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Abstract

In our daily work life, we use a wealth of information, including a category of
information produced as a part of products and their life-cycle phases, named
digital technical information (DTI). Manufacturing organizations focus more
often on the product than on DTIL because DTI's impact seems almost
invisible, despite its crucial role to the product and its life-cycle phases,
development, production, maintenance, and destruction. Hence, the aim of
this thesis is to describe DTT’s benefits and the research questions: “What are
the benefits of the DTI?” and “What are the perceptions of how to measure
benefits of DTI?” The thesis contains five studies related to identifying and
measuring DTI’s benefits. The empirical material is based on semi-structured
interviews and group interviews within five organizations and a survey
among manufacturing organizations in Sweden.

I used three characteristics of the DTI and two pairs of previously known
benefit categories to analyse the benefits. The analysis shows that the benefits
are recognized in the particular product’s life cycle phase where the DTI is
published. However, the DTI continues to offer benefits in the product’s other
life cycle phases. In relationship to the product, the benefits evolve from
supporting an individual product to supporting more general product lines
or all products and a more complex product is said to increase DTT’s benefits.
DTI's structure adds benefits as synthesized or aggregated DTI, where the
DTI is synthesized or aggregated automatically or manually. The
categorization predetermined benefits related to the change are less
numerous than the emerging benefits. The predetermined benefits are
strategic by nature, and the emerging ones are mainly used to achieve
operational goals.

Measuring DTI's benefits is of importance for a formal comparison of its
development and is of special interest for managers. Perceptions from the
initial stages on how to measure show that to establish common
interpretations among the stakeholders of the measurement process is of
importance, especially when it comes to what is viewed as a benefit. The
benefits are viewed as intangible by the respondents, which creates
difficulties when one is evaluating, using conventional measurement
methods. The only perceived way to measure is when DTI reduces co-
worker’s workload and efficiency is achieved.

The thesis’s contribution to academia consists of the analysis of DTIs benefits,
showing details of the relationships between the DTI and its benefits. For
practice, the contributions focus on the systematic evaluation process, which

XV



can be used for further development of the DTI and comparison of the
evolvement of the DTI itself and relating to other resources. One proposal for
future research is to use the analysed benefits and compare various
approaches to digitizing DTI, e.g. Industry 4.0. Another proposal is to list, in
detail, various ways on how to measure DTI's benefits and their usefulness.
The latter can positively impact on any intangible benefits due to the general
approach we have established of how to measure those benefits.

Keywords: digital technical information, benefit, intangible benefit,
interpretative research, manufacturing organization
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Summary in Swedish

Digital Teknikinformation (DTI) anvéands ofta i arbetslivet och beskrivs som
information som produceras for att stodja en produkt i dess livscykelfaser,
utveckling, produktion, underhdll och destruktion. Tillverkande
organisationer fokuserar oftare pa produkten dn pa DTI och dess roll &r
nastan osynlig, trots sin avgorande roll for produkten i dess livscykelfaser.
Darfor ar syftet med denna avhandling att beskriva nyttan med DTL
Forskningsfragorna dr: "Vilka &ar nyttorna med DTI?" och "Vad ar
uppfattningarna om hur nyttorna av DTI kan maitas?” Avhandlingen
innehéller fem studier relaterade till att identifiera och mata DTI:s nyttor. Det
empiriska materialet dr baserat pd semistrukturerade individuella- och
grupp-intervjuer hos fem tillverkande organisationer och en
enkatundersokning bland tillverkande organisationer i Sverige.

Resultaten visar att DTI skapar nyttor inom respektive organisation. Nyttorna
har analyserats i forhallande till tre av DTLs egenskaper och tva valkanda
nyttokategorier. De flesta av nyttorna anses uppsta i produktens livscykelfas
dar DTI publiceras, samt ett antal nyttor i andra av produktens livscykelfaser.
I forhallande till produkten utvecklas nyttorna fran att stodja en enskild
produkt till produktlinjer eller organisationens alla produkter. DTI:s struktur
supportar aggregerad och ateranvand DTI, vilket t.ex. ger upphov till nyttor
baserat pa statistik. Av nyttokategorierna fordefinierade och framvaxande
nyttor ses de fordefinierade anviands for att nd strategiska mal. De
framvaxande nyttorna var fler till antalet och stddjer organisationens
operativa mal.

Beslutsfattare har anvindning f6r métningar av DTI:s nyttor, speciellt for
kommunikation och jamforelse av, bl.a., DTI:s utveckling. Studierna visar att
gemensamma tolkningar &r viktigt vid matningar, t ex av vad som betraktas
som nytta. De identifierade nyttorna betraktas ofta som omaitbara av
respondenterna, vilket medfor svéarigheter nar det kommer till att genomfora
matningar. Den foreslagna matmetoden blir déarfor att mata de nyttor som
skapar effektivitet, t ex nar DTI kan minska manskligt arbete.

Avhandlingen bidrar till akademin genom att synliggora detaljer om DTI:s
nyttor via den gjorda analysen. Dessa detaljer visas genom relationen mellan
DTI och dess nyttor. Avhandlingens praktiska bidrag ar underlag till
utvardering av DTLs nyttor, vilket kan anvédndas for styrning och
vidareutveckling av DTI. Ett forslag pa framtida forskning ar att anvianda de
analyserade nyttorna for jamforelse vid olika ansatser till digitalisering, t ex
Industri 4.0. Ett annat forslag ar att undersoka detaljer i matmetoder av DTI:s

xvii



nyttor och dess anvandbarhet. Detta forslag kan ge ytterligare underlag for
matning av de sa kallade omaétbara nyttorna.

Nyckelord: digital teknikinformation, nytta, omaitbara nyttor, tolkande
forskning, tillverkande organisation
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1 Introduction

Digital information plays an increasingly prevalent role in current business
and professional life, and offers many benefits. One example is digital
information related to business processes, affording benefits to co-workers
while conducting work assignments. To gain the most from digital
information, it is important to be knowledgeable and be able to manage it (see
researchers like Best (2010) and Bytheway (2014)). Hence, research about
digital information has taken place in the field of Information Systems, where
researchers have described digital information for both organizations and
employees. In particular, they have discussed digital information’s relation to
technology, the product development process, information systems,
information policies, trust in online contexts, and theory development (Carter,
Petter, & Randolph, 2015). One of these research trends is the digitization of
businesses’ information, described as the transformation of analogue
information to digital information by researchers such as Yoo, Henfridsson,
and Lyytinen (2010), Bhimani and Willcocks (2014), and Kagermann (2015).

One approach to managing digital information is to understand the
relationship between digital information and its benefits (Bytheway, 2014).
This topic is rarely discussed in detail, despite the potential for optimizing the
beneficial use of digital information when we work. One exception is the
research of DeLone and McLean (1992), who include digital information as
part of their developed success model. Remenyi, Bannister, and Money (2007)
frames digital information as too broad a concept to be understood in relation
to specific benefits. Hence, there is a need to reduce complexity to create a
manageable foundation so categorizing types of digital information is critical
for further development of knowledge. One such category is digital
information related to products, Digital Technical Information (DTI). DTI is
defined as digital information related to a product and the product’s life cycle
phases (Lundegérd, 1998; Svensson, 2010), where these phases can be
described as development, production, maintenance, and destruction. The
digital part of the DTI refers to the electronic storage (Bollacker, 2010), the
technical refers to its content related to products and their life cycle phases,
whereas our pre-knowledge is used while interpreting the information
(Langefors, 1995). The digital and the information part of DTI are further
discussed in chapter 2.



