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Research and Programmes

The Advanced Services Group

THE
ADVANCED

Aston Business School SERVICES

The Advanced Services Group

The Advanced Services Group (ASG) is a centre of excellence within Aston Business School
specialising in servitization and, in particular, advanced services. It delivers education, training
and research to help global manufacturers and technology innovators to develop services-led
strategies. The Centre have worked with over 200 businesses, including Baxi, Domino Printing
Sciences, Ishida, Legrand, Thales and Waters, as well as a multitude of SMES, who have both
informed and benefited from its research.

The Advanced Services Partnership

This is an international research network, which was formed in 2015, and comprises larger
manufacturing organisations that are traditionally production-focused, and now in the earlier
stages of exploring, developing and deploying advanced services. It sustains a nurturing
environment comprised of one-to-one support and roundtables that are structured so that
experiences can be shared openly and constructively. Partners are drawn from across Europe
and the USA.

T Ensinearing and Digitally Enhanced Advanced Services (DEAS+)
Phssical chiences NetworkPlus. A community of researchers and

Research Council  Practitioners funded by the EPSRC. The DEAS

NetworkPlus works collectively across disciplines

" (e.g., computer science, engineering and business)
'”DEAS+ and industry sectors (manufacturing, transport and
financial services), to accelerate the innovation of

Digially Enhanced Digitally Enhanced Advanced Services.

Advanced Services

Ecorsmia Pathways Towards Servitization: A Transnational
% and Social Study of Organisational Transformation. An ESRC
Research Council project with the primary aim of developing
organisational  transformation  pathways that
manufacturers can follow to efficiently and effectively
innovate their organisations through servitization and
compete through advanced services.

and Investment Funds learning platform, for SMEs in the Greater
Birmingham and Solihull region of the UK — it will
underpin changes that SMEs will need to make in
order to benefit from the changing digital landscape.

RET European Union Advanced Services Growth 1. This project will
N = uropean Structural provide new knowledge, accessed through a digital



Rt European Union Advanced Services Growth 3. This project will
LN = uropean Structural underpin newgrowth in manufacturing SMEs in
Aiwd and Investment Funds the Black Country of the UK — it will be achieved
through a series of business supportinterventions

to help these SMEs to develop business models

for advanced services that ‘co-create’ value for

themselves and their customers.



Introduction

The Spring Servitization Conference (SSC) is dedicated to understanding how organisations
can develop and adapt their business models around servitization and advanced services.
Since its inception, the mission of SSC has been to play a key role in the development of a
better understanding of servitization and to demonstrate the potential impacts upon businesses
and society. SSC continues to fulfil this mission and provides the major forum for researchers
from across disciplines including operations management, strategic management, service
innovation, service marketing, information system, etc. to constructively share and debate their
findings, generates new ideas, network and forge research partnerships.

We were planning to host the Spring Servitization Conference 2021 in Florence, ltaly.
However, similar to SSC2020, due to the COVID-19 pandemic, we were forced to move this
year’'s conference to a fully virtual event too. The theme will be Servitization: A Pathway
towards a Resilient, Productive and Sustainable Future and once again we will follow the now
established format of a single stream where all contributors have an opportunity to present to
the whole conference audience and engage in both structured and semi-structured panel
sessions to discuss their work. The programme is designed to encourage strong participation,
extensive debate, and bridge research theory and industrial practice. The conference will also
feature keynotes from senior executives at leading manufacturing businesses.

We would like to thank all contributors, both new and returning colleagues, reviewers,
delegates, sponsors, and staff for the continued support and commitments to the Spring
Servitization Conference despite the uncertainties and challenges generated by the COVID-
19 pandemic. We are truly hoping to return to our normal face-to-face conference from 2022.

Dr Ali Z. Bigdeli and Professor Tim Baines
The Advanced Services Group, Aston University, UK
May 2021
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A PRICING MODEL FOR DATA DRIVEN INDUSTRIAL SERVICES. AN EMPIRICAL CASE STUDY

Gorka Mendizabal-Arrieta, Eduardo Castellano-Fernandez

ABSTRACT: As the manufacturing industry implements and develops digital servitization strategies,
three characteristics of data are becoming more important; (1) its quality, (2) its production cost, and
(3) the value given to it by suppliers and customers. Thus, within the framework of data-based
industrial services, a case study has been carried out with a manufacturer from the Basque Country.
In this way, a method that serves to assign a price to the data has been developed, integrating the
previously mentioned features.

Purpose: To develop a pricing model for data driven industrial services.
Design/Methodology/Approach: A literature research has been conducted to identify scientific
industrial data pricing frameworks. Concretely Shen et al. (2016) has served as the basis of the model
presented, applied through a case study in an industrial manufacturer developing data-driven
industrial services.

Findings: Integrating both the customer's and the manufacturer's assessment of data tuples into the
proposed model facilitates the exploration of value co-creation, which benefits both parties. It
provides the industrial manufacturer with a more effective data pricing policy and a strategy for
building buyer loyalty. The customer obtains a way of making their needs known and a way of
obtaining a more tailored product.

Originality/Value: Based on the model of Shen et al. (2016), which is focused on the case of personal
data, the proposed model has been extended to the industrial environment, adding aspects related
to data quality.

KEYWORDS: digital servitization, data pricing models, value co-creation, data quality
1.INTRODUCTION

In the context of digital servitization (Paschou et al., 2020), data-based business models are becoming
more significant (Kiihne; Bohmann, 2019), as is the need to use economic logic (Luong et al., 2016) to
understand the sources of income (Opresnik et al., 2013). In this sense, it is important to consider the
value generated through the interaction between customers and manufacturers (Martin et al., 2019),
because this helps to improve the long-term experience of servitization (Jang. et al., 2020) and
innovation in services (Johansson et al., 2019).

This paper thus sets out to propose a quantitative pricing model for data and reports a research study
intended to fill the current gaps in the literature (Carriere-Swallow and Haksar, 2019). A second,
parallel objective is to analyze the notion of value co-creation in a real case. Thus, an investigation has
been carried out at an industrial manufacturer, where the data from a sensorized industrial machine
was analyzed. Due to the characteristics of the model to be presented, the quality of data is considered
numerically, along with the value assigned by the manufacturer and the customer to it. To respect
confidentiality matters, some of the information used in the model is aggregated or exemplified.

The paper is organized as follows: Section 2 outlines the theoretical and empirical background; Section
3 describes the objectives and the methodologies applied; Section 4 shows the model proposed and
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its application to the case study, and; Section 5 summarizes the conclusions, limitations of the research
and future research lines.

2. THEORETICAL BACKGROUND
2.1 Data pricing methodology and data quality

According to servitization literature (Castellano and Lopez, 2020), in order to quantify data-driven
business models (Engelbrecht et al. 2016), methods for calculating; data quality costs (Haug et al.,
2011) and pricing digital goods and services (Laatikainen and Ojala, 2018), should be highly considered.

In terms of data pricing methods, Zhang and Beltran (2020) presents a comprehensive state of the art
of different logics that could be applied. In such analysis, the study by Tang et al. (2013) related to
“pricing tuples” is identified. This method is also used by Balazinska et al. (2011) and by Shen et al.
(2019). In the case of Shen et al. (2016), a reversed pricing method is used, defined by Bernhardt
(2004) as a “dynamic pricing mechanism, where the buyer and the seller influence the final price of a
transaction”. This same logic is used by Stahl and Vossen (2017), who state in regard to the relationship
between these two actors that “[their] model enables data providers to tap the willingness to pay of
customers, who would otherwise not buy their relational data product; in turn customers receive a
highly custom-tailored data product”.

2.2 Value Co-creation, perceived value, and consumer value

The concept of value co-creation (Gronroos, 2011; Galvagno and Dalli, 2014) is based on the
relationship between manufacturers and customers, which is why it should be analyzed in the context
of services (Vargo, et al., (2008) and Jaakkola et al. (2015).

Another significant notion is that of “perceived value”, which is analyzed by Sdnchez-Fernandez and
Iniesta-Bonillo (2007) and Suryadi et al. (2018) and in the context of the service industry by Boksberger
and Melsen (2011). Graf and Maas (2008), Rajala et al. (2015), and Leroi-Werelds (2019) focus their
research exclusively on analyzing consumer value, while Song et al. (2016) study the different levels
of customer participation in the value proposition. Zeithaml et al. (2020) consider the value of the
consumer from three different perspectives; (1) positivist, (2) interpretive, (3) social constructionist.

In the measurement of consumer value, the research by Sanchez-Ferandez et al. (2009) details the use
of unidimensional and multidimensional models. In this regard Klaus and Maklan (2012) present the
application of multivariate analysis for measuring customers’ service experience although, as
advocated by Drolet and Morrison (2001), this type of study is costly at the very least. Hinterhuber
(2008) as well as Liozu et al. (2012) and Toytari et al. (2015) analyze the reasons why the method of
value-based pricing encounters obstacles among companies, e.g. value assessment and
communication, market segmentation, sales force management, and top management support.

3. RESEARCH OBJECTIVES AND RESEARCH METHODOLOGY
3.1 Objectives
The objective is twofold; firstly, to assign a price to the data generated by the sensors on an industrial

machine, and secondly, to make a practical proposal that enables value to be co-created by the
manufacturer and the buyer.

Proceedings of the Spring Servitization Conference (SSC2021)
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3.2 Methodology

A systematic literature research is applied, defined by Okoli and Schabram, (2010) as a “systematic
methodology that is explicit and reproducible, to identify, assess, and synthesize the work produced
by researchers and academics”. Based on it, the work carried out by Shen et al. (2016), which proposes
an equation for the pricing of personal data based on tuple granularity, has inspired the model
proposed in this paper. This model has been developed based on a case study of an industrial
manufacturer developing a data-driven industrial services.

Shen et al. (2016) equation and constraints are as follows:

i i T
pizPsx(w;xa+%xﬁ+71><y) [1]
Where:

P; Supply Price of data: This is obtained by subtracting the demand price of a data packet from the
cost of collecting, analyzing, and sharing trading platform data.

% Value weight: This is set according to experience and the greater the value weight is, the more
important the data is.

% Information entropy: As per Shannon, this refers to the probability distribution function that

represents uncertainty; the greater the entropy the smaller the possibility of correctly estimating its
value.

H(x) = = 3%, p(xi;) logz p(xij) 21

HX) = YL H(x) = — ?=1Z§=1P(xij)10gzp(xij) (3]

% Data reference index: This measures the authority of the user from the purchase amount and

purchase times of data tuples at the same time.

The aforementioned study (Shen et al. 2016) focuses on the allocation of prices for personal data.
Thus it has been adapted to the industrial data through the case study. The industrial machine
analyzed is considered as a data packages, while the data tuples are the tabs displayed on the
industrial manufacturers’ dashboard (Sarikaya et al. 2018). The items represented are those
considered as the attributes mentioned by Shen et al. (2016). In this way, six data tuples, namely
“consumption”, “temperature process”, “feeding system process”, “alarms”, “OEE” and
“maintenance” have been selected. For confidentiality matters, the items presented are referred as
IT1, IT2, IT3, IT4, IT5, IT6.

In addition, eight workers were surveyed to secure information on the Data Scores variable. The
questionnaire was completed by four employees of the industrial manufacturer and four employees

of the customer itself, who were asked to give a score from one to seven to the six items mentioned
above, with one as the lowest value and seven as the highest.

4. APRICING MODEL FOR DATA DRIVEN INDUSTRIAL SERVICES

The model proposed is the following.

Proceedings of the Spring Servitization Conference (SSC2021)



(1 - Z—%) Data Quality. It sets the logic proposed to confirm the validity of data. The sensor system

emits one line of data per second, so a range of lines recorded is established: If between 3550 and
3600 lines are recorded in one hour the quality of the data is considered as valid. If the figure is under
3550 it is considered as invalid. Once this "quality filter" has been applied, the new data samples for
each of the six items are defined as DQj, with the sum of all of them being DQ. The intention is for the
items that have lost few lines to be "rewarded" with a higher final value. An example is shown in the

pi =B X

Mendizabal-Arrieta & Castellano-Fernandez

(-2 a +2

The characteristics of each variable are detailed below:

wi

qi
x g +4
B q

CRI;

xy+ —L x & [4]

CRI

table below.
Table 1: Example of the variable Data Quality

Pre-data Post-data
Item quality filtered DQ; DQ/DQ | 1-(DQ/DQ)

lines (A) lines (B)
T 100 94 6 0,176470588 | 0,823529412
T2 95 92 3 0,088235294 | 0,911764706
IT3 80 70 10 0,294117647 | 0,705882353
IT4 87 80 7 0,205882353 | 0,794117647
IT5 93 90 3 0,088235294 | 0,911764706
IT6 65 60 5 0,147058824 | 0,852941176

TOTAL 520 486 34 1 0

%i Data Entropy. To calculate the probability, the readings for each of the six items are divided into

five ranges depending on their characteristics, and formulae [3] and [4] are then applied to estimate

the ratio of the entropy.

Table 2: Example of the variable Data Entropy

Item RANGE
IT1 [0-5] [5-10] [10-30] [30-80] [80-110]
30 15 20 25 4
IT2 |[13-14.5]| [14.5-16] [16 - 17.5] [17.5-19] [>=19]
7 30 30 20 5
<= 240000 - 480000 - 720000 -
I3 24(5000 ] [480000 ] [720000 ] [960000 ] [>=560000]
13 22 5 20 10
T4 | [<=10] [10-20] [20-30] [30-40] [>=40]
10 20 25 15 10
75 | [Good] .[ Pgre -[Jeft [trap .door [ Rejects lying
rejections ] rejection ] rejection ] down ]
50 7 13 5 15
IT6 | [<=40 ] [40-80] [80-120] | [120-160] [>=160]
15 25 17 1 2
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% Data Scores. The results obtained in the survey are shown below. The columns TOTAL
MANUFACTURER and TOTAL CUSTOMER are obtained by adding the score given to each of the items

by the manufacturer and the buyer, while MANUFACTURER RATIO and CUSTOMER RATIO are obtained
by normalizing that score to the number of participants, i.e. 4.

Table 3: Results of the variable Data Scores

Manufacturer’s | Customer’s | ADJUSTED
Item scores score score
(PS) (Cs) (AS)
IT1 0,134751773 0,225 0,18120805
IT2 0,163120567 | 0,10833333 | 0,15436242
IT3 0,184397163 | 0,15833333 | 0,17449664
IT4 0,191489362 0,2 0,18120805
ITS 0,14893617 0,15 0,1409396
IT6 0,177304965 | 0,15833333 | 0,16778523
TOTAL 1 1 1

As can be seen, there are differences in how the data is assessed. In cases where the customer gives
a higher score, the industrial manufacturer can adopt the strategy of increasing its own score to match
that of the buyer. When the customer's opinion is lower, the manufacturer can impose its own criteria
and set a minimum aligned with its own interests. This results in the third column, namely ADJUSTED
SCORE.

CRI;
?ﬁj Customer Relevance Index (CRI). To measure the weight of each customer, the Customer

Relevance Index indicator is proposed. This consists of three elements: (1) Whether or not the digital
services offered by the manufacturer to the customer are contracted; (2) The weight of the customer
in the operating account; (3) The number of machines for which the digital service is contracted. Thus,
one point is awarded if the customer contracts the services and one more for each machine for which
the product is contracted. Finally, one tenth of a point is awarded for each percentage point that the
customer accounts for in the manufacturer's operating account. In this way, the CRI ratio obtained is
0.16666667, the same for all six items under consideration.

After describing the variables and the way in which they are obtained, the next step is to present the
set of ratios needed to obtain the final price.

Table 4: Set of ratios obtained

Item | RATIO of Score RATIO RATIO of RATIO of
DQ MANUFACTURER | CUSTOMER | ADJUSTED Entropy CRI
IT1 | 0,82352941 0,134751773 0,225 0,18120805 | 0,17436773 | 0,16666667

IT2 | 0,91176471 0,163120567 0,10833333 | 0,15436242 | 0,16769663 | 0,16666667
IT3 | 0,70588235 0,184397163 0,15833333 | 0,17449664 | 0,17764007 | 0,16666667

IT4 | 0,79411765 | 0,191489362 0,2 0,18120805 | 0,18272198 | 0,16666667
IT5 | 0,91176471 | 0,14893617 0,15 0,1409396 | 0,1495906 | 0,16666667
IT6 | 0,85294118 | 0,177304965 | 0,15833333 | 0,16778523 | 0,147983 | 0,16666667
TOTAL 5 1 1 1 1 1,00000002
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P Supply price. Five elements that influence the different phases of the data life cycle are identified
from the production of the data through an intermediate stage to the production of the information
(Mendizabal, Castellano, Galfarsoro, 2021); (1) the total cost of the sensors, (2) the cost of the energy
consumed by the machine, (3)the price to be paid to the company contacted, (4) the software used
for data analysis and (5) the salary of the data analyst. For exemplification matters the supply price
has been set to 3000€.

In addition, an estimate has been drawn up of the possible combinations of the four factors (i.e. a, B,
vy, 6) used in the formula. A range between [0 - 0.50] has been established for each of them, with an
interval of 0.05. Of the 14641 combinations, the requirement o+ B +y + 6 = 1 is met in 891 cases, only
66 of which meet the requirement of IT1 +IT2 + IT3 + IT4 + IT5 + IT6 = 3000.

Table 5: Statistical results

STATISTICS IT1 T2 IT3 T4 IT5 IT6
MANUFACTURER AVERAGE 475,786175 | 497,483866 | 528,703899 | 540,878007 | 465,193437 | 491,954636
ESTAND.DEVI 14,7784141 | 1,68894027 | 6,29576397 | 8,85671996 | 7,07299593 | 10,4435387
VARIANCE 218,401522 | 2,85251923 | 39,636644 | 78,4414884 | 50,0272714 | 109,067501
CUSTOMER AVERAGE 566,034402 | 442,696632 | 502,64007 | 549,388646 | 466,257267 | 472,983005
ESTAND.DEVI 22,2962127 | 23,9070446 | 6,8128785 | 11,7286676 | 6,85469665 | 6,58531708
VARIANCE 497,121102 | 571,54678 | 46,4153134 | 137,561643 | 46,9868661 | 43,3664011
ADJUSTED AVERAGE 522,242455 | 488,725714 | 518,803381 | 530,596699 | 457,196864 | 482,434906
ESTAND.DEVI 5,11837144 | 5,21978706 | 3,97585393 | 6,23699627 | 9,21064236 | 7,82642173
VARIANCE 26,1977262 | 27,246177 | 15,8074145 | 38,9001225 | 84,8359326 | 61,252877

5. CONCLUSI