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ABSTRACT:

The current market environment forces manufacturing companies to produce such customized
products that are at the same time relatively cheap and finished with top quality to respond
demanding requirements of customers. The concept of mass customization has been presented
as a solution that offers economies of scale while producing customer tailored products. The
aim of this research is to review the impact of mass customization on product level profitability
in complex manufacturing environment. The theoretical framework is constructed on the main
themes of mass customization, cost accounting, and product profitability analysis. All these
mentioned topic areas are reviewed from the viewpoint of a manufacturing company that pro-
duces large variety of customized products with different order fulfillment methods.

The research problem is divided into two separate questions of evaluating available product
costing systems in complex manufacturing environment, and seeking evidence if mass customi-
zation is profitable in the case company that for this research is made as an assignment. Based
on previous research, financial effects of mass customization are not sufficiently studied through
empirical research. Furthermore, related research focuses mostly on product configurations and
modules, and their effect on operative and technical development instead of financial measures.

The empirical section of this research is conducted as a quantitative single-case study that aims
to seek evidence if mass customization of electric motors is profitable for the case company.
Operative data is collected from the case company’s ERP-system, and it is combined with finan-
cial information. This constructed data set is used for performing statistical analysis similar to
methods that are applied in econometrics. The collected data set consists of 3900 statistical
units thereby constructing a representative sample from the population. The findings show that
mass customization is profitable for the case company when customization is measured through
customer selected and otherwise optional variant codes, and by comparing profitability levels
in between of different engineering groups. As a results, it was discovered that more customized
statistical units were seen to be more profitable than those less customized units.

This research contributes filling the recognized research gap of lacking empirical studies related
to financial effects of mass customization. In addition, it also presents important information for
the case company regarding of how different variant codes and engineering groups affect prod-
uct level profitability in their manufacturing operations. Furthermore, the presented statistical
method offers possibility to analyze and estimate how different product features influence prod-
uct profitability levels based on statistical methods commonly used in econometrics. Therefore,
this research can be seen to have central managerial and practical implications within manage-
ment accounting practices in manufacturing environments.

KEYWORDS: Mass customisation, manufacturing industry, cost accounting, profitability, sta-
tistical methods



VAASAN YLIOPISTO
Tekniikan ja innovaatiojohtamisen akateeminen yksikko
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TIVISTELMA:

Kiristyva kilpailutilanne markkinoilla sekd vaatimukset raataloidyista tuotteista ajavat yrityksia
tarjoamaan asiakaskohtaisia tuotteita saavuttaakseen kilpailuetua muihin kilpailijoihin nahden.
Joustavan tuotevalikoiman lisdksi, asiakkaat odottavat samanaikaisesti edullisia hintoja, nopeita
toimitusaikoja seka hyvaa laatua tuotteilta. Massakustomoinnin on esitetty tarjoavan mahdolli-
suuden hyddyntaa suuruuden ekonomiaa samalla tarjoten asiakaskohtaisesti valmistettuja tuot-
teita, jotka tayttavat asiakkaiden erityiset vaatimukset. Taman tutkimus tarkastelee massakus-
tomoinnin vaikutusta tuotekohtaiseen kannattavuuteen korkean teknologian teollisuusymparis-
tossa. Tutkimuksessa esitetty teoreettinen viitekehys muodostuu massakustomoinnin, kustan-
nuslaskennan sekd kannattavuusanalyysin aihealueista, joita tarkastellaan erityisesti valmista-
van tuotannon nakokulmasta. Tutkimuksen tavoitteena on luoda ehea kokonaisuus yhdistaen
ndita mainittuja tutkimusaiheita seka konkretisoida kustomoinnin taloudellisia vaikutuksia em-
piirisen tutkimuksen avulla.

Tutkielman tutkimusongelma on jaettu kahteen erilliseen tutkimuskysymykseen. Ensimmainen
tutkimuskysymys tarkastelee kustannuslaskennan mahdollisuuksia tuotekustannusten maarit-
tamiseksi ymparistossa, jossa tuotteiden maara on suuri sekd valmistus monivaiheista. Toinen
tutkimuskysymyksista kasittelee massakustomoinnin vaikutusta kannattavuuteen kohdeyrityk-
sessa. Aikaisempi tutkimus tunnistaa puutteet aikaisemmassa empiirisessa tutkimuksessa liit-
tyen massakustomoinnin taloudelliseen vaikutuksiin sen keskittyessa yleisesti kustomoinnin
operatiiviseen jarjestamiseen seka kehittdmiseen tuotekonfigurointien ja -moduulien avulla.

Taman tutkielman empiirinen tutkimus on muodostettu hyddyntden kvantitatiivista yksittaista-
paustutkimusta, jonka tarkoituksena on tutkia tilastollisia menetelmia hyodyntaen, miten mas-
sakustomointi vaikuttaa tuotekannattavuuteen kohdeyrityksen yhdessa tuote- ja kokokategori-
assa. Aineisto on keratty kohdeyrityksen toiminnanohjausjarjestelmasta seka taloudellisista ra-
porteista, joista on muodostettu yhtendinen havaintoaineisto. Koottu havaintoaineisto muodos-
tuu yhteensa 3900 havaintoyksikosta, joiden voidaan nahda kuvastavan yleista tilannetta vali-
tussa tapauksessa. Tulokset osoittavat, ettda massakustomointi parantaa keskimaarin kohdeyri-
tyksen tuotteiden kannattavuutta, kun kustomoinnin mittana kaytetaan asiakkaiden valitsemien
tuoteoptioiden maaraa seka insindoriprosessin muotoa.

Tutkielma osallistuu tunnistetun tutkimusaukon tayttamiseen esittamalla empiirisia tuloksia
kustomoinnin taloudellisista vaikutuksista. Esitelty tilastollinen menetelma esittdaa tavan yhdis-
taa kustannuslaskentaa, kannattavuuden analysointia seka tilastollisia menetelmia johdon las-
kentatoimen menetelmind myds muilla massakustomointia hyodyntavilla teollisuudenaloilla li-
saten tutkielman hyédyntamisen mahdollisuutta kdaytannon seka liikkeenjohdon keinona.

AVAINSANAT: Massakustomointi, tehdasteollisuus, kustannuslaskenta, kannattavuus, tilas-
tomenetelmat
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1 Introduction

In this first section of the research, general introduction to the topic is given and recog-
nized research gaps are described. Furthermore, objectives, problems, and delimitations
of the research subject area are presented, in addition to description of the methodology,
data collection, and analysis methods used in this research. Finally, a brief introduction

to the case company, in which the empirical part of this research focuses on, is presented.

1.1 Background and theoretical framework

According to Johnsen and Hvam (2019), companies must adapt their operative strategy
to answer customer’s requirements for increasing demand for customized products.
Persson and Lanz (2022) continue that the demand for customized products that are
tailored according to customer specific requirements is constantly growing. In addition,
manufacturing companies seek improved competitive advantage by offering such prod-
ucts to the markets. However, highly competed markets push manufacturers to cut down
their costs at the same time as manufacturing operations and product development be-
come more complex due to the increased product variation. Furthermore, Deshpande
(2018) continues that mass customization aims to produce such customized products to
the markets with high quality but still with low prices and short lead times. However,
producing large variety of customized products with fast schedule, low prices, and good
quality is difficult for most manufacturing companies, and it requires implementing ad-
vanced manufacturing technologies to be possible. After successful adaptation of mass
customization prerequisites, it is seen to result in improved competitive advantage and

financial performance.

Li et al. (2022) recognize the conflict between the advantages and disadvantages of mass
customization, as higher operative costs are still strongly associated in such complex en-
vironment due to increasingly used organizational resources. In addition to increased

amount of costs, Myrodia et al. (2021) state that large product variety results in higher



costs in the company operations which therefore requires more efficient cost allocation
between different product variants to determine the actual product costs for each vari-
ant. When determining total product costs, Jarvenpaa et al. (2017, p. 148) note that tra-
ditional costing systems result in too low product costs for highly customized products
and too high costs for moderately customized products due to systematic volume error.
Furthermore, Quesado and Silva (2021) support the view that traditional costing systems
are insufficient in environments that have large product variety, technologically devel-
oped manufacturing methods, and increased amount of indirect costs, which has re-
sulted in development of costing systems for improved accuracy in cost allocation. In
addition, understanding of total product costs has a highlighted position in management
accounting, as product cost information is used for determining product level profitabil-
ity levels, and to understand of how certain products and their features consume com-

pany resources (Jarvenpaa et al., 2017, p. 36).

Therefore, to describe the interconnectivity in between of costing systems and product
profitability analysis, Fisher and Krumwiede (2015) state that availability of accurate cost
information is essential for profitability analysis. They describe the importance by giving
an example of a manufacturing company that discovered that 30 % of their products
were unprofitable after transferring to a more sophisticated costing system. Therefore,
a costing system that can sufficiently allocate those increased amount of indirect costs
to large variety of differentiated products to determine the total product costs is essen-
tially important in mass customization manufacturing to determine if it is a viable man-
ufacturing strategy to follow. Seeing the major role of product costing and its role in cost
management, different possibilities to determine total product costs are reviewed in lit-

erature review.

According to Burlina and Di Maria (2020), based on the smile-curve of global manufac-
turing value chain, low value-adding activities, such as manufacturing operations, are
generally produced in countries that have low wages and less trained workers, whereas

high value-adding activities are produced in high-skilled areas. However, manufacturers
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in advanced countries have showed initiatives on retain manufacturing operations in lo-
cal areas through innovations and job creation. Additionally, de Treville et al. (2017),
highlight the requirements for improved profitability when manufacturing activities are
organized in high-cost country, as investors and governments are not acceptive for de-
creased economic performance. To maintain profitability and competitiveness in high-
cost manufacturing country, features of responsiveness, automatization, cellular or lean
manufacturing were seen to compensate those high costs of manufacturing. Altogether,
it is important to discover those profitable products to maintain the economic viability
of the company, and to recognize the superior value of customized products that are
more fitting to the needs of customers, which can be eventually transferred into higher
pricing improving profitability (Shao, 2020; Mikulskiené & Moskvina, 2020; Abdul Manaf
et al., 2021). These described sightings describe the significance and relevancy of this
research both on macro and microeconomic levels, as sophisticated mass customization
can be included in such actions that enable improved value creation for manufacturers

when compared to traditional mass customized manufacturing.

This research is built on the subject areas of mass customization, cost accounting, and
profitability analysis that together create the scientific framework of this study. Mass
customization manufacturing creates a macro concept for the whole research. Therefore,
particular attention is given for mass customized product manufacturing environment
also when cost accounting and product profitability analysis are later reviewed. This ap-

plied framework is presented in the figure 1. below.

Scientific framework of the research

Mass Customization

Cost Accounting

Product Profitability Analysis

Figure 1. Scientific framework of the research
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Particularly, the presented scientific framework of this research is built on recent aca-
demic studies and professional literature on mentioned topics to generate a consistent
entity of understanding product level profitability within the environment of mass cus-
tomization, which can be separated from other operating models. The main ideas within

the applied scientific framework are presented in the table 1. below.

Table 1. Main themes in the applied scientific framework

Mass Customization

Mass customization can be described as a concept of producing large variety of products
with short lead times, good quality, and efficient cost structures, similar to mass production
operations, which is recognized to result in improved value creation and thereby increased
pricing (Li et al., 2022; Wiengarten et al., 2017; Shao, 2020).

Cost Accounting

Cost accounting has an emphasized role within management accounting as it is seen to gen-
erate such financial information that is essential for decision-making within the organization,
and it used for recognizing the most profitable products, even though traditional costing sys-
tems are seen to be deficient within modern manufacturing environment (lkdheimo et al.,
2019, p. 128-130; Myrelid & Olhager, 2019; Quesado and Silva, 2021).

Profitability analysis

Profitability is the condition of continuity in most companies, and therefore profitability
analysis has gained significant position within management accounting practices and re-
search, in which product profitability analysis is often measured through CVP-analysis that
has direct connection to determining product costs through costing systems (Abdul Manaf et
al., 2021; Jarvenpaa et al., 2017, p. 101-102; Drury and Tayles, 2006).

In these presented research areas certain research gaps are identified. For example, in
mass customization research, financial advancements of mass customization strategy
implementation lack consequent empirical studies, as more studies focus on organiza-
tional structure capabilities (Wiengarten et al., 2017; Barbosa and Azevedo, 2018). Albeit
some research can be found in mass customization product costing accuracy and product
profitability (Myrodia et al., 2017), available empirical studies are limited in such context,
even though general studies in costing systems can be found. Finally, the lack of research
in product profitability analysis is recognized, whereas previous profitability studies fo-
cus on company or corporate level profitability (Brierley, 2016; Drury and Tayles, 2006).
This research contributes to the recognized research gap by presenting an empirical

product profitability analysis within such presented mass customization environment.
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1.2 Research objectives, questions, and limitations

The objective of this research is to create a coherent entity that reviews product profit-
ability within mass customization manufacturing environment. These presented con-
cepts of mass customization, cost accounting, and product profitability analysis establish
the most important keywords of this research. Additionally, the objective is to offer in-
sights to the latest academic advances in the mentioned scientific framework to the case
company to whom this research is made as an assignment. The research questions that

this research answers to are divided into two main questions described below.

RQ1: What types of costing systems are commonly available in mass customization envi-

ronment?

RQ2: Does mass customization as an operating strategy improve the profitability of prod-

uct line in the case company?

The first research question is centered around different possible product costing systems
available for determining total product costs for large variety of products in complex
manufacturing environment by allocating increasing number of indirect costs to cost ob-
jects. The answer for this first question is provided in the literature review section by
examining related academic research, empirical studies and previous literature. The lit-
erature has been targeted to consist of recent and good quality research and profes-
sional literature. Databases such as ABI Inform, Business Source Premier, Taylor & Francis
Online Journal Library, Directory of Open Access Journals, Sage Journals Online, Emerald
Journals, IEEE Xplore, Springerlink, and Science Direct (Elsevier) are used for searching
such related literature. The second research question is answered through the empirical
section of the research by performing statistical analysis based on the data collected

from the case company.

The subject of this research is delimited to evaluate mass customization from the view-

point of a manufacturing company with large variety of highly customized products,
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whereas hospitality, healthcare, or other service industry organizations are left out from
the review. In addition, in the review of cost accounting, main emphasis is given to cost-
ing systems that has direct connection to the accuracy of product profitability analysis.
Finally, the presented profitability analysis covers only product level profitability which
is measured inside of companies through managerial accounting practices. Thus, corpo-
rate level profitability, other cost management methods, and performance level evalua-

tions are recognized but excluded from the review of this research.

1.3 Methodology, data collection and analysis

Methodological approach of this research consists of single-case study research design
with quantitative research method as an empirical approach. The selected case, that this
research has an immediate focus on, is a single motor type and its selected size category
in a multinational electric motor manufacturing company, and its product level profita-
bility analysis. The research aims to analyze and describe how different variant codes

and customization in overall affect the product level profitability.

This research is funded by the case company in where the empirical study is performed.
As the topic of this research is related to profitability, it sets restrictions for data visibility
and confidentiality in the results section of this research. Therefore, certain numbers and
other identifiable characteristics are blacked or otherwise made unrecognizable. As an
example, different product options are described as separate numbers based on their
popularity within the sample, profitability measure is left unrecognizable, and censored
data is shown as blacked areas. In addition, the name of the case company is not ex-

pressed in any part of this research.

The empirical research is performed by utilizing statistical methods together with quan-
titative data, which is collected through the case company’s ERP-system and financial
reporting. Thereby, the empirical study combines both manufacturing and operative re-

lated data together with financial information. - - is set as an individual
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statistical observation unit that all together form the gathered sample in the selected
motor type and size category. The collected data is structured to consist of such units
that depict actual customer deliveries that are included in the fiscal year of - The
size of the sample is 3900 statistical units, which was seen to constitute a representative
sample of the selected motor type. Furthermore, the applied statistical methods include
analysis of regression, correlation coefficients, and examination of equal means between

groups within the sample.

1.4 Case company introduction

This research is done as an assignment for a multinational case company that manufac-
tures electrical motors. The selected business unit for this case study specializes in man-
ufacturing of highly customized electrical motor solutions according to customer re-
guirements. They offer several types of different motors with varying sizes that can be
customized according to customers’ needs based on ‘variant codes’ that are predefined
and optional product features or options. Mostly these variant codes are standardized
for each type of motor. Even though, they are offered as optional extras, in practice they
are included in every motor. The case company offers varying customization levels from
small adjustments to fully customization of their products, and therefore they operate
with hybrid delivery process method that combines assembly-to-order, make-to-order,
and engineer-to-order products. As mass customized engineer-to-order products can be
seen as an uncommon method to operate, certain emphasis is given to mass customiza-

tion with engineer-to-order products in the literature review.

As the operating environment of the case company can be described as complex with
large variety of advanced products, it complicates determining total product costs for
each product. However, implementing an improved costing system is not a strategic goal
in the case company, even though they have a need for understanding how varying level
of customization on motors based on variant codes affect the product level profitability.

The empirical section of this research focuses on describing and comparing profitability
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levels of differentiated motors through statistical analysis to recognize profitable cus-
tomization attributes based on the variant codes, their categorization, and different en-
gineering groups. The found results can be seen to support the case company to give
attention and make corrective actions to those variants codes that have lower profitabil-
ity level. In addition, recognizing the most profitable variant codes can be seen as an
existing way to promote the total product profitability, which both have an underlined

role in managing the profitability of the case company.

1.5 Structure of the research

This research is divided into five major subdivisions. The first chapter presents the back-
ground of the topic and introduces recent scientific literature to the topic of this research.
Additionally, case company description, methodology, and research questions and limi-
tations are presented. In the second chapter, thorough literature review is presented
within the previously presented scientific framework of this research. Therefore, the lit-
erature review is divided into four major subchapters based on the framework, in addi-
tion to the subchapter of research gap identification. In the third chapter, the applied
methodology, in addition to data collection and analysis methods in this research are
presented. The fourth chapter consists of the results and conclusions of the empirical
study that is conducted in the case company. Finally, the last chapter concludes the
whole research, and presents managerial applications, limitations and evaluates the gen-

eralizability of the results, in addition to suggestions for further research.
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2 Literature review

This literature review presents essential topics and recent scientific research related to
the subjects of mass customization, cost accounting, and product profitability analysis.
Main emphasis of presented literature is on good quality recent academic research but
in addition, related professional books are presented for general introduction of the top-
ics and defining terminology. The literature review is divided into four main subtitles of
mass customization, cost accounting, product profitability, and identifying the research

gap that together form the scientific framework of this research.