The technical part, DTT’s content, shows that DTI mainly provides product
support or documents which fulfil legal requirements (Persson Slumpi, Ahlin,
& Oberg, 2012). Product support varies across a number of information types
including CAD drawings, manuals, production drawings, calculations,
installation instructions, and user guides. DTI may be used in many ways. For
example, it can be shared internally within an organization (e.g., as the
product identification), or it can be used externally (e.g., manuals). DTI can
save a lorry driver with mechanical problems from suffering a day without
productivity. The driver can use the DTI, in the form of written instructions
or even a video, to understand what to repair and how. In contrast to this
everyday scenario where DTI is available, another example is the worst-case
scenario of a catastrophe that can result from DTI not being available or
accurate. Svensson (2010) describes DTI's extreme importance for aircraft
maintenance mechanics. DTI is used as a foundation for decision-making
when maintaining and repairing aircraft. The worst-case scenario from
making the wrong decision based on the DTI is a plane exploding or losing
power mid-air. A piece of EU legislation demands DTI for all European trade
(Maskindirektivet, 2016). According to this, DTI is required in order to trade
products without restrictions within the European Union. The goal is to
harmonize essential health and safety requirements between countries and
organizations based on standardized information. Because of common use,
potential risk, and legislation, understanding DTI is essential when
developing an information system specified for DTL

There are other terms similar to DTI, such as product configuration
information, technical documentation, product data, and technical
communication. Product configuration information is related to one specific
process, product configuration (Niknam & Ovtcharova, 2013; SIS, 2004), and
thereby limited by both the product and a specific process, whereas technical
documentation, is viewed as narrower than DT], as it solely includes manuals
for a product’s specific life cycle phase (Wingkvist, Ericsson, & Lowe, 2011).
Product data solely refers to information related to individual products and
their versioning (Helms, 2002; Otto, 2012) and technical communication is
broader as it includes scientific information in addition to technical
information (Johnson-Eilola & Selber, 2013). The choice of the term DTI is
made based on the perspective that it solely is directed towards information
related to a specific product; it includes the product’s lifecycle phases as well
as its more extensive foundation in research, e.g. compared to product data.



Dicks (2003); Ward and Daniel (2012) emphasize the importance of
understanding DTI’s benefits as one way to investigate a resource for further
development. Today, developing a resource can be related to its digitalization,
e.g. changing from analogue to digital (Yoo et al., 2010). Such a change
requires investments, like a new or upgraded digital platform, or updated
business processes. Included in development is decision-making,
predominantly orchestrated by managers. The decision-making behind such
an investment could imply a necessity to understand and measure the gained
benefits. Bossen and Ingemansson (2016) emphasize the importance of
digitalization for Swedish industry, based on a directive from the Swedish
Innovation Agency, Vinnova. They emphasize the importance of digitization
for the Swedish manufacturing industry, which affects more than half million
co-workers and almost one fifth of the nation’s exports. Vinnova’s intention
is to promote a digitized Swedish manufacturing industry with the aim of
strengthening Swedish innovation and competitiveness, with DTI playing an
important role in the manufacturing of products.

DTI can be created in various ways, where one such is the conversion of
analogue information to digital, described, e.g., in Thomson and Lynn (2008)
or the use of implemented sensors in the concept of Industry 4.0, where DTI
is created instantly as the product is manufactured (Zangiacomi, Pessot,
Fornasiero, Bertetti, & Sacco, 2020). Highlighted in both these studies are the
necessity of describing the benefits of DTI in relation to the change based on
digitalization. Thomson and Lynn (2008) use the benefits for comparison,
before and after the change, whereas Zangiacomi et al. (2020) use the benefits
to manage the development of the investment in digital platforms. Managers
predominantly orchestrate decision-making, and a more focused
understanding of benefits can support the motivation for the decisions made,
which extends to both maintaining and developing a resource.

I have found literature on DTI's benefits to be limited, despite constantly
searching for it. One reason could be the focus on benefits from information
systems or information technology (Ward & Daniel, 2012; Ward, Taylor, &
Bond, 1996). However, some studies do discuss the benefits of DTI. Their
discussion illustrates common themes such as a focus on different roles of
stakeholders (e.g., organizational, consumer) (Marotta, Zhang, & Acquisti,
2015; Thun, Kamsvag, Kleve, Seim, & Torvatn, 2019), different points in the
production process (e.g., development, maintenance)(Barthelmey et al., 2016;
Lundegard, 1998), different goals (e.g., communication, storage)(Cui & Xiao,



2019), and different types of resulting benefits (e.g., visualization, efficiency,
safety) (Siikala, 2018; Thomson & Lynn, 2008; Thun et al., 2019). However,
there are few studies investigating DTI’s benefits from the perspective of
comparing several organizations’ DTI and their internal use thereof. Building
on the aforementioned arguments and studies, it is of interest to further
continue the work to build a broader foundation and increase the
understanding of the commonly used DTI and its benefits adding to the field
of DTI. Thus,

The aim of this thesis is to describe the benefits of Digital Technical
Information

1.1 Problem statements

There are several problems related to the lack of descriptions of DTI's benefits.
In practice, not identifying benefits can result in low-quality or inaccurate
DTI (Dicks, 2003; Ingelsson, Lofstedt, Backstrom, & Oberg, 2015). The source
of this problem can be found in organizations’ view that DTI is secondary to
their product rather than an integral part of the product. Organizations all too
often place too much emphasis on the products while neglecting their DTL
This devaluation can, in the long term, result in the production of low-quality
DTI, thus amplifying the previously described practical problems while
developing or maintaining the product. Further, a tendency emphasized by
Ingelsson et al. (2015) is that management may ignore co-workers’
perspectives while developing the DTI Neglecting co-worker knowledge
leads to missed opportunities, such as the use of single sourcing for the DTI
(Hart-Davidson, 2013) or using it to increase innovation in the manufacturing
industry (Bossen & Ingemansson, 2016; Lundin, 2020). Therefore, the
identification of DTI's benefits should be of interest.

In academia, the identification of benefits is rarely discussed (Braun,
Ahlemann, & Riempp, 2009). As a result, the knowledge is limited to what
impacts their identification and various ways to identify them. Often,
conducted research focuses on identifying the benefits of an information
system or information technology, such as Murphy and Simon (2001)
investigating benefits of ERP systems and Meifiner and Schnepp (2014)
investigating benefits of e-health systems. Both of these studies show results,
adding to the understanding of these two categories of information systems.
Increasing the research activity about DTI's benefits could therefore add to



knowledge on the commonly used DTI as well as the understanding on how
to identify DTT’s benefits. One initial step towards identifying benefits was
taken in Ahlin (2014), establishing a foundation for further understanding of
DTI's benefits. Hence, the first research question is declared as:

What are the benefits of the DTI?

A common activity after identifying benefits is measuring them, see e.g. Ward
and Daniel (2012). For practitioners, the measuring of DTI's benefits is a
fundamental task when comparing, communication, and developing DTI in
organizations (Dicks, 2003). Remenyi et al. (2007) emphasize a few ways to
measure DTI's benefits based on the understanding that they are mainly
intangible, which means limited ways to measure them. Not measuring the
benefits can however affect decision-making since it is hard to make formal
comparisons of the development of the DTI. One example for comparison is
the need to measure the added benefits of a change, such as digitization.
Measurements are required for comparison and to manage those changes
(Love, Matthews, Simpson, Hill, & Olatunji, 2014). One example, while
digitizing, would to compare the added benefits and relate them to the
investment of required software.

There are several examples of researchers emphasizing the necessity of
measuring benefits, and Marnewick (2016) is one. The perception that DTI's
benefits are intangible creates problems when using the most popular ways
of measuring benefits (Khallaf, 2012). However, Ahlin (2019) shows in a
literature review that academia has conducted studies, measuring intangible
benefits, by interpreting them. This adds to the perspective of Lycett and
Giaglis (2000), where they discuss how to measure, arguing that metrics are
not facts; they see them as interpretations of reality. As the interpretation is
something that needs to be shared, they emphasize the importance of a
common interpretation shared by the stakeholders of the measurement
process. Therefore, the second research question is:

What are the perceptions of how to measure benefits of DTI?

