can show
that these questions have been answered in a gpeespective rather than a modularity
perspective.

6.4.Postponement

In this group of the questionnaire the postponemtrategy block in the framework was
aimed to be assessed. First it was aimed to umaherst postponement is used by the
companies. Based on the results while 50% arenagtiping any postponement strategy,
one is practicing form and the other time postpog@n(Graph 9).
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Postponement Strategies Used
Form
Postponement
postponement
strategy not
25%
used
50%
Time
postponement
25%

Graph 8 - Postponement Strategies Used

For the factors to be chosen in the postponement gyrataly three factors were shoy
as the reason of selecting the postponement syramesgtioned before. The compa
who chose form postponement signaled customizéiogls as a reason (thus a factc
the frame) and the company who chose time postpenersignaled productic
capabilities and inventory leve

Inventory
levels of
modules, Time of Total
finished production delivery |Utilization off
goods, semi- | Market |Production| Target of Time of |[time after | processes
Awerage waiting | Inventory finished demand | capability | senice | common | production | receiving | (machine
time of customer| costs goods analysis |index (Cp)| level base  |of modules | an order | utilization)
Cost of postponement (tradeoff
between cost and efficiency) 2 3 2 1 1 1 2
Customization level 1 2 1 1 1 1 1 2 1
Inventory levels 1 1 1 1
Market demand levels and
variability 1 1 2 1 1 1 2 2 2
Production capability 2 1 2 1 3 1
Walue chain capability 1
Walue chain network
characteristics 1 1 1

Table 6-5 Postponement Indicator Selection

Similar to the previous indicator selection quass, theresults of postponement al
shows a almost uniform allocation between indicatand factors (tabl7-5). Also the
low number of participants answered this questam make the results inconclusi

6.5.Customization leve

In the last group, the freework was aimed to be reviewed based on the factod
indicators for these actors as in the previous ¢



Cost of customization

Market demand

Product architecture

Value chain capability

Supply chain network characteristics

Other: Co-design

Other: Cutomer needs

e =1 I

Table 6-6 - Customization Level Factors
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Based on the factors chosen by the participanshiows that all factors are considered to
impact the customization level except the suppBircimetwork characteristics. Also two
other factors have been proposed: co-design ariddmas needs.

For the indicator selection (table 7-7), none @f ¢thosen indicators have corresponded to
the indicators selected for the factors in the faork similar to the previous groups.

Time of
Market  |Production |production |Time of
demand |capability |of common |production
analysis |index (Cp) |base of modules

Cost of customziation (tradeoff between
cost and efficiency)

Market demand

Product architecture

Value chain capability

Value chain network characteristics

Table 6-7 - Customization Level Indicator Selection
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7. Discussion

Based on the different responses received from dhestionnaire and general
considerations there are different points which banconcluded from the framework
created for this thesis.

It should be underlined that, as a limitation of talidation phase, that the responses
received were not statistically significant. Duethics limitation some conclusions can be
drawn from the replies, however they are not endogtietermine the correctness of the
framework in the industry point of view, especialen there in not support for one of
the factors or indicators. This is because, if supfs shown, it is more logical to
conclude that there are companies which considesetlaspects of the supply chain.
However, during the lack of evidence it is hardejustify the reason. It can be because
the factor is actually not applicable to proposeédtegy or it can be due to the fact that
the few companies who are covered in the validagi@not consulting these factors but
other companies in the industry does.

Due to this reason, the analysis below is mostlgedaon the added points to the
framework rather than points with lack of evidendewever, the lack of evidence is also
highlighted in the important cases.

When the questionnaire is considered there argftemts to be highlighted. In almost all
groups the factors which were proposed by in tlnéwork were justified by the
responses received.

For relationship management group, the factorfoalhd responses from the participants
even though some, like demand behavior for suppkésction subgroup, received only

one. In such cases the questionnaire is not exeermnough (based on number of

respondents) to understand if these factors whiemat chosen as much as the others
should be excluded from the framework or be betédined.

One point which was emphasized by all respondeatsthie usage of information for the
different aspects of relationship management. BHotofs about information exchange
levels or types of information shared always showeportant relevance. In one case,
internal integration, one of the companies respdnd@s not using information
technologies for neither operational nor functioaetivities. However, they specifically
indicated that this is a point they are activelykitog on to create a management system
based on information technologies. This emphasiswshthat the importance of
information systems and information exchange waecty identified in the framework.

Another point which are few of the extra feedbaekeived from one of the open
guestions is based on internal integration is thportance of making people aware of
easy implementation of mass customization for cangsa This point, although not
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considered can be included in the “organizatioreddmess” factor of the internal
integration.

An additional point was also identified by one dfetparticipants is in customer
integration. Adding to the ways of customer intémag it was proposed the “direct
contact” which was not available as one of theariof the indicators. It is believed that
this can be an important point to grasp other adon techniques employed by different
companies.

A point to be emphasized is that under the modylafiamework, none of the
participants have chosen the product architectsiigefactor which influences modularity.
This point may need to be investigated furthert agas assumed that modularity directly
relates to product architecture.

For the customization group, with the help of teedback on the open questions two
new potential factors were also identified as “esign” and “customer needs”. While
the customer needs aspect can be covered in #adglexisting demand factor, because
it was proposed as an additional factor it needsetbetter understood and considered to
be added into the framework.

For postponement and modularity, the representas® of the answers creates even
more uncertainty due to the fact that not all congm practice modularity or
postponement strategies. The answers receivedege throups are based on answers of
few companies. While in modularity all the relafadtors were almost chosen once (with
the exception of product architecture as mentidoefre, inventory costs and supplier
selection), in postponement strategy only threatgovere chosen as relevant.

When the indicators for each group are considetedin be seen from the explanations
present in the previous chapter that the validatias not succeeded. In some cases the
indicator were not chosen by any respondents tcesept a factor, or there is almost
uniform behavior of indicators over all factors.ighs believed to happen for two
reasons, either the selected indicators were noedoto represent the factors in the
framework for the industry or again this point issdo a representativeness issue.

To further this work, a more significant validatishould be implemented. This can again
be in survey format with a relatively high respomage or as case studies with semi
structured questions which will help to understéme understanding that lies behind the
positive or negative answers.

With getting more insight the, more focused ansveerfameworks can be constructed
such as for different customization levels or posgment strategies. The same can be
done with different industries if enough resporaesgathered to make such an analysis.
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8. Conclusion

To manage and improve supply chains in an effectigg, the factors behind different
strategies needs to be understood and measure@irhha this thesis is to identify these
factors and ways to measure them for implementatioeffective mass customization
strategies.