2.1 Mass customization

Based on the term itself, mass customization (MC) can be seen to combine both mass
production and customer specific customization at the same time. More specifically,
Wiengarten et al. (2017) note that MC has been promoted as viable manufacturing strat-
egy to produce large variety of products to fit customers’ requirements with low prices
and short lead times enabled by flexible operations. In this first section of the literature
review, the concept of mass customization is reviewed from a manufacturing perspective.
A special focus is targeted on its financial effects and outcomes on increased operational

complexity.

2.1.1 Mass customization and ETO paradigm

Dohale et al. (2022) studied different manufacturing strategies within previous literature
in the past 50 years, and note that mass customization is part of third phase of manufac-
turing strategies which emerged the first decade of 21 century, even though product
differentiation started to gain attention already in the 1980s. Manufacturing strategy
provides a framework and direction for structural and infrastructural decision-making in

manufacturing operations, and it is often reviewed from the perspective of competitive
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priorities, in addition to manufacturing decisions and performance enhancement. The
objective of manufacturing strategy is to improve competitive advantage and operations
resilience. Furthermore, MC utilizes advanced production methodologies, and is recep-
tive for technology development, as it aims for improved value creation by developing
and improving manufacturing processes. Fogliatto et al. (2012) acknowledge the tech-
nology-oriented nature of MC and describe it as a manufacturing strategy that produces
large variety of personalized products and services by utilizing modularization, flexible
processes, and supply chain member integration. It is seen to improve competitive ad-
vantage through increased pricing for customized products and more involved custom-
ers. Zhang et al. (2015) continue that MC implementation requires the manufacturing
company to perform market analysis to understand the needs of the customers, enable
flexible processes within the manufacturing technology, and arrange integrated logistics

systems.

To separate MC from mass production, Haug et al. (2019) emphasize that in MC the cus-
tomization begins often from component level, as mass production manufacturers are
also seen to customize their products, but in small amounts. Wiengarten et al. (2017)
continue that through low costs and production flexibility, MC is seen to enable compa-
nies to produce customer specific products in a cost-efficient manner and answer quickly
to the changing needs of customers. In addition, Shao (2020) recognizes the added cus-
tomer value and higher pricing in products that are more fitting to customer’s demand.
Finally, Li et al. (2022) note that the concept of MC is seen more specifically to benefit
from economies of scale and product differentiation at the same time, in addition to that
it is applicable in several industries including consumer goods, high-technology, and
medical products. Therefore, MC can be concluded to be a broad manufacturing concept
or paradigm that aims for improved value creation by understanding and actively pro-
specting customer requirements and producing tailored products and services in a simi-
lar manner as mass production would operate by utilizing recent advancements in tech-

nological development.
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According to Cannas et al. (2022), technology development has enabled manufacturers
to increase product variety and combine mass customization with increased customer
specifications based on engineer-to-order (ETO) delivery process. ETO products are often
expensive, large, and complex products that are produced with low volumes, and with
high level of customization where engineering is included in the order fulfillment and
delivery process. Furthermore, their study shows that ETO companies, that also practice
mass customization at the same time, reported that it has improved their ability to react
to market’s demand for large variety of products that are delivered fast and with good
quality. Willner et al. (2016) note that ETO can be seen as an extension to mass custom-
ization, and present two differencing views to ETO where products can either be de-
scribed as new products made specifically for certain customer or tailoring of current
and existing products to fit customers’ requirements. Even though the definition of ETO
is extensive, it is always seen include engineering on every order which separates ETO
from the concept of make-to-order (MTO), even though the engineering and design pro-
cesses can be automized and standardized. The different archetypes and characteristics

of ETO manufacturing are presented in the figure 2.

Engineering complexity
A

Complex ETO Non-competitive ETO

- Low level of standardization and automatization - The rarest form of ETO manufacturing where both
production volume and engineering complexity are

- Low volumes of highly customized and unique high

products such as ships and factories
- Not feasible strategy in most situtations

High - Large amount of engineering needed on every order

- Could be possible in monopolistic markets or when

- Often applicable in project based business pioneering company aims for rapid growth in new
market area

Basic ETO Repeatable ETO

- Higher level of standardization and automatization. - Similar to Basic ETO, where products can be
customized based on variants which can be engineered

- Products require only small amount of engineering even further for more specific products

due to product modules and preset product

configurations - High level of standardization and automatization as
processes are repetitive. Specified and reactive

- Otherwise similar concept as MTO but with more engineering department for customer requests

possibilites for customization enabled by order specific

Low engineering - MTO environment with short or medium lead times

Low

High

Average of units sold annually

Figure 2. Archetypes of ETO manufacturing (Willner et al., 2016)
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Nonetheless, it must be noted that ETO paradigm is not the only possible way to pursue
mass customization in manufacturing (Akinc & Meredith, 2015; Johnsen & Hvam, 2019).
In addition to ETO, customization is more often performed with different order fulfilment
methods, including make-to-stock (MTS), make-to-order or modify-to-order (MTO),
make-to-forecast (MTF), configure-to-order (CTO), and assembly-to-order (ATO). From
these different methods, ETO offers largest product variety and level of customization,
whereas MTS enables very limited amount of customization or possibly none. Otherwise,
the remaining order fulfilment methods offer varying customization degrees for prod-
ucts, but not as large variety as ETO offers, it being the most customizable order fulfil-
ment method. However, as customization increases, it affects relatively to the lead time.
Furthermore, customer order decoupling point (CODP) can be used for separating these
operating methods from each other. Peeters and van Ooijen (2020) present a figure
(Olhager, 2003) that demonstrates the differences between customer order decoupling
points and order fulfilment methods. This is shown in the figure 3. below. Barbosa and
Azevedo (2018) note that MTO and ETO are sometimes combined as a hybrid strategy
which enables manufacturing companies to utilize both strategies at the same time and
share resources together. Johnsen and Hvam (2019) support the view of combining dif-
ferent methods and note that fully customized ETO products can consist of MTO, CTO,
and ETO based solutions together to form an entity of an ETO product. Thus, combina-
tion of different operating models can be seen as a viable method to produce large vari-
ety of products, as it enables to focus customization on those features that offer highest

value creation.

Low MTS  -mmmmmmmmmmmmmmmmmmmmmmmmomemooooo oo —
ATO  ----mmmmmmmmmmmmmmoeo >
MTO  ---=--===---=- V— >

Hgh | ETO  \/ >

Customization level v = Customer order decoupling point (CODP)

Figure 3. CODPs in different order fulfilment methods (Peeters & van Ooijen, 2020)
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2.1.2 Configurable products and product modules

Franke and Hader (2014) note that in mass customizations context, companies must
communicate and let customers know what type specifications and characteristics they
are able to produce, and then allow customers to choose from the most suitable options
from the available configurations. This is supported by Kristianto et al. (2013), who note
that in ETO manufacturing, customer requirements and manufacturing capabilities must
be aligned to avoid conflicts by setting limits for customization by using configurations
to preset design parameter ranges. Cannas et al. (2022) continue that manufacturers
must define certain product configurations beforehand to enable engineering, design,
and manufacturing tasks to be done tentatively to some extent before the order is placed.
In addition, product configurations offer organizations simplified possibility to manage
large variety of products. As a result, configurable products are seen to reduce lead times
and costs at the same time as quality of products is improved. To further define product
configuration systems, Haug et al. (2019) note that they enable selecting valid and pre-
defined specifications to customize products. In ETO context, product configurators can
be used for creating bill of materials, quotes, and operations plans automatically. In ad-
dition, product configurators can include thousands of possibilities but also restriction

of how product features can be combined within existing product architectures.

Similar to configurable products and product configurators, Persson and Lanz (2022) de-
scribe modularization to include physical and interchangeable modules that can be se-
lected for products to customize them according to customer needs enabling these mod-
ules to be managed and configured similar to single products. Li et al. (2016) differentiate
product modules to mandatory and optional modules, where mandatory modules form
the base of the product, and optional modules enable customer specific customization.
Furthermore, Haag and Haag (2019), note that predefined product variants can be used
for defining, describing, and communicating specifications of product features in differ-
ent product configurations, as characteristics must be defined and understood in manu-
facturing operations, and described and communicated during product deliveries and

invoices.
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In addition to configurable products, product configurators, and modularization, compa-
nies must have mass customization capability (MCC) in order to achieve competitive ad-
vantage from MC (Sheng et al., 2022). MCC is described to include all the possibilities for
companies to produce and design good quality customized products with short lead
times. In order to achieve MCC, companies must perform interorganizational coopera-
tion in a systematic way and improve organizational agility. Furthermore, Korneeva et al.
(2021) present a three-level framework for achieving MCC in ETO environment which
includes pre-defining product variations, promoting high-functioning and robust process
design, and advancing customer integration. The suggested framework is seen as a rele-

vant factor when efficiency in mass customization manufacturing is set as an objective.

As a conclusion, it can be stated that the concept of ETO has similarities with other order
product fulfillment and delivery methods, but it is separated from every other delivery
process with the order-specific engineering. It enables companies to produce more cus-
tomer-specific products based on their requirements. In order to achieve the benefits of
mass customization and lower production costs together with short lead times and good
quality, product configurations must be introduced, and ETO processes need to be au-

tomatized and standardized at certain level for improved efficiency.

2.1.3 Financial effects of mass customization

As previously stated, MC aims to produce high variety of products in an efficient way to
respond to customer’s requirements. However, the customization must be profitable for
the manufacturer for it be a viable manufacturing strategy. Thyssen et al. (2006) note
that it is obvious that large product variety increases costs and decreases the perfor-
mance of the company operations as economies of scale diminish, and the amount of
support functions will increase. These further required support functions are seen to
enlarge the overhead costs in engineering, procurement, production, quality, and after
sales. Myrodia et al. (2021) state that variation increases complexity in manufacturing

and logistics operations, as supplier base and processes become more diverse, which
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ultimately increases costs. More specifically, the cost increases are induced from larger
inventories, increased need for planning and scheduling, and as more capital is tied into
tools and equipment. To further describe the organizational effects of MC, Shamsuzzoha
et al. (2010) note that customization increases directly the complexities in manufactur-
ing processes leading to increased costs and lower operative efficiency. Therefore, cus-
tomization can be seen to increase the resource using in manufacturing companies due

to increased operations complexity as the product variety grows.

To overcome these issues of increased costs in customization, Thyssen et al. (2006) sug-
gest modularization as a viable solution. Furthermore, Zhang et al. (2015) add that ad-
vanced manufacturing systems, transferring customization into the end of the manufac-
turing, and modularization can be used for lowering the costs of customization. Total
customization costs will be reduced as same components can be used in several product
configurations, and therefore it is seen to decrease inventory costs. At the same time,
these features are seen to improve cycle time, time-to-market duration, and operational
and manufacturing flexibility. The presented view is supported by Persson and Lanz
(2022), who note that utilization of modular and configurable product systems will help
companies to manage costs, shorten manufacturing lead time, and enable flexibility in
the production even though the number of product variants increases. In addition, cus-
tomized products can be sold with higher prices as they bring more value to the cus-
tomer since they fulfill their individual requirements. Furthermore, Deshpande (2018)
continues that as modularization enables faster time-to-market performance, it im-
proves financial and market performance as products can be sold more in terms of vol-

ume for longer time period.

Regardless of the mentioned positive features of MC, Wiengarten et al. (2017) note that
the performance benefits of MC are not studied previously enough through consistent
empirical studies. However, they report that their global survey indicates that MC strat-
egy enables manufacturers to respond to the changing market requirements and even-

tually grow their market share due to improved cost and flexibility performance.
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Additionally, Persson and Lanz (2022) studied profitability of Swedish manufacturing
companies that perform customization in their operations and discovered that the prof-
itability measure of return on assets (ROA) is significantly improved only when modular-
ization is used as a way of performing customization. Therefore, customization without
implementation of modularized products was seen to reduce profitability. Furthermore,
profitability improvement was seen to result from increased profit margin which affected
the measurement of ROA, as significant effect on asset turnover was not found. Further-
more, Deshpande (2018) studied medium and large sizes manufacturing companies in
India through questionnaires, and report that companies with good MC capabilities and
short time-to-market duration have a positive relationship with good financial and mar-
ket performance. Therefore, it can be concluded that previous empirical research shows
support for the view that customization improves financial performance of those manu-
facturers, even though more detailed and consistent empirical research is seen to be

required for evaluating further implications.

In addition to pure financial performance improvement, Wiengarten et al. (2017) note
that MC is seen to increase customer’s satisfaction linearly to the level of customization.
Shao (2020) supports the view and add that it is a basic assumption in MC that it in-
creases value creation of manufacturing companies as the products fit more closely to
customers’ requirements. According to Aichner and Gruber (2017), customer satisfac-
tion is seen to increase the number of new customers, create positive word of mouth,
and therefore improve the company revenues, profits, and total value. However, in MC
environment, customer satisfaction is seen to consist of both product and communica-
tion quality, as customer’s have a significant role choosing the product customization
details. As a conclusion, it can be noted that customization can be thought to also have
direct non-financial outcomes, but which can ultimately turn into financial improve-
ments through advanced customer satisfaction and commitment, in addition to lower
customer retention and acquisition costs. In addition, as operative costs were seen to
grow when product variety increases, the assumed higher pricing and improved profita-

bility through value added by the customization must eventually exceed the increased
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costs so that the MC manufacturing strategy can be seen as financially viable operations

strategy.

2.2 Cost accounting in manufacturing organizations

According to Pellinen (2019, p. 9), it is self-evident that managers are analytically striving
to create superior utility, and through accounting, the idea of utility can be measured in
monetary values. However, the amount of possible utility is restricted by limited re-
sources, including skilled workers, good products, and ideas, in addition to money and
capital. Therefore, cost accounting enables the possibility to perform calculus in mone-
tary terms to optimize the amount of utility while taking restrictions into consideration.
This section reviews the concept of product costing within the framework of manage-
ment accounting in manufacturing and MC environment. Furthermore, the aim of this
section of the literature view is to find the best suited costing systems within the MC
context that can include large product variety and complex manufacturing operations
that complicate the product costing process. Finding a suitable costing method and sys-
tem in such context has a significant role as accurate product cost information is required

when product profitability levels are analyzed.

2.2.1 Management accounting

For all organizations, whether they are aiming for profit of not, it is important to under-
stand their financial position. Nothhelfer (2017, p. 5-7) notes that accounting can be
generally divided into financial and management accounting based on the type of finan-
cial information that they produce. The key difference between financial and manage-
ment accounting is the target audience of the financial information. Management ac-
counting produces information for internal usage, and financial accounting for external
audiences. Atkinson et al. (2004, p. 4) specify investors, creditors, and governmental op-

erators as such external entities that are interested in the information produced by
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financial accounting. Furthermore, the emphasis of financial accounting is on its formal-
ity of the information production and historical viewpoint in the past accounting period.
According to Jarvenpaa et al. (2017, p. 19-20), the most important information that fi-
nancial accounting produces are the financial statements which include income state-
ment, balance sheet, attachments, and cash flow statement. Financial accounting is
strictly regulated by regionals laws and regulations, and the compliance and reliability of
financial statements are audited by external auditors for improved reliability. In addition
to regional laws, Ikdheimo et al. (2019, p. 30) highlight the compliance of financial ac-
counting by requirements for publicly listed companies to follow International Account-
ing Standards (IAS) and International Financial Reporting Standards (IFRS). In conclusion,
financial accounting can be seen to produce regular, locally and globally regulated, and
standardized financial information for external audiences that focuses on financial per-

formance of the company in the past.

In contradiction to financial accounting, Ikdheimo et al. (2019, p. 126) describe manage-
ment accounting to produce financial information that supports management on three
different levels including decision-making, managing personnel, and ensuring adequacy
of resources. These aspects can be evaluated from strategic, operative, and forecasting
premises. Management has a need for forecasting and evaluating financial situation of
the company in the future based on the current or foreseen development, as it enables
to act correctively if undesirable results are seen possible. Atkinson et al. (2004, p. 4-5)
emphasize the internally directed, future-oriented, subjective, and unregulated nature
of management accounting. Management accounting information is also used for un-
derstanding non-financial performance measures of the company such as success of new
products, overall quality, process times, and customer satisfaction that can be measured
also in non-monetary terms. In addition, management accounting information helps or-
ganizations to improve profitability, cut down costs, and improve their processes, as
managers and employees can base their decision-making on financial information. This
idea is supported by Bhimani et al. (2015, p. 5), who note that the most important ob-

jective of management accounting is to increase value creation of the company.
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Pellinen et al. (2019, p. 10) emphasize the importance of understanding the terminology
of cost accounting. Atkinson et al. (2004, p. 34—-36) define cost as the monetary value of
goods and services that are acquired with profit motive. In manufacturing, costs can be
divided into direct and indirect manufacturing costs. Direct manufacturing costs include
material and labor costs that are traced directly to the product by their resource or ma-
terial using, whereas indirect manufacturing costs are formed by overhead costs such as
marketing, R&D, aftersales, and other non-direct costs that are indirectly related to the
product. To determine the indirect costs of a product, a cost allocation method must be
used. Furthermore, total product costs include all the manufacturing costs including
both direct and indirect costs in total. Bhimani et al. (2015, p. 31, 34) define cost object
as a separately defined item, such as a product or service, to which costs can be assigned
in monetary terms. In addition, variable costs can be defined as costs that change pro-
portionally to the product volume, whereas fixed costs stay the same and do not change
according to the production volume. Finally, cost assignment can be seen to present the

process where indirect costs are assigned, and direct costs traced to the cost object.

According to Jarvenpaa et al. (2017, p. 15, 36—38), management accounting has devel-
oped towards more strategic position in organizations, as it supports company opera-
tions within the whole value chain. These strategic dimensions include strategic cost
management, activity-based costing, target cost management, key performance indica-
tors, lifecycle costing, and market analysis. Moreover, management accounting supports

decision-making in several circumstances that are summarized in the table 2 below.
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Table 2. The roles of management accounting (Jarvenpaa et al., 2017, p. 36—-38)

Decision-making situation Support from management accounting
Investment decisions Investment profitability evaluation, disinvestment analysis
Product decisions Pricing and product profitability analysis, product costing,

make-or-buy-analysis

Customer related decisions Customer profitability analysis

Process development decisions | Analyzing the effect of process performance improvement
on profitability

Strategic decisions Strategy evaluation calculations, growth potential analysis,
understanding competitors

Environmental and social deci- Evaluating the effect of operations on social and environ-

sions mental goals

Therefore, it can be concluded that management accounting practices produce such fi-
nancial and non-financial information that supports decision-making, planning, and fore-
casting of company operations throughout the whole organization from operative to
strategic level. Management accounting information is subjective, and its extent and ac-
curacy can be adjusted based on the needs of the organization itself as it is the only user
that takes advantage of it. However, the created financial information must be accurate

and useful in order to bring value to the decision-making.