1.1 Thesis structure

This thesis consists of six chapters and two appendices, synthesized and
described below. They all contribute to delivering knowledge to answer the
research questions, including previously conducted research and empirical
material. This thesis constitutes five studies: Alpha, Beta, Gamma, Omega,



and a field study. The two first studies were conducted before the licentiate
exam (fall 2011 and fall 2012) and were initially presented in that thesis. The
later studies were all conducted after the licentiate exam and presented in the
actual thesis (fall 2014, winter 2014, and fall 2016 - spring 2017).

This thesis starts off with an introductory chapter that lays out the
background, problem statement, and research questions. Chapter 2 outlines
previous research on DTI and benefits and a way to analyse DTI's benefits.
Previous research includes a synthesized picture of terms related to DTT and
narrows this thesis’s particular research interest in the area of DTI; focusing
on DTIL its characteristics, how to identify and measure its benefits. The
identification of benefits is wrapped up with a summary of how to analyse
DTTI’s benefits. Chapter 3 includes the method based on research design,
included studies, and ethics. Chapter 4 shows the findings and analysis from
the included studies. The results include an individual description of the
study’s context, the DTI and its characteristics, the benefits and their relations
to the DTI's characteristics in various parts and ends the individual
descriptions with how to measure DTI's benefits. The chapter ends with the
claims of the findings of the DTT’s characteristics, the benefits and how to
measure them. The discussion is included in chapter 5, reflecting on the
identified benefits, and how to measure them. The chapter ends with a
discussion on used research method. Outlined in chapter 6 are summarized
answers to the research questions and direction for future research. The first
appendix consists of references and the second one the interview and survey
questions.



2 Related research

This chapter relates to the DTI and the benefits of DTI. Described for the DTI
are the DTT itself, digitization of the DTIL, concepts closely related to DTI, and
characteristics of DTI. My initial choice was to investigate research from the
Information Systems field for the DTI and its benefits. The result from these
investigations showed a sparsely researched area and therefore is research
from the Engineering field used when necessary.

The benefits are initially described in terms of benefits in the information
system’s literature, such as identification and measurement of benefits. The
following sections describe the benefits of DTI, synthesized in the DTI
characteristics and the benefit categories for analysing the identified benefits,
and measuring DTI's benefits.

2.1 DTI

For this thesis, I focus on digitally stored information and add that to the
descriptions that DTI is information that supports development, use,
maintenance, and destruction of products in a sustainable way (Ahlin, 2014;
Ahlin & Saarikko, 2013; Lundegérd, 1998; Persson Slumpi et al., 2012). DTI
focuses on digitally stored technical information referring to a narrower
subset of technical information as opposed to the broader meaning of
technical information that may be stored anywhere. The argument for
limiting my focus to digital information is based on practicality: most
information related to products is stored electronically today. Included in
each study is a presentation of information systems used for DTI and explicit
mention of the digital aspects of DTL

2.1.1 The concept information

In the beginning of the digital era, information was seen from a cybernetic
perspective where it was simply an objective, logical artefact. We as humans
would understand it equally, no matter our background (Wiener, 1948). The
central view of digital information has now changed and is more related to
subjectivism and understanding digital information comes from our
individual knowledge base (Langefors, 1995; Liebenau & Backhouse, 1990;
Zins, 2007). The subjectivism is built on our capacity for interpretation along
with our pre-knowledge which forms our understanding and provides our
own solutions to cracking the understanding code. Zins (2007) views
information as subjective and resides internally in the individual, implying



that it depends on the cognition of the individual and factors such as pre-
knowledge. Information can reside externally, e.g. in social groups such as
trade associations. He compares the subjective view on digital information
with the objective view on data, which resides in external domains. Buckland
(1991) holds a three-fold perspective on information; information as a process,
where information is viewed as the act of informing, information as
knowledge focusing on reducing uncertainty, and information as a thing. For
the latter, information is attributed for objects, such as documents and having
the attribute of being informative. Both Buckland (1991) and Zins (2007) add
to the perspective of information, varying in their perspective from objective
to subjective and relating it to various situations.

Emphasized in Ahlin and Saarikko (2013) are two ways of viewing
information, both related to data and knowledge. One is that data forms the
base of a pyramid, supporting the smaller, upper levels of information and
knowledge (Rowley, 2007). The other, less used, is the reverse order: an
individual’s funds of knowledge form the base for information and data
(Tuomi, 1999). While working, we have to build up this knowledge base to
serve as a common base on which further knowledge building depends (Ahlin
& Saarikko, 2012). The building of a knowledge base is done through a social
process which includes interaction with others within and across
communities.

2.1.2 Change related to digitization

The following paragraphs describe the change related to digitization of the
DTL of importance for this thesis as change is used for identifying benefits.
The change used for identifying benefits for an implementation of an
information system is often described (see, e.g., Ward and Daniel (2012)),
where Yoo et al. (2010) focus change related to digital information as the
transformation of analogue information to digital. Of interest here is their
claim about the homogenization of data, which frames a looser coupling
between the digital information than the analogue. They argue that digital
information does not require a specific device or interface but is accessible by
all devices. Increasing the focus on the digital perspective of DTI frames the
interlinking and automation between the product and its DTI. For DTI, the
digital perspective is increased when the DTI is produced at the same time as
the product, e.g. via sensors, since this perspective does not include analogue
handling.



We often take for granted the digital nature of the information and do not
reflect upon it. Previously discussed was the digitization of information; for
example, introducing e-health (Noffsinger & Chin, 2000), or e-commerce
(Elberse, 2008). Included while discussing digital information are concepts,
such as information, storage formats (e.g., analogue, digital). Bollacker (2010)
uses several narratives to describe the long-time use of analogue storage of
information, typically recorded on physical objects and accessible without
computers, such as stones and papers. The difference is that digital
information is stored electronically, using zeros and ones, and accessible only
through interpretation by computer software, such as a typical, modern
information system.

The framing of the transformation of DTI from analogue to digital varies. The
initial stage (see Figure 1) could be framed by storing the DTI in a digital
format, transforming it from analogue to digital storage. Today, this step may
be viewed as straightforward, but strategies can vary: from solely storing the
DTI digitally based on analogue input like hand-written notes, to using
information systems that focus on DTI. In both cases, the input is transferred
from analogue discussions or notes with informed co-workers to a digital
format. The usable output of this DTI could, for example, be in the form of
digital information systems or folders including various printouts (hard
copies) or the DTI itself could be shown in an information system. One
common view on the reasons for digitizing information is that the result of
the digitization should create efficiency in time and resources (Longo,
Fountain, Johnson-Eilola, & Selber, 2013). Using digitization in this way often
means creating the same information digitally as would have been created in
analogue. The difference is in the finalized form which could be an
information system or a print-out (hard copy) given to the consumer. In the
latter case, the information has been digitized and then is put back into
analogue form.

Upgrading the D in contrast to the A in Figure 1 (stage 2) focuses on the design
of the DTI in the form of information architecture (Hart-Davidson, 2013). He
frames the development of the digitization to be used in the form of single
sourcing and reuse of the DTL In practice this could mean changing from
using Word-documents with unstructured text relating to the product to
structuring the information into various terms using meta-data and single
source the terms. Single sourcing means that DTI is only available in one place
which can be derived as master data. This master data may be stored in



specific information systems for DTI or in general information systems. The
reuse could easily be in the form of the DTT used for other purposes than the
collected ones, such as other product life cycles, or other stakeholders, like
customer support. The DTI is still produced by informed co-workers dealing
with the DTL

For stage 3, Durao, Haag, Anderl, Schiitzer, and Zancul (2018) discuss the
concepts of Industry 4.0 and digital twin (sometimes referred to as digital
avatar). In Industry 4.0, the DTI is produced in integration with the
manufacturing of the product in a controlled environment, where the result
is the possibilities to manufacture individualized products as well as having
a decentralized production. The information belonging to the product is
stored on the internet, providing several ways to access, update, and translate
the DTI (Gattullo, Uva, Fiorentino, Scurati, & Ferrise, 2017). Therefore, stage
3 omits analogue information, which means that the A is invisible in
comparison to the D, see Figure 1. One foundation in Industry 4.0 is that each
product references its own information and transports it accordingly
(Hermann, Pentek, & Otto, 2016).