To do so, two different questions have been prapaséhe beginning of this thesis:

1. Which factors are needed to be considered whilelementing mass
customization in supply chain level?
2. How these factors can be measured?

To answer these questions a supply chain frametwaskbeen created including factors
which affect different mass customization strategand different indicators to asses
them.

To do so, starting from the literature, differentategies have been identified, by
clustering and refining the ideas. These ideas wgped together to create a
framework which acts as guidelines to help commameplement mass customization
strategy. The frame focuses on four different sg@s for management of mass
customization supply chains: relationship managémmodularity, postponement and
customization level.

For these four different aspects of the supplyrghdifferent factors has been proposed to
aid companies in making their decisions and undedihg the affects of these factors on
the different aspects. Factors have been usedsast@segies to see how the same factor
can have impact on different strategies and how 8teuld be managed for both of
them.

As for the second question, it was aimed to proglif§erent indicators for measurement
of these factors in the supply chain. These indrsatcoming from the literature or
proposed afterwards, helps the companies in uradhelisty the performance of the
system for the different factors included in thanfie. A company can understand these
factors for effective implementation using the cators proposed.

To understand the completeness of the framewoffkereint case studies have been
analyzed. Despite the fact that the validation pHasked representativeness, it can be
assumed that the frame gives general guidelindsetoompanies. The study can be taken
forward by creating a more representative valigativategy to understand better how to
focus on different industries or the different tdpes proposed and refining also the
general frame for more specific purposes, suchfeeseht customization levels.
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Research Stream

Source

factors

Appendix B — Research Streams Atrticle Detail

KPI

Monroy & Arto (2010}

aeronautical industry

128

Zhanga & Huangb (2010)

commonality

modularity

platforming (with or without)
level of customization
demand levels

total cost

development cost
purchasing cost
ordering cost
inventory holding cost

Lau et al. (2010}

information sharing
product co-development
organizational coordination
product modularity

product performance
product modularity

electrol

toys
plastics

Jitpaiboon et al. (2009)

customer integration

supplier integration

MC capability

participation level of customer in product development
participa
participation level of customer in manufacturing process

n level of customer in finished good distribution

willingness of customer to share demand
customer involvement level on business plans
extent of follow up for customer feedback
The parti
The participation level of suppliers in production planning processes

ation level of suppliers in manufacturing processes

The participation level of suppliers in product development processes
The participation level of suppliers in logistics processes
The level of cross-over of acti

s between our firm and our suppliers
The level of supplier involvement in preparing our business plans

Our capability of customizing products at low cost

£ products on a large scale

Our capability of adding product variety without increasing cost

Our capability of customizing products while maintaining a large volume
Our capability of setting up for a different product a low cost

Our capability of responding to customization requirements quickly

Our capability of changeover to a different product quickly

g customer requirements into technical designs quickl

Organisational performance

Iy

Our capability of adding product variety without sacrificing overall production volume

Customer retention rate
sales growth

Return on investment
Production throughput times
Overall competitive posi

Liao et al. (2011)

mutual trust

free information sharing {with manufacturer)

mass customization

openness and honesty
respect for confidentiality
product development information sharing

manufacturing processes information sharing
logistics information sharing

quality management information sharing
financial information sharing

customization ability on large scale

product variety adding without cost increase
customize product features rapidly

mass customization capability

cost
rapidity

free information sharing (from trust)

Pan & Holland (2006)

textile suppliers with apparel designer/brand hou!

garment manufacturer's with apparel designer/br;

sales team communication with clients

Design development team's seasonal presentations
approval of client requests for fabric match sample
tions of production

information transfer into technical speci
sales team communication with clients
Design development team's technical service to clients
garment manufacturer's technical package

CAD/CAM data files to est

for pr

Moser & Piller (2006)

cost

inventory costs

bicycle

Qin (2012)

delivery time promised

market demand

orders in unit time

actual time of customization

penalty costs paid to manufacturer

penalty costs paid to customer

elasticity of response time

elasticity of customized demand

total time of manufacturing and distribution

common variables

cost of unit of common product produced by manufacturer
cost of unit of product customization done by distributor

price of customized product

time of customization
profit

decision variables

price of customization service guoted for manufacture by distributor

Wang et al. (2007)

sharing of information

dynamic and agility

crowdedness of information technology
vendor selection

Internal

Downstream

Usage of ERP

Usage of advanced technology
Business process reengineering
urging mechanism

information exchange mechanism

weighted score

Warkentin et al. (2000)

Value webs

Information exchange
Relationships
New economy




Research Stream

Source

factors

Performance KPI

Information
Technologies

Peng et al. (2011)

Modular product design
NPDIT
Supplier Collaboration IT

MC capability
Modular product design
Product configurator IT

Survey results p-value

Dietrich et al. (2006)

Business information systems
Multiagent systems

Ghiassi & Spera (2003)

Return on Investment
Intelligent agents
Synchronized supply chain management

LEAP Visibility flexibility
Intelligence marginal costs
Real time decision making efficiencies
Scalability

Java, internet and object oriented technologies
e-marketplaces

Time to market

availability of demand requirements
response to changes on order configuration
response to changes to level of demand

Jiao & Helander (2006)

platform collaboration
customization collaboration

Turowski (2002)

Electronic data interchange
Multiagent systems

Akkermans et al. (2008)

Integration

Flexibility

Customization

Driver's seat

Enterprises in supply chain
Information exchange
QOutsourcing

IT-tools

Globalization
Transparency
Standardization of information definitions

World wide ERP systems

all used also as performance indicators,
as if ERP system can achieve the wanted
level on these factors

Helander & Jiao (2002)

Human computer interaction for customizing products
customer decision making process in internet based customization

product platform

product family modelling on internet
virtual teaming in supply chain
Workflow management

Ruohonen et al. (2006)

size of company
mass customization alternatives
(transparent, collaborative, adaptive and cosmetid

change in product
change in presentation

evolution of business environment
evolution of technology environment
maturity of e-business applications and MC innovations
potential of the innovations |

metal
electronics

Romero et al. (2011)

Computer aided tools




Lin et al. (2009)

context

capability

configuration

mission

driver

barrier

design (modularity level)

production (3rd party or no, at what level)
inbound logistics (3rd party or no, at what level)
information sharing

netwaork structure

process structure

information architecture

level of modularity

130

Howard & Squire (2007)

modularity
asset specificity
infarmation sharing

collaboration level buyer - supplier
percentage of custom sales

relationship duration

product characteristics
predefined product advantage

innovative, functional, value added...
variety, standardization, quality, development time, customization...

