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Standardisation is often linked to the very existence of an industry and its evolutionary dynamics especially in
sectors where activities are particularly reliant on network economies. This paper investigates the interests of
the stakeholders of thematerials industry in the effort of setting the basis for standard-compliant formats for en-
gineering materials test data used in materials test certificates (TCs). Test certificates provide a guarantee of
origin, characteristics and materials specifications. A transition to standardised electronic-test certificates (E-
TCs) is thought to offer advantages over the static alternatives currently in use. This work highlights that the
stakeholders involved in the process have a general need for a standard compliant data model yet their par-
ticular interests might not be completely aligned. The choice of an open, non-proprietary, data format and
compatibility of the standard with legacy technological solutions prove to be critical for the implementation
of standardised E-TCs.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Test certificates are documents containing the results of a specific
test (or battery of tests) performed on a given batch of material, carried
out by an authorised testing house. The documents certify upon the
characteristics of thematerials submitted to testing procedures and fol-
low the material along the production chain from the manufacturer to
the final users.1 The intrinsic value of a TC is negligible as it can be
reproduced and distributed at a very low marginal cost. However its
economic value transcends the mere piece of paper onto which test re-
sults are reported and depends on the value it adds to the product it re-
fers to. To understand the extent to which TCs are pervasive in the
modern knowledge-based society one might think that nearly every
component of a manufactured good is made of some sort of material
whose characteristics have been assessed, tested and certified.

Regarding the widespread diffusion of TCs in our everyday life it is
perhaps worth mentioning that a large number of tests is regularly car-
ried out on the glass of a double-glazedwindowor of a patio door. These
include, amongst others, 1) impact testing, 2) strength, 3) fragmenta-
tion, 4) stress, 5) humidity and boil, 6) heat, 7) gas leakage, 8) mist
and fogging performance, 9) dew point measurement, 10) moisture
absorption capacity and content, and 11)UV fogging. All these tests, car-
ried out according to standards (BS EN 12150, 2004; BS EN 14449:2005,
2005; BS EN 1279-2, 2002; BS EN 1279-3, 1998; BS EN 1279-6, 2002),
own asmill test reports and re-
rmance”.
involve the production, transfer and management of a large quantity
of data describing characteristics of the materials.

A second example relates to probably the toughest challenge of ma-
terial engineering, that of the blade of a jet engine. The use of TCs in this
case playsmany critical roles in the entire blade's value chain. A blade in
a jet engine used in civil aviation is part of a piece of technology that
withstands extreme pressure (up to 700 psi), temperatures higher
than the melting point of the component materials (2400 K), huge ac-
celeration (50,000 g) and the typical working life of a turbine blade is
of about 10,000 h (Parsons et al., 2011). In this case, TCs and the data
they represent are employed in research, development and design of
new blades either through physical experiments – testing the capacity
of prototypes to withstand working conditions – and in numerical sim-
ulationswhereby new designs and newmaterials are played out in sim-
ulated experimental settings. Test certificates are also widely employed
in order to test and report blades' performance against safety parame-
ters and of course play an important part in the manufacturing process,
in the transactions between blade manufacturers and other stake-
holders in the aviation industry from jet engine system developers to
carriers and aviation authorities which are seldom located within na-
tional borders let alone within the same premises.

These two examples show the formidable background behind the
data generation process involved in assessing and certifying materials'
characteristics yet they relate but to a part or a component of a larger ar-
tefact or technological system. This process is repeated countless times
for each component of every product. When the product is part of a
complex artefact such as a computer, an automobile or a telecommuni-
cation network which is made bymany parts of differentmaterials pro-
cured from different suppliers located all over the world, the materials
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certification process deals with an exceptionally high number of mate-
rial test data.

TCs embody the network effect in an industry since the data gener-
ated through testing of each component constitute vital inputs into the
various phases of production of any final industrial artefact within
which said component is employed and has a compound effect during
thewhole life cycle of the products frommaterial science and engineer-
ing research to R&D and applications – discovery of new materials or
better understanding of existingmaterials – to design and final product,
subsequent audit trail and, finally, disposal.

Test certificates, providing a guarantee of the materials' specifica-
tions, are commonlymade available in electronic format. These are stat-
ic, often simply digitised images embedded in a PDF document, and
offer little added-value compared to their conventional paper counter-
part. A transition to E-TC generated from a contentmanagement system
is thought to offer advantages over the paper-based alternatives, includ-
ing that the original data can be traced and the output format can be tai-
lored to the customer requirements. For this to happen it is necessary
that the digitised information included in the E-TC is somehow
standardised so that data handling can progress automatically.

Whilst TCs embody the network effect within a technological do-
main, standardised data formats and the subsequent implementation
of E-TCs embody the economies of network deriving from the diffusion
of an infrastructure for data management upon which different stake-
holders may draw to base their TC-related processes and activities.2

The stakeholders in the certification process constitute the active
counterparts in defining demand and supply. The demand side or the
users of the TC, at a first approximation includes the final customers
utilising the material in their research laboratories or production pro-
cesses, but it extends also to audit organisations and quality control in-
stitutions. On the supply side, the interests of the manufacturers are
sided by those of the test houses,3 the manufacturing and providers
of testing machinery, and the software houses supplying reporting
software.