During the manufacturing of the product, a digital twin is created via various
sensors or other sources from the physical product, resulting in DTI stored in
a database. Characteristics of the digital twin are that of real-time data for
optimization of the product, integration of the physical model, and fidelity to
confirm the physical model. Rios, Hernandez, Oliva, and Mas (2015) prolong
the product’s life cycle by using the digital twin to include all life cycle parts
adding product information about the product’s various states, described in
terms of the former state, the current, and estimating future states. The use of
a digital twin produces a significant volume of information, where the
information systems and their interoperability are the link between the
physical product and the digital twin.

Figure 1 synthesizes the various stages of DTI's digitization and declares its

input/output as well as a visualization of the perspective of analogue and
digital.
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Stage of DTI’s Input / output Visualization of digitization

from the perspective of
analogue and digital

digitization from the stage

stage 1 Information is created in
analogue, then digitized without
necessarily changing aspects of % D

the information.

Stage 2 The input could be either
analogue or digital, while the

structure of the stored DTl is A % D
various terms related to

meta-data.

Stage 3 The input is only digital through,
e.g., sensors in manufacturing.

The output is also just digital
and from the sensors. The
re-use is such that everyone

can access the information
since the repository is digital /
master file.

Figure 1 The various levels of DTI's digitization

2.1.3 Terms similar to DTI

DTl s related to product configuration information (PCI), which is part of the
configuration management (CM) process. The PCI describes how to configure
products and incorporates requirements during all phases of a product’s life
cycle phase (Niknam & Ovtcharova, 2013; SIS, 2004). The process of CM
involves identification, change control, status accounting, and auditing of the
product. Incorporated in this process are actions for specifying parts of a
product strategy; including roles for decision-making and change control. The
Swedish Standards Institute (SIS) describes PCI as information related to
configuration management planning, configuration identification, change
control, configuration status accounting and configuration audit (SIS, 2004).
In comparison to DTI is PCI solely related to a specific process, which makes
DTI broader as a concept as it is not related to any specific process within an
organization. DTI’s content is broader as it can contain information, e.g., about
how to develop and maintain a product, not solely its configuration.
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Another term related to DTl is the technical documentation, which Wingkvist
et al. (2011) and Bader and Oevermann (2017) describe as user manuals. The
manuals are used for solving support cases by either the customers
themselves or intended for internal support usage. Technical documentation
is related to a product and its declared life cycle phases, such as maintenance.
Today, technical documentation is mainly digitally stored and accessed by
customers via formats such as portable document format (i.e., *.pdf).
Technical documentation provides a narrower approach compared to D11 as
it solely is specified user information connected to one product’s life cycle
phase like maintenance.

One more related term is product data (PD). Helms (2002) and Otto (2012)
argue that PD should solely describe individual products and thereby allow
information about the version of the product. Otto (2012) classifies PD into
three categories: specification data, life cycle data related to the product, and
metadata. The first category describes aspects and properties of a product.
Life cycle data is represented by the various stages of a product, from design
to recycling or destruction, and indicates the movement of a product from one
stage to another. The metadata describes both the content of the PD and in
which life cycle the data contributes to. The PD is master data and used for
diverse purposes, such as product brochures and e-commerce.

The PD is often related to product life cycle management, PLM, a concept
invented and used in industry for the past few decades and mainly researched
within the Engineering field (Ameri & Deba, 2005). PD plays a central role in
PLM as the focal point in the product’s life cycle. PLM is primarily a business
approach introduced some decades ago. PLM is understood in research,
supporting the product during its lifetime, including market activities
(Framling, Kubler, & Buda, 2014). There are several examples of supporting
activities such as managing the product data in the product development and
using it for decision approaches. PLM is a strategic approach to the complete
path of a product where the product data is the central supporting part.
Therefore, it is mainly used in manufacturing organizations and the research
is focused on engineering management, followed by related information
systems. The driving factors for PLM vary; some researchers credit it as
creating positive advantages like knowledge sharing along all of the product’s
life cycle phases, increased efficiency in the development of the product, or a
way to meet both the increased global competition and legislation (Vezzetti,
Violante, & Marcolin, 2014). Added to the supporting information are
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business processes and other resources, like co-workers” knowledge and tools,
which in total is referred to as holistic PLM (Jamous et al., 2016). PLM could
also include activities such as innovation and improvement of service control.
The information mainly consists of PD, which refer to an individual product
throughout its lifetime, and are in the form of CAD drawings or product data
stored in various versions for traceability (Marra, Di Biccari, Lazoi, & Corallo,
2018).

A critical part in PLM is the product’s life cycle phases, which several
researchers mention as being divided into the beginning-of-life (BOL),
middle-of-life (MOL), and end-of-life (EOL) (Essamlali, Taha, Sekhari, &
Bouras, 2017; Li, Tao, Cheng, & Zhao, 2015; Penciuc, Le Duigou, Daaboul,
Vallet, & Eynard, 2016). The BOL includes all the development phases of the
product and ends with the delivery to the customer. Researchers, such as Li
et al. (2015) refer to BOL as the most resource-intensive phase and it is the
product’s life cycle phase that has attracted the most interest so far. The MOL
phase includes the implementation and the use of the product, including parts
such as maintenance and an upgrade. Lastly, the EOL phase comprises
remanufacturing or disassembly of the product into parts and the reuse,
refurbishing, or recycling.

The information related to the product is expected to evolve as the product
moves along through its lifecycle phases. An example of this is that PLM
includes product data angled for various lifecycle phases and is therefore
stored in various information systems. As PLM includes all of the product’s
life cycle phases, this means there are a variety of stakeholders (Penciuc et al.,
2016). For example, these may be the organization's internal stakeholders who
design the product, as well as the external stakeholders who use and carry out
maintenance on the product. This means that the information should be
accessible to most stakeholders, relevant from a variety of time and activity
perspectives, as well as keeping different quality parts.

Occasionally, PLM is referred to as solely focusing on the information system
containing information about PLM (Bernabei, Sassanelli, Corallo, & Lazoi,
2014). The central point is the integration of information, processes,
businesses. The information system is viewed as the hub around which these
parts circulate. There are information systems related explicitly to PLM, just
like conventional enterprise resource systems (Arduin, Le Duigou, Abel, &
Eynard, 2015). The information system as such can be one information system
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or a cluster of information systems, providing functionality for the required
perspectives. The PLM system is viewed as master data for the product data,
which imposes data quality requirements and interoperability. The former to
provide data with good quality and the latter to provide stakeholders with
the required information.

Another closely related term is technical communication (TC). TC is
described by Johnson-FEilola and Selber (2013) as ways to describe scientific,
engineering, or other technical information, which makes it a broader term
than DTIL The European Association for Technical Communication (Tekom,
2017) describe TC as the process of defining, creating, and delivering
information products for the safe, efficient, and effective use of products. They
extend TC to include digital information related to the Internet-of-Things,
which includes smart homes or products. Activities included in the
production process of TC are analysing, planning, creating terms and
information, producing media, delivering content, and collecting feedback.
Focusing on the process of producing and delivering information, the work
role of a technical communicator is of special interest in TC research. One
example is given by Johnson-Eilola and Selber (2013), who argue that the TC
co-workers’ primary skills should move towards being information co-
workers, moving away from pure linguistic work and viewing themselves
more as part of the digital world.