managing modular product design across actors

modular definition yes/no
Lau (2011) Selectiv-slv used- design rule yes/no
System integration yes/no
Internal communication formal team, informal team, no...
Technological newness
supplier customer coordination order/inventory info sharing at different stages
characteristics of product family set of products cost
general and customized modules uncertainty
postp of differentiation
‘Wang (2007) frequent order reorder and replenishment inventory
agitility
customer integration
business collaboration
mean delivery time cost labour automative
Cunha et al. (2007) number of different modules
assembly time
no of employees supplier integration tightly coordinated
production process assembly, line, batch... loosely coordinated
strategic focus customer integration tightly coordinated
product modularity loosely coordinated
product characteristics internal integration tightly coordinated
Lau et al. (2010 supplier ir_|tegratic_m loosely coordinated
customer integration
internal integration
module/component newness
supply chain efficiency
product development team size
customers' technological know how
modularity traditional layer built nature of product develop ive
assembly module manufacturing
Ro et al. (2007) mature assembly module buyer-supplier relationships
design module cost

integrated design module




Salvador et al. (2004)

product family

distribution network
manufacturing network
supply network

order timing

partially substitutable
share common technology

operational performance

cost effectiveness
timeliness of delivery
degree of customization

131

transportation equipment
telecommunication equipment
food processing equipment

customization level hard/saoft

personalization level popularizing impact on key processes manufacturing costs golf club

(CODP) delivery time respect
acessorizing

Poulin et al. (2006) pérawsterlng

tailoring
adjusting
monitoring
collaborating

Build to Order demand levels cost raw material
min customer service level component fabrication
regular time capacity assembly
overtime capacity distribution
storage capacity retailer

Yimer & Demirli (2010) unit customization cost total cost

holding cost
overtime costs
penalty cost
setup cost
needed raw materials

demand levels

Yu &lJie (2008) CODP point
product mix
demand electric bycyle
‘Wang (2011) assembly and production time

CODP point

Stavrulaki & Davis (2010)

customization level
product characteristics

manufacturing related characteristics

logistics related characteristics

supply chain strategic capability

BTS, ATQ, MTO, DTO

l d uncertainty
profit margin
product variety
order leadtime
labour skills
product life cycle
forecasting accuracy
volume

production process
product design

manufacturers direct contact with end user

manufacturing process focus
number of intermediaries
bullwhip effect

supplier relationship
logistics process focus

lean, leagility, agility
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Benzheng (2011)

incentive mechanism

order

reputation
information

price

organization

trust

enterprise culture
penalty
elimination

revenue

‘Weizhe et al. (2010}

Standardization

generalization

modularity

information platform

delay manufacturing strategy
management of suppliers
Vendor management inventory
customization place

retail stores or online

clothing

Yu et al. (2008)

timely material supply

quick demand response

quick production design
quick production manufacture

quick production distribution

response speed
The ratio of eligi
d d information

ility for Product quality 4x

b celerity
Information management celerity
production design speed

production design reform characteristics
production manufacture speed
production manufacture flexibility
response speed

service quality

Evaluation index system on QRA

Song et al. (2007)

agile supply chain

dynamic
quick reconfiguration

Yietal. (2011)

Flexibility

environmental uncertainties

sourcing

operating system

distribution

organizational

emergent orders

costs

aggressiveness of competition
demand uncertainty

supply uncertainty
competition uncertainty

ty strategy should be used

for which types of environmen

tal uncertainty

Salvador et al. (2007)

mix flexibility
volume flexibility
market

product family and variants

evolution of products and product families
component sourcing

distribution

Flexibility

trend
seasonality

product
assembly
workforce
supplier

ausimayer & Gronalt (2008]

modularization

T

sorted modularization

unsorted modularization

product configurator

database of produced floorboards

RFID - logistics

Order fulfilment rate

Rate of number of fulfilled orders
(CODP stock level forders

CODP stock output / CODP stock input
CODP stock end-level / CODP stock start:
level

woodworking

Tuck & Hague (2006)

rapid manufacturing
lean supply chains
agile supply chain
leagile supply chain
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Industry specification

Liu & Deit (2011)

customer focused product design
supplier lead time reduction
supply chain planning

mass customization capability
customer focused product design
supplier lead time

survey hypothesis

electronics
industry machinary
auto suppliers

ikkola & Skjatt-Larsen (20

plant size
postponement opportunity for modularization
modularization and product configuration cost

opportunity for modularization
interface compatibility effects
component customization

supplier-buyer independence

MacCarthy et al. (2003)

Catalogue order MC

Fixed resource design-per-order MC
Flexible resource design-per-order MC
Fixed resource call of MC

Flexible resource call of MC

Temporal relationship
Once off/call off
fixed/maodifiable order fulfilment resources

ma-ss Trappey & Wognum (2012) |reproduction decision support demand risk accurate sales forecast
fo— agile-manﬁlfac‘turing_
Barutcu (2007) relatlonshl_p marketing
supply chain management
mass customization
Technology and strategy support computers and internet garment
flexible manufacturing systems
reconfigurable manufacturing systems
processes tailored system
Dong et al. (2012) data analysis system
customized design system
inventary system
distribution management system
CAD/CAM system
consumer willingness wait
Buffington (2011) ) pay price premium
customer perception brand neutrality of customer
customer ability to participate in mass customization
Research Stream Source factors Performance KPI Industry specification
Original Part Manufacturer supply frequency stock out number automative
Aigbeda (2007) _quantity customization inventory ratio
items
level of customization
rush or non rush order cost inventory cost
customer order number/type production cost
Yaoa & Liub (2009) production stages
production capacity
Inventory profit preference
management & market demand
Scheduling target inventory supplier inventory level supplier
Guohua & Jihong (2010) manufacturer manufacturer
distributor distributor
supplier's order cycle
transportation time transportation time
decision making factor of time preference cost penalty cost
Fei et al. (2009) cost plant cost
transportation cost
capacity of vehicles
Research Stream Source factors Performance KPI Industry specification
lead times cost inventory cost
Huang et al. (2005) platform products production
procurement

Commonality and
platform products

transportation

Huang et al. (2007)

pricing
ordering
platform products
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organisational modularity

product specialization

Cheng (2011) capacity utilization
ROI
ROA
supply chain product co development operational performances at plant level electronics
flexibility financial and business performance plastics
Lau et al. (2007) company sile_ prot?u_c% performance toys
market certainty flexibility
product modularity customer service
customer service
elicitation practices EL1 creating a greater level of trust with customers inventary turnover

Zhang et al. (2011)

flexibility

automating and optimizing design

JIT supply chain

ILS interface (manufacturer-customer)

operational performance

EL2 working with customers to improve inter-organisational processes with cust
EL3 creating linkage with customers through information technology

EL4 sharing information with customers.

FID1 involving suppliers in product development stage

FID2 involving customers in product development stage

FID3 quick response to customers though postponement.

AMT1 application of computer/information technology in manufacturing procesy
(e.g., CAM, CIM, FMS, CNC)

AMT2 application of computer technology in product design (e.g., CAD, CAE,
CAPP)

AMT3 application of computer/information technology in manufacturing plannir
and control (e.g., MRPII, ERP).

JITL T purchasing with your suppliers

JIT2JIT production and Kanban system

JIT3 T delivery with your customers.

JIT4 aiding suppliers to increase their JIT capabi

ILIS1 integrative inventory management

ILIS2 real time integration and connection among all internal functions from raw|
material through p hi and sales

ILIS3 enterprise application integration among internal functions

ILIS4 data integration among internal functions.

operational performance/cost

operational
performance/product/service quality

financial performance

obsolence cost

stock out cost

unit manufacturing cost
overall labour productivity
pre-sale customer service
product support

customer service level
overall product quality
ROI growth

ROS growth

ROI

growth in market share
ROS

market share
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10.3. Appendix C — Aggregated Research Streams
Research Stream Factor Impacting.... who KPIs
Agility Wang et al. (2007)
Demand Qin (2012), Zhanga & Huangb (2010) demand per year

Price Discounts

Zhanga & Huangb (2010)

Supplier Selection Company siz_e [ capacity La_u etal. (2010) size
Commoeon variables Qin (2012) yes/no
Lau et al. (2010}, Pan & Holland (2006), Wang et al.
Information Exchange (2007), Moser & Piller (2006), Liao et al. (2011}
Optimization Joint profits Zhanga & Huangb (2010) profits

Joint profits

holding costs
total unit purchase from suppli

Zhanga & Huangb (2010)
Zhanga & Huangb (2010)

Relationship Cooperation fixed costs Zhanga & Huangb (2010)
management ordering costs Zhanga & Huangb (2010)
selling price Zhanga & Huangb (2010)
demand Zhanga & Huangb (2010)
Information technologies Moser & Piller (2006), Wang et al. (2007), Lau et al. (2010)
R [t e Scalable organization Moser & Piller (2006)
Organisational culture towards MC Moser & Piller (2006)
Willingness Jitpaiboon et al. (2009)
onsumer integratio) Jitpaiboon et al. (2009), Pan & Holland (2006), Moser &
Information exchange Piller (2006), Wang et al. (2007)
Feedback Jitpaiboon et al. (2009) amount of feedback received
Research Stream Factor Impacting.... who KPIs
Turowski (2002), Dietrich et al.
Electronic Data Interchange (EDI)  ({2006) yes/no
synchronization in supply chain e-commerce Turowski (2002) yes/no
multi-agent systems Turowski (2002) yes/no

Information
Technologies

ERP systems

Akkermans et al. (2008), Ruchoneryes/no

IT [supplier-manufacturer) [Peng et al. (2011)] yes/no
IT (manufacturer-retailer) [Peng et al. (2011)] internet Jiao & Helander (2006) yes/no

T (manufacturer-customer) [Peng et al. {2011)]internet liao & Helander (2006) yes/no
internet Helander & liao (2002) yes/no

ply chain) - new prod. Dev. IT [Helander & Jiao |virtual teaming Helander & liao (2002) yes/no
workflow management Helander & liao (2002) yes/no
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Level of modularity

capabilities

design
production
inbound logistics

information

Lin et al. (2009)
Lin et al. {2009)
Lin et al. {2009)
Lin et al. (2009)

separateness [Lau et al. (2010)]
transferability [Lau et al. (2010}]

role structure

Lin et al. (2009)

specificity [Lau et al. (2010)]

team size

customer knowledge [Lau et al. (2010)

configuration process structure Lin et al. (2009)
information structure Lin et al. (2009)
module definition Lau (2011)
technological newness Lau (2011)
. . . internal communication (formal/in Lau (2011)
internal integration )
team size Lau et al. (2010)
customer coordination customer involvement [16] Lau (2011)
system integration Lau (2011)
innovative Lau (2011)
product characteristics functional Lau (2011)
value added Lau (2011)
set of products Wang (2007)
product family general and customized modules Wang (2007)

number of product sets
ber of general dules
number of customized modules

supplier coordination

tight/loosely coordinated
Maodule development
information sharing
asset specificity

Lau et al. (2010); Lau et al. {2011)

Lau et al. (2010)

Howard & Squire (2007); Lau et al. (2010}
Howard & Squire (2007)

assembly times [Cunha et al. (2007)]
transportation costs [Cunha et al. (2007

costs [Ro et al. (2007)]

copp

maobile/ multiple CODP

& Davis (2010}, Salvador et al.
(2004)]

BTS [Poulin et al. (2006), Stavrulaki

ATO [Poulin et al. (2006), Stavrulaki
& Davis (2010}, Salvador et al.
(2004)]

MTO [Poulin et al. (2006), Stavrulaki
& Davis (2010}, Salvador et al.
(2004)]

DTO [Poulin et al. (2006), Stavrulaki
& Davis (2010)]

customer relationship managemer

customer service management

demand management

order fulfillment

manufacturing flow management
supplier relationship management]
product development and commet

returns

Yu et al. (2008), Wang

(2011) |demand level [Yu & Jie (2008)]

Stavrulaki & Davis (2010)|demand level [Yimer & Demirli (2010)]

Stavrulaki & Davis (2010)

Stavrulaki & Davis (2010)

Stavrulaki & Davis (2010)
Stavrulaki & Davis (2010)
Stavrulaki & Davis (2010)
Stavrulaki & Davis (2010)
Stavrulaki & Davis (2010)

service level [Yimer & Demirli (2010)]

capacities [Yimer & Demirli (2010)]

costs [Yimer & Demirli (2010}, Poulin et al. (20C
raw material usage [Yimer & Demirli (2010}]

delivery time [Poulin et al. (2006)]




Strategies
Flexibility [Song et al. (2007)]

Volume and mix flexibility

Product

Assembly
Workforce
Supplier

Sourcing flexibility
Operating system flexibility
Organizational flexibility
Distribution flexibility

Environmental
uncertainties: demand,
supply, competition

Yietal. (2011)
¥ietal. (2011)
Yietal. (2011)
Yietal. {2011)
Salvador et al. (2007)

Salvador et al. {2007)
Salvador et al. (2007)
Salvador et al. {2007)
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fixed costs [Salvador et al. (2007)]
operational overhead costs
[Salvador et al. (2007)]

timely material supply
guick demand response

nse ability [Benzheng (2011), Weizhe & Zhih|quick product design

quick product manufacturing
guick product distribution

Yu et al. (2008)
Yu et al. (2008)
Yu et al. (2008)
Yu et al. (2008)
Yu et al. (2008)

supply time [Yu et al. {2008)]
response time [Yu et al. (2008)]
design time [Yu et al. (2008)]
manufacture time [Yu et al. (2008)]
distribution time [Yu et al. (2008)]

Reconfiguration [Song et al. (2007)]

.Organizational Modularity [Cheng (2011}]
Modularity [Lau et al. (2007)]

Company size
Market Certainty

Lau et al. (2007)
Lau et al. (2007)

efficiency

Profitability

Product specialization [Cheng (2011)]
Capacity utilization [Cheng (2011)]
ROI [Cheng {2011)]

ROA [Cheng (2011)]

customer service [Cheng (2011)]
flexibility [Cheng (2011)]

product performance [Cheng (2011}]

Product co-development [Lau et al. (2007)]

Internal
Supplier
Customer
Company size
Market Certainty

Lau et al. (2007)
Lau et al. (2007)
Lau et al. (2007)
Lau et al. (2007)
Lau et al. (2007)

product performance [Cheng (2011})]

Elicitation

Flexibility in design

Advanced manufacturing technologies
Justin time

information technology
trust

involving customers
involving suppliers

quick response to customers
information technology
purchasing

delivery

production

Zhang et al
Zhang et al
Zhang et al
Zhang et al
Zhang et al
Zhang et al
Zhang et al
Zhang et al
Zhang et al

. (2011)
. (2011)
. (2011)
. (2011)
. (2011)
. (2011)
. (2011)
. (2011)
. (2011)

operational performance [Zhang et al. (2011

financial performance [Zhang et al. (2011)]

cost [Zhang et al. (2011)]
product/service quality [Zhang et al. (2011)




modularization [Hauslmayer & Gronalt (2008)]

sorted/unsorted modularization

product configurator

Hauslmayer & Gronalt (2008)

Hauslmayer & Gronalt (2008)
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Order Fulfillment rate [Hauslmayer & Gronalt
(2008)]

CODP stock level [ orders [Hauslmayer & Gronalt
(2008)]

CODP stock output / CODP stock input
[Hauslmayer & Gronalt (2008)]

CODP stock end level / CODP stock start level
[Hauslmayer & Gronalt (2008)]

rapid manufacturing [Tuck & Hague (2006)]

lean supply chain
agile supply chain

leagile supply chain

Tuck & Hague (2006)
Tuck & Hague (2006)
Tuck & Hague (2006)

Supply chain planning [Liu & Deit (2011)]

modularity [Mikkola & Skjgtt-Larsen (2004)]
Design to order, engineer to order [ MacCarthy

mass customization

relationship marketing [Barutcu (2007)
Mass customization IT Barutcu (2007)]
Flexible processes [Barutcu (2007)]
Agile supply chain [Barutcu (2007)]
Organizational structure [Barutcu (2007)]
Customer

customer focused product design

postponement [Mikkola & Skjgtt-Larsen (2004)]

temporal relationships
mixed/modifiable order fulfillmg
transparency

customers willingness to pay
customers' willingness to wait

MacCarthy et al. (2003)
MacCarthy et al. (2003)
Trappey & Wognum (2012)

Buffington (2011)
Buffington (2011)

supplier lead time [Liu & Deit (2011)]

demand risk [Trappey & Wognum (2012)]

Supply chain processes [Dong et al. (2012)]

collection and storing of data
data analysis system

design system

inventary system

distribution management system

CAD/CAM system

Dong et al. (2012)
Dong et al. (2012)
Dong et al. (2012)
Dong et al. (2012)
Dong et al. (2012)
Dong et al. (2012)
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Inventory management

Supply frequency
Customization level

Order cycle time
Target inventory level

Aigbedo (2007)
Aigbedo (2007)
Guohua & Jihong (2010}
Guohua & Jihong (2010)

inventory levels [Aigbedo (2007)]
stocktout ratio [Guohua & Jihong (2010)]
delivery ratio [Guohua & Jihong (2010}]

Scheduling [4, 96]

transportation time
capacity of vehicles
customer orders
delivery date of orders
production time
production cost
inventory time
inventory cost
production capacity
quality demand of order
profit preference

Fei et al. (2009)
Fei et al. (2009)
Yaoa & Liub (2009)
Yaoa & Liub (2003)

Yaoa & Liub (2009), Fei et al.
Yaoa & Liub (2009), Fei et al.
Yaoa & Liub (2009), Fei et al.
Yaoa & Liub (2009), Fei et al.

Yaoa & Liub (2009)
Yaoa & Liub (2009)

Yaoa & Liub (2009)

costs [Yaoa & Liub (2003), Fei et al. (2009)]
penalty cost [Fei et al. (2009]

inventory cost [Yaoa & Liub (2009)]
production cost [Yaoa & Liub (2009)]

Supply chain performance & configuration

option selection

service time
demand variety
demand level
guantity discounts

Huang et al. (2005)
Huang et al. (2005)
Huang et al. (2005)
Huang et al. (2005)
Huang et al. (2005)

service time [Huang et al. (2005)]
costs [Huang et al. (2005)]
lead time [Huang et al. (2005)]

Supply chain relationship

demand
customization level
supplier flexibility

Huang et al. (2007)
Huang et al. (2007)

Huang et al. (2007)

profit [Huang et al. (2007)]
purchasing costs [Huang et al. (2007)]
inventory levels [Huang et al. (2007)]
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Concurrent engineering

product development processes

Design for cost

Design for enabling technologies
Design for inspectability

Design for maintainability
Design for reliability

Design for manufacturability
Design for quality

Kincade et al. (2007)
Kincade et al. (2007)
Kincade et al. {2007)
Kincade et al. (2007)
Kincade et al. (2007)
Kincade et al. (2007)
Kincade et al. [2007)