2.2.2 Costing systems in general

According to Ikdheimo et al. (2019, p. 128-130), even though management accounting
generally consists of several important assignments in company’s decision-making, cost
accounting can be seen to present the foundation of management accounting, since it
produces relevant information for the other uses. In addition, Pellinen (2019, p. 43-44)
continue that product costing has a major emphasis in cost accounting, as it produces
relevant information for company’s decision-making. Consequently, product cost infor-
mation is used for inventory valuation which is eventually used in financial statements
that are produced by financial accounting, thereby creating a connection between man-

agement and financial accounting. Furthermore, Fisher and Krumwiede (2015) add that
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generally accepted accounting principles (GAAP) and IAS require using a reasonable and
systematic costing system that can be used for determining the costs of goods sold to be
used in financial reporting. In general, Hoozée and Hansen (2018) state that all costing
systems are fundamentally used for understanding of how product costs are generated
by resource using. In manufacturing industry, costing systems follow a certain schematic
structure, where indirect costs are assigned for specific operations which are allocated
eventually to cost objects for calculating total product costs. However, costing systems
must rely on estimated information when costs are allocated to cost objects since fully
accurate costing system would be too expensive for companies to construct, and it would
not therefore serve the management needs. Chen and Wang (2007) support the pre-
sented view and note that the purpose of product costing is to estimate the overall costs

of a product which eventually helps with pricing the product.

Furthermore, Bhimani et al. (2015, p. 4) define cost management as planning of costs in
general and cutting away costs that do not increase value for the customer. Therefore,
cost management presents a broader concept that includes cost accounting as one of its
managing mechanisms. This is supported by Radionova et al. (2019), who describe cost-
ing systems to be included in cost management methods and add that product costing
is a complex process as costs arise from multiple sources, and companies must apply a
suitable costing system to fit their needs. Furthermore, as this research has a focus on
cost accounting and applicable methods in complex manufacturing, less emphasis in
given for other cost management tools. Therefore, other cost management methods are
excluded from this review, as they do not particularly present a practice for allocation

costs but a paradigm for managing costs in overall.

Atkinson et al. (2004, p. 79, 123) divide costing systems into three general groups includ-
ing job-costing, process-costing, and activity-based costing (ABC) based on their nature,
even though they all allocate costs to cost objects but in a dissenting practice. Bhimani
et al. (2015, p. 32, 57-58, 86, 318) share the idea of two traditionally used costing sys-

tems but refer (ABC) systems as more exact approach for product costing. In job-costing,
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allocation of indirect costs is done by assigning the partial cost of each manufacturing
transaction to the cost object that is responsible for the resource using. Process-costing
is often used in homogenous mass production where resource costs can be allocated to
cost objects by dividing overall costs and using averages as an allocation method. ABC
utilizes calculating the sum of costs in each activity, and then assigns those costs to cost
objects based on their usage of those needed activities for producing the product or
service. However, costing systems are often mixed as hybrid models to aim for more ac-
curate costing instead of using single system only. General idea of the relationship be-
tween different costs and how these costs are allocated and traced into cost objects is
presented in the figure 4. below. Additionally, to these mentioned costing systems, Ja-
rvenpaa et al. (2017, p. 131-132) note that standard costing enables an easy practice to
determine product costs based on standardized costs for direct material and labor. Fur-
thermore, standard costing enables easy comparison and analysis between standard and

actualized costs based on changes in prices and quantities.

. Cost tracing
Direct costs —

Cost object

Cost allocation

Cost assignment

Indirect costs

Figure 4. Basic principle of costing systems (Bhimani et al., 2015, p. 32)

As a conclusion, costing systems can be thought to construct a framework and method-
ology on how indirect costs are allocated to products, services, and other cost objects in
a sufficiently accurate way that it supports decision-making in the company. As a result
of the costing process, an estimated total cost of a cost object is determined. Manufac-
turing companies can choose and combine different costing systems based on their op-
erating model, product offerings, and available resources in order to fulfill their needs
for cost information. However, the traditional costing systems are not explicitly suitable

for every type of manufacturing operations, and improved costings systems are
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presented in previous literature as more suitable alternatives in more complex manufac-

turing environment that has large product variety.

2.2.3 Available costing methods for mass customized products

Afonso et al. (2021) note that traditional costing systems are not sufficient in current
complex manufacturing environment, and therefore do not support managerial decision
making. In addition, traditional manufacturing operations can be unreliable and there-
fore result in high variability which eventually affect the product cost calculations as they
do not include variation in the costing. Furthermore, Myrelid and Olhager (2019) em-
phasize the importance of accurate product costing in manufacturing industry as it helps
to recognize the most profitable products and that deficiencies in traditional product
costing systems in modern and complex manufacturing must be acknowledged. Accord-
ing to Chiarini and Vagnoni (2017), current manufacturing environment is described to
be digitalized, market oriented, and complex with frequently changing environment. This
view is shared by Quesado and Silva (2021), who add that traditional costing systems
have been critiqued for not fulfilling organization’s requirements, which has led to de-
velopment of costing systems. Therefore, new costing systems have been introduced for
current environment to be suited better in the needs of manufacturing organizations. In
addition, ABC has been developed further during the recent years, and it has been a
common subject for research. As a conclusion, previous research shows support to the
view that traditional costing systems are not fully functional in MC environment, which

has led to the development of improved costing systems.

In previous literature, advanced costing system suggestions are found to be more suita-
ble in more complex manufacturing environment. These include lean accounting,
throughput accounting, time-driven activity-based costing (TDABC), and mathematical
models for cost estimation and data modeling in previous and already existing costing
systems (Myrelid & Olhager, 2015; Vedernikova et al., 2020; Niazi et al., 2006; Afonso et

al., 2021). However, Quesado and Silva (2021) suggest ABC as a viable and particularly
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competent costing system also in complex manufacturing environment. In adequately,
lean accounting, which is based on value stream costing, is only suitable in well-estab-
lished lean manufacturing organizations (Myrelid & Olhager, 2015; Ruiz-de-Arbulo-Lopez
et al., 2013). Moreover, throughput accounting, that is based on weakest links of manu-
facturing operations and theory-of-constraints (TOC), enables to determine the rate of
the best economic performance at where the organization can operate usually in short-
term, and therefore do not perform as a costing system that estimates total product
costs (Jassem, 2021; Novak et al., 2016). Even though, lean organization could utilize MC
as a manufacturing strategy, it must be excluded from the viable costing systems for MC
as it is applicable only in lean organizations, which reduces its suitability in most organi-
zations. Therefore, the remaining applicable costing systems in MC environment include
ABC, TDABC, and the mathematical models for cost estimation. These mentioned costing
systems are reviewed to understand their mechanisms and suitability in MC manufac-

turing environment with large product variety and ETO products.

(a) Activity-Based Costing

Even though Atkinson et al. (2004, p. 79) mentioned ABC as one of the common costing
systems, Quesado and Silva (2021) suggest ABC as a viable costing system also in com-
plex manufacturing environments since it is seen to overcome issues in traditional cost-
ing systems with more precise cost allocation. In addition, ABC is seen to be best suited
costing system in companies that have large amount of indirect costs, large product
range, and diversified customers requiring tailored services. MC. Laith Akram et al. (2017)
continue that ABC is well-applicable in organizations that have complex operations with
several products and machines. These views can be seen to support the applicability of
ABC in MC manufacturing. The superiority of ABC is supported by Jarvenpaa et al. (2017,
p. 147-150), who note that based on previous literature and practice, ABC is the most
efficient model for allocating indirect costs to cost objects. By comparing job-costing and

process-costing to ABC, it aims to prevent systematic volume error which results from
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insufficient manufacturing indirect cost allocation in those traditional costing systems
where differences in production resource using is not typically considered. Due to the
systematic volume error, costs are often miscalculated for customized products as too
low, and too high for standardized products. Therefore, usage of traditional costing sys-
tems in MC environment can be seen to results in increased costing errors both in stand-

ardized and broadly customized products.

According to Jarvenpaa et al. (2017, p. 147-148), ABC deploys resource drivers and cost
drivers to allocate indirect costs. Resource drivers simulate resource using as precisely
as possible and allocate costs from resource using to activities based on time-consump-
tion, batch quantity, order related changes, or actual resource consumption. From the
activities, the costs are eventually allocated to cost objects by using cost drivers. Bhimani
et al. (2015, p. 318) continue that identifying related activities is necessary when imple-
menting ABC. Additionally, ABC performs particularly well in allocating indirect costs, as
direct costs can be traced easily to cost objects. Thyssen et al. (2006) describe that re-
source drivers are used for creating activity cost pools based on indirect resource costs.
In addition, the hierarchical nature of resource drivers and cost drivers in activity-based
cost models have an emphasized position, as they aim to avoid allocating costs arbitrary
to wrong cost objects. In the ABC hierarchy, each hierarchy level has separated activities,
that enables more stable costing at lower levels regardless of activity fluctuation on

higher costing levels.

As a result of more accurate product costing, Pham et al. (2021) found in their research
that ABC implementation improved financial performance in Vietnamese companies in
uncertain business environment. The effect on improved financial performance is sup-
ported by Charaf et al. (2022), who detected in their study that ABC implementation
affected positively the performance of Moroccan companies, as it enhanced decision-
making, overall quality, communication, and customer satisfaction within the company.
In contradiction to these reported positive effects of ABC, Laith Akram et al. (2017) found

no significant difference in profitability based on financial ratios in manufacturing
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companies in Jordan before and after implementation of ABC. Therefore, previous liter-
ature suggests ABC as beneficial in complex operations, but not all empirical evidence

support the view.

Regardless of the mentioned positive features, ABC has been critiqued for its high im-
plementation costs and maintenance needs, non-compliance to other financial reporting
methods, demanding requirements for information systems and personnel in order to
implement ABC, in addition to that current systems are seen as satisfactory (Barros &
Ferreira, 2017; Pietrzak et al., 2020). Therefore, no need for improved costing systems
have been seen which has resulted in low implementation level of ABC. Furthermore,
Barros and Ferreira (2017) continue that ABC consumes too much time in organizations
when activities and their resource drivers are evaluated through subjective surveys.
Therefore, it has increased inflexibilities and decreased the accuracy of the whole costing
system. Moreover, Mazbayeva, et al. (2022) note that previous studies recognize the low
and variating level of ABC implementation. In advanced and western countries, the im-
plementation level has been averaging between 32-78 % in different studies, whereas

in developing countries the average has been 4-20 %.

Chen and Wang (2006) note that implementation of ABC in MC environment is difficult
due to the complexity induced issues related to growing number of activities and under-
standing their interconnectivity and relationships within the operations. However, they
contribute to the cost model discussion in MC context by presenting a reversed ABC
based solution for determining product costs and tackling the mentioned problems. The
proposed model is a generic activity-dictionary-based-costing model that aims to over-
come these issues by integrating information of activities, product families, knowledge
of production, and accounting data. As a result, the model utilizes closed-loop frame-
work for determining total product costs based on design specifications of the product.
Furthermore, it also enables estimating costs of new products based on previous cost
information and estimated activity consumption. Zhang and Tseng (2007) also present

an ABC framework for MC products that enables product costing for products with
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multifaceted features and characteristics. The model is based on generic bill-of-material
for a product that can be modified based on required customization, and the variations
effects on required activities in the product manufacturing can be built in the model
resulting in more accurate costing. These examples demonstrate the applicability of ABC
in MC manufacturing, and that successful implementation in such environments exists
in previous research. As a conclusion, ABC cannot be excluded in the review of applicable
systems in MC manufacturing environment as it is still a viable and detailed method in
product costing, and its effects are multidimensional within the organization instead of
only producing more accurate cost information, even though the barriers for implemen-

tation are high.

(b) Time-Driven Activity-Based Costing

During recent years, ABC has been developed further, and it has been a major subject
for research (Quesado & Silva, 2021). For example, Barros and Ferreira (2017) describe
time-driven activity-based costing (TDABC) as an improved version of common ABC sys-
tem, as it easier and cheaper to implement, and it can include complexity and variability
of the company operations in the product costing also in manufacturing industry. TDABC
is built on allocating resource costs directly to cost objects by utilizing capacity cost rate
and the actual time used for completing the activity. The concept of capacity cost rate is
defined in the equation (1) below where the numerator includes the resources used in
the activity, and denominator describes the actual time that is spent to perform the ac-
tivity in the defined cost center. After these two parameters, are defined, they are mul-
tiplied to assign indirect costs to cost objects based on time equations, where the mul-
tiplier is defined as cost-driver rate. Furthermore, Namazi (2016) notes that TDABC do
not participate in the first cost assignment process that is included in ABC, and instead

focus entirely to assign costs from resources to cost object using time as a cost driver.

Cost of capacity supplied

(1)

Capacity cost rate = , ; ,
Practical capacity of the resources supplied
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According to Barros and Ferreira (2017), the strength of TDABC is that it does not require
making subjective and time-consuming surveys for personnel when comparing to com-
mon ABC. This is seen to improve the accuracy of the costing, but also cut down the costs.
Stout and Propri (2011) continue that TDABC bases the cost allocation solely on time
estimates, and therefore does not require collecting subjective and time-consuming data
to form the resource pools that are necessary in common ABC. Furthermore, TDABC has
similar positive features as ABC, since it enables costing in complex business environ-
ments, but with improved maintainability of the costing process. However, TDABC does
not guarantee more precise costing, but it offers transparent way to allocate costs based
on resource consumption on each activity. Namazi (2016) also compares TDABC to ABC
and add that TDABC implementation is seen to enable companies to improve their cost-
ing processes by more accurate costing in complex and variating operations environment
by simply driving costs from resources to cost objects by estimating the time spent. In
addition, it reveals how the capacity is used within the operations, as capacity cost rate
calculations determine how much of the free capacity is utilized within the operations.
Regardless of the positive effects, TDABC is only applicable if time can be used as a sole
cost-driver, and it also requires data collection from the operations, and managers time
estimations may be inaccurate. In addition, it lacks empirical evidence of how accurate

the costing is.

According to Oker and Adigiizel (2016), TDABC can be implemented in manufacturing
environment, even though it is easier to apply in service industry. They base their view
on difficulties to measure capacity in manufacturing environment based on time. How-
ever, Barros and Ferreira (2017) note that even though TDABC is mostly studied in service
industry, their study proposed that is well applicable in manufacturing industry, and it
can include variations in the processes. Soufhwee et al. (2019) stated in their study
where TDABC was implemented in automotive part manufacturing company costing pro-
cess simulation, that TDABC was more accurate costing system when compared to the
previously used conventional ABC. The main benefit of TDABC was that the resource

drivers were based on accurate measures resulting in better cost allocation. Furthermore,
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the costing results could be enhanced with improved data collection, processing, and
simulation based on the concept of Industry 4.0. In a study comparing costing error be-
tween ABC and TDABC, Hoozée and Hansen (2018) found out TDABC to provide more
accurate cost information only in situations when resources can be easily traced to ac-
tivities, for example in specialized manufacturing. In other situations, traditional ABC had
lower costing error. Therefore, TDABC can be thought to be well suited in MC manufac-
turing environment if time can be used as the main resource driver and the resource
costs can be driven straightforwardly to activities. It is seen to enable similar benefits as
ABC but with cost-efficient and otherwise easier implementation and maintenance pro-

cesses, which can be seen as an improvement to traditional ABC.

(c) Cost estimation models

In addition to separate costing models for determining calculated product costs, cost
estimation models and more developed data modelling methods have been presented
in previous literature. To describe cost estimation methods, Ning et al. (2020) note that
they differ from cost calculations, as in cost estimations organizations do not have the
required manufacturing details to determine the direct and indirect costs of the produc-
tion processes, and therefore the costs need to be estimated. Chen and Wang (2006)
recognize the issue and continue that the resource usage is not known before the prod-
uct is manufactured, which emphasizes the important role of cost estimation especially
with new and previously unmanufactured products. Therefore, cost estimation offers a
solution to determine the costs of those products that have not been previously de-

signed or manufactured.

Niazi et al. (2006) present techniques that are used for estimating product costs. These
techniques are divided hierarchically into groups of qualitative and quantitative tech-
niques. Foremost, qualitative cost estimation utilizes previous cost information to deter-

mine costs of new products based on the similarities and characteristics of the new
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product. Whereas quantitative techniques base their cost estimation on analysis of the
design characteristics and manufacturing processes. To calculate the costs in quantita-
tive models, analytical functions with variable parameters are used for describing re-
source using in the operations. Furthermore, Hooshmand et al. (2016) present that each
technique has their best suited applicability in different types of product costing situa-
tions depending on the design phase of the product. The characteristics, differences, and

suitability of each cost estimation technique and occasion are presented in the figure 5.
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Figure 5. Cost estimation techniques (Niazi et al., 2006; Hooshmand et al., 2016)

Hooshmand et al. (2016) present a generic cost estimation model for ETO manufacturing
organizations based on parametric approach which estimates costs by utilizing reference
structures. Within the model, the costs of new products are determined by comparing
new product variants to previously produced or basic products based on their character-
istic and cost elements. The presented cost estimation model includes four different
equations, where the first two equations include defining costs for structure elements
and estimating the total costs for the new product variant based on the costs of structure
elements. More specifically, in the first step, weighting factor is used for determining the
costs of new product variants based on the differences and similarities in the product

characteristic and comparing those to the standard product. In the third and fourth step,
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the costs of new products are re-estimated if the customer changes have been added
during the product development phase. Therefore, the model enables companies to es-
timate the total costs of new products including the costs of product development with
transparent and accurate measures. However, it must be noted that even though the
presented model is presented as easily applicable, it is only suitable if the costs are de-
termined for the previous products so that the comparison with the weighting factor can
be done. Therefore, a suitable costing system must be implemented before this estima-

tion for new products can be used.

Additionally, Afonso et al. (2021) present and define stochastic approach for costing
models as a set of random variables in a mathematical set that operates through a pro-
jection model which enables estimating probability distributions and analyzing the costs
of products in manufacturing environment. In comparison to traditional deterministic
costing models, stochastic approach takes variability of cycle-times into consideration in
the costing process, and therefore provides a range of different results of the total prod-
uct costs depending on the risks, variability, and uncertainties. In addition to the data
modeling framework, a new costing model is presented, even though the stochastic
method is also applicable in ABC model. Therefore, cost estimation models can be also
included as a part of other costing systems for creating a hybrid model to seek improved

performance for the accuracy of the costing process, as Bhimani et al. (2015) suggested.

These reviewed costing methodologies, including ABC, TDABC, and cost estimation mod-
els, enable calculating, determining, and estimating total costs of cost objects in manu-
facturing environment with large variety of products that have distinct product features
and multifaceted operations with repetitive or completely new products or product var-
iants. As stated earlier, all costing systems trace direct costs and allocate indirect costs
to cost objects, but merely the practices are different. However, traditional costing sys-
tems were seen to result in inaccurate costing results in MC manufacturing environment

with highly customized products due to systematic volume error which has resulted in
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improvement of costing systems. The key characteristics of the reviewed systems and

their suitability in MC environment are summarized in the table 3. below.

Table 3. Applicable costing systems in MC with fully customized products

Costing Advantages Limitations References

method

ABC Accurate product cost- Data collected through (Quesado & Silva,
ing results, can include | surveys can be subjective | 2021; Laith Akram et
product variation and causing costing errors, al., 2017; Jarvenpaa et
complex manufacturing | the implementation, al., 2017, p. 147-150)
processes, efficient and | maintenance, and man-
precise cost allocation aging are difficult and
of indirect costs costly

TDABC Easier to implement, Can be only used in oper- | (Barros & Ferreira,
maintain, and manage ations where time can be | 2017; Namazi, 2016;
than common ABC, ap- | used as an only cost- Oker and Adigiizel,
plicable in complex en- | driver, only few examples | 2016, Soufhwee et al.,
vironments with large of implementation in in- | 2019; Hoozée & Han-
variety of products and | dustrial environment, is sen, 2018; Stout &
manufacturing opera- seen to be more suitable | Popri, 2011)
tions, provides accurate | for service industry
costing results

Cost estima- | Large variety of tools Requires previous cost (Niazi et al, 2006 &

tion models | for different situations, | information as estima- Hooshmand et al.,
also suitable for prod- tions rely on previous 2016)
ucts that have not been | cost data, not specifically
manufactured before costing systems but offer
and therefore applica- possibilities to estimate
ble especially for ETO product costs in overall
products

2.2.4 The most suitable costing system within MC

As discovered, customization increases the complexity of the company operations as
product variation grows. To describe the issues induced by the complexity, Cicconi et al.
(2020) state that estimating costs and providing accurate quotations is a significant prob-
lem in especially ETO performing companies. It is important for manufacturing compa-
nies to provide competitive bid as fast as possible with high level of accuracy on cost

estimation to provide fast response time for customers and avoid financially poor
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decisions, even though time and accuracy are seen to be contrary to each other.
Lokkegaard et al. (2022) add that process complexity induces cost complexity within the
whole product lifecycle. In order to manage the complexity costs and product offerings,
unprofitable products must be discontinued, which is especially difficult in ETO compa-
nies, as the products may not have been created yet. Therefore, cost estimation of new
products based on similar but previously produced products has an important role in
product estimation, but they rely on previously calculated product costs which initially
require using a costing system to discover those earlier costs, thereby decreasing the

role of cost estimation models.

Applicability of TDABC as suitable costing system is promoted in complex operating en-
vironment with large product variety with reasonably easy implementation process to
calculate the total product costs of products and their variants also in manufacturing
environment (Barros & Ferreira, 2017; Oker & Adigiizel, 2016; Namazi, 2016). Further-
more, Fisher and Krumwiede (2015) state that perfect costing system is nonexistent, and
that those different systems must be evaluated within different environments through
the measures of convenience, costing accuracy, and costs sunk in the implementation
phase. Therefore, from the reviewed costing systems, TDABC can be seen to have such
features that enables efficient product costing in manufacturing environment with large
product variety and diverse operations. ABC implementation was seen to include several
barriers in implementation and updating the system, whereas traditional costing systems
are not sophisticated enough to include large customization level. Furthermore, cost es-
timation models are more applicable in situations where products are not yet produced
or designed, but other data modelling possibilities could be implemented together with
TDABC as well. Additionally, as Persson and Lantz (2022) stated, product modules can be
treated and managed as separate products. As modular and configurable products are
seen to have similar features in their architectural product structure, they can therefore
be seen to enable determining total product costs for those modules and configurations
separated from the main product as well. When reviewing ETO performing mass custom-

izers, TDABC is particularly suitable in environments of repeatable and basic ETO that
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were presented earlier in the figure 2., as the production quantity is larger, and products

are simpler in engineer-wise, thus making the production and costing more repeatable.

As previously presented, Barros and Ferreira (2017) note that capacity cost rate, which
is introduced in the equation (1), is used for allocating resource costs directly to cost
centers based on the time spent on performing the activity on each department. The
time spent can be discovered through staff and management questionnaires, in addition
straight or historical data-based observations. Balakrishnan et al. (2012) add that in the
costing process, time equations are developed for each cost object that determine the
guantity of how much of the particular resource is used to complete the transaction
within the resource department. Therefore, total product costs can be determined by
multiplying the capacity cost rates with the amount of resource used. Furthermore, to
describe the TDABC implementation process, Ganorkar et al. (2018) present a two-step
framework that enables manufacturing companies to easily implement TDABC in their
operations. The presented framework includes the capacity cost rate defined as cost
driver rate, and the time equation as a cost of an activity. The implementation process is

presented in the figure 6. below.

Step 1: Assign overhead costs to an activity and calculate capacity rate of activity
- Identify various activities
- Identify various overheads to an activity
- Determination of cost driver and practical capacity of overheads
- Calculate cost driver rate for overheads
- Assignment of overhead costs to an activity and calculate cost of activities
- Estimate practical capacity of activities
- Calculate the cost driver date of activities
Step 2: Assign activity cost to product cost
- Determine the practical capacity of activity consumed by the product
- Determine cost of activities consumed by the product
- Final cost calculation

Figure 6. TDABC implementation procedure (Ganorkar et al., 2018)

As a conclusion, TDABC offers an efficient way to allocate indirect costs to cost objects
based on the actual time spent on activity execution which directly determines the

amount of resources used. It is seen to result in accurate cost estimation calculations for
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large variety of different or customized products also in manufacturing environment that
has multifaceted operations. Whereas traditional costing systems enable more easier
implementation and simplified product cost calculations, their accuracy is seen to be
lower due to systematic volume error with customized products. In addition, implemen-
tation and maintenance of TDABC were seen to be moderately easy when comparing to
conventional ABC. However, TDABC is only applicable if time can be used as an only cost
driver which also exposes it to costing errors due to subjective or inaccurately calculated
time estimations. As an answer to the first research question, ABC, TDABC, and cost es-
timation models can be presented as such suitable methods that enable determining
total product costs in MC manufacturing. In addition, because of the functional benefits
of TDABC, it can be presented as the most suitable costing system within such MC man-
ufacturing environment that has a large variety of products including those products that
require engineering in the delivery process with the condition that those products are

repetitive with low engineering complexity level.

2.3 Product profitability

According to Drury and Tayles (2006), recent management accounting research suggests
that product profitability analysis is regarded as one of the most important activities in
management accounting practices, since it enables identifying those products that are
unprofitable for the company. Therefore, product profitability and its analysis have es-
sential roles in managing the economic performance of the company. In this subchapter,
the subject of product profitability and its analysis are overviewed. This section of the
literature review connects mass customization with highly customized products and the
importance of suitable costing system implementation within such environment to ena-
ble the evaluation of accurate product level profitability. Therefore, product level profit-
ability can be seen to tie these presented topics to a comprehensive entity that is built
on MC and valid costing method, as it indicates the additional value created by the cus-

tomization of products.
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2.3.1 Financial performance and product profitability

According to Abdul Manaf et al. (2021), profitability has a significant role in ensuring the
survival of the company in the long run, and it is often described through measures of
revenue, profits, and stock valuation. Jarvenpaa et al. (2017, 101-102) present that cost-
volume-profit (CVP) analysis is used for evaluating profitability of products, services,
business units and sectors, and overall profitability of organizations. Based on the CVP
analysis, companies can determine contribution margin of their products by subtracting
variable costs from the revenues. To proceed with the calculations, total profits are cal-
culated by subtracting fixed costs from the contribution margin. By examining profitabil-
ity of their products, organizations can recognize their most profitable products and in-
crease understanding of related costs behind certain products. Furthermore, CVP analy-
sis assumes that the costs can be divided into variable and fixed costs, and that they
react correspondingly if the sales or operations grow or diminish. However, the analysis
does not take economy of scales into consideration, but it nevertheless provides an es-
timate of the total profitability of the cost object in a reasonable manner. CVP analysis

method is presented in the figure 7. below.

Revenues

- Variable costs
= Contribution Margin

- Fixed costs
= Total profit

Figure 7. CVP analysis framework (Jarvenpaa et al., 2017, p. 101)

To further describe product profitability analysis, Brierley (2016) divide it into two main
categories including product profitability analysis (PPA) and customer profitability anal-
ysis (CPA). Whereas CPA is used for determining revenues, costs, and profits of distinct
customers of an organization, PPA focuses on products instead. The role of precise cost
information for profitability analysis is recognized by Drury and Tayles (2006), who em-

phasize the interconnectivity of costing systems and PPA, as product costing enables
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companies to generate such cost information that allows measuring profitability of cost
objects periodically and in hierarchical levels from product level to business unit level.
Therefore, cost information generated by costing systems has an emphasized role in the
profitability analysis. As a result, ABC is suggested as a suitable costing system for deter-
mining product cost information in profitability analysis due to inaccurate costing results
of traditional costing systems. In a study conducted by Oker & Adigiizel (2016), TDABC is
used for product profitability analysis together with CVP framework to determine prof-
itability levels of varying products. The benefits of using TDABC utilization in profitability
analysis include accurate cost allocation of fixed overhead costs to cost objects. By eval-
uating the results of the product profitability analysis, TDABC found differing results
when compared to standard costing method. The standard costing was seen to under-
estimate the total costs of the products, and the total gross margin percentage of 10
individual products dropped 11 percentage points when analyzing profitability through
TDABC. The usage of TDABC as a tool for profitability analysis is also supported by Namazi
(2016), who present previous studies that discovered TDABC to improve the understand-
ing of profitability formation when comparing it also to common ABC. Thus, accuracy of
product level profitability analysis can be seen to be dependent on costing systems, as
they determine the total costs for products, in addition to other cost objects as well,
such as separate customers in CPA. Therefore, connectivity between CPA and PPA can be
seen analogous as they both evaluate the profitability of a certain cost object. Further-
more, it can be concluded that the performance of costing systems directly affects the

accuracy of profitability analysis as they are based on those product cost calculations.

When evaluating product level profitability in ETO context, Lokkegaard et al. (2022) note
that profitability analysis is inevitably more difficult as complexity increases in R&D, man-
ufacturing, supply chains, and professional skills. In addition, ETO products face large
amount of cost uncertainty as the costs of materials and labor, in addition to required
engineering hours may vary greatly. Furthermore, Jarvenpaa et al. (2017, p. 148), note
that traditional costing systems often result in too low total product costs in customized

products because overhead cost allocation do not sufficiently detect differences
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between company operations. Therefore, it is essential for companies to seek and estab-
lish accurate costing systems for fully customized and ETO products in MC manufacturing

to accurately examine their product cost structures and profitability.

According to Abdul Manaf et al. (2021), profitability analysis has a significant role both
in practice and research, where special focus is targeted on variable factors that affect
the profitability. As already presented in the introduction of this research, Fisher and
Krumwiede (2015) describe an example of a manufacturing company that was able to
perform more detailed product profitability analysis by implementing a more suitable
costing system. Eventually, the company discovered that 30 % of their 130 000 products
were reducing the profitability of the company. However, Drury and Tayles (2006)
acknowledge that previous literature lacks empirical analysis of product profitability,
whereas more research is available regarding company-level profitability. To further em-
phasize the role of PPA in management accounting practices, their questionnaire-based
research shows that profitability analysis for cost objects is a used as a management
accounting tool at least once a year in 91 % of the responding UK based companies. In
addition, Brierley (2016) studied standard and high-customized product manufacturing
companies and discovered that 86,5 % of the respondents perform product profitability
analysis within their organization and consider it to be very important. However, the
largest barriers not to perform profitability analysis is the lack of adequate accounting
software, and possibilities to invest in such applications. Furthermore, the study shows
that PPA is done to improve the product profitability by making corrective actions to low
profit products. As a conclusion, it can be noted that even though PPA has a major role
within management accounting practices, previous literature lacks examples of manage-

ment accounting practices, methods, and related empirical research.

In contradiction to PPA and CPA that can be determined by using CVP analysis on product
or customer level, Jarvenpaa et al. (2017, p. 316—-318) present profitability analysis
measures that can be calculated based on financial statements. Commonly used profit-

ability measures include gross margin, earnings before interest, taxes, depreciations, and
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amortization (EBITDA), earnings before interest, and taxes (EBIT), net operating profit
after taxes (NOPAT), return on investments (ROIl), return on assets (ROA), and return on
capital employed (ROCE) which are calculated based on generally accepted equations.
Furthermore, Abdul Manaf et al. (2021) describe such measures suitable for corporate
level profitability analysis. Thus, these presented profitability measures demonstrate
only the profitability of the whole organization at company level based on the financial
statement, and do not therefore enable evaluation of product profitability on more de-

tailed level.

In addition, to describe a separate approach for analyzing financial information, Stock
and Watson (2020, p. 43) note that econometric models can be applied for evaluating
and forecasting values of economic variables, such as sales, growth, or stock prices
through numerical values obtained from statistical methods. To put it briefly, economet-
rics enable utilizing mathematical and economic models together for analyzing financial
data based on real-life measures, and its methods are commonly applied both in micro-
economics and macroeconomics, marketing, and finance. Furthermore, applying such
econometric models provide quantitative answers based on quantitative data. However,
direct applications of econometric methods in management accounting were identified
not to be common in previous literature. Nevertheless, Burja (2011) present a multi var-
iable regression model for forecasting profitability of industrial companies based on their
financial measures obtained from financial statements. The presented results show sta-
tistically significant relationship between the performance level of the company and ca-
pability to manage resources. In addition, van Triest et al. (2009) studied how customer-
specific marketing affected customer profitability through multiple variable regression
models which is fundamentally implementing econometric models in management ac-
counting practices. Furthermore, Hada et al. (2018) also presented a multiple regression
model for forecasting net profits of furniture manufacturing companies based on inde-
pendent variables of value added, employee expenses, liability structure, turnover, and
inventory levels. These examples present an additional and more detailed methods for

evaluating and forecasting profitability levels based on statistical analysis.
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As previously noted, a simple CVP analysis can be applied to discover the profitability of
certain products, customers, or other defined cost objects. Similar to CPA and PPA, CVP
analysis is also dependent on accurate product costing since it has a direct role in the
accuracy of the total profit calculations. By reviewing statistical methods in previous
profitability analysis research in manufacturing environment, most research focus on in-
dustry, company or organizational level profitability measurements based on profit to
sales, ROA, and ROE through correlation and regression analysis (Yang & Tsou, 2017;
Dalci, 2018). However, Cermak (2015) present a quantitative customer profitability anal-
ysis model that measures customer profitability based on weighted average contribution
margin ratio, in addition to profitability ratio. The data used in the analysis was based on
the cost information obtained from the costing system of the case company, which was
evaluated to be detailed enough regardless of its limitations. Regardless of scarce empir-
ical studies of implementing such econometric or general statistical models in manage-
ment accounting practices, they nevertheless present viable and applicable methods to
be implemented inside of a company to support managerial decision making based on

the available profitability data.

2.3.2 Profitability improvement in manufacturing environment

According to Drury and Tayles (2006), after profitability levels of products are identified,
their profitability can be improved by targeting attention on redesigning the product and
outsourcing related activities to seek lower product costs. Ultimately, cost reductions
could result in discontinuing recognized unprofitable products. As discovered earlier, in
MC environment, profitability and economic performance can be improved by applying
configurable products and product modules to strive for automated operations, and to
achieve economies of scale, shorter lead times, and improved quality in the manufactur-
ing operations, by improving the customer value creation at the same time (Thyssen et
al., 2006; Zhang et al., 2015; Persson & Lanz, 2022; Deshpande, 2018; Willner et al.,
2016). In addition, implementation of ABC, was seen to improve financial performance

of manufacturing companies in case studies conducted by Pham et al. (2021) and Charaf
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et al. (2022), even though Laith Akram et al. (2017) did not discover it to have any signif-

icant difference in profitability.

To further describe the impact of product design, Guo (2010) conducted quantitative
research on how product design affect company level profitability based on financial in-
formation from annual reports. Firstly, product design was defined as a conception that
optimizes the functionality, value, and external look of the product that both the cus-
tomer and the manufacturer benefits from. Therefore, design aspect also affects the
manufacturing operations by how easy the manufacturing processes are to execute, and
how materials are used. The research concluded through statistical analysis that product
design has a significant role in improving the financial performance within different in-
dustries, by increasing sales and cutting down costs. Furthermore, Liu and Tyagi (2017)
note that outsourcing enables companies to transform fixed costs into variable costs and
suggest that it allows companies to maintain higher pricing in addition to more central-
ized focus on focal business transactions optimally resulting in improved profits. There-
fore, these observations can be seen to support the view of improved product profita-
bility by setting product design and outsourcing of related activities as targets of atten-

tion presented by Drury and Tayles (2006).

Jarvenpaa et al. (2017, p. 212-213, 230) present an additional perspective to the profit-
ability discussion, and emphasize the effects of pricing on profitability, as sold product is
only profitable if its selling price exceeds the costs required to produce it. However, pric-
ing do not merely affect the profitability of the company, but it has a direct impact on
the number of sales, and therefore it is seen to require precise analysis to maintain a
beneficial ratio between sales and profitability. Different pricing strategies can be divided
into five main categories including cost-, market-, target-, value-, and agreed price -based
pricing strategies which are presented in the table 4. To describe pricing strategies within
different industries, Mikulskiené and Moskvina, (2020) state that value-based pricing is
seen to be the most profitable pricing method in most industries. In addition, it is seen

to be best suited pricing method in MC environment as products are continuously
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developed for improved value creation, and market-based pricing is less relevant for
those MC manufacturers. The recommended suitability of value-based pricing in mass
customized products can be seen to have a certain continuity with previously presented
view by Shao (2020), who acknowledged the added customer value and higher pricing
in customized, customer-specific, products, as customization is done explicitly to in-

crease the value experienced by the customer.

Table 4. Different pricing strategies (Jarvenpaa et al., 2017, p. 213-225)

Pricing method Characteristics

Cost-based Pricing is based on the actual costs of the product, which emphasizes
the role of accurate costing system and sufficiently allocated indirect
costs. Required contribution margin and/or total profit are defined
and added to the total product costs to determine the final sales price.
Market-based The price of a product is received directly from the competed markets
that define the sales price. It forces companies to cut down their costs
and adapt to the received prices within highly competed environ-
ments.

Target-based Prices are set based on the strategic targets of the company. These
targets could include ambitions in larger market shares or certain prof-
itability levels. However, contradictory targets could result in trade-off
situations between growth and profitability.

Value-based In value-based pricing, the price is determined based on the value cre-
ated to the customer. Each customer may value different features
making value-based pricing difficult. Quality, exceptional product fea-
tures, reliable on-time-deliveries, well-known supplier, and locality are
such features that are seen bring additional value to increase the sales
price.

Agreed price-based | Agreed prices are based on mutual negotiations between the seller
and buyer. Products within this group are often complicated such as
construction contracts

As a conclusion, it can be stated that product profitability analysis is essential within
management accounting practices, and it is recognized in previous research to some ex-
tent. However, previous research lacks empirical studies of how product profitability
analysis is performed inside different companies and organizations. In addition to CVP
analysis, no other detailed practices for periodical product profitability analysis are pre-
sented in empirical studies. One suggestion for the lack of related research, could be that

the product cost and profitability information is produced by internal management
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accounting practices for internal usage, and that information is not publicly available,
such as company annual reports are public to be used for company or industry-wide
profitability analysis. However, profitability of products eventually creates the profitabil-
ity of the whole company, and its significance cannot be underestimated in planning and

evaluating the current and future situation of a company.

2.4 Identified research gaps

As discovered, MC has been studied within the frameworks of configurable products and
modularization, and their effect on organizational efficiency which can be seen to be
directly associated with profitability of the company (Persson and Lanz, 2022; Desh-
pande, 2018). Even though improved value creation of customized products is seen to
be evident, Wiengarten et al. (2017) state that those economic advantages of MC are
not studied well enough through consistent empirical studies. On the other hand, Hvam
et al. (2020) noted that previous literature lacks research that identify those attributes
in MC that increase complexity induced costs in products and manufacturing operations.
To continue with missing related research, Barbosa and Azevedo (2018) noted that pre-
vious literature in mass customization focuses on organizational arrangement research
instead on performance evaluation. Furthermore, no related research on how optional
extras or additional product features on industrial products impact product level profit-
ability was identified. Therefore, a research gap in the evaluation of profitability in mass

customization research can be distinctly recognized.

Even though, there is small amount of existing research in product costing and product
profitability in mass customization context, such as Myrodia et al. (2017) who studied
configurable effect of product configuration on costing accuracy and product profitability,
related research is still limited. In addition, Oker and Adigiizel (2017) state there is an
evident research gap in implementation studies for TDABC in manufacturing environ-
ment even though its benefits are recognized, but most studies regarding implementa-

tion of TDABC focus on service-industries. Furthermore, Brierley (2016) add that product
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profitability analysis is performed internally in organizations based on management ac-
counting reports and acknowledges that it lacks related research. Therefore, available
product related cost information can be unreachable for scientific purposes, which can
be thought to limit the available empirical results in PPA research. However, it does not
explicitly mean that statistical, econometric, or otherwise quantitative analysis is not
performed within management accounting practices even though related research is
scarce, but it demonstrates the identified research gap within such context. Therefore,
this research aims to contribute to identified research gap by producing statistical prof-
itability analysis of products of which customization levels vary between different prod-
ucts based on customer-selected and optional product features, in addition to differing

engineering categories and characteristics.
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3 Methodology

This chapter presents the methodological approach to the empirical part of this research.
The aim is to describe the scientific approach and define the applied research strategy
and empirical method. Furthermore, data collection, structuring, and applied statistical
analysis methods are described in detail. Finally, the quality of this research is evaluated

based on the concepts of validity and reliability.

3.1 Methodological approach

The empirical section of this study is conducted by applying single-case study research
design with quantitative research method as an empirical approach thereby generating
the research strategy. Single-case study research design was selected to evaluate how
well statistical methods can be used for evaluating the impacts of mass customization
on profitability, as such techniques have not been performed before within the case
company. Therefore, to see the applicability of the statistical method first, no other cases
such as other motor types or size categories were selected to be included in the research.
According to Bryman and Bell (2011, p. 59-62), case studies can be described to focus
the attention of research explicitly on certain cases, that consist of real-life situations,
conditions, or structures that are present in predefined organizations, locations, persons,
or events. Furthermore, case studies are conducted to study of an existing phenomenon
within predefined and delimited context to learn more from and increase understanding
of those cases instead of providing generalizable results. The writers continue that case
studies are commonly associated with qualitative research, even though quantitative
case studies are also suitable within such research design context. Therefore, analysis of
profitability of one selected product type in a particular company can be seen to repre-
sent such real-life phenomenon where case study research design is applicable with

guantitative approach.
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According to Creswell and Creswell (2018, p. 4, 138), in quantitative research, statistical
analysis is used for determining relationships between different variables to test theories
through data. In addition, Mills et al. (2010) continue that quantitative data can be de-
rived from multiple sources including documentation, historical data, and direct obser-
vations. Furthermore, the derived data must present significant events that effect the
phenomena within the studied case. As a result, the aim is to produce analytical gener-
alization that could result in generating a wider theory. In addition, Bryman and Bell
(2011, p. 163-164) support the idea that quantitative research is often thought to result
in generalizable results. However, as this research is conducted as a case study for pre-
determined product in certain company, the results cannot be seen to depict the profit-
ability of other product types or size categories in the organization of the case company
or in any other company. As the results are only applicable in the case company’s certain
product type and size category, it ultimately decreases the generalizability of this case

study regardless of its quantitative analysis.

Furthermore, Creswell and Creswell (2018, p. 138) continue that in quantitative research,
directional hypothesis can be set to test the actual statistical results against predictions
made beforehand. To adapt similar approach, five directional hypotheses are deter-
mined together with the case company to see if they hold as predicted based on quan-
titative data and statistical analysis. The aim of the statistical analysis and testing of di-
rectional hypotheses is to describe and explore how customer selected variant codes
and customization based on engineering characteristics have affected profitability of
those statistical units. Therefore, this research can be seen to have features of both de-
scriptive and analytical research types in quantitative studies. The process of the empir-

ical research is depicted in the figure 8. below.
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1

Export structured data set to SPSS and define variables

Evaluation of available cost, financial, and manufacturing
related information and data in the case company

l l

Import relevant data from the case company’s ERP-system
and construct a thorough data set

l l

Verification of reliability of the structrured data set by
comparing it to confirmed costs and measures

Perform statistical analysis to test directional hypotheses

Result presentation

Figure 8. Empirical research process

3.2 Data collection and delimitation

Data for the statistical analysis is collected and imported from the case company’s ERP-
system and financial reports. The complete data set is structured by combining two dif-
ferent types of data including operative data together with financial information. In the
data collection and analysis, - constitutes a single statistical unit. However, the
measure of such unit is not disclosed in the public version of the research. Subsequently,
the expression of ‘statistical unit’, ‘individual unit’, or simply ‘unit’ is applied to describe

separate statistical units in the sample throughout this research.

Furthermore, both information types of operative and financial data are required for
analyzing the effects of product characteristics and customization on product profitabil-
ity. Operative data consists of customer related information, manufacturing and engi-
neering data, in addition to characteristic features based on the customer-selected vari-
ant codes of each statistical unit. The applied financial data includes all the relevant rev-
enue and cost information required to perform profitability analysis. During the research
process, these previously separate data sets are combined into unified data set to eval-

uate profitability based on the existing product attributes of each unit.

As every manufactured motor in the factory of the case company are included in the

population, only one product type in certain size category is selected to represent the
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sample of this analysis, as it is seen as a common type of motor that is manufactured in
the case company’s factory with varying level of customization. Even though the selected
sample consists of motor sizes 1 and 2, they are nevertheless assembled at the same
assembly line, and they are otherwise similar regardless of their size. At the moment, for
this motor type and size category, the case company offers - of different variant codes
that the customers can choose from to customize the motors to suit their needs. As an
example, variant code characteristics could include performance and efficiency related
features, changes in the outlook, specific type of testing, or other optional extras or ac-
cessories. Therefore, they are all additional to the base product, but enable manufactur-
ing customer specific and customized products. The amount of these selected variant
codes varies from 1 to 29 on every statistical unit even though the basic product remains
the same. To limit the scope of the analysis, 54 most ordered variant codes and their
effect on product profitability receive the closest attention in this research. Variant codes
included in this group are labelled as category A. Therefore, the amount of excluded var-
iant codes is constructed to a separate variable of category B, that has a smaller empha-
sis in the analysis. Furthermore, the amount of 54 variants codes was selected as they
depict - % of the sold variant codes quantitatively measured in the sample. Every
unit that had no variant codes were rejected from the sample, as they were seen to de-
pict such fixed code units that are manufactured according to ATO delivery process with

predetermined variant codes included in them.

In addition, units that had revenue less than -€ were excluded from the data set, as
they were seen to be related to prototypes, samples, and R&D projects, in addition to
accounting transfers and adjustments resulted from cancelled units or other related
transactions. Therefore, they did not represent a unit that should be included in the sam-
ple of actual deliveries. However, units that had warranty costs or other related costs
added or reduced later, and they were still manufactured and delivered to the customer,
the costs and revenues were presented as the total sum to depict the actual revenue

and cost situation of those units. Therefore, based on the selected statistical units of
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observations, the combined data set can be described as a representative sample, as it

depicts general situation of such motor type within the sample.

Finally, the profitability measure of- is selected to depict product level profitabil-
ity as it is strategically the most important for the case company. The description of what
the profitability measure is, and how it is exactly calculated in this analysis, is left out
from this public version of the research. Furthermore, the data was structured based on
previously mentioned details to depict and represent actual motors manufactured and
sold to customers within the case company in this selected motor type and size category.
As a result, the sample consists of 3900 units of observations without any missing values.
In detail, the data set includes 92 variables of which 55 were dummy variables to depict
the existence of certain variant codes on statistical units or belonging to a certain engi-
neering group. All these variables and their characteristics and statistical scales are pre-
sented in the appendix 1. The collected data set can be seen as an independent sample,
as the units are separate from each other, and their observed values do not have a rela-
tionship between them. The process of data collection and delimitation is depicted in

the figure 9 below.

Operative Data

1. Determining total revenue for 4. Combining financial data to 6. Determining the most sold
each statistical unit on selected — operative data on every — variant codes based on
cost center individual unit quantities in the sample

Financial Data ‘

7. Generating a dummy variable

2. Verifying that the collected for each VC included in the

financial information is correct

N
3. Narrowing the data to consist
of only the selected product
type and size category

5. Selecting units with following
conditions:

Revenue >= €
Variant code quantity >0

Group A

Figure 9. Data collection and delimitation process

N

8. Exporting data to SPSS
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3.3 Data analysis methods

After data collection, delimitation, and verification, the statistical analysis is performed
by using IBM SPSS statistics software version 28. As the empirical part of this research
aims to describe and detect differences, in addition to observing significant dependen-
cies between variables within the representative sample, the applied statistical methods
include analysis of correlation coefficients and constructing regression models. Addition-
ally, differences between the means of two samples are examined. According to Quanti-
tative Methods Guidebook (n.d.a) statistical significance testing is often performed
against 5 % significance level, which is seen as a common risk level in statistical analysis.

Therefore, the applied significance level of 5 % is applied throughout this research.

To estimate the impact of variant codes on product profitability, both simple and multi-
ple linear regression analysis are applied. According to Aczel (2012, p. 378-382), regres-
sion analysis is used for describing linear relationship between independent and de-
pendent variables. It is widely applied in business and economics context, as it can be
used for generating result estimates based on variation of the independent variables.
Furthermore, regression models assume that the relationship between the variables is
linear, values of the independent variable are not random, and the errors terms of the
model are normally distributed with constant variance and mean value of zero. In addi-
tion, Kaakinen and Ellonen (n.d.a; n.d.b) note that the variables must be independent
and at least on interval scale or converted into dummy variables. The assumptions of the
regression model also include that the variance is not zero for any of the variables. In
addition, in multiple regression models, the variables must not be too correlated to each
other due to possible multicollinearity issues. The assumptions related to the error terms
can be evaluated by examining the model residuals after the model is generated. Multi-
collinearity can be examined through the value of variance inflation factor, which should
receive smaller value than 5 to show evidence against multicollinearity. However, the
fulfillment of all assumptions is unlikely, and the regression model tolerates deviation
from the assumptions especially if the sample size is large. However, deviations from the

assumptions are seen to decrease the reliability of the model. To further evaluate the



58

strength of the obtained estimation model, the measure of coefficient of determination
can be examined. It is described through the value of R square which obtains value be-
tween 0 and 1. It is used for evaluating how much the variation of dependent variable
can explained through the values of the independent variables, thus describing the ef-

fectiveness of the model.

As this research aims to increase understanding of the connection between customiza-
tion and profitability, correlation is evaluated between the level of customization and
selected profitability measure. According to Aczel (2012, p. 398), correlation coefficient
is applied for examining the relationship between the values of two random variables.
As a result, the correlation coefficient obtains value between -1 to 1 representing the
direction and relative strength of the detected correlation. Furthermore, Kestild-Kekko-
nen (n.d.) continue that Pearson’s correlation coefficient can be applied for such varia-
bles that are at least interval scaled and normally distributed to determine their linear
connectivity. If the conditions are not fulfilled, nonparametric option of Spearman’s rank
correlation coefficient can be applied for determining monotonous relationship between
the two variables. In addition, the measurement of Kendall’s tau is an applicable nonpar-

ametric correlation measurement in addition to Spearman’s rho (Aczel, 2012, p. 609).

In addition to the presented statistical methods that review the relationship between
two variables, profitability levels between two groups in the same sample are evaluated
through testing of means. Aczel (2012, p. 280, 290) notes that the means between two
groups can be examined to see if they statistically differ from each other by applying the
test of t-statistics. To further describe the testing of means, (Quantitative Methods
Guidebook, n.d.b) continue that the two independent sample t-testing is applicable for
variables that are interval or ratio scaled with normal distribution. However, the t-test is
not seen to be sensitive if the distribution does not fulfill the requirements of normality,
and the sample size is large. To test the normality of the distribution, test measure of
Kolmogorov-Smirnov can be applied if the sample size is equal or more than 50. However,

if the sample size is large, even small deviation from normality can lead into rejection of
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normality, and the histograms can be used for evaluating the proximity to normal distri-

bution in addition to the testing.

3.4 Quality of research design

The quality of this research is evaluated through reliability and validity. According to Bry-
man and Bell (2011, p. 41, 157), reliability refers to the evaluation of consistency of the
measures and repeatability of the research. Furthermore, Mills et al. (2010) continue
that the concept of reliability generally consists of stability and consistency. Stability de-
scribes the evaluation of how the results would be similar and stable if the research
would be replicated later. In contrast, consistency describes if the results would be the
same if the research would be performed again. As the data used for the analysis consists
of only from the fiscal year of -, and it is imported from the case company’s ERP
system and financial reports, they can be recollected from there again, and repeat the
same analysis with repeatable and consistent results, thereby ensuring the consistency
and stability. However, annual differences in profitability can be expected if another fis-
cal year is targeted in repeated research. In addition, the reliability of the results is en-
sured by describing the data collection, data delimitation, applied variables, and analysis
methods with high level of details. Therefore, as the data used for this analysis can be
seen to be stable, and it can be retrieved subsequently, they are seen to increase the

reliability of the results of this research.

Furthermore, Bryman and Bell (2011, p. 42, 159) define validity as the capability to meas-
ure the correct concept that is wanted to be measured. Therefore, validity describes how
the results are connected to the intended concept of the research. According to Mills et
al. (2010), there are several measures to estimate the validity of the measures and re-
sults. Bryman and Bell (2011, p. 160) continue that the concept of validity can be seen
to begin from the concept of face validity which depicts how relevant the used measures
are to depict the phenomenon based on experienced judges that are familiar with such

research field. To increase the validity of this research, collected data is delimited to



60

focus on data based on transactions that are seen to affect the costs and revenues and
thus the profitability formation. In addition, the uniformity of the structured data is eval-
uated against audited financial report. The variables and their characteristics from the
collected data set are presented in the appendix 1. Furthermore, those units that are not
seen to present an actual delivery to customers are excluded from the data to construct
a sample to depict general situation of a manufactured and customized product in the
case company. However, the case company utilizes a costing system that is close to job-
costing with standardized cost proportions, which can be seen to be prone to systematic
volume errors. It can be expected to result in too low costs on orders that have large
customization level. However, as Hoozée and Hansen (2018) suggest, previous research
assume that at least direct costs are traced effectively without errors on different prod-
ucts. The same assumption is also effectual in this research, and it is assumed that direct
costs are precisely traced to cost objects, and they depict actual direct resource using of
those products. Furthermore, the cost allocation of indirect costs is also estimated to be
precise enough, so that the cost information can be used as such for obtaining reliable
results from the analysis. In addition, the selected profitability measure can be seen as
commonly used measure in management accounting field to measure product profita-
bility, thereby improving the face validity of this research, even though it is not disclosed
in the public version. Furthermore, the selected statistical methods can be seen as reg-
ular tools in statistics and econometrics thereby demonstrating their applicability in an-
alyzing financial information. In addition, risk level of 5 % is accepted in the statistical
significance testing, which is seen as a standard risk level in statistical analysis. Ultimately,
these mentioned measures can be seen to improve the validity of the results. However,
it is acknowledged during the research process that deficiencies in the case company’s

costing system could lead into incorrect results.
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4 Results

In this chapter, results of the empirical research are presented. The chapter is divided
into four subchapters. The first subchapter outlines assumed directional hypotheses that
this section addresses to answer and presents descriptive statistics of the collected data.
In the subchapters of two and three, related measures and figures of statistical analysis
are presented that show evidence against the assumed directional hypotheses. Finally,
in the last subchapter, a summary of the results, answer to the second research question,

and accepted and rejected hypotheses are presented together.

4.1 Directional hypotheses and descriptive statistics

The case company has an increasing need to understand how mass customization
through variant codes (VCs) and engineering process category affects product level prof-
itability in their electrical motor manufacturing and assembly. As they offer several hun-
dreds of possible VCs to different motor types, and the interconnectivity between indi-
vidual VCs and their resource using is not always linear, it is too complicated to determine
how much single VC generates profits within the scope of this research. Additionally,
almost every manufactured motor is different from each other, which makes detailed
costing complicated. Therefore, statistical analysis is performed to recognize how differ-
ent VCs affect profitability based on the existing cost information, and to demonstrate
what is the impact of customization on profitability increase on individual units in gen-
eral. The applied approach can be described as recognizing profitable product attributes
through statistical analysis. In addition, regression models that are commonly used in
econometrics are applied. Therefore, this statistical method can be seen to combine
management accounting practices together with econometric methods. Furthermore,
data collection and delimitation are described in detail in the previous chapter. As a re-
sult of the data structuring, the gathered sample consists of 92 variables and 3900 sta-
tistical units. Therefore, -- presented as a single statistical unit, and the variables

consist of characteristics related to their operative, financial, and design features.
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Based on prevalent assumptions, five directional hypotheses were set to together with
the case company to guide the research process and data analysis. Therefore, this chap-
ter of the research aims to confirm or reject the presented hypotheses through the evi-
dence obtained from statistical analysis. The directional hypotheses are divided into two
main categories that consists of reviewing separately the impact of VCs and differing
engineering group on profitability. To begin with, higher customization level can be seen
to increase both resource using and pricing at the same time, as further customization
consumes more resources and more customized products can be seen as more fitting to
customer requirements resulting in higher pricing. Therefore, it is reasonable to evaluate
the relationship between the degree of customization based on the number of VCs
against increased profitability level. Furthermore, as the case company offers large se-
lection of possible VCs for the selected product type, and the most sold VC1 is sold nearly
twice the amount of the second most sold VC2, as shown in the appendix 2. Thus, it is
important to understand its influence on profitability estimates. At the same time, as the
impact of every VC on profitability is estimated, it reveals such VCs of which existence
estimate the highest or lowest profitability level on individual units. Furthermore, as VCs
are often included several on every unit, their interconnectivity on profitability is evalu-
ated through categorizing VCs into 7 groups, from where VCs included in the Category 3
are assumed to be the most profitable. Therefore, the first directional hypothesis in-

cludes total of three sub-hypotheses that are described below.

Hla: Higher number of V(s is connected with higher profitability level
H1b:The most sold single VC has the largest positive impact on profitability

H1c:VCs included in category 3 estimate higher profitability than other categories

Electric motors in this product and size category have varying level of customization from
small adjustments to fully customized and large amount of engineering requiring prod-
ucts. Furthermore, units are categorized in two separate groups of 1 and 2 based on their
operative characteristics related to engineering. The amount of engineering work can
also be seen to propose how divergent the specific design is from more common config-

urations, which is a signal of a more customized product. Therefore, its connectivity to
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profitability is reasonable to evaluate. These considerations lead into the second direc-

tional hypothesis which is divided into two subtypes shown below.

H2a: Profitability level is dif ferent between engineering group 1 and group 2

H2b: Increased engineering work is connected with higher profitability level

Based on descriptive statistics, statistical units in this motor type and size category are
generally profitable with the mean profitability level value of 71,109 points. It must be
mentioned that the presented profitability level does not depict actual figures in the case
company, and it is made unrecognizable. Furthermore, the total revenue and amount
VCs sold is hidden from this public version. To describe applied customization of individ-
ual units based on the quantity of VCs, the total number of VCs vary from 1 to 29 with
the average value of - In addition, VC QTY: Group A and VC QTY: Group B depict how
many VCs are included in every unit in the sample in terms of quantity within such VC
group. As described earlier, group A consists of the most sold VCs whereas the group B
of the least sold VCs. Their distributions or other details are not nevertheless revealed.

These descriptive statistics are presented in the table 5. below.

Table 5. Descriptive statistics of the whole sample

N Minimum  Maximum Sum Mean Std. Deviation
Revenue EUR 3900 |
Profitahility level 3900 -87,776 148,692 71,109 31,347

VC QTY: Group A 3900 0 19
VC QTY: Group B 3900 0 15
VC total QTY 3900 1 29

To describe the statistical units in general, it can be noted that most of the units can be

included in the engineering category 2 in both selected size categories. To be more spe-
cific, the total of 79,79 % of all orders are included in the second category. The count of
individual statistical units separated by size and engineering category is presented in the

figure 10. below.



64

Engineering
category
M Engineering category 1
M Engineering category 2

2000

1500

Count

1000

500

Frame size

Figure 10. Distribution of units based on engineering category and size

To further describe both size categories separately, a difference between their profita-
bility level is recognized and presented in the figure 11. Based on the boxplot figure, the
size category 2 units have a higher profitability level on average. In addition, it is ob-
served to have smaller deviation between the profitability values. As this research aims
to provide an overall picture of the effects of customization on profitability within the
same product type and size category, the differences between the two size categories
are given less emphasis. Therefore, profitability is mainly reviewed from the perspective
of the total sample even though the size category would have a significant effect on the

results.
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Figure 11. The difference between size categories and profitability levels

4.2 Relationship between profitability and variant codes

The first directional sub-hypothesis suggests that higher number of VCs on a statistical
unit has a relationship with higher level of profitability. To test the first hypothesis of
H1la, relationship between the quantity of VCs and profitability level are evaluated
through correlation analysis. Commonly used correlation measure of Pearson correla-
tion coefficient ., can be applied for evaluating linear correlation between variables
that are normally distributed. Therefore, normality of both distributions is confirmed
before selecting the applicable correlation coefficient measure. If the normality assump-
tion does not hold, nonparametric correlation measures are applied. To proceed with
the testing, variables of Profitability level and both groups of VC QTY: Group A and VC
QTY: Group B are selected in the analysis to see if divergent results can be found in be-
tween the VC groups. Firstly, the tests of normality and related histograms are presented

in the figure 12. below.
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Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
VC QTY: Group A 133 3900 <,001 929 3900 <,001
VC QTY: Group B 254 3900 ,000 748 3900 <,001
Profitability level ,038 3900 <,001 ,983 3900 <,001

a. Lilliefors Significance Correction

e |

VC QTY: Group A VC QTY: Group B Profitability level

Frequency

° ©

Figure 12. Normality test statistics and related distribution histograms

The null hypothesis of Kolmogorov-Smirnov test suggest that the distribution is equal to
a normal distribution. Based on the test results, none of the presented distributions fol-
low normal distribution, and null hypothesis can be rejected for all the selected variables.
This is also visible from the included histograms, from where the distribution of Profita-
bility level is the closest approximate to a normal distribution. Therefore, to analyze the
correlation between the variables, nonparametric rank correlation coefficient tests of

Spearman’s p and Kendall’s T are applied. The test results are presented in table 6. below.
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Table 6. Rank correlation coefficient of VC QTY and profitability

Correlations
VC QTY: Group A VC QTY: Group B Profitahility level

Kendall'stau_b VC QTY: Group A Correlation 1,000 ,290 163
Coefficient

Sig. (2-tailed) . <,001 <,001

N 3900 3900 3900

VC QTY: Group B Correlation 290 1,000 191
Coefficient

Sig. (2-tailed) <,001 . <,001

N 3900 3900 3900

Profitability level  Correlation 163 191" 1,000
Coefficient

Sig. (2-tailed) <,001 <,001 .

N 3900 3900 3900

Spearman's rho  VC QTY: Group A Correlation 1,000 367 232
Coefficient

Sig. (2-tailed) . <,001 <,001

N 3900 3900 3900

VC QTY: Group B Correlation 367 1,000 256
Coefficient

Sig. (2-tailed) <,001 . <,001

N 3900 3900 3900

Profitability level ~ Correlation 2327 256 1,000
Coefficient

Sig. (2-tailed) <,001 <,001 .

N 3900 3900 3900

** Correlation is significant at the 0.01 level (2-tailed).

Based on results of the Spearman’s p and Kendall’s T rank correlation coefficients, prof-
itability level and VC QTY: Group A obtained correlation coefficient values of p =
0,232,p < 0,001 and T = 0,163,p < 0,001 whereas profitability level and VC QTY:
Group B obtained values of p = 0,256,p < 0,001 and T = 0,191, p < 0,001. Hypothe-
ses for testing the statistical significance for both Spearman’s p and Kendall’s T are

shown below.

Hy: x and y are statistically independent

H,: x and y are statistically dependent

The evaluation of the results of Spearman’s p and Kendall’s T nonparametric correlation
coefficient analysis indicates that there is a statistically significant but otherwise weak
and positive correlation between the profitability level and quantity of VCs in both cate-
gories of A and B. Based on the detected results, H, can be rejected with the significance
level of 0,1 % in both VC categories on both measures of Spearman’s p and Kendall’s 7.

Thus, the number of VCs in both categories are positively but nevertheless weakly
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correlated with improved profitability level. The correlations are presented in the scatter
plot figures shown below in figure 13., which demonstrates the rising but gradual direc-
tion of profitability when VC quantity increases. Large dispersions between profitability
and VC quantity in both categories are visible in the scatter plot figures, which ultimately
impair the accuracy of the obtained correlation coefficient values. However, the direc-
tions of the relationships between profitability and VC group variables are still visibly

positive.

100

Profitability level
Profitability level

-100 -100
0 s 10 15 2 0 2 4 6 8 10 12 14

VC QTY: Group A VC QTY: Group B

Figure 13. Scatter plot figures for both VC groups and profitability levels

As an answer to the first directional sub-hypothesis, Hla can be accepted. Based on the
results, it can be confirmed that the quantity of variant codes on a statistical unit have a
positive and statistically significant correlation to the profitability level in both VC cate-
gories. Therefore, units with more VCs in either VC group tend to have an improved prof-
itability level. Interestingly, the group B of VCs show stronger correlation to higher prof-
itability level when compared to the group A. Even though the dispersion is notable in
the scatter plot figures, statistical units with large VC quantities and low profitability lev-
els can be seen as less common, which is an indicate of the correctness of the obtained

correlation coefficient results.

To test the second sub-hypothesis of H2b, which assumes that the most sold single VC
is the most profitable, a simple linear regression model is performed for every 54 VCs
that are included in the VC QTY: Group A in the selected product and size category. The

existence of a certain VC on an individual statistical unit is constructed by generating a
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separate dummy variable with the value of 0 or 1 to depict if certain VC is included in
such unit. This is performed to make the data suitable for performing regression analysis
that estimates the differences in expected profitability levels based on VC existence. Fur-
thermore, as the sample size is large, the fulfilment of all regression model assumptions
is given less emphasis. Statistical significance testing of the models and coefficients are
nevertheless performed. Therefore, to seek evidence to confirm or reject H2b, the effect
of every VC in the group A on profitability level are estimated through simple regression
models where each VC is set separately as an independent variable and profitability level
as a dependent variable. The null hypothesis for significance testing of the regression
model F-test suggest that the model does not exist as the values for the coefficients are
zero. Similar null and alternative hypotheses for the coefficient’s t-test are presented
below, where the alternative hypothesis of H; suggest that there is a statistically signifi-

cant relationship between the variables.

Hy: B, = 0 (regression coef ficients are zero)

Hy: B, # 0 (regression coef ficients are not zero)

It must be noted that these presented regression models are separate models instead of
multiple variable regression model to avoid multicollinearity issues that would arise in
between of highly correlated variables in multiple regression model. Therefore, the pre-
sented separate models provide estimates of the relationships between profitability and
individual VCs impact on profitability one by one. In addition, this analysis is restricted
to cover only those VCs that belong in the group A of the most sold VCs to centralize the
analysis to the most popular product options. The sample consists of both size categories
together to depict the overall situation in this product type. The objective is to search
for evidence of which VC’s existence estimates the highest profitability level. The results
of each regression model are presented in the table 7 below, and they are listed in the
order of the VC popularity within the sample. In addition, to evaluate both size catego-
ries separately, the same analysis is performed, but the sample is divided according to

the size category. These additional results are presented in the appendix 3 and 4 for the
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use of the case company but eliminated from the public version of this research. As the

main emphasis on this research is on both size categories together, their results are not

further described nor evaluated.

Table 7. Linear regression model results for profitability estimates

Anova F- Coefficient t-
Explanatory Constant t- ANOVA  ANOVA F- test H1 Intercept Intercept p- test H1
Variable Constant  test p-value| Coefficient | R Square F-value test p-value Acceptance t-value value acceptance
1 68,111 0,000 5,135 0,70 % 25,588 < 0,001 Accepted 5,058 < 0,001 Accepted
2 68,994 0,000 7,253 1,10 % 43,591 < 0,001 Accepted 6,062 < 0,001 Accepted
3 67,007 0,000 14,921 4,50 % 184,41 < 0,001 Accepted 13,58 < 0,001 Accepted
4 69,453 0,000 6,439 0,80 % 31,682 < 0,001 Accepted 5,629 < 0,001 Accepted
5 73,352 0,000 -8,845 1,50 % 59,662 < 0,001 Accepted -7,724 < 0,001 Accepted
6 72,308 0,000 -4,877 0,40 % 17,582 < 0,001 Accepted -4,193 < 0,001 Accepted
7 70,88 0,000 0,963 0,00 % 0,667 0,414 Rejected 0,817 0,414 Rejected
8 66,576 0,000 20,995 7,60 % 320,43 < 0,001 Accepted 17,9 < 0,001 Accepted
9 70,848 0,000 1,309 0,00 % 1,086 0,298 Rejected 1,042 0,298 Rejected
10 71,909 0,000 -4,807 0,30 % 12,76 < 0,001 Accepted -3,572 < 0,001 Accepted
11 72,102 0,000 -6,167 0,50 % 20,496 < 0,001 Accepted -4,527 < 0,001 Accepted
12 70,553 0,000 3,641 0,20 % 6,814 0,009 Accepted 2,61 0,009 Accepted
13 68,152 0,000 21,083 5,50 % 224,94 < 0,001 Accepted 14,998 < 0,001 Accepted
14 69,757 0,000 11,147 1,30 % 54,258 < 0,001 Accepted 7,298 < 0,001 Accepted
15 71,816 0,000 -6,077 0,40 % 15,132 < 0,001 Accepted -3,89 < 0,001 Accepted
16 70,509 0,000 5,229 0,30 % 11,042 < 0,001 Accepted 3,323 < 0,001 Accepted
17 69,925 0,000 10,465 1,10 % 44,075 < 0,001 Accepted 6,639 < 0,001 Accepted
18 69,014 0,000 19,452 3,70% 149,82 < 0,001 Accepted 12,24 < 0,001 Accepted
19 70,321 0,000 7,833 0,60 % 22,135 < 0,001 Accepted 4,705 < 0,001 Accepted
20 71,098 0,000 0,109 0,00 % 0,004 0,949 Rejected 0,064 0,949 Rejected
21 71,09 0,000 0,221 0,00 % 0,015 0,902 Rejected 0,123 0,902 Rejected
22 69,48 0,000 21,028 3,20 % 129,51 < 0,001 Accepted 11,38 < 0,001 Accepted
23 69,305 0,000 25,576 4,30 % 177,88 < 0,001 Accepted 13,337 < 0,001 Accepted
24 70,343 0,000 10,974 0,80 % 31,249 < 0,001 Accepted 5,59 < 0,001 Accepted
25 70,446 0,000 9,506 0,60 % 23,404 < 0,001 Accepted 4,838 < 0,001 Accepted
26 70,241 0,000 12,582 1,00 % 40,756 < 0,001 Accepted 6,384 < 0,001 Accepted
27 71,826 0,000 -10,677 0,70 % 28,555 < 0,001 Accepted -5,344 < 0,001 Accepted
28 70,638 0,000 7,029 0,30 % 12,281 < 0,001 Accepted 3,504 < 0,001 Accepted
29 72,183 0,000 -17,172 1,80 % 69,855 < 0,001 Accepted -8,358 < 0,001 Accepted
30 70,111 0,000 18,016 1,70% 68,565 < 0,001 Accepted 8,28 < 0,001 Accepted
31 70,264 0,000 15,610 1,30 % 50,114 < 0,001 Accepted 7,079 < 0,001 Accepted
32 70,007 0,000 20,361 2,20% 86,038 < 0,001 Accepted 9,276 < 0,001 Accepted
33 71,105 0,000 0,072 0,00 % 0,001 0,974 Rejected 0,032 0,974 Rejected
34 69,886 0,000 23,158 2,70 % 109,45 < 0,001 Accepted 10,462 < 0,001 Accepted
35 71,246 0,000 -2,719 0,00 % 1,405 0,236 Rejected -1,185 0,236 Rejected
36 70,359 0,000 15,067 1,10 % 43,052 < 0,001 Accepted 6,561 < 0,001 Accepted
37 70,498 0,000 12,350 0,70 % 28,679 < 0,001 Accepted 5,355 < 0,001 Accepted
38 70,14 0,000 20,102 1,90 % 74,981 < 0,001 Accepted 8,659 < 0,001 Accepted
39 71,452 0,000 -7,395 0,20 % 9,627 0,002 Accepted -3,103 0,002 Accepted
40 71,829 0,000 -15,610 1,10 % 43,033 < 0,001 Accepted -6,56 < 0,001 Accepted
41 71,449 0,000 -7,579 0,30 % 9,792 0,002 Accepted -3,129 0,002 Accepted
42 70,065 0,000 24,816 2,50 % 100,99 < 0,001 Accepted 10,049 < 0,001 Accepted
43 70,617 0,000 12,293 0,60 % 23,164 < 0,001 Accepted 4,813 < 0,001 Accepted
44 70,855 0,000 6,457 0,20 % 6,245 0,012 Accepted 2,499 0,012 Accepted
45 71,525 0,000 -10,820 0,40 % 17,255 < 0,001 Accepted -4,154 < 0,001 Accepted
46 71,023 0,000 2,281 1,40 % 0,749 0,387 Rejected 0,865 0,387 Rejected
47 71,315 0,000 -5,668 0,10 % 4,477 0,034 Accepted -2,116 0,034 Accepted
48 71,625 0,000 -14,280 0,70 % 28,4 < 0,001 Accepted -5,329 < 0,001 Accepted
49 70,673 0,000 12,879 0,60 % 21,641 < 0,001 Accepted 4,652 < 0,001 Accepted
50 70,28 0,000 25,055 2,00 % 81,324 < 0,001 Accepted 9,018 < 0,001 Accepted
51 70,254 0,000 26,259 2,20 % 88,141 < 0,001 Accepted 9,388 < 0,001 Accepted
52 70,848 0,000 8,069 0,20 % 8,094 0,004 Accepted 2,845 0,004 Accepted
53 70,429 0,000 21,215 1,40 % 56,201 < 0,001 Accepted 7,497 < 0,001 Accepted
54 71,922 0,000 -25,369 2,00 % 80,866 < 0,001 Accepted -8,993 < 0,001 Accepted
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Based on the obtained results, it can be noted that 7 of the regression models did not
show statistically significant evidence to support the H; which indicates that the there is
a connection between the values of the variables. Therefore, VCs including 7, 9, 20, 21,
33, 35, and 46 cannot be seen not explain the variation of the profitability level on 5 %
significance level. On the other hand, the remaining 47 regression models showed sta-
tistically significant support that they explain such variation. The general estimation

model for Profitability level with obtained values is expressed as below:

Profitability Level = Constant + Coef ficienty. * X (2)

Furthermore, by examining the values of the coefficients that were statistically signifi-
cant, it can be noted that the existence of VC51 on a unit is seen to estimate the highest
profitability level by increasing it by 26,259 points. In contradiction, VC54 is seen to pre-
dict to decrease profitability from the constant value by 25,369 points when it is included
on an individual unit. The strengths of the presented estimates are evaluated through
the coefficient of determination measure of R square, which indicates how much the
independent variable explains the value of the dependent variable. Its value varies be-
tween 0 and 1, and higher value indicates higher degree of explanation to the variation
of the dependent variable. Based on the results, single VCs seem to have small R square
values, which indicate that individual VCs do not widely explain the profitability of a unit.
However, small R square values can be seen as reasonable results, as most units include
varying quantity of different VCs and other cost or price effecting features, which can be
seen together construct the totality of profitability. Thus, the effect of individual VCs on
profitability can be agreed to be small. However, VC that explains profitability the most,
is VC8 with R square value of 7,6 %. Regardless of the small R square values in general,
all the 47 statistically significant regression models still show evidence that the existence
of certain VCs estimate higher or lower profitability levels on such units. However, the
presented models do not take into consideration what other VCs are include in those
statistical units. Therefore, it is acknowledged that large correlations to other VCs can

affect the coefficient values of the presented regression models. To evaluate the highest
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and lowest values of statistically significant regression models, the 10 highest and lowest

profitability level coefficients for those VCs are listed and presented in table 8. below.

Table 8. Ten VCs estimating the highest and lowest profitability levels

Explanatory Variable Description Constant Profitability estimate Coefficient R Square
51 70,254 26,259 2,20 %
23 69,305 25,576 4,30 %
50 70,28 25,055 2,00 %
42 70,065 24,816 2,50 %
34 69,886 23,158 2,70 %
53 70,429 21,215 1,40 %
13 68,152 21,083 5,50 %
22 69,48 21,028 3,20%

8 66,576 20,995 7,60 %
32 70,007 20,361 2,20%
11 72,102 -6,167 0,50 %
39 71,452 -7,395 0,20 %
41 71,449 -7,579 0,30 %
5 73,352 -8,845 1,50 %
27 71,826 -10,677 0,70 %
45 71,525 -10,820 0,40 %
48 71,625 -14,280 0,70 %
40 71,829 -15,610 1,10 %
29 72,183 -17,172 1,80 %
54 71,922 -25,369 2,00 %

Based on the results shown in table 7, it can be confirmed that the existence of most
sold VC1 do not estimate the highest profitability on individual units. The regression co-
efficient on VC1 obtains value of f; = 5,135 (p < 0,001) which is 21,124 points smaller
than the VC51 that has the highest coefficient value of 5, = 26,259 (p < 0,001).

Therefore, it presents evidence against H2b, which can be hence rejected.

Interestingly, VC4 that can be seen to enable the broadest level of customization and is
always manufactured according to specific customer requirements, that are not stand-
ardized in the case company, receives coefficient value of 6,439. By ranking the coeffi-
cient values from the highest to smallest, VC4 ranks thirty. Therefore, it can be proposed
that regardless of its broad possibilities to offer high customization level and adaptation
to customer requirements, it does not estimate exceptional value creation for the case

company in terms of profitability in general. However, VC4 can be expected to have high
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deviation in its expected estimate on profitability level in between different individual
units as it can include nearly anything from small adjustments to demanding require-
ments on motor performance level. Therefore, the impact of VC4 on profitability as an
unstandardized customization in detail would be a relevant research area for further

studies.

Finally, the third sub-hypothesis of H1c suggest that the VCs included in VC category of
3 estimate higher profitability level than other categories. The categorization of VCs is
based on how they affect motor characteristics, manufacturing, or its related support
functions if such VCis included in the unit. Therefore, VCs are separated into 7 different
categories of 1, 2, 3, 4, 5, 6, and 7, but the descriptions and other details of these cate-
gories are left unknown in this public version. The categories of each VC are presented
in the appendix 2. for the use of the case company. This presented categorization is sim-
plified version from the original categorization that the case company uses. It is done to
narrow the number of variables in the proposed multiple regression model. In addition,
previously mentioned VC4 is not included in these categories as it could represent any
of those categories in different statistical units, and it cannot be simply categorized. Fur-
thermore, only the VCs included in the category A of most sold VCs are counted in these
mentioned 7 categories. This is done to direct the focus of this research to the most sold
VCs. Therefore, new variables are introduced for each category to present how many VCs
in such category each unit has from the group A of most sold VCs. The distribution and

guantity of each VC category is shown below in table 9.
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Mean Std. Deviation N
Profitability level 71,1088 31,3470 3900
Category1VC QTY  1,4000 1,3042 3900
Category 2VC QTY 1218 3677 3900
Category 3VC QTY 0741 2620 3900
Category 4 VC QTY 6521 5825 3900
Category 5 VC QTY 2,4587 1,5906 3900
Category 6 VC QTY 4187 7214 3900
Category 7 VC QTY 2749 4465 3900

Based on the categorization of VCs, multiple regression analysis is performed to see the

effect of each VC category on profitability level by setting those categories as independ-

ent variables, and profitability level as a dependent variable. As a result, the impact of

every category on profitability can be estimated and compared to each other. Addition-

ally, it enables to evaluate the interconnectivity between the selected VC categories and

estimated profitability levels. To continue with constructing the regression model, cor-

relations between different variables are evaluated to avoid issues that could arise from

multicollinearity. As the distributions of the VC categories were visibly and through Kol-

mogorov-Smirnov tests not seen to present normal distributions, nonparametric corre-

lation coefficient measure Kendall’s T was introduced to evaluate the correlations be-

tween the variables. The results are shown in table 10.

Table 10. Kendall's tau correlation coefficients between VC categories

Category 1 VC

Category 2 VC
aTY

Category 3 VC

Category 4 VC

Category 5 VC

Category 6 VC

Category 7 VC

Kendall'stau_b  Category 1 VC QTY

Correlation Coefficient  --

Sig. (2-tailed)
N

3900

Category 2VC QTY

Correlation Coefficient
Sig. (2-tailed)
N

-,037

,009
3900

3900

Category 3VC QTY

Correlation Coefficient
Sig. (2-tailed)
N

198

<,001
3900

,006 -

701
3900

Category 4 VC QTY

Correlation Coefficient
Sig. (2-tailed)
N

300

<,001
3900

-,025
14
3900

3900

Category 5VC QTY

Correlation Coefficient
Sig. (2-tailed)
N

275

<,001
3900

-012
403
3900

190

<,001
3900

3900

Category 6 VC QTY

Correlation Coefficient
Sig. (2-tailed)
N

097
<,001
3900

-042
,007
3900

,036
017
3900

126

<,001
3900

3900

Category 7 VC QTY

Correlation Coefficient
Sig. (2-tailed)
N

444
<,001
3900

-109
<,001
3900

258

<,001
3900

176

<,001
3900

,206

<,001
3900

3900
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Based on the results of Kendall’s tau correlation coefficients, statistically significant cor-
relation can be found in between most variables. However, multicollinearity issues are
seen to arise if the correlation is more than 0,9. In the obtained coefficient results, the
highest observed correlation measure is 0,444. Therefore, the multiple regression model
can be constructed with using all the 7 categories together without high risks of multi-

collinearity. The model results are shown in the figure 14. below.

Model Summary
Model R R Square Adjusted R Square Std. Error of the Estimate
1 36167 1307 1292 29,252

a. Predictors: (Constant), Category 7 VC QTY, Category 2 VC QTY, Category 5§ VC QTY,
Category 6 VC QTY, Category 4 VC QTY, Category 3VC QTY, Category 1 VC QTY

ANOVA?
Model Sum of Squares df Mean Square F Sig.
1 Regression 500883,268 7 71554753 83,621 <,001b
Residual 3330410,604 3892 855,707
Total 3831293,872 3899

a. Dependent Variahle: Profitability level

h. Predictors: (Constant), Category 7 VC QTY, Category 2 VC QTY, Category 5 VC QTY, Category
6 VC QTY, Category 4 VC QTY, Category 3VC QTY, Category 1 VC QTY

Figure 14. Multiple regression model summary and ANOVA

Based on the results of the ANOVA, obtained values of F(7,3892) = 83,621,p <
0,001 suggest that at least some of the independent variables explain the variation of
the profitability level. In addition, the coefficient of determination receives value of
R? = 0,1307, which can be interpreted that the constructed regression model repre-
sents 13,1 % of the variation of the profitability level. Furthermore, the values of the

coefficients are shown in figure 15.
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Coefficients®

Standardized
Unstandardized Coefficients Coefficients Collinearity Statistics
Model B Std. Error Beta t Sig. Tolerance VIF
1 (Constant) 63,830 976 65,374 ,000
Category 1 VC QTY 6,616 451 275 14,682 <,001 635 1,574
Category 2VC QTY -7,759 1,282 -,091 -6,051 <,001 987 1,013
Category 3VC QTY 14,966 1,911 125 7,831 <,001 876 1,142
Category 4 VC QTY -2,620 866 -,049 -3,025 003 863 1,159
Category 5VC QTY -927 324 -,047 -2,865 ,004 828 1,207
Category 6 VC QTY 2,999 691 069 4341 <,001 884 1,132
Category 7 VC QTY 2,127 1,274 ,030 1,670 ,095 678 1,475

a. Dependent Variable: Profitability level

Figure 15. Multiple regression model coefficients for VC categories

The results of the t-tests for coefficients show that 6 of the 7 VC category coefficients
estimate the variation of the profitability on a level that is statistically significant, and
only Hy: Beategory 7ve ory = 0 can be accepted with 5 % significance level. Thus, the co-
efficient value of Category 7 VC QTY can be expressed as zero, whereas the remaining
coefficients can be accepted to be significant at 5 %. However, the coefficient of Category
7 VC QTY would be significant at 10 % level, but it is still discarded from the model. To
evaluate the measures of collinearity statistics, the obtained value for variance inflation
factors (VIF) can be described to be low, which indicate that the risks are low for multi-
collinearity, as the values for VIF are smaller than 5. Therefore, the correlation can be
described to be small in between the variables, which was also visible in the previously
presented table 10. Small risks for multicollinearity can be seen to increase the reliability

of the obtained model to explain the dependent variable of profitability level.

Based on the values of the obtained coefficients, the results show that VCs in the cate-
gory of 3 show evidence to positively affect profitability the most with the highest coef-
ficient value of 14,966. In addition to VC codes included in the category 3, VCs in catego-
ries of 1 and 6 were also seen to have positive connection to higher profitability level of
an individual unit. Therefore, profitability level can be seen to be improved on such units
that include VCs from these categories with positive coefficients. On the contrary, cate-
gories of 2, 4, and 5 were seen to have negative impact on profitability. Therefore, higher

number of VCs in these categories on an individual unit estimates lower profitability level.
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To estimate the total profitability level based on the VC quantities in each category, the
constructed multiple regression model can be presented as a formula (3) shown below.
The coefficient term of category 7 is left out from the model because of the statistical

insignificance to explain the variation of the profitability level.

Profitability = 63,83 + 6,62 X; — 7,76 * X, + 14,97 * X5 — 2,62 * X, — 0,93 *
X5 + 3,0 * Xg (3)

To answer the directional hypothesis of Hlc, it can be stated that the multiple regression
model shows evidence to support the view that the VCs in the category 3 have the largest
positive impact on profitability level. Therefore, based on the highest positive coefficient
value of category 3 in the obtained model, the presented directional hypothesis of Hlc

can be accepted.

4.3 The effect of engineering on profitability

The second directional hypothesis assumes that engineering has an impact on the prof-
itability level of an individual unit. Products that require engineering can be described as
highly customized as their characteristics and other features cannot be determined au-
tomatically with existing configurations. Therefore, to fulfill the requirements set by cus-
tomers, these products must go through engineering. The distribution of statistical units
included in the engineering groups of 1 and 2 were presented earlier in the figure 10. It
can be noted that nearly 80 % of the units belong in the engineering category of 2 when
both size categories are evaluated together. Furthermore, H2a suggest that the profita-
bility level is different in between of groups of 1 and 2. To test the presented hypothesis,
independent-samples t-test is performed to compare the means between the profitabil-
ity levels and engineering groups separately in both size categories. The test enables to
examine if there is statistically significant difference in the means of different groups,

with the following statistical hypothesis testing of Hy: iy = u, and Hy: gy # uy. First,
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the assumption of normal distribution is examined for size category 1, and obtained re-

sults are presented in figure 16. below.

Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Engineering category Statistic df Sig. Statistic df Sig.
Profitability level  Engineering category 1 ,037 395 2000 ,989 395 ,005
Engineering category 2 048 1250 <,001 983 1250 <,001

* This is a lower bound of the true significance.
a. Lilliefors Significance Correction

for Engi

Frequency

0 50 100 150

-50 0 50 100
Profitability level Profitability level

Figure 16. Distribution evaluation for profitability level in size category 1

To examine the shapes of the distributions, Kolmogorov-Smirnov normality test is ap-
plied, where null hypothesis posit that the distribution follows normal distribution.
Firstly, in the size category 1, the observed distribution of Engineering category 1 fulfills
the requirements of normal distribution with significance level of 5% as p = 0,200, and
thus null hypothesis is accepted. In contradiction, the test results do not show evidence
that the distribution of Engineering category 2 is normally distributed as p < 0,001,
which leads to rejection of the null hypothesis. To continue with the testing of normality,
the test results for the size category 2 are shown in the figure 17 below. After evaluating
the normality of the distributions, the results of the applied statistical testing are pre-

sented.
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Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Engineering category Statistic df Sig. Statistic df Sig.
Profitability level  Engineering category 1 050 549 ,003 972 549 <,001
Engineering category 2 035 1706 <,001 ,981 1706 <,001

a. Lilliefors Significance Correction

for Engil ing= Engi ing gory 2

Enai " E

for Engi i gory 1

Frequency
Frequency

100 -50 [} 50 100 150 <0 0 S 100 150

Profitability level Profitability level

Figure 17. Distribution evaluation for profitability level in size category 2

In the size category 2, the Kolmogorov-Smirnov normality test do not show support for
normal distributions in either of the engineering categories with 5 % significance level,
and null hypotheses are rejected for both variables. However, due to a large sample size
and proximities to normal distributions observed from the histograms, the shapes of the
distributions enable these samples to be used in the analysis of t-test for equal means.
The t-test is not seen to be sensitive for not fulfilling the normality assumption, if the
sample size is large and the distributions are not extremely skewed, which are both true
in this occasion. Therefore, the testing of means is applicable to be done with the inde-
pendent samples t-test. First, the test results for size category 1 are presented in the

figure 18.
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Group Statistics

Engineering category N Mean Std. Deviation ~ Std. Error Mean
Profitability level  Engineering category 1 395 54551723735 27960655925 1,4068532800
Engineering category 2 1250 64,140701636  33,396583063 94459801408

Independent Samples Test

Levene's Test for Equality of

Variances t-test for Equality of Means
95% Confidence Interval of the
Significance Mean Std. Error Difference
F Sig. t df One-Sidedp  Two-Sided p Difference Difference Lower Upper
Profitability level  Equal variances assumed 19,059 <,001 -5163 1643 <,001 <001 -9,588977901 1,8572600416 -13,23182427 -5946131532
Equal variances not -5,659 779,350 <,001 <001 -9,588977901 1,6945505479 -1291540189 -6,262553914

assumed

Figure 18. Independent samples t-test for size category 1

Based on the results of the Levene’s test (F = 19,059, p < 0,001), the evidence shows
that the variances are not equal between the groups, as hypotheses for Levene’s test
propose that Hy: 6} = o7 against Hy: 6] # 6f. Thus, the results applied from the t-test
is t(779) = —5,659, p < 0,001, which indicates that the null hypothesis of the t-test
can be rejected. Therefore, it can be stated that there is a statistically significant differ-
ence between the means of profitability levels in the engineering categories of 1 and 2
in the size category 1 with the significance level of 0,1 %. To continue with the testing,

the test results for size category 2 are shown in the figure 19.

Group Statistics

Engineering category N Mean Std. Deviation ~ Std. Error Mean
Profitability level Engineering category 1 549 75366179273 28532470040 1,2177361469
Engineering category 2 1706 78,677790596 28,730972614 69560198837

Independent Samples Test

Levene's Test for Equality of

Variances ttest for Equality of Means
95% Confidence Interval of the
Significance Mean Std. Error Difference
F Sig. t df One-Sided p  Two-Sided p Difference Difference Lower Upper
Profitability level Equal variances assumed 122 727 -2,353 2253 ,009 019 -3311611323  1,4074059730 -6,071559037 - 5516636094
Equal variances not -2,361 932,073 ,009 018  -3311611323  1,4024063069 -6,063851079 - 5593715675

assumed

Figure 19. Independent samples t-test for size category 2

Levene’s test results (F = 0,122, p = 0,727) indicate that the variances between the
categories are equal with 5 % significance level. Therefore, the applied measure for the
t-test obtains values of t(2253) = —2,353, p = 0,019, which implies that the null hy-
pothesis can be rejected with 5 % significance level. Therefore, there is a statistically

significant difference between the means of engineering categories of 1 and 2 also in the
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second size category of statistical units. However, the results would not be significant
with 1 % significance level, but with the chosen risk level of 5 %, the results can be nev-
ertheless accepted. By evaluating the numeric values of the means between both groups,
the differences can be observed to be small. However, the difference is visibly larger in
the size category 1 than it is in category 2. The differences between the means of both
groups are depicted in the boxplot figure 20. below, which also shows the expected

higher mean values for profitability in the engineering category 2.

Engineering category

150 P— —— B Engineering category 1
B Engineering category 2

100

50

Profitability level

° g
-50 .

-100
Size 1 Size 2

Frame size

Figure 20. Profitability evaluation between engineering categories

As a result of the two separate testing of equal means, the second directional sub-hy-
pothesis of H2a can be accepted with significance level of 5 % obtained from the t-test
of two independent variables. Therefore, it can be stated that the profitability level be-
tween engineering categories is different in both size categories. By evaluating the re-
sults more closely, the statistical units in the engineering category of 2 indicate improved
profitability level in both size categories on average. In the size category 1, the difference
between observed means of profitability was visibly larger and measured to be 9,589

points, whereas in category of 2, observed difference was only 3,312 points. Therefore,
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the difference between profitability levels in the size category 2 is very small in practice,

even though the difference was accepted to be statistically significant at 5 %.

As discovered, statistical units in the engineering category 2 were seen to have higher
profitability level on average. To further examine the effects of differing engineering
groups on profitability, H2b suggest that increased engineering work is connected with
higher profitability level. This assumption is based on the idea that increased amount of
engineering work extends the customization of the product, thus improves the value
received by the customers. The amount of engineering work is determined based on
type of the motor, in addition to the quantity of certain VCs and their characteristics, but
the exact measure and description of what the presented engineering work number de-
picts is not exposed. To evaluate the relationship between quantity of engineering work
and profitability level, appropriate correlation coefficient measure is applied. Before per-
forming the analysis, the sample is delimited to include only such units that require en-
gineering. Therefore, such statistical units that do not require engineering work at all are
left out from this analysis, as the amount of engineering work for those units would be
zero. Furthermore, the number of applied sample size in this specific testing is not re-
vealed. To begin with, results for the normality test and related histograms are presented

in the figure 21. below.
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Case Processing Summary

Cases
Valid Missing Total
N Percent N Percent N Percent

Profitability level 100,0% 0 0,0% 100,0%
Engineering work 100,0% 0 0,0% 100,0%

Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

Profitability level 044 - <,001 979 - <,001
Engineering work 342 ,000 748 <,001

a. Lilliefors Significance Correction

Frequency
Frequency

-50 0 50 100 150 1 3 5 7 9 n 13 15

Profitability level Engineering work

Figure 21. Normality tests and distribution histogram for engineering work

Based on results of the Kolmogorov-Smirnov normality tests, neither of the distributions
follow normal distribution, and both null hypotheses can be rejected. As the assumption
of normal distributions is not fulfilled, the applied measures for correlation measure are
Spearman’s rank correlation coefficient p and Kendall’s . The results for correlation

measures are shown in the table 11. below.
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Table 11. Correlation between engineering work and profitability

Correlations

Profitahility level Engineering work
Kendall's tau_b  Profitability level Correlation Coefficient
Sig. (2-tailed) .
N N
Engineering work Correlation Coefficient 051
Sig. (2-tailed) <001 .
N ] N
Spearman's rho  Profitahility level Correlation Coefficient --
Sig. (2-tailed) .
N I
Engineering work Correlation Coefficient 066
Sig. (2-tailed) <001
N [ ] [ |

** Correlation is significant atthe 0.01 level (2-tailed).

Descriptive Statistics

Mean Std. Deviation N
Profitability level ~ 72,530510082  31,611687373 -
Engineering work 3,90 2,416

The test results present that the correlation coefficients obtain values of p = 0,066,p <
0,001 and 7 = 0,051, p < 0,001. As the null hypothesis for significance testing of corre-
lation coefficients suggest that the variables are statistically independent, the test results
show evidence for rejecting the null hypothesis with 0,1 % significance level. Therefore,
statistically significant positive correlation can be found between profitability and the
amount of engineering work. However, as both coefficient values of p = 0,066 and T =
0,051 are very close to zero, they indicate virtually nonexistent correlation between the
amount of engineering work and profitability level regardless of the statistical signifi-
cance. Thus, the connection between engineering duration and profitability cannot be
seen to have connection in practice. Further examination of the correlation is presented
in the scatter plot figure 22. Based on the scatter plot, it is visible that connectivity be-

tween the two variables is not apparent as the correlation coefficients also suggest.
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Figure 22. Scatter plot of profitability level and amount of engineering work

As an answer to the sub-hypothesis of H2b, the amount of engineering work and prof-
itability were not seen to have relationship in between the two variables. Based on the
obtained correlation coefficient values, the relationship is virtually nonexistent in prac-
tice, even though the obtained correlation coefficient values were seen to be statistically
significant. Regardless of the statistical significance of the correlation coefficient values,
but as the coefficient values are nearly zero, H2b can be rejected, which indicates that
the amount of engineering work cannot be seen to have connection with the profitability

level of a statistical unit.

4.4 Summary of results

As a summary of the obtained results from the statistical analysis, it can be noted that
the quantity of different VCs on an individual unit is seen to have a weak but nevertheless
positive impact on improved profitability level in both VC groups of A and B. However, as
an interesting observation, it was noted the VCs in the group B were seen to have

stronger correlation to higher profitability. Based on the results of the correlation
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coefficients, Hla was accepted. By evaluating each VC included in the group A sepa-
rately and reviewing their impact on profitability estimate, it was discovered that 7 VCs
in total did not explain the variation of the profitability level when both size categories
were examined together. From the 47 statistically significant regression models, 14 of
the VCs estimated decreasing profitability on those units where such VCs were included.
Nonetheless, totality of 33 VCs estimated higher profitability on those presented regres-
sion models. Additionally, existence of VC51 estimated the highest profitability increase
with the coefficient value of 26,259 points. However, as the most sold VC1 estimated to
increase the profitability only 5,135 points, it led to rejection of H1b. Therefore, the
most sold VC was proved not to be the most profitable product option. Finally, H1c as-
sumed that VCs included in the category 3 estimated the highest positive connection
with profitability. The analysis was constructed by creating a multiple regression model,
which indicated that VCs included in the category 3 had indeed the highest impact on
profitability level based on the coefficient value of the regression model, thereby provid-
ing evidence to accept Hlc. Furthermore, the presented model discovered that catego-
rized VCs included in the VC Group A explained 13,1 % of the profitability variation based

on the value of coefficient of determination.

The second directional hypotheses assumed that differing engineering category and
amount of engineering work had an impact on profitability. By reviewing the means of
profitability levels in between of engineering groups 1 and 2 separately in both size cat-
egories, it was discovered that the mean values were different in both engineering cate-
gories, and H2a was accepted. The observed differences between the profitability levels
of different engineering groups were nevertheless seen to be small. However, the differ-
ence between profitability levels of the groups was notably larger in the size category of
1 with the difference of 9,589 points, whereas in category 2, it was only 3,312 points.
Furthermore, the relationship between the amount of engineering work and profitability
level was evaluated through the values of correlation coefficients. Based on the results,
statistically significant dependency between the variables was found, but as the coeffi-

cient values were very close to zero, it indicated that the connection was virtually
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nonexistent. Therefore H2b was rejected. The results of all directional hypotheses are

presented in the table 12. below.

Table 12. Directional hypotheses result summary

Directional hypotheses Results
H1la: Higher number of VCs is connected with higher profitability level Accepted
H1b: The most sold single VC has the largest positive impact on profitability Rejected

Hlc: VCs included in the category 3 estimate higher profitability than other cate- | Accepted
gories

H2a: Profitability level is different between engineering group 1 and group 2 Accepted

H2b: Increased engineering work is connected with higher profitability level Rejected

Based on the obtained results from the statistical tests, and as an answer to the second
research question of this study, it can be stated that mass customization of electric mo-
tors is a profitable operating strategy for the case company in the reviewed product line
and size category. This view is supported by the results that indicate that the number of
VCs is positively connected with the profitability level in both variant code groups of A
and B. Thus, higher number of VCs on a statistical unit can be thought to result in more
customized products, which is ultimately positively connected with profitability level. In
addition, 33 individual VCs in the group A were seen to estimate improved profitability
level in those units where they were included in. Therefore, it indicates that the profita-
bility level would be lower without the customization. However, 14 of those reviewed
VCs were seen to estimate lower profitability level in those units where they were in-
cluded, but they nevertheless presented the minority of the VCs included in the analysis.
Furthermore, by dividing VCs into 7 different categories, 3 of them were seen to have
positive impact on profitability, and at the same time 3 of them estimated lower profit-
ability, as the last category did not show statistically significant evidence against affecting
the variation of the profitability level. Furthermore, VCs in the category 3 were seen to
estimate the largest positive impact on profitability level. In addition, the constructed
multiple regression model with VC categories as independent variables were seen to ex-
plain the variation of the profitability level by 13,1 %, thereby indicating that the impact

of customization through VCs have a recognizable effect on profitability.
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Furthermore, the difference between the mean values of profitability levels in separated
engineering groups were discovered to be different with 5 % statistical significance level
in both size categories. Even though the profitability levels were higher in the engineer-
ing group 2 on average in both size categories, the observed differences can be described
as recognizable but otherwise small, which is visible in the figure 20. In contradiction,
the amount of engineering work was seen to have near zero correlation to profitability
level in practice. Therefore, increased amount of engineering work did not show neither

improved nor impaired profitability level on individual statistical units.

Based on the presented results, mass customization can be stated to improve the prof-
itability of electric motor manufacturing in the case company when it is evaluated
through the measures of VC quantities and engineering categories of 1 and 2. As a con-
clusion, these presented results in this whole subchapter show strong and statistically
significant evidence that mass customization indeed improves the profitability of electric
motor manufacturing in general in the case company, thereby supporting the answer to
the second research question. As a conclusion, it can be stated that statistical units with
more variant codes and belonging to engineering group 2 can be described as such cus-
tomized units that are more profitable than other units with less VCs and that are in-

cluded in the engineering category of 1.

However, as recognized in the literature review, costing systems and their accuracy to
trace and allocate costs to cost objects with precision were seen to have a highlighted
role in product profitability analysis. As this research assumes that the costing is well
performed and the product costs are therefore calculated correctly, the results and their
accuracy are nevertheless dependent on the costing results. Therefore, the obtained re-
sults can be seen as accurate as the applied costing system is in the case company, which

can be though to limit the accuracy of the presented results.
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5 Conclusions

This final chapter of the research presents main findings and results of this research and
recognizes their theoretical contribution to current scientific literature. Furthermore,
managerial applications are presented as this research can be seen to have close rela-
tions to mass customization and otherwise complex manufacturing industries and their
management accounting practices. Finally, limitations of this research are acknowledged

and ideas for future research are presented.

5.1 Main findings and results

The aim of this research was to examine how mass customization affects product level
profitability in manufacturing companies. Firstly, the literature review presented recent
academic advancements and research within the topic areas of mass customization, cost
accounting, and product profitability analysis which were all tied together to a single
entity to depict the purpose of this research. Mass customization can be presented as
an attractive operating strategy for many manufacturers that seek improved value crea-
tion and competitive advantage by producing customer-tailored products. In the best-
case scenario, mass customization is seen to achieve benefits of both mass production
and customization at the same time. However, as products become more complex and
variation grows, it also increases the complexity within the manufacturing operations
resulting in higher operating costs and challenges to manage the production. Therefore,
the value creation of mass customization must exceed the increasing amount of com-
plexity costs to be profitable, which is eventually an indicate of the improved value cre-
ation of the customization for the manufacturing company. To manage the complexity
induced costs and growing lead times, predetermined and automized product configu-

rations and modules are suggested to be implemented.

However, as product variation becomes extensively large, determination of product

costs becomes more difficult, as traditional costing systems can be seen insufficient in
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such complex environments. These traditional costing systems were seen to lead into
costing errors that arise through systematic volume errors in costing results of single
products. The recognition of this has led to development of improved costing systems
such as ABC, TDABC, and cost estimation models to offer improved costing results in such
high variating environment. Implementing an accurate costings system has a highlighted
role when product profitability levels are determined for different products, as inaccu-
rate cost information results in incorrect results in profitability analysis. In mass custom-
ization, the amount of indirect costs can be seen to grow due to increasing amount of
required support functions, and these costs must be then allocated precisely to different
products to depict their actual costs based on their resource using. Only accurate cost
information can therefore bring value to the managerial accounting practices, as wrong
information could lead into wrong decisions. The first research question examined the
different available costing systems within such complex manufacturing environment and
discovered that TDABC would be the best suited costing system to apply for accurate
costing results with relatively easy implementation process. Thereby, the presented lit-
erature review tied the concepts of mass customization, product costing systems, and

profitability analysis together, and described their close interconnectivity.

Furthermore, the empirical section of this research was carried through quantitative sta-
tistical analysis based on data collected from the case company to answer the second
research question. The analysis included statistical methods of regression and correla-
tion analysis in addition to comparison of means that were applied to test the predefined
directional hypotheses. The effects of mass customization on profitability were analyzed
through different variant codes and their quantities on individual statistical units, in ad-
dition to differences between engineering groups, which were applied as the measure
of customization. Based on the results, and as an answer to the second research question,
it was discovered that mass customization of electrical motors is a profitable operations
strategy for the case company in the selected motor type and size category. The identi-
fied research question was answered by obtaining results to 5 directional hypotheses

related customization and its dimensions. These directive hypotheses were chosen
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together with the case company to direct the statistical analysis. The evidence shows
that there is a small but nevertheless positive correlation between the profitability level
and the number of variant codes on individual statistical units. In addition, by evaluating
variant codes separately, 33 of 47 of the statistically significant regression model-based
estimates were seen to improve the profitability level of an individual unit. By categoriz-
ing the variant codes into seven categories, 3 of them were seen to estimate improved
profitability, 3 negative profitability, and 1 remaining category did not show statistically
significant impact on affecting the profitability level at all. However, the total impact of
all categories was still seen to be positive. Furthermore, by evaluating the effect of both
engineering groups, it was discovered that units in group 2 were seen to have statistically
significant higher profitability level in both size categories on average. However, the
amount of engineering and profitability level were seen to have practically nonexistent
connection. Based on the obtained results from the statistical tests, the second research
guestion regarding the increased profitability of mass customization in electric motor

manufacturing in the case company was confirmed based on the statistical evidence.

This research has contributed to the current scientific literature by combining statistical
and econometric product profitability analysis within the framework of mass customiza-
tion manufacturing. As identified research gap remark, current literature lacks empirical
studies of how profitability is affected by mass customization, how optional product fea-
tures impact profitability in industrial environment, and how statistical or econometric
methods in profitability analysis can be utilized in management accounting practices.
Therefore, this research has a direct contribution to these identified research gaps by
providing such empirical evidence, even though the actual financial and other product
related measures are made unrecognizable in the public version due to confidentiality

reasons.
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5.2 Managerial applications

The presented statistical method of regression model, where product characteristics are
recognized through dummy variables of their own, enables companies to evaluate the
differences between customized products and their impact on selected variables
through statistical methods. Furthermore, the presented method can be also used for
examining other features than profitability. As an example, it is well applicable for esti-
mating lead times and material or labor costs based on those product features also for
products that are not manufactured before, thereby offering large variety of managerial
applications and a procedure to utilize it in practice. In addition, the obtained results
from analysis offer possibilities for the case company to evaluate how the total profita-
bility or performance of those underperforming variant codes could be improved based
on their impact on profitability. Therefore, this research can be seen to have close rela-
tions to management accounting, and especially to statistical profitability analysis prac-
tices in manufacturing companies that produce large variety of products with distinct

product features.

In addition, the presented model and statistical method can be implemented in the case
company to include every motor type and size category. It is well applicable in such situ-
ation, as the data is already existing, but it is only applied in this research by far. By im-
plementing the same analysis for all products and size categories, it would enable mak-
ing comparison in between of multiple products and estimating the impacts of other VCs
that were not included in this analysis. Further possibilities of applying the presented
method can be seen to increase the managerial applications of this research within the

case company.

5.3 Limitations and future research

This study and its results are limited to depict strictly the situation within the case com-

pany and its selected product type and size category. As already noted in the
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methodology section, regardless of that quantitative research aim to provide generaliza-
ble results, generalization of the results of this study is not justified in any other context
than in the case company. In addition, differing results are also expected if different
product and size categories would be selected as the target of the analysis. However, the
statistical methods and particularly the regression model is well applicable for perform-
ing other research related to understanding of how certain product features and other

characteristics affect and estimate product level profitability.

The trustworthiness of the obtained results is limited by several causes. From the data
guality perspective, the research assumes that the product costing is done precisely, and
related costs are thus accurately traced and allocated to cost objects. Therefore, incor-
rect cost information would lead into wrongful results on profitability analysis, resulting
incorrect results in this research. The cost information from the case company was eval-
uated to be precise enough as such to produce accurate results. However, the results can
be described as precise as the costing system in the case company is. In addition, as only
selected amount of different variant codes was selected to be included in the closer anal-
ysis in the regression models, the results could differ if the excluded variant codes would
be included in the analysis. From the statistical method perspective, this research gives
less emphasis to some assumptions, especially in the regression models due to large
sample size. Large deviations from the regression model assumptions can be seen to
result in more imprecise results. Nonetheless, the main assumptions and significance
levels of regression model and their coefficients were seen to be fulfilled. In addition, as
large amount of varying information is described through one estimated number, it is

inevitable that it includes certain impreciseness and deviations.

For the future, interesting research problems could include examining the differences
between traditional and more advanced costing systems on recognizing product profit-
ability levels in mass customization manufacturing environment, which would require
implementing a new costing system. Furthermore, within the same context of this re-

search, similar analysis could be used for constructing a multiple case study within the
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case company to include other size categories and motor types as well. This could be
seen to result in more generalizable results inside of the case company. In addition, more
complex regression models could be implemented to depict the relationship between
different variables in more detailed level with smaller errors terms of the estimates. In
addition, as already recognized before, from the perspective of the case company, a
more detailed evaluation of non-standardized mass customization and its effects on

profitability would be an interesting topic area to focus on next.
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Appendices

Appendix 1. Variables list

Excluded from the public version.
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Appendix 2. Variant code distribution

Variant code Description

Catgory

Quantity

Percentage of total

Cumulative %

© 0 N U A W N R

oA B R S B B B R D DWW W WWWWWWWNNNNNRNNNNRNNDRRRR R B R B PP
B W N P O L ® N O 0 B W N R O L ® N 6 0 A W N P O W M N 6 U1 & WN R O W M N O U & WN B O

Other
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Appendix 3. Linear regression models for size category 1

Excluded from the public version.
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Appendix 4. Linear regression models for size category 2

Excluded from the public version.