The area for TC in organizations is broad. One such role of TC in organizations
is that of being part of the supply-chain process to increase the
competitiveness of the organization (Addo-Tenkorang, Helo, & Kantola,
2017). The supply-chain process includes TC, consisting of DTI, while
developing the product as well as during the maintenance phase. Another
way of looking at TC is that of designing master data, providing usability to
the products, or as a standardized way of distributing DTI within the
organization (Hart-Davidson, 2013). Comparing TC to DTL one aspect is that
it not only focusses on information related to the product, but also information
related to science. One could therefore declare TC as a broader concept than
DTI, where TC overlap DTI by its content, still partly focusing on information
related to products.
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2.1.4 Characteristics of DTI

Described here are the characteristics of DTI including the arguments for
choosing these characteristics. The DTI's characteristics are the product’s life
cycle phases, the relation to the product, and the DTI’s structure.

Previous research has revealed some ways to understand characteristics of
DTI, however few researchers use characteristics to achieve a further
understanding of DTI in relation to benefits. One of the few who does is
Huang (2012). The study builds on the characteristics of product information
for e-commerce sites and focuses on how DTI answers questions of what the
product is and what it can do. The results are direct comparison possibilities
and ways to evaluate the product information for e-commerce sites, which
answers questions as how well it performs. Another example is founded on
individual characteristics for DTI as foundation for decision-making (Aerts,
Smits, & Verlegh, 2017).

At this point I should mention the characteristics based on the definition of
DTI where the focus is on the product’s life cycle phases and DTI'’s relation to the
product, further described below. Added to these characteristics are one
shown in the empirical material, the structure, also described by Wallace (2011)
as the one of the main characteristics of digital information. Below are the
selected characteristics listed and described fully:

e the product’s life cycle phases

e DTT’s relation to the product

e DTI's structure

The first characteristic of the DT is the product’s life cycle phases. Ahlin (2014)
describes the product’s life cycle phases as development, production,
maintenance, and destruction. The product’s various life cycle phases are of
importance as they require information from numerous operational aspects,
which affect the DTI. One such example is the requirement on the DTI for
developing a product in comparison to when the product is maintained.

There are various ways to detail activities within the product’s life cycle
phases. The development can be viewed as including individual activities
collecting requirements, designing and constructing (Helms, 2002; Lee, Ma,
Thimm, & Verstraeten, 2008; Oberg, 2007). Added to these activities are
generally contextual activities, such as coding and testing for programming
(Velmourougan, Dhavachelvan, Baskaran, & Ravikumar, 2014). Other ways
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to detail activities related to the product’s life cycle phases are to use one or
several life cycle phase, such as the production phase focusses on the use of
the product; the maintenance phase also synthesizes with any on-going
preservation efforts. The destruction includes finalizing the product, based on
overall sustainable and environmental goals, including possible recycling.
Viewing the product’s life cycle phases from a marketing perspective shows
life cycle phases, such as introduction, growth, maturity, and decline
(Ljungberg & Larsson, 2012; Zheng, III, Sandborn, & Terpenny, 2013).
Therefore, can the product’s life cycle phases be viewed in various grades of
detail and the DTI include information for solely one activity within a life-
cycle phase, one life cycle phase, or covering several or all the life cycle
phases.

DTT's relation to the product is evident for the DTI, even though the
requirements occasionally are not based on the operational product
assignments, such as development, operation and maintenance. There are
other assignments, such as legal statements or quality information
(Maskindirektivet, 2016). Stated in the Maskindirektivet (2016) is static
information about the product, used to fulfil regulatory requirements for safe
usage.

Detailing the DTT’s relation to the product, there are several approaches to
characterize it. One such is by its content, exemplified by German
manufacturing and mechanical engineering (Oevermann & Ziegler, 2016).
They characterize the DTI by its feature selection, token weighting, semantic
quantifiers (often determiners and in explained as artificial metadata in
unstructured text in the study), and confidence scoring. Their aim is to use
documents with DTT and create content components for retrieval, reuse and
distribution in relation to modifications of the product. Wellsandt, Hribernik,
and Thoben (2015a) and Wellsandt, Hribernik, and Thoben (2015b)
concentrate on the product’s life cycle phase of production and outline its
characteristics. Their examples of characteristics cover general perspectives
on the DTT in the production and include metadata, such as product entities,
appearance, level of abstraction (including customer reviews), originators,
sources, life cycle activities, data formats, and scopes. They base their findings
on various contexts, such as innovation and research projects and e-commerce
sites. Their aim is to further describe the usage of DTI, which they describe as
relatively unknown. Baysal and Roy (2014) investigate the product’s life cycle
phase destruction and the activity traceability and find that it requires other
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DTI characteristics. They find that the characteristics are data on assembly
limitations, design and product processes, the functions and behaviours of the
product, and the design intent. Their intention is to derive a DTI integration
model including the features of activities such as assembling and dissembling
in relation to customers.

Several studies discuss the relationship to the product as the foundation for
decision-making; one of these is Bougdira, Ahaitouf, and Akharraz (2016).
Their study addresses organizations’ decision-making that can be built on
products’ traceability and one of their findings is that DTI characteristics
partially provides the foundation for the decision-making in logistic contexts.
They describe the DT in forms of standardized information, such as product
information, and real-time information, like delivery information. The
decision-making is made by either the delivery organization or the customer,
waiting for the delivery based on the DTL

Wowak, Craighead, and Ketchen Jr (2016) emphasize the relation to the
product as occasionally troublesome and attribute this partly to the ambiguity
of the DTI. They characterize the DTI ambiguity as product blending, product
comingling, and product identification change. The product blending is the
extent to which products are mixed together to manufacture them, the
product comingling as the packing of products from various locations where
they later can change identity. Schonberg, Weitl, and Freitag (2011) introduce
a framework to verify the content of documents containing DTI, based on
information extraction, temporal descriptions, and model checking. They
extract the DTI characteristics based on automation, where the various DTI
parts are analysed based on content and later checked on to enhance their
quality. Bulavsky et al. (2017) elaborate further on the temporal aspects for
managing the DTI as documents. They formulate the DTI characteristics
based on its quality; emphasized in ways such as being informative, in
compliance with standards, the completeness of modelling the product based
on the DTI, the quality of the presented DTI, structured DTI, the relationship
of the DTI to comply with a technical document.

The broad range of descriptions of DTT’s relation to the product can be viewed
from the perspective that DTI's relation to the product can take several
perspectives. Leaving relations out, such as its content and the foundation (or
only benefit) of decision-making and focus on the manufacturing process
makes Wowak et al. (2016)’s perspective of interest. They characterize the
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relation to the product as depending on the product blending and synthesize
the product blending as including a single product, to various products and
to that of adding products. Relating this to the DTT’s benefits, it is of interest
to understand the characteristic of including content for only one individual
product or on a more general level, like DTI for a complete series of products
or product line.

One often described characteristic of digital information is its structure. The
structure of DTI can be either structured, semi-structured, or unstructured.
Wallace (2011), Batini, Cappiello, Francalanci, and Maurino (2009), Pdivéarinta,
Tyrvainen, and Ylimaki (2002) ,and Karjalainen, Pédivarinta, Tyrvainen, and
Rajala (2000) describe the structured information as related to metadata. The
structured data is secure to form into hierarchies as it can be broken down
into parts. Those parts can be reused in various ways to fulfil new goals
(Lucky, Pasini, & Spagnolo, 2019; Tyrvainen & Paivarinta, 1999). Wallace
(2011) emphasizes the unstructured information as not having an inherent
structure and being difficult to link together. Therefore, is it harder to access
and to break down. In-between is the semi-structured information, which has
some structure as well as some inconsistencies.

The structured DTI is of importance for using XML. Priestley (2001)
emphasize the reuse of structured DTI as either being based on its content or
references to design and processes. The content reuse includes parts such as
reusing the context without affecting the DTI or aggregating the DTI into new
contexts. The latter includes aggregating the DTI in form of concepts, tasks,
and reference topics. The structure is also frequently used to exchange DTI
between various information systems as well as a way to structure DTI for
interoperability (Bosschaart, Quaglietta, Janssen, & Goverde, 2015; Lucky et
al.,, 2019). They describe a case where DTI is exchanged between various
information systems for interlocking railway systems. XML is there used to
standardize these information exchanges. The different XML standards are
built upon marking a set of rules for encoding, which are readable by
machines and humans (Lubell, Peak, Srinivasan, & Waterbury, 2004; Priestley,
2001).