Architecture based development

Market demand

Product assortment

Production/supply chain

Market segmentation

Product features and specification
Interfaces

Constraints

Component assortment
Production layout

Process layout

Mortensen et al. (2008)
Mortensen et al. (2008)
Mortensen et al. (2008)
Mortensen et al. (2008)

Mortensen et al. (2008)
Mortensen et al. (2008)

Collaborative design

Advanced production guality hub

Categorized part library

Online combination of parts
Online ordering

Real time information exchange
Collaborative design

Trappey & Hsiao (2008)
Trappey & Hsiao (2008)
Trappey & Hsiao (2008)
Trappey & Hsiao (2008}
Trappey & Hsiao (2008}




Utilization rate

arrival time variation

process time variation

interest rate

percentage of generic component coverage

number of products

Market and demand characteristics

Internal time-based processes and demand variability

Su (2005)

Su (2005)

Su (2005)

Su {2005)

Su (2005)

Su (2005)

Kisperska-Moron et al. (2011}, 26
Kisperska-Moron et al. (2011}
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Total cost [Su (2005), 26]

Expected waiting time [Su (2005})]

benefits [26]

Delivery speed [ Kisperska-Moron et al. (2011)]

Delivery as promised [ Kisperska-Moron et al. (2011)]

Delivery flexibility [ Kisperska-Moron et al. {2011)]

Internal performance in terms of delivery speed [ Kisperska-Moron et al. (2011)]
Average time from start to completion [ Kisperska-Moron et al. (2011)]

postponement type |Forecast errors Kisperska-Moron et al. (2011} |benefits [Hoek (1337)]
(form/time) & (full, |Importance of products’ design and variety Kisperska-Moron et al. (2011)
production, The level of product customization isperska-Moron et al. (2011),5u (2005)
assembly) Demand level for a peak month Kisperska-Moron et al. (2011)
Demand level for a through month Kisperska-Moron et al. (2011)
simple production planning environment Trentin & Forza (2010)
self containment of the production planning tasks Trentin & Forza (2010)
production planning frequency Trentin & Forza (2010)
lateral relations in the production planning process Trentin & Forza (2010)
product differentiation Hoek (1997)
process characteristics Hoek (1997)
technological characteristic Hoek (1997)
correlative coefficient Ji & Sun (2011} |cost (product, manufacturing, supply chain) [ Ji & Sun (2011}]
coDp customization ratio of the products Ji & Sun (2011} (Waiting time [ Ji & Sun (2011)]

expected waiting time's coefficient on total cost
product variety

Ji
Ji

& Sun (2011)
& Sun (2011)

Packaging activities Hoek (2000} |inventory levels [Hoek (2000)]

Final assembly Hoek (2000} |inventory turn around times [Hoek {2000)]

Product configuration Hoek (2000)|quality [Hoek (2000)]

Reconditioning of products Hoek (2000} | functionality [Hoek (2000)]

Advice about logistics concepts of customers in tendering Hoek (2000} |transportation damage [Hoek {2000)]

Advice about logistics concepts of customers as a separat Hoek (2000)|scrap percentage from manufacturing [Hoek (2000)]

iy (EEEs Fi_n_ancing in-ventories Hoek (2000} | customer specific product degree [Hoek (2000)]

e, Blllll-1gtheﬂrTaIcustomerl. Hoek (2000}

Testing/repair of products Hoek (2000)

Installation of products at final customer's site Hoek (2000}

Building of displays with products Hoek (2000}

Receiving and inspecting return shipments Hoek (2000)

Sizing products Hoek (2000}

Adding product features Hoek (2000}

Inventory management and registration Hoek (2000)

interactions of component cost structure Ma et al. (2002)

replenishment lead times Ma et al. (2002) |WIP costs [Ma et al. (2002)]

assembly times Graman (2010}, Qin (2011b)

the product value Graman (2010}, Qin (2011b}|labor cost [Graman (2010}, Qin (2011b), Qin (2011a)]

packaging cost Graman {2010}, Qin (2011b)|material cost [Graman (2010), Qin (2011b), Qin (2011a)]

optimal postponement cost Graman (2010}, Qin (2011b}|postponement cost [Graman (2010}, Qin (2011b}, Qin (2011a)]
postponement level (holding cost Graman (2010), Qin (2011b)|packaging cost [Graman (2010), Qin (2011b), Qin (2011a)]
/ finished goods  [fill rate Graman (2010}, Qin (2011b}|inventory costs (finished, postponed) [Graman (2010, Qin (2011b), Qin (2011a), Ma et al. {200
inventory correlation of demand Graman (2010}, Qin (2011b}|shortage costs [Graman (2010}, Qin (2011b), Qin (2011a)]

coefficient of variation
common modules
semi-finished
finished

demand

Graman (2010}, Qin (2011b)
Baozhuang et al. (2008)

Baozhuang et al. (2008)

Baozhuang et al. (2008)

in (2011a), Graman (2010}, Qin (2011k)

lead times [Qin (2011a)]

penalty costs [Qin (2011b), Qin {2011a)]
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Internal
Integration
level

Information
exchange level

Moser & Piller (2006);
Wang et al. (2007); Lau
et al. (2010)

Possibility to have
information exchange

not from
literature

Organisational
readiness

Moser & Piller (2006)

ability of organization
to carry out mass
customization
processes effectively

not from
literature

Consumer
integration
level

Customer
wilingness and
capability

Jitpaiboon et al. (2009)

The ability to use
different resources
(feedback mechanis,
configurator,
workshops) to interact
with customers

Information
exchange level

Moser & Piller (2006);
Jitpaiboon et al. (2009);
Pan & Holland (2006);
Wang et al. (2007)

Possibility to have
information exchange

not from
literature

Cooperation
level with
partners

Joint profits

Zhanga & Huangb (2010)

Possibility to have a
contract which defines
joint profits

Type of
information
shared

Qin (2012)

Amount and details of
demand (number of
modules or parts )

not from
literature

Joint advantages

Qin (2012)

Possbility to share
company's internal
information with other
actors:

Delivery due date
Order registered time
Cost of delay
Flexibility of the time to
respond to orders
Total time of
manufacturing

Total time of
distribution

Cost of unit of
customization

Qin (2012)

Supplier
Selection
Critaeria

Agility of supplier

Wang et al. (2007)

% of completed
orders

Ability to ensure
needed responsiveness
and flexibility by type of
contract, punishment
and incentives

not from
literature

Demand behavior
of the product

Huang, Zhang & Lo
(2007); Zhanga &
Huangb (2010); Qin
(2012)

Supplier's ability to
follow the
manufacturer's demand
behaviour

not from
literature
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capacity of supplier

. not from
Capacity of allocated on total literature
supplier Lau (2011) | capacity
Moser & Piller (2006);
Pan & Holland (2006); not from
Wang et al. (2007); Lau Possibility to gather the literature
Information et al. (2010); Liao et al. required information in
exchange level (2011) the desired time frame
Historical not from
relationship with % of completed .
. literature
supplier orders
Sustainable price Ability to ensure
: - . not from
offered by sustainable prices via .
. . . literature
supplier price per unit the contract type
(discounts and not from
low costs) price per delivery literature
product Portion of cost related not from
architecture Lau (2011) to the common base literature
Modularity of the not from
product literature
The innovative, value
added or functional not from
product product character of the literature
characteristics product
Feasibility of
customer
. , not from
requirements .
A literature
translation into
modules not from literature
production Availiability of
e . . not from
capability in Time of production technology to ensure literature
making modules Lin et al. (2009) | of modules needed production
roduction . .
P system Production costs Total production .”Ot from
¥ of modules costs of modues literature
Inventory costs of Inventory costs of .not from
modules modules literature
Howard & Squire (2007); not from
Cooperation with Wang (2007); Lau et al. | * Cooperation with * Cooperation with literature
Value chain suppller . (2010); Lau (2011) | partners .bloc.k partners block
. . customization *Customization level not from
characteristics . .
level not from literature | block literature
Huang et al.
*Supplier selection (2005); Dietrich
Supplier selection not from literature | block *Supplier selection blocl | et al. (2006)
product Hoek (2000); Ma et al. Portion of cost related
architecture (2002); Su (2005); to the common base
not from
product Mortensen et al. (2008); .
literature

Baozhuang et al. (2008);
Graman (2010);

Modularity of the
product
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Kisperska-Moron et al.
(2011); Qin (2011b)

cost of
postponement
(tradeoff between
cost and
efficiency)

Hoek (1997); Su (2005);
Graman (2010);
Kisperska-Moron et al.
(2011); Qin (2011a); Qin
(2011b)

The desired efficiency of
the actors of the value
chain (supplier,
manufacturer,
distributor)

Utilization of
processes (machine
utilization)=used
resources/available
resources

Su (2005);
Graman (2010);
Qin (2011b)

Average waiting time

of customer

Total delivery time
after receiving an
order

Customer satisfaction in
the company's context
(includes cost and time
for customer)

Expected waiting
time [Su (2005)]

Delivery speed
[Ma et al. (2002);
Graman (2010);
Kisperska-Moron
et al. (2011); Qin
(2011b)]

Ability to meet the

Value chain service level Yimer & Demirli
characteristics target service level requirments (2010)
customization Hoek (2000); Su (2005);
level Kisperska-Moron et al. *Customization level | *Customization level not from
(2011) block block literature
Inventory levels of
Hoek (2000); Aigbedo modules, finished
Inventory levels | (2007); Baozhuang et al. |800ds, semi-finished
(2008); Guohua & Jihong |820dS not from
(2010) Inventory costs literature
Integrated information
technology
value chain availablilty/usage
capability
Ability to fullfill the right not from
not from literature order at the right time literature
Physical location and not from
connections of actors literature
Availability of
Value Chain information
network technologies to ensure not from
characteristics not from literature needed customization literature
Huang et al. (2005);
Graman (2010); Trentin
Market & Forza (2010);
characteristics | Market demand Kisperska-Moron et al. Ability to diminish the
levels and (2011);Qin (2011a); Qin demand variability by not from
variability (2011b) using postponement literature
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Production capability

Availiability of
technology to ensure

utilization level
[Su (2005);
Graman (2010);

production | production Trentin & Forza (2010); | index (Cp) needed production Qin (2011b)]
system capability Hoek (1997) | Time of production not from
of modules literature
Time of production not from
of common base literature
Poulin et al. (2006); Yu &
Market Jie (2008); Yimer &
characteristics Demirli (2010); | Market demand Market demand not from
Market demand Stavrulaki & Davis (2010) | analysis analysis literature
Product Stavrulaki & Davis Portion of cost related
architecture (2010); Ji & Sun (2011) to the common base not from
Product - .
Modularity of the literature
product
Integrated information
. not from
value chain technology i
- . . . . iterature
capability Stavrulaki & Davis (2010) availablilty/usage
Ability to fullfill the right not from
order at the right time literature
not from
Physical location and .
. literature
Value chain connections of actors
network Salvador et al. (2004); Availability of
characteristics Stavrulaki & Davis (2010) information not from
technologies to ensure literature
needed customization
The desired efficiency of
Vil @ the actors of the value

characteristics

cost of
customziation
(tradeoff between
cost and
efficiency)

Ji & Sun (2011)

chain (supplier,
manufacturer,
distributor)

Graman (2010);
Qin (2011)a; Qin
(2011)b

Average waiting time
of customer

Total delivery time
after receiving an
order

Customer satisfaction in
the company's context
(includes cost and time
for customer)

Expected waiting
time [Su (2005)]

Delivery speed
[Ma et al. (2002);
Graman (2010);
Kisperska-Moron
et al. (2011); Qin
(2011)b]

Target service level

Ability to meet the
service level
requirments

Yimer & Demirli
(2010)
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10.5. Appendix E — Questionnaire

If your company has more than one product family Ine, please consider one type of
product family and fill out the questionnaire. Chose a reference family of product

which you use in mass customization practices. Wiailanswering the following questions,

please consider this product family.

Reference product family:
Industry of company:
Your position in the company:

GENERAL QUESTIONS

1. What is approximately the number of employees in your company?

O

N I |

1-49

50 -999

1,000 - 4,999
5,000 or more
Don’t know

2. What is the approximate turnover of your company?

O

0
0
0
0

lower than 20,000

.between 20,000 and 70,000
.between 70,000 and 150,000
.more than 150,000

Don’t know

3. What are the different customization levels present in the system (you can select more than
one):

O

0
0
0
0

Build to Stock: the products are undifferentiated, off the shelf

Assemble to order: the products are assembled after customer order is received
Make to order: the products are produced after customer order is received
Design to order: the products are designed after customer order is received
Engineer to order: the products are engineered after customer order is received

RELATIONSHIP MANAGEMENT

SUPPLIER SELECTION
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4. What factors are considered when selecting a supplier? Please rank to from 1 to n, (1 being the
most important and n the least)

O

O

|

O

Agility of supplier: the supplier is able to respond fast to changes in the demand size or mix
and is flexible

Capacity of supplier: if the supplier has a big capacity to sustain the demand coming from
your company

Previous relationship with the supplier: history of relationship between companies and
knowledge from each other which facilitates working together

Sustainable price offered by supplier: discounts and low costs

Possibility to integrate your information with them and have real time and open information
flow

Demand behavior of the product: demand behavior restricts selection criteria, in other
words constant or fluctuating demand patterns leads to the selection of a supplier

Other:

5. Regarding the supplier selection factors (perviouse question), do you measure your critical
factors to better understand who to select? if no, cross non (put it in options) and let us know if
suggested options can be helpful, if yes, cross the indicators you use and if it is not in proposed
indicators let us know what is it.

capacity of
% of completed supplier allocated |% of completed price price per
orders on total capacity |orders per unit |delivery

Agility of supplier

Demand behavior

of the product

Capacity of supplier

Information exchange level

Historical relationship with supplier

Sustainable price offered by supplier
(discounts and low costs)

What were your main challenges you encounter when you select your supplier? Please add any
comments you have on the challenges encountered.

SUPPLIER COOPERATION/INTEGRATION

6. What percentage of your suppliers are critical for the Mass Customization activities and why?

Please answer the following questions based ongtpplier’'s mentioned in question 6.

7.  Which information do you share with your supplier in order to fulfill the right demand to the
right customer at the right time?
0 Amount and details of demand (number of modules or parts)

O

Delivery due date
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Order registered time

Cost of delay

Flexibility of the time to respond to orders
Total time of manufacturing

Total time of distribution

Cost of unit of customization

No information is shared

Other

I I

8. If you share some information with your suppliers how do you share it?
[0 By Real time
0 By Weekly reports
[0 By Monthly reports
[J  Not shared
[] Other
9. Do you adopt a strategy which aims to maximize the joint profit with your supplier:
0 YES
0 NO
INTERNAL INTEGRATION

10. Do you use information technologies to share data in the operational and functional level?

O

0
0
0

Both
Operational
Functional
No

(operational: operator level, have an overall ideanly their)

(functional: manager level: do production productinanager knows what happens in supply
chain, supplier, distribution...)

11. Did you give trainings to your employees about how to implement Mass Customization regarding

its practices & ideas, such as concurrent flexibility and efficiency of processes until customer

order is received or integrating customer in the design process?

[l Yes
[l No

12. What kind of problems did you encounter regarding organizational readiness on Mass

Customization? (A few examples are: being reluctant to share data across departments,

CONSUMER INTEGRATION



13. Which of these resources do you have to interact with the customer?

0

I R B Y

Feedback mechanism

Configurator (web or in-store)

Workshops
None
Other

MODULARITY
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14. Do you have a modular product design? (Modularity refers to “building a complex product or
process from smaller subsystems that can be designed independently yet functions together as a

whole.”)
0 YES
[0 NO

15. If your answer to question 15 is YES then what factors affect your module designs?
Feasibility of customer requirements' translation into modules
Production capabilities in making modules

O

A [

Production costs
Inventory costs

Product characteristics (innovative, value added or functional)
Cooperation with supplier

Customization level
Supplier selection
Product architecture
Other:

16. Regarding the modularity (perviouse question), do you measure your critical factors to better
understand its effect on the supply chain performance? If yes, cross the indicators you use and if
it is not in proposed indicators let us know what is it.

Time of
production
of modules

Tatal
production
costs of
modues

Inventory
costs of
modules

% of
complet
ed
orders

capacity of
supplier
allocated on
total capacity

% of
complete
d orders

price per
unit

price per
delivery

Market
demand
analysis

Average
waiting
time of
customer

Total
delivery
time
after
receiving

Target
service
level

product architecture

product characteristics

Feasibility of customer requirements'
translation into modules

production capability in making modules

Production costs of modules

Inventory costs of modules

Cooperation with supplier

customization level

Supplier selection
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If you have selected none, what can be suggestiechiors to measure your critical factors?

17. Please specify if you had any particular challenges in managing modules.

POSTPONEMENT

Postponement: ‘the strategy to delay customization of a producttiumore information
about the demand of the product is known”

18. Which types of postponement do you practice?

[J Holding up of the delivery of the product in the supply chain at different processes until a
customer order has been received (time postponement)

[ Shipping of products in a semi-finished state from the manufacturing process to be
customized further in the downstream supply chain (form postponement)

[J Moving of the inventories in the upstream supply chain in selected centralized locations
where manufacturing or distribution activities occur delaying shipment until customer order
(place postponement)

[J We don’t practice postponement

19. Why did you choose the postponement types mentioned in question 247
[0 Product architecture

Production capabilities

Market demand levels and variability

Customization levels

Supply chain network characteristics

Inventory levels

Value chain capability

cost of postponement (tradeoff between cost and efficiency)

Other

N I |

20. Regarding the postponement factors (perviouse question), do you measure your critical factors
to better understand the effects of postponement on the supply chain? If yes, cross the
indicators you use and if it is not in proposed indicators let us know what is it.
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Utilization of Inventory
processes levels of
Total {machine Total modules, Producti Time of
delivery utilization)=use |Average |delivery finished on Time of |producti
Market Average time after |Target |d waiting  |time after|target goods, semi- capahilit |producti |on of Market
demand waiting time |receiving [service |resources/avail |time of [receiving |service [finished Inventory |y index  |on of common |demand
analysis of customer |an order |[level able resources  |customer |an order |level goods costs (Cp) modules |base analysis

product architecture

cost of postponement (tradeoff between
cost and efficiency)

customization level

Inventory levels

value chain capability

Market demand levels and variability

production capability

Supply chain network characteristics

If you have selected none, what can be suggestichiors to measure your critical factors?

21.Please specify if you had any particular challengesanaging postponement.

CUSTOMIZATION LEVEL

22. Which factors effect where the customer comes into the mass customization process (based on
the customization level)? Please rank to from 1 to n, (1 being the most important and n the least)

None
Other

I A

Cost of customization
Market demand
Product architecture

Value chain capability
Supply chain network characteristics

23. Regarding the customization level factors, do you measure your critical factors to better
understand the effects of customization level on the supply chain? Please cross the indicators
you use and if it is not in proposed indicators let us know what is it.
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Production capability
index (Cp)

Time of production of

madules

Time of production of

common base

Market demand

analysis

Market demand

Product architecture
value chain capability

Value chain network characteristics
cost of customziation (tradeoff between cost and efficiency)

21.

Please specify if you had any particular cingiés in managing customization levels