These groups of stakeholders play a different but equally important
role in setting the standards for quality and compatibility. Their inter-
ests lie in the business opportunities linked to the technological net-
work in which they have stakes. In this specific case, where several
proprietary data formats are currently used by the stakeholders of the
materials sectors and without an emerging standard, the introduction
of standardised data formats for E-TCs has the potential to disturb the
balance of interests. The preliminary phases towards the design and im-
plementation of a standard for machine readable, standard-compliant
data model that is compatible with the existing systems of materials
certification and the response of the stakeholders involved in the pro-
cess are the principal concerns of this analysis. In other words, stake-
holders' involvement in the preliminary phases of the process of data
formats standardisation necessary for the transition to E-TCs is the ob-
ject of this study. In particular, the analysis concerns the study of stake-
holders' practices and interests in TCs and the matching between
technology's characteristics and stakeholders' needs for a successful im-
plementation of standardised data formats for test reporting.

The paper is organised as follows. Section 2 is concernedwith the re-
view of the literature on the technical aspects of standard compliant
data format for engineering material test data. In the first part, the
definitions of standards, the ways they come into general use and
their impact on the development of technology are introduced and
discussed. Then I will discuss the effects of standardisation of data
2 By economy of network is here intended the type of economic environment that
emerges from the introduction of standardised digital information whereby connections
(and value) are derived from the services provided by the ICT infrastructure for dataman-
agement and that such value increases for all stakeholders with the growing of the user-
base of such infrastructure.

3 Test houses can either be independent organisations or affiliated to the materials
manufacturer.
formats and the interactions amongst the categories of actors along
the value chain of thematerials TCs by bringing evidence from the liter-
ature on this topic. The section concludes with a description of the
methodology followed in conducting this study. Section 3 is dedicated
to the description of the engineering material sector, its stakeholders
and the roles of material TCs in their value chain. The stakeholders' in-
terests are presented and analysed in Section 4. Here interests and strat-
egies of the stakeholders involved in the engineering material test
process are presented and discussed. Particular focus is given to the
shaping of the value chain following the introduction of standard data
format. The paper concludes with a discussion of the issues and further
remarks.

2. Insights from the literature and research objectives

A standard can be defined as a set of technical specifications to
which producers should agree either tacitly or through formal agree-
ments. According to its specific functions, a standard can be a reference
of quality or embed technical features. Quality standards set some con-
formity parameters for the characteristics of thematerial sold, used into
a production process or exchanged; they are employed to provide indi-
cations that a product or a service adheres to determined characteristics
(Akerlof, 1970; Leland, 1979; Ronnen, 1991; Dranove & Jin, 2010).
Alternatively, there are compatibility standards providing technical
references according to which an intermediate product or a component
can fit and operate within a larger technological system or operate as a
subsystem of a more complex technology (David, 1987; Allen & Sriram,
2000; Tassey, 2000; Langlois, 2001; Chen & Liu, 2005; Hyvättinen,
2006).

The process throughwhich a standard comes into general use and is
adopted by an industry is of particular importance. In terms of the pro-
cedures through which a standard can be drafted the literature has
identified 4 main routes. A standard can emerge 1) spontaneously
from the interaction of stakeholders on themarket through the compet-
itive process; in this case the emergence of a standard is based on prac-
tices, uses and unsponsored conventions. Standards can also emerge
2) through market interaction when sponsored by one or more stake-
holderswith proprietary interests in the standard and, once established,
induce other market players to adhere. These are known in the litera-
ture as de facto standards. A standard agreement can be reached
3) under the aegis of a standard setting organisation and introduced
on the market place or 4) mandated by a regulatory authority, these
are de jure standards (David & Greenstein, 1990; Utterback, 1994;
Blind, 2004).

In industrial settings, standardisation is often linked to the very exis-
tence of the industry and its evolutionary dynamics. Many studies have
highlighted how standardisation issues affect deeply those sectors of
economic activities where business is particularly reliant on network
economies. Network effect occurs in those industries where the utility
of the product (or the technological component) is linked to the degree
of success of its integration in a wider technological system and econo-
mies of network for the stakeholders increase with the size of the net-
work within which they are embedded (Katz & Shapiro, 1985, 1994;
Shapiro & Varian, 1999). The presence of a standard within an industry
is a significant factor in the affirmation of a technological system there-
fore, many economic agents operating within networked technological
systems have strong interests in the diffusion of those standards that
would provide them with a competitive edge (Blind, 2004; Katz &
Shapiro, 1985, 1994; Shapiro & Varian, 1999, 2003). The history for
dominance on the marketplace, where the diffusion of technologies
are strongly contingent on prevailing standards, has been and still is
well researched. Examples of these studies range from early electrifica-
tion and standardisation of the electric supply systems of the late 19th
century (David & Bunn, 1988) to the prevailing of the QWERTY design
on keyboards (David, 1985) and the battle between SONY and JVC on
the BETAMAX-Video Home System Standard (Cusumano et al., 1992).
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More recent studies look at the opening up of Sun Microsystems'
own standard upon which Java Technology is based to allow further
diffusion (Garud et al., 2002), the HD-DVD versus Blue Ray in the
market for DVDs (Gallagher, 2012), the standardisation problem in
the cloud computing market (Ortiz, 2011) or the more general integra-
tion of technology and standardisation challenges posed by the
emergence of the Internet of Things (Bandyopadhyay & Sen, 2011;
Tsai et al., 2014).

The main message of these analyses for technological dominance is
that standard settings, whether they initiate from within the industry,
from negotiations between the industry and institutions, or somehow
imposed/negotiated by institutions (Chiesa et al., 2002; Suarez, 2004;
Van Wegberg, 2004), have a significant impact on the development of
technologies, technological platforms and their evolutionary trajecto-
ries. In other words, there emerges causation between modes of stan-
dard setting and the diffusion of a technological trajectory and, in
some sectors, this dynamics co-evolves also with that of the regulatory
regime. Standardisation is usually one of the elements for which a
certain technological solution or a preferred technological hierarchy be-
comeswidely adopted.Wider adoption, in turn, defines the characteris-
tics of the technological trajectories followed by the industry.

In fact, one of the main characteristics of a standard and its implica-
tions in business activities and economics is that the definition itself em-
beds into the demand function for a particular technology, product or
services. More precisely, by adopting certain standardised procedures
– either quality or compatibility standards – the service or product are
automatically embedded in a particular technological network. The
feedback effects entail that the extent of such networks is dependent
upon the degree of generalisation of its components respect to themar-
ket or the technology intowhich they are embedded (Jakobs, 2006). The
general effect on the whole industry will be that of consolidating busi-
ness practices, opening new business opportunities and, in general, up-
grade to a technological platform through a process of technological
convergence (Gauch & Blind, 2015).

In other words, by means of this dynamics, standards are valuable
process infrastructure in exploiting increasing returns within a
given domain. When increasing returns tend to taper off and lock-in
sets in, then standard dynamics tends to provide novel sources to
increasing returns (Dosi, 1982; David & Bunn, 1988; Allen & Sriram,
2000; Langlois, 2001; Chen & Liu, 2005; Jakobs, 2006; Gauch & Blind,
2015).

Blind & Gauch (2009) and Goluchowicz & Blind (2011) have delin-
eated the use of standards in the various phases on the innovation pro-
cess. In particular, different types of standards are associated with
particular phases of the innovation process from basic/blue sky research
Fig. 1. Various roles of different types of standards in the innovation process
to product/technology diffusion. Each type of standard responds to a
function in the innovation process from the reduction of information
and transaction costs to interoperability and eventually quality certifica-
tion (Fig. 1 below).

Within this typology, standardised data models, introduce a further
transversal layerwhich spans across all phases of the systemof relations
identified by Blind and Gauch (2009) and Goluchowicz and Blind
(2011). The reason is that when we consider the application of TCs in
each of the phases described by Blind and colleagues (Blind & Gauch,
2009; Goluchowicz & Blind, 2011) current practices do not yet foresee
an integrated/standardised way of capturing and transferring the string
of data describing materials' characteristics which are presented in TCs.
Data are generated at various stages of the value chain according to
standard guidelines: measurement and testing standards, interface
standards, compatibility, quality and variety reducing standards. The
results at each stage are then transmitted to the next either within the
same business units or to third parties. Whilst standardised procedures
for the conduction of test are generally available, standardised data
formats for the capture, transmission and archive of test data are not.
Therefore, stakeholders along the various stages of the innovation
process are most often handling a great amount of data in a non-
automated or semi-automated way. The introduction of standardised
data format would increase the likelihood of unifying the process of
test data transfer and use across the various stages described above.
This would be possible only if semantic/terminology standards were
to be used for data capture and management at the origin of the data
generation process and consistently throughout the stages of the
innovation process. The semantic/terminology used relies on testing
standards already in place and widely used in testing procedures.
Under these conditions, standardised data format would extend their
use and reach beyond ‘linking fundamental research with directed re-
search’ and through the various stages of the research process up to
the diffusion of the innovation and throughout the lifetime of themate-
rials: from the science lab to final disposal.

Several novel and emerging industrial applications such as virtual
production, digitisation of the production processes and smart factories
(Xu, 2012; Kádár et al., 2013; Westkämper & Jendoubi, 2003; Davis
et al., 2012) rely heavily on thewider diffusion of standardised data for-
mats since their manufacturing activities are substantially based on the
elaboration of large quantity of materials data which would be possible
only in the case where these could be reliably collected and collated.
Nonetheless, standardisation of data formats, within this conceptual
framework, is unanimously considered a very important milestone in
any field concerned from material science and engineering (Ward
et al., 2014) to complex product development (Swindells, 2002;
. Sources: Blind and Gauch (2009) and Goluchowicz and Blind (2011).
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Cascini et al., 2005) and product and material disposal (Moreno et al.,
2011).4 Standardised data formats are infrastructure ICT standards
and, as such, their emergence is often the product of lengthy negotia-
tions amongst the parties.

The involvement of stakeholders, defined as those who can affect or
are affected by the objectives of the process, paraphrasing (Freeman,
1984; Freeman & Miles, 2006), has attracted much research effort in
management, engineering and policy domains amongst others (Fassin,
2009). In particular, setting de jure standards and initiating the process
under the aegis of a standard agency would foster the objective of pro-
viding a common and open platform upon which the stakeholders can
negotiate their sphere of influence and guarantee a fair implementation
of the standardisation practices (CEN CWA 16762:2014, 2014).

Salado and Nilchiani (Salado & Nilchiani, 2013) stress the impor-
tance of the correct identification of stakeholders as a mean to bring
to the negotiation table all the interested parties in order to suitably de-
fine the problem at hand. The process of identification of the stake-
holders involved in the standardisation process is therefore crucial in
order to draw the basis for a shared understandingwhich reflects the in-
terests of all parties. By bringing to the negotiation table mutually ac-
cepted stakeholders, the standard will have better chances of being
widely adopted and make a positive impact on the specific domains of
application (De Vries et al., 2003; Saltzman et al., 2008).

Thus far we have seen that standardisation is determinant in a
networked environment, sometimes even critical for its existence. This
process is important for the material science as well as for public and
private research organisations. It has equally significant repercussions
in material science and engineering and in the closed/proprietary data
management departments of engineering and manufacturing busi-
nesses (Westbrook, 2003). In a context such as materials whereby
standardisation is already pervasive in all aspects of testing from the ob-
jectives of a test, definitions, parameterisations and testing conditions,
there does not exists, at present, a standardised data model able to cap-
ture the information produced and therefore translate the test results in
machine readable format.

The present study looks at the preparatory phases to devise stan-
dards for the capture of material test data so that they could be made
available and interpretable bymachines in order to insure the functions
of certification for the lifecycle of the materials independently from the
static TCs currently in use.
2.1. Methodology of the study.

The study adopted a qualitative approach; it consisted in the active
participation of the author in conducting the business analysis for the
explorative study preparing for the introduction of standardised E-TCs
(Reason & Bradbury, 2001) and a case study approach in order to
draw directly from the stakeholders information about the practices
followed in their TC management and their interests in the transition
to E-TC (Eisenhardt, 1989; Meredith, 1998; Yin, 2013).5

The study has been conducted during a period of 15months in 2009
and 2010. In this period 4workshops were held in Brussels, London and
Delft where a series of face-to-face interviews with the participants
were conducted. Other interviews were conducted also via email and
over the telephone.
4 The importance of the theme is also evidenced in several other areaswhere datamod-
el standardisation has been at the centre of lengthy debates and negotiations, for example
in the field of proteomics, (Orchard et al., 2004, 2013) or when it constituted the turning
point of innovative activities (Poore, 2011).

5 These activities were aiming at establishing “proof of concept” for the introduction of
the standardised data formats for the engineering test data amongst the stakeholders in-
cluding industrial partners, university and research centres and standardisation institu-
tions (CEN CWA 16200:2010, 2010). Subsequently, the European Committee for
Standardisation (CEN) advanced on the finding of the `Guide’ and requested that applied
technical case studies were to be conducted (SERES).
The routine workshops were organised in a formal setting whereby
thefindings of desk-based research and information/knowledge collect-
ed during previous research phases were presented to the stakeholders
and tested openly so that the issues could be either simply validated or
discussed, extended, amended and challenged. During this phase new
operative and/or conceptual issues emerged. These issues were then
taken up and discussed with the stakeholders in order to understand
their points of view, identify important factors, straighten out misun-
derstandings and identify the many nuances of the process as they
emerged. The observations obtained through these discussions were
then collated in the working documents and submitted to the stake-
holders for a formal review process.

Moreover, a short interview pro forma was administered through a
semi-structured questionnaire via email and telephone follow-ups
were undertaken. Fourteen organisations participated to this phase,
covering over 40% of the stakeholders involved in the process. These
were selected in order to represent all stages/links in the TCs value
chain. Respondents and their organisations were engaged in more
than one link of the TCs value chain and comprised 3 manufacturing
companies including 1 original equipment manufacturer, 1 sub-
contractor manufacturer and 1 alloy producer; 1 TC customer; 5 test
laboratories; 1 test machinery manufacturer; 2 software houses; 8
stakeholders engaged in R&D ofwhich 2 university departments, 1 pub-
lic research centre, 1 private research organisation and 1 company re-
search laboratory; 2 publishers; 2 third party services providers and 2
life-cycle analysts. The themes of the interviews were focussed on un-
derstanding whether TCs had a prominent place in the business model
of the organisation or they were complementary to other key
organisational functions. Moreover, the interviews were aiming at un-
derstanding if the organisations had in place knowledge management
systems and to what extent TCs were therein integrated. A summary
of the interviews was then collated, analysed and presented at a work-
shop where the outcomewas discussed and further developedwith the
contribution of the workshop participants.

Additional insights were collected at the final workshop during
the presentation of the draft report “A Guide to the Development
and Use of Standards Compliant Data Formats for Engineering
Materials Test Data” (CEN CWA 16200:2010, 2010) submitted to all
participating stakeholders for a final revision before its approval
and publication by the European Committee for Standardisation
(CEN).

The results of the technical case studies included in CEN CWA
16762:2014 (2014) have also been used to inform this research paper.

Various organisations, from thematerial science and engineering re-
search sectors, material manufacturing, testing machinery manufactur-
ing, software houses and materials service providers were involved in
the project. The list of the organisations participating to the research is
presented in annex.

3. Test certificates value chain and stakeholders

The typical life cycle of a certificate is linked to the manufacturing
process of the material it relates to. Accompanying the material
throughout its life-cycle, the certificate provides an assurance to the
customer that properties and characteristics of the product meet the
demanded specifications. For the results to be credible, the test certifi-
cate indicates compliance with standardised test.

The certification process and the services rendered by TCs extend to
a wider set of stakeholders in the certification business including
intermediaries besides the testing houses since the certification is not
only limited to providing an assurance to a customer. They are impor-
tant documents for materials science and engineering, research and
development activities, auditing, tracing, and guaranteeing long-term
availability of a given product up to the product/material disposal
after its working life. Correspondingly, the group of stakeholders in
the standardisation of data models, aside from the manufacturer and
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its customers, includes also intermediaries that have vested interests in
steering the final users' and suppliers' preferences towards the techno-
logical platform they have adopted in order to sustain their business
model, justify the investments undertaken in the implemented proce-
dures, and eventually maintain or increase their market share. Devia-
tions from, and impacts on, specific stages in the existing value chain
have been here studied by probing into the stakeholders' experience
with machine readable TCs and their views on the impact that a
standardised version of data models can have on their internal value
creation operations.

The participants to this study have vested interests in the
standardisation process, some of these are of a practical nature such as
cost reduction, increased efficiency in operations and preparedness;
some are of a more strategic nature. Some stakeholders, in fact, see
their participation to this and similar study as an opportunity for
steering the process towards standardisation choices that would lever-
age their competitive strengths. Although this study regards the explor-
atory phase, before a standardisation process can be initiated,
stakeholders were directly – and voluntarily – involved in this study
moved by both practical reasons and strategic behaviours. These will
be singled out and discussed below. Their general characteristics, com-
prising a brief description of their stated interests in TCs and the value
creation along the process from research and development to produc-
tion, sale of the materials and post-sale auditing and disposal are con-
cisely described in the following classification. In the table we have
also included intermediaries, complementary industries and related
users of the certificates that are relevant to the work conducted since
they have stakes in the TCs business.

4. Stakeholders' interests

For an effective transition towards E-TCs, the structure and the ele-
ments of a test result need to be translated into a format which is
“known and interpretable” by a machine. For any data format to be
identifiable and interpretable by a machine it is necessary that
identification tags can be univocally associated to each element of a
standardised test. This way, each data point generated can be unambig-
uously identified and described – by its metadata – in a machine read-
able language. Then, it can be processed through data management
procedures. Eventually, the certificates required can be produced
electronically or in print (CEN CWA 16200:2010, 2010); Austin et al.,
2013.

Technically, the introduction of machine readable data models for
standardised E-TCs requires three main steps.

1) The standardised tests already in use in the materials sector need to
be translated into natural language text structures (ontologies).
These are able to draw on the instructions contained in the test stan-
dard documents and express them in logic sequences.

2) A unifiedmodelling language (UML) needs to be devised in order to
describe the ontologies linking the logic sequences from the test
standards to the data capture and

3) Extensible markup language (XML) schemas need to be put in place
in order to create the semantics of the elements defined in the ontol-
ogies and the UML.

In simpler terms, static certificates, even in their electronic format,
are currently designed upon meta-languages used only to display –
rather than classify and describe – data in the format in which test ma-
chines' software are programmed. The layouts of these data in a static
format are determined by the needs of the clients who define the
content of the certificate or the test report so that it can be displayed,
printed and archived. The introduction of a standard data model for
E-TCs requires that the elements constituting the results of a test
are univocally identified and described so that the resulting data
can be interconnected and systemically integrated following standard
test documentation instructions Table 1.
4.1. What does it take to implement the technical aspects into a
standardised data model for the stakeholders?

Material manufacturers identify many shortcomings in the use of
static certification. These aremainly linked to the phases of handling, ar-
chiving and retrieval. Updating data and information on materials has
also been identified as an important hurdle for the management of the
certificates. Themain problems originate from the structural rigidity as-
sociated with the static certificates. This is to say that the operations,
given the nature of the documents, are to be conducted manually.
These are time and resource consuming and subjected to recurring er-
rors. Mistakes are mainly occurring during the operations of translating
paper-based certificates in electronic format; a process which increases
the number of operations (i.e. data translation and data entry) and in-
creases also the chance of deterioration of the data quality at each
stage. Although in most cases TCs are already issued in electronic for-
mat, the transaction costs deriving from the non-conformity of the con-
tent to a common standard are felt as the principal bottleneck to their
efficient handling andmanagement. Inmany instances the respondents
refer that their organisations are currently engagedwith the implemen-
tation of new and more efficient data handling and management sys-
tems and the presence of standardised E-TC data model would greatly
improve cost-effectiveness of the transition to networked knowledge
management systems and database applications.

The reasons for this keenness relate directly to the issues of efficien-
cy, reduction of transaction costs in the internal management of the test
results and the relations with their customers. Also, a host of specific
factors was highlighted:

• Data format and their integration within the management system
(either in place or under development);

• Old and legacy systems to meet corporate needs for current and up to
date knowledge management;

• Reliance on regular reviews and updates of report templates;
• Consistency between internal procedures from different sites of the
organisation;

• System of control/check for consistency and accuracy on data entry
and data reporting;

• Nonstandardisation of units of measurement.

In other words, standardised data models for E-TCs have significant
impact on the efficient handling of test documents and reports. Specifi-
cally, practical reasons relate directly to the data format and their inte-
gration – or the possibility of integration – within the systems of
knowledge management and quality control already in place. In many
cases the core software of such systems was built in the 1960s and
upgraded incrementally.

These reasons are, of course, of a strategic importance especially for
manufacturers and the opportunity offered to either drive the formation
of standards in data formats or resisting their implementation is de-
pending on the fact that the operations of stakeholders in the TC busi-
ness are built around data handling systems that have been developed
through various stages during a long period and based on different tech-
nologies some of which are off-the-shelf software solutions and some
other are proprietary and/or developed in house. The integration of
said technologies is not seamless.

One stakeholder, whose core business is in the manufacturing but it
is heavily engaged on R&Dwhilst at same time operating several test fa-
cilities, reported that the process of data capture andmanagement is not
integrated in the business operations. They use several computer sys-
tems supporting different units, their test facilities have relatively mod-
ern Laboratory Information Management systems whilst the data are
stored and handled via mainframes which are not co-located and oper-
ating on Fortran and Cobol— developed over a period of over 30 years;
moreover, each unit runs its own software system independently and
the interfacewith the operative units are on aWindows-based systems.



Table 1
Stakeholders and their involvement in the test certificate value chain.

Stakeholder Role of TCs in the value chain Supply/Demand Notes

Manufacturing sector Use of TCs in new product development,
production, sale and audit for traceability

OEMs are the main hub for TCs. They request
TCs for the parts used in their manufacturing
activities and provide TCs to their
customers.

TCs are complementary to all manufacturing
activities.

Material test laboratories Production of test certificates and material
test reports

Material test labs assess and certify the
characteristics of materials prior to their
integration within production lines or
assess/certify their performance whilst in
operation.

Their business objective relates specifically
to the needs of the customers regarding the
details of reporting (from pass/fail to reports
of complex, detailed and integrated
certificates).

Test machinery manufacturers Testing machinery manufacturers produce
the raw data from various testing procedures
to be included in the TCs.

Test machinery manufacturers deal with the
production of the raw data deriving from
assessment and testing. They work closely
with software houses in order to integrate
data capture and handling.

Their interests on the standardisation of
computer readable certificates are
complementary and strategic in the various
phases of development of their products.

Software houses Provide the software necessary to export,
handle, archive and update test results.
Software products are used for capturing
raw data and integrate them into the
workflow as required by the procedures in
place by the customers.

Work closely with test machine
manufacturers for data capture and
handling and with other customers to
provide software for data handling,
formatting an archiving.

Software houses are intermediaries in the CT
value chain.

Materials research and
development

• University Departments;
• Public Research Centres;
• Private Research Organisations;
• Company's Research
Laboratories

Their involvement with test certificates
ranges from theoretical-basic research to
applied industrial research and new product
development. R&D on and with test
certificates is also an important aspect of
standard regulations and policy.

The stakeholders are both suppliers in the
CT value chain and users.
Apart from the activities on the
characteristics of new materials research
and alternative uses of known materials, TCs
are valuable source of information for
translating R&D into new products.

Standardised measures of material
characteristics are crucial for new material
development and data reporting standards
are essential for further research and
dissemination. TC — Databases are also very
important in material science and
engineering and in R&D activities.

Web-based publishers
(Publishers)

Operations pertaining to test certificates
database design and management

Web publisher are greatly interested in the
metadata behind the TCs as their core
business relates to the collection,
classification and re-sale of standard
documentation.

The value of a TC for a web-based publisher
is nil. The metadata behind the E-TC has the
potential to open new avenues for business.

Third party services providers Implementation of standardisation
procedures and system architecture, design,
including operation for development
implementation and maintenance

The main activity of these stakeholders is
the design, implementation and
maintenance of TCs management systems.

Standardised data model would increase
compatibility of function-specific data
management systems.

Life cycle analysts Optimise data management process along
the life cycle of materials, keeps track of
materials' performance from the raw
materials used in the production process to
their behaviour once out in the marketplace
and finally, disposal.

TCs constitute the main support
documentation for the study, assessment,
audit and end-of-life cycle strategies of
products.

Particularly relevant in those sectors of
economic activities where the regulatory
framework is stringent (i.e. for security,
safety or public concern reasons)
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At this point, one informant remarked that “… the situation is similar
in any large OEM... at the moment any investment in data management
equipment is not a sensible choice: the cost of dismissing old systems is
high and disrupts operations and the implementation of a new [integrated]
systemwill cause overreliance [of the company] on a supplier that wants to
sell us their product and then charge us for licence fees and maintenance”.

The main problem highlighted by material test laboratories is not
only the integration of the certification system within the company's
boundaries, but also the interface with their customers. Given the
variety and the complexity of the transactions, test laboratories are in-
creasingly implementing sophisticated and costly knowledge and infor-
mation management systems. In the opinion of the respondents, the
design and development of certificates knowledge management and
quality control systems are the crucial aspects for an effective manage-
ment of the procedures relating to the certification. In this realm they
have expressed an extremely positively view on the introduction of
standardised data models for E-TCs.

For material test machinery manufacturers, TCs are not integrated
into their business/knowledgemanagement system; however, they cer-
tainly constitute important inputs into the development and production
of testing machinery. Moreover, test machine manufacturers make
great use of standardised tests beyond those carried out on materials.
In fact, data operations relating to tests machine configurations and
test set-ups are perhaps the most important activities of this group of
stakeholders since the content of specific tests, ultimately, influences
the machines output. The use of standardised data formats would also
affect the ‘analytical’ capabilities of testing machines especially for re-
peated tests such as ‘fatigue’ which require the pooling of data for ‘fail-
ure stress’ and ‘cycles to failure’ for the calculation of the S-N curve. The
introduction of standardised data format would be a determinant for
marketing and demonstration purposes of the machinery in different
industrial contexts. Standard E-TC templateswould therefore constitute
valuable inputs into the development and marketing of test machinery.

The main problem highlighted by software houses, regarding the
current running of business, relates directly to standardisation issues.
The hurdle relates to the fact that test machines and software are inte-
grated, therefore support for data capture, and transmission to next
steps such as data handling, archiving and updating are at the core of
services provided by software houses. Moreover, as two respondents
from this class of stakeholders highlighted, the possibility for a software
house, however large to impose its own standards is negligible yet, it is
within the organisations' capabilities to provide novel software solu-
tions to their customers since the current variety of data formats
existing in the market already imposes on the software providers an
extra load in adapting, calibrating andmaintainingdifferent TCmanage-
ment platforms.

In particular, the product manager/materials solutions of a software
house stated that: “the general concept is desirable to the software houses
for all the benefits associated with a standard data exchange format” but,
the informant suggested, software houses have been investing time
and resources into their own proprietary data formats and “the promo-
tion of standardized data formats may not be perceived as in the best
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interest of the company”. Instead, it would become convenient from the
moment that providing “support for the new standard [is] perceived to be
a competitive advantage to offset the costs associated with implementa-
tion”. Of course immediate business streams deriving from the design
and development of new data management systems and the introduc-
tion of the new formats to legacy systems, which are notoriously more
demanding than new systems due to the presence of retrofitting-
associated costs, constitute a consistent incentive for the promotion of
standardised data formats.

The providers of software solutions are certainly targeting the cus-
tomers' needs but the functionality of their products depends on the for-
mat of the data they are called out to handle. It is in fact from this
particular aspect that depends any possibility of interoperability within
different sites of the same client or between the clients and their busi-
ness partners.

Informants from R&Dperformers, including university departments,
public and private research organisations and industrial laboratories,
agree that standardised E-TCwould certainly provide advantages in set-
ting up certificatesmanagement infrastructures due to their ease of pro-
cessing through electronic systems. In fact, working with standard
templates will favour systems stability and an enhanced use of metada-
ta materials pedigree, simulation processes, and data mining/big data
activities which are only possible when data management solutions
can provide consistent materials data.

The problem with the current state of affairs highlighted by the re-
spondents involved in R&D does not pertain directly to the conceptual
and practical phases of transitioning away from a traditional paper-
based system of document handling and the development of the poten-
tiality of the existing/developing electronic system. Having already
moved towards some form of E-TCs usually managed through laborato-
ry informationmanagement systems, R&D stakeholders are tackling the
challenges posed by the lack of standardisation in this field in designing
and setting up infrastructures able to handle, archive and manage large
quantity of data taking into consideration the needs of their organisa-
tions, issue of confidentiality, the relations between the integration of
nonco-located infrastructure and the need, diffusion and uses of TCs
whilst at the same time, preserve the quality of the data therein
contained for research purposes. In other words the lack of widely
spread standardisation in the sector is a major barrier for collaboration
with other departments of the same organisation – i.e. integration of
R&D-to-R&D sites and R&D-to-manufacturing – and with third parties
for collaborative research projects and even for routine transactions.
This aspect is very much determinant for the efficient work in material
science and research centres in universities, and public and private re-
search organisation which both produce huge quantity of materials
data and require/use data fromdifferent sources or produced in past ex-
periments. For this class of stakeholders, the presence of a standardised
data format would mean that databases could be integrated whilst
maintaining data consistency – “since the metadata behind the informa-
tion is standard” – data-mining activities and other virtual applications
carried out on larger sets would reapmore benefits in terms of research
results.

For publishers, the introduction of standard E-TC, as long as data and
metadata therein included can be reliably handled by software applica-
tions to the point of flowing to the management infrastructure, would
open a wide range of business opportunities. Key opportunities identi-
fied are the ability to search, correlate, analyse and report over data
taken from the certificates obtained from different sources or from the
same sources over time. Statistical tools can be employed to enquiry
into the consistency of the certification processes but also in support
of organisational tasks such as checking if the materials delivered are
consistently compliant to the specifications required. This, in turn, pro-
vides an audit trail from the point of certification to production and sale;
by virtue of the traceability that follows. This also allows collaborations
and data-sharing within different functions of an organisation and with
external partners. A further advantage of standard E-TCs would likely
entail cost reduction associated to the need of repeat testing due to
the parcelling out of tests into subtests whenever suitable tests have al-
ready been performed in the first place.

For third party services providers, the lack of a standardised format
for E-TC constitutes a hindering factor in the optimisation of manage-
ment processes and difficulties in tailoringmanagement infrastructures
to the need of the client. This mismatching, together with the great va-
riety of needs of their clients, is the main hurdle in the core business of
third party services providers.

According to our respondents, the introduction of standardised
E-TCs would at least reduce uncertainty on the integration of TCs in
the core business activities of the client companies and operational im-
plementation steps can be better negotiated with the client needs. This,
in turn would result in the opening of new possibilities for integration
translating in benefits for both the service providers and their clients.

The case for a standardised computer readable test format is ad-
vanced also by life cycle analysts. The introduction and promotion of
standard E-TCs would in fact have enormous advantages in terms of in-
creasing certainty in the materials analysis because of the improved re-
liability of the correspondence between data andmetadata. At the same
time, procedures to linkmaterials characteristics along thewhole of the
production process and its life cycle can be retrieved and traced back in
order to verify and evaluate its performance. Also errors linked to
human handling of non-standardised format of data and vagueness
concerning evaluation methods can be minimised reducing time con-
suming and costly operations set out to control for these events.

5. Discussion and conclusions

One strong conclusion is the need for standardised machine-
readable test certificates.

There is a generalised need for a computer readable standard test
certificate for materials. This need is felt, albeit for different reasons,
by all stakeholders situated along each link of the value chain of thema-
terials sectors. In fact, most stakeholders conveyed the message that
business prospects deriving from the introduction of a standard
computer readable format are overall positives consisting in either
cost reduction, increased efficiency of operations or novel business op-
portunities. For some stakeholders, opportunities are only identifiable
through the indirect effects they have on the broader organisation's
value generation activities and relate to either meeting their clients'
needs or accruing reputation within the sector.

Standardisation of the datamodels can promote the implementation
of information systems relying on state of the art knowledge manage-
ment and quality control systems and breaks with the costly and con-
stant upgrades of old legacy systems. Tangible benefits can be a larger
scope for increasing opportunities to streamline operations and increase
efficiency in data handling, storing, retrieving and updating that would
be otherwise impossible. At the same time, operations for paper-based
certificates, print outs of test results, and re-issues of updated versions
for audit and traceability will be preserved since the requirements of
current regulations would bemet without incurring in additional costs.

Stakeholders independently highlight that, in principle, a collabora-
tive approach to the design and implementation of a standardised com-
puter readable certification process has the potential to overcome the
negative effects that the presence of proprietary data formats might
have especially with regards to the established data management ap-
proaches which have some market penetration but so far have not
emerged as de facto standards.

The steps necessary to realise the transition towards the design and
implementation of standardised data formats need to focus on the end
result of a more efficient, less time consuming and cost saving way to
achieve integration of the internal functions of an organisation
pertaining the management of test certificates and the simplification
of the activities linked to data transfer, handling, archiving and updating
between the various stakeholders involved in mutual business
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transactions. The proviso is that the working parties avoid erecting bar-
riers such as sponsoring the use of restricted, proprietary or not shared
standard setting frameworks.

The analysis raises questions on the particular interests of the stake-
holders and how these can influence the standard setting framework.
The study highlights some critical issues.

A critical factor is that the introduction of different formatswould in-
evitably increase the costs of transferring TCs between different units of
the same organisation or between different organisations. Therefore,
the choice of a common, appropriate format is of crucial importance.
Any progress that limits the choice of languages that can be used to in-
tegrate old systems with new functionalities would necessarily erect
high barriers to the standardisation process and therefore to the diffu-
sion of standardised E-TCs. In other words, in order to take into consid-
eration andminimise thenegative effects at the critical stages identified,
the standardisation process needs to be based on a format that, on the
one hand, incorporates the state of the art without requiring expensive
adjustments and, on the other hand, provides a sort of “lingua franca”
that is compatible with the needs of all stakeholders concerned.

A final observation is that standardised data models are a type of se-
mantic standards. The criticality of semantic standards has been
recognised without doubt and relates to the innovation process from
the early phase of blue sky-research to the phases of technology diffu-
sion (Blind & Gauch, 2009). This study confirms the hypothesis that
standard data models are indeed part of the critical ICT infrastructure
of a sector and their functions extend beyond the phase of domain def-
inition/reduction of transaction costs as originally posited for semantic
standards. Perhaps they should be considered as a cross-cutting issue
explicitly integrated in the standardisation process in future fields of
standardisation (Goluchowicz & Blind, 2011).
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