Synthesising DTI's structure can it be used for DTI as-is or reused DTI,
described, e.g. by Lucky et al. (2019) or Wallace (2011). Therefore, is it of
interest to understand the DTI of including content based on the DTI as-is or
reused DTI to the identified benefits.

18



2.2 The concept of benefit in the Information System’s
literature

The following sections include the presentation of the concept of benefit in the
Information System’s literature detailed in the term benefit, the term value,
identification of benefits, and measuring benefits.

Often discussed in the Information Systems field are benefits gained by an
organization from an information systems or information technology; i.e., by
researchers like Remenyi et al. (2007), Peppard, Ward, and Daniel (2007),
Ward and Daniel (2012), and Ahlemann, Hesselmann, Braun, and Mohan
(2013). Despite its commodity, the term benefit is approached in a blurry way.

Both Breese, Jenner, Serra, and Thorp (2015) and Wowor and Karouw (2012),
emphasize that the term benefit has various definitions. Wowor and Karouw
(2012) discuss the imprecise way in which it is used and refer to the
subjectivism of the term. The subjectivism is built on the perception that a
benefit creates satisfaction for the various stakeholders and that it varies
among the stakeholders. Satisfaction is delivered whenever the perception of
a positive outcome balances or is more significant than the expectation. Ward
and Daniel (2012) are on the same path and suggest that a benefit is an
advantage in the eyes of a stakeholder or group of stakeholders. There are
even examples of situations where the perception of what a benefit is has
changed during a study. Nelson and Nelson (2003), while implementing an
information system for credit unions, started off with the perspective that
benefits are produced by reducing costs, and ended up demonstrating the
creation of benefits through improved efficiency for customers. Bytheway
(2014) emphasizes that benefits are improvements in efficiency, and argues
that they help to improve and develop an organization. According to
Bytheway (2014) is the organization at risk of stagnation if the benefits do not
function correctly.

One common way to view a benefit is as efficiency. Luftman (2000) defines
efficiency as ‘doing things right’. Efficiency is often measured as a way of
governing and managing, and may be used to introduce changes (Ljungberg
& Larsson, 2012). Another way of understanding the term benefit is to base it
on the usability of an information system from the user’s perspective (Balic,
Berndtsson, Ottersten, & Aldman, 2002; Ottersten & Balic, 2010). Their
perception is that users see definite advantages in an information system’s
functionality when it helps them to carry out their work in an efficient way.

19



Another blurriness is the difference between the term benefit and value,
which both derive their meaning from the way they are perceived; for
example, a benefit could be viewed as anything positive, while value can be
the subjective worth of something (Evans & Riha, 1989). Therefore, is it of
interest to give a brief introduction to the term value.

2.2.1 Term Value

Discussing value brings you into several explanations, according to Bryson,
Crosby, and Bloomberg (2014). One explanation embraces value as the
material or monetary worth of a resource, another the worth of a resource
compared to the price you paid, and the third as the value of standards of
behaviour or the judgment of good behaviour.

2.2.1.1 Monetary value

Understanding the monetary value of a resource is intimately connected to
the measurable benefits. One example is that value often is stated as the
difference between benefit and cost. It starts in the means or the goals for the
implementation of a resource. The goal for the implementation can be clear
and in alignment with the organization’s strategy or sliding into the unclear
compared to the strategy (Thompson, 1988). As researchers discuss how to
create the monetary value, they mention the same methods as for measurable
benefits, such as Return-On-Investment, or Net-present Value. Therefore, can
the difference between monetary value and measurable benefits be seen as
minimal and the use of the words value and benefits interchangeable in this
case.

2.2.1.2 The worth of something

A way to describe the worth of a resource is by declaring its intrinsic value.
The intrinsic value is determined by the value of the resource as is, without
considering its market value (Carmi, Oestreicher-Singer, Libai, & Yassin,
2011). Another way of describing the worth of something is declared in the
subjective value theory. This theory refers to the value in the eyes of the
beholder (Evans & Riha, 1989). This theory states that a resource doesn’t have
an intrinsic value. The subjectivity comes from different beholder’s intention
to pay different values, which means that a resource can get several values.
The subjective value theory is a part of the lean movement and puts the power
in the hands of the customer (Womack & Jones, 2003). Different views can
appear from the internal and external customer of what is valuable and by
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how much. The lean-movement divides the manufacturing process into
different value-adding activities to gain increased value.

2.2.1.3 The value of standard behaviour

Miiller and Skau (2014) express the value of standard behaviour in forms of
values, norms, and routine. One hinder for standard behaviour is individuals’
behaviour, which can create barriers at implementing an information system’s
resource, and diminish the financial value of a project. The authors refer to
education and training as a way to increase standardized behaviour for
individuals, and they claim information system resources as one way to
normalize values for the public sector. This industry is based on serving
citizens in specific areas and driven by its values. These values are familiar
beforehand, and determine the values the investment is compared with.
General values for in implementation of public information systems in
Sweden are legal security, equal treatment, democracy, and efficiency
(lshammar, Bjurstrom, & Gronlund, 2005). These values are the general
guiding principles at implementing an information system and one part used
for evaluating the implementation. Bannister and Connolly (2014) emphasize
the foundation for decision-making in the public sector as individual values,
professional, organizational, legal, and public interest values.

2.2.1.4 Value or benefit - the choice of concept for this thesis

The word benefit is used throughout this thesis. I will use the term to put focus
on the individual benefits, recognized by the respondents, as well as the
perceptions of how to measure them. Furthermore benefits will be viewed as
any positive advantages (Ward & Daniel, 2012), gained from the DTI for either
the co-worker or for the organization.

The concept of value is here described as looking into tangible values,
perceived values or standardised values. DTl is rarely referred to as a tangible
resource, and I have omitted that perspective for this thesis. The perceived
value focuses on various stakeholders’ intention to pay for a resource and
could be problematic to investigate from an organization’s internal
perspective. The concept of standardised values solely refers to specified
values, which is not of interest here for aim and context.

The aim of using the word benefit is to create a broad foundation of what co-
workers and organizations recognize as individual benefits from DTI and
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create a foundation for how to manage the DTI in the future. Therefore, is it
of interest to understand recognized benefits, which are referred to as one of
the differences between value and benefit (Porter, 2008). On the other hand,
value is described by Porter (2008) as something created. Still, benefit and
value often do not have a specified definition and are used interchangeably,
adding to the blurriness. The recognition will start by identifying the benefits.

2.2.2 Identifying benefits

The step of identifying benefits is rarely investigated according to Braun et al.
(2009). They suggest that the absence of research is due to the low engagement
in organizations as regards using benefit models or processes, which is in
alignment with the findings from Hu et al. (2006). They describe the use of
benefit models, including the step of identifying benefits, as a burdensome
process and that organizations prioritize other assignments due to lack of time
or profound understanding of benefit models. The usage of benefit model
becomes, therefore, less strategic and hence less impactful than expected.
Nevertheless, this step could be declared from understanding whether there
are any benefits at all from the implementation, which is helpful as an initial
step (Ward & Daniel, 2012; Ward & Elvin, 1999).

The identification could be understood by interviewing stakeholders, sending
out surveys, or by organizing workshops with invited stakeholders (Gomes
& Romao, 2016). The latter is helpful when there is a need to reach consensus
on what the benefits are. Another way to identify benefits starts by the
identification that originates in a problem that should be solved by some sort
of information system implementation related to a business process
(Changchit, Joshi, & Lederer, 1998). They then propose that organizations
should iterate the identification after changes in the current business process,
re-design the process, and thereby be able to conduct comparisons of found
benefits before and after the re-design.

Magoulas and Pessi (1998) describe digital information as creating benefits.
They discuss those benefits in general terms, emphasizing that benefits should
exist, based on the logical reasoning that organizations are more and more
dependent on digital information. Praditya and Janssen (2015) identify
benefits from information sharing by conducting a literature review and do
not state how they find the benefits. Their focus is more directed towards the
information sharing, despite the headline including the word benefits.
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Detailing the digital information to DTI, Persson Slumpi et al. (2012)
investigate the benefits of DTI and like previous researchers, they do not
discuss them in terms of how they can be identified. Ahlin (2019) briefly
discusses the identification of benefits based on a literature review for finding
measurements on intangible benefits for digital information. The findings
show that the identification is made via predetermined benefits or
interpretations of benefits, either as individual or areas of benefits.
Predetermined benefits are determined in advance and mainly stated in
surveys and interpretations based on results from interviews or observations.
An individual benefit refers to one benefit, while areas refer to categories of
benefits, such as domain specific categories of benefits. The operational way
of identifying the benefits are individual or group interviews or surveys.

The identification of DTT’s benefits is based on the co-worker’s perspective,
which are reflected throughout this thesis. Several researchers concentrate on
the co-worker, often in the wider group as stakeholders, and declare their
importance (Ahlin & Slumpi, 2015; Ward & Daniel, 2012). The co-workers are
essential while identifying the benefits and especially in this thesis as they are
parts of the respondents. Their answers include opinions about other DTI
users and the benefits they derive from DTI while working. While scholarship
offers no stable definition of "DTI user", here the term DTI user is approached
from the perspective of using DTI in their work role to solve a work
assignment, based on the internal organization’s perspective. Ways to use the
DTI in a work role vary between either seeking or retrieving information
(Jansen & Rieh, 2010; Lundin, 2015). Lundin (2015) refers to DTI seeking as a
way to find DTI created by co-workers to solve a work assignment. The co-
workers select their way to find DTI based on their knowledge requirements.
DTI users can also be described based on their proximity to organizational
boundaries, often mentioned as an internal or external DTI user (Ingelsson et
al., 2015). Internal DTT users include co-workers working with information or
co-workers in other departments using the DTI. In both cases, they can extend
their knowledge by reading information. External information users can be
customers seeking product information to solve a problem. For this thesis the
internal users are in focus, working as middle managers, and thereby
providing knowledge about other internal DTI users. Their roles and
knowledge are further discussed in the Method chapter.
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2.2.3 Categorization of benefits

The next step after identifying the individual benefits is their categorization,
which is of interest to get an overview of them (Shang & Seddon, 2002). The
overview can be utilized for communication or as a foundation for decisions.
Here, the presented categories are mutually exclusive and presented in pairs.
The presented categories are predetermined and emerging as well as strategic
and operational. The predetermined and emerging benefits relate to change
and time, such as digitization, where predetermined are decided before
change and emerging benefits occur after. Using the categories predetermined
implies the organization’s or co-worker’s determination on how to manage
the change and the emerging on existing and additional use. The strategic
category includes benefits supporting strategic goals within an organization,
whereas the operational supports operational goals. These categories are of
interest to understand the goal DTI mainly influences in the organization,
adding to its role in the organization. The results from all these categorizations
also add to understand who should be involved in designing and managing
the DTI as well as evaluating its benefits.

2.2.3.1 Predetermined benefits

Ward and Daniel (2012) emphasize their view on predetermined benefits,
which are related to a planned change. They describe the importance to
connect a change owner and also that the benefits are related to measurements.
They refer to predetermined benefits as part of an ex-ante evaluation, focusing
on identifying benefits. Dameri (2012) is on the same path when it comes to
measurement and sees them as essential outputs from both the ex-ante and
ex-post evaluation for comparisons reasons.

There are several ways to conduct such an ex-ante evaluation, where one is
proposed by Papadopoulos and Kanellis (2007). They construct a model
determining the benefits and risk with implementing an information system.
The model includes a process, where they propose interviewing respondents
on their perception of strategical, operational, and tactical benefits as well as
risks related to organization and the technical implementation. Dameri (2012)
creates a desk-top model for the implementation of information systems for
public organizations. The model includes requirements from the public and
the offer from the public organizations as well as contextual constraints, such
as regulations and technological limitations. Fitterer, Rohner, Mettler, and
Winter (2010) build a conceptual framework from literature and detail the
factors in the framework by using, e.g., DeLone and McLean (1992)’s
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Information Systems Success Model. Their result shows a taxonomy for ex-
ante evaluations within the health organizations. Krauth, Moonen, Popova,
and Schut (2005) are on the path for decision-making and use Key
Performance Indicators as a method for those decisions. They develop a
framework for such a decision, built on long- and short-term time
perspectives and factors, like effectiveness, efficiency, satisfaction, and IT
utilization and innovation. Frisk, Bannister, and Lindgren (2015) suggest a
design approach for ex-ante evaluation. The method includes three stages,
built on double learning, individual user learning, organizational learning,
and collaborative learning among managers resulting in investment decisions
for public organizations.

Synthesizing predetermined benefits show that someone decides them before
a change, e.g. an implementation of an information system, and that they
should be measurable, and often summarized in a domain-specific model or
framework. Here used perspective on predetermined benefit focus on the
planned change and reflects the individual organization’s choice, omitting the
requirement on measurement as well as the use of any specified model or
framework.

2.2.3.2 Emerging benefits

Further emphasized is the importance of a post-evaluation of benefits, where
emerging benefits can be visible (Ward & Daniel, 2012). The structures of the
emerging benefits give information about the business effects, and the
measurements align with business goals. Later this view is changed, at least
for the identification, to an iterative path for identifying the benefits and the
problems in mastering the central role, played by the identification of benefits.
Legner, Urbach, and Nolte (2016) focus on post-evaluation for design
purposes. They derive requirements by understanding benefits from an
evaluation of information systems. They use an analytical framework for such
an evaluation and detail user requirements while conducting the evaluation.
Federici (2007) focuses on the post-evaluation of ERP systems and synthesizes
recognized benefits on an overall level. He declares the benefits as relating to
organizational innovation, detailing identified benefits as smoother
information retrieval, improved management of the organization’s
performance, and somewhat increased efficiency. The findings show that
context is over-estimated for emerging benefits and that the stakeholders
perceive the implementation as successful and of great importance for the
organization.
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The common perspectives on emerging benefits focus on the post-evaluation
of a change, sometimes referring to the importance of measuring the emerging
benefits. The perspective here is that emerging benefits occurs after a change
and do not related to measurements.

2.2.3.3 Strategic benefits

Strategic benefits are approached from different perspectives. Piotrowicz and
Irani (2010) claim that strategic benefits are non-financial and also intangible,
like improving cooperation and communication with other business units or
increasing organizational control. Attaran (2001) relates the strategic benefits
to e-procurement system. In this study, strategic benefits are said to improve
finances and efficiency for the e-procurement supplier, describing strategic
benefits as benefits recognized in the organization’s prioritized areas. The
context of Cho and Shaw (2009)’s study is the implementation of an
information system. Their claim about strategic benefits is that those benefits
should be long-term and aligned with the organization’s strategy and
improve the organization’s competitive advantage. Bhattacharya, Seddon,
and Scheepers (2010) emphasize that strategic benefits are aligned to the
organization’s context where they improve efficiency, increase the speed of
globalization, and extend the value chain. Li, Huang, and Song (2019) describe
the strategic benefits of an CRM system as increasing customer satisfaction,
which helps the organization gain profitability and market valuation. They
claim that strategic benefits increase the competitiveness of an organization
in the long run. Thereby, their perspective is that strategic benefits are related
to the domain of the information system with a longer time perspective.

Love, Irani, and Edwards (2004) concentrate on strategic benefits for small-
and-medium-sized production organizations that make minor investments in
information technology. Their strategic benefits from the investments differ,
ranging from improving growth and success via improved customer
relations to becoming a leader in new technology. Vayrynen and livari (2015)
argue that information technology gives strategic benefits by adding
competitive sustainable benefits to the organization. Basahel and Irani (2010)
discuss strategic benefits which follow an organization’s strategic planning.
Their view is that an information system should have its own strategy that is
aligned to the organization’s strategic planning. They divide the strategic
benefits into strategic analysis, competitiveness, or alignment. Examples of
strategic analysis benefits are to “support decision-making process” and
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“reduce cost”, examples of competitiveness are to “support innovation” or
“become a leader in new technology”, and examples of alignment are to
“improve resource control” or “create standards”.

Synthesizing the perspectives on strategic benefits shows that benefits either
can be related to the organization’s overall strategy or to the information
system’s specific domain, such as improving customer relations by using
customer relationship management systems. The time perspective is often
long-term which means that the gain can take time in order to fulfil strategic
goals.

2.2.3.4 Operational benefits

Operational benefits are also viewed from different perspectives. Piotrowicz
and Irani (2010) point out the operational benefits of e-procurement systems
support. They mention operational benefits as including increased efficiency
and effectiveness in operational departments, such as manufacturing or
maintenance. The time perspective is often short in terms of direct and
immediate operational impact. Other given characteristics of the operational
benefits are that they are tangible and financial. Attaran (2001) uses the same
category of information system, e-procurement, to give examples of
operational benefits, such as to ‘Eliminate paperwork resulting in great saving’
and ‘Improve financial control by making it easier to match orders’. Both of
these can be categorized as efficiency. Further, Cho and Shaw (2009) comment
that IT projects adding operational benefits are of less risk compared to IT
projects adding strategic benefits and thereby result in lower returns. On the
other hand, implementation of IT project adding operational benefits is said
to be easier to estimate and safer in the prediction of benefits.

2.3 Measuring benefits

One way to analyse benefits is by measurements, which is described as
important by several researchers, such as Hitt and Brynjolfsson (1996),
Hendricks, Singhal, and Stratman (2007), Ward and Daniel (2012), and
Mcloughlin, Scheepers, and Wijesinghe (2014). There are several underlying
assumptions why the measurements are of importance. One assumption,
stated by Murphy and Simon (2001) and Khallaf (2012) is that stakeholders
require financial output as a decision base before a go/no-go of an investment
project. The financial output will be used for comparison or for follow-up
decisions. Another assumption is that measurement is needed for a change to
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be managed and to fulfil its goals (Giaglis, Mylonopoulos, & Doukidis, 1999;
Giaglis, Paul, & O’Keefe, 1999). Hallikainen, Kivijdrvi, and Nurmimaki (2002)
argue that there is a need to see the total benefit picture, which only can be done
via measurements. As a summary, these examples refer to benefit
measurements as a way to compare and communicate the status of a change as
well as agreements among stakeholders.

Benefit models often require measurable benefits, e.g., the gain from
implementing an information system (Ward & Daniel, 2012). The tangible
benefits are over-represented in benefit models as they can be measured and
thereby easily represented, presented, and compared. Benefits of DTI, or other
categories of digital information, perceive as intangible by researchers like
Remenyi et al. (2007). Researchers, such as Ward and Daniel (2012), describe
benefits on a scale and contradicts the perception of mutually exclusive. They
describe benefits by their explicitness of their contribution and use the steps
from observable, measurable, quantifiable, and financial. Informed
stakeholders decide if observable benefits are realized whereas measurable
benefits can be measured in the moment. Quantifiable benefits can be
forecasted and benefits with financial explicitness can be used in a cost-benefit
analyses. Here, I focus on measuring DTI's benefits and use the more
commonly understanding of benefits as either tangible or intangible and bear
in mind that there are close ways to look upon this. Therefore, is it of interest
to further understand perspectives on tangible and intangible benefits.

2.3.1 Tangible benefits

In Gupta and Jana (2003), tangible benefits are mentioned in connection to
cost- benefit analysis. One example of such analysis is Net Present Value
(NPV), which is explained as the difference between the present value of cash
inflows and the present value of cash outflows (Remenyi et al., 2007). The
methods used for financial outcomes are often viewed as easy to interpret,
giving the same output all the time. Despite this view, Bailey (2011) shows
that the same financial method, used in projects implementing the same
information system, give varied results. Bailey (2011) explains this by looking
at the organizations’ long-term goals for the information system, which differs
in the cases which are interpreted in various ways.

Focusing on the digital information, one approach is that of Wixom (2014)
who claims that selling digital information can yield financial incomes, other
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exchanges such as products, or expected higher revenue. The results are all
related to the digital information and not specified to any specific benefit.

2.3.2 Intangible benefits

To some extent, intangible benefits are viewed as harder to deal with than the
tangible ones. This is due to them not being measurable and therefore difficult
to fit into existing cost- benefit models (Kim, Kim, & Kang, 2010). Usually, the
cost-benefit models include solely financial measurements and the intangible
benefits are overlooked. Other designations for intangible benefits are
qualitative or soft benefits (Frisk, 2007).

In addition to not being measurable, intangible benefits can be viewed from
various perspectives. Murphy and Simon (2001), give one such example
where they discuss intangible benefits from the perspective of either
improving the internal organization’s operational performance or output
performance. Jacks, Palvia, and Schilhavy (2011)'s example focusses on a
framework for the impact of an investment in an information system, adding
profit, increased productivity, or by an intangible benefit. The intangible
benefit split between seven items: customer satisfaction, industry
performance, human resource management, number of downloads, public
image and client loyalty, quality improvement, and social productivity.
Chircu and Kauffman (2000) examine intangible benefits in organizations and
assert the intangible benefits’ uniqueness to the respective organization.
Therefore, they view the intangible benefits as hard to replicate in another
organization without effort. They also imply that time is of importance for the
intangible benefits, and distinguish between the actual benefits directed
towards the internal organization and the future ones to give foresight and
adaptability. They mention that describing future intangible benefits is harder
to forecast due to the time perspective.

Researchers like Brynjolfsson (1993) and Frisk (2011) emphasize the obvious
while describing intangible benefits as contributing positively to the
organization. Nowadays, this might seem obvious, but the intangible benefits
have often been left out while discussing an information system’s
contribution to the organization due to the problem of measuring it (see e.g.
researchers such as Brynjolfsson (1993) or Hitt and Brynjolfsson (1996).
Therefore, it is of interest to discuss the contradiction between intangible
benefits and measurement. Regardless of the fact that there are ways to
measure the intangible benefits (Ahlin, 2019), one can view this as something
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of a contradiction. The contradiction is built into the striving to measure the
intangible benefits that by their very nature can be viewed as hard to measure.
The measurements that are the respondents’ interpretations of, for example,
interview questions should be treated as interpretations. This means that they
should be used with comparable measurements, such as equivalent results
from the previous year or organizational goals that are viewed as equal.
Along with Lycett and Giaglis (2000), these interpretative measurements are
viewed as a practical way to increase the stakeholders’ interest in a resource.

Connecting intangible benefits to digital information, Remenyi et al. (2007)
explain intangible benefits of digital information as few and mention one
benefit, foundation for decision, which they refer to as intangible. Their
perspective on few benefits from digital information could refer to the view
on cost-and-benefit analysis, where the implementation refers to the
information system, not the digital information. The information system is
what brings the benefits, not the content of the information system.

Detailing the digital information to DTI Persson Slumpi et al. (2012) take the
first step by investigating benefits of DTI and finding several of them. Later
those benefits are defined as intangible by Ahlin (2014) and visualized by eye-
measurements. Focus for these studies are the DTI, which could be one
explanation of the findings in comparison to Remenyi et al. (2007). As with
previous researchers, none of these discuss them further in terms of how they
can be measured.

2.3.3 Measurement methods

Introduced here are overall perspectives on measuring benefits, whereas
more are to read in Ahlin (2019). Renkemaa and Berghout (1997) categorize
measurement methods related to benefits, according to (1) the financial, (2)
multi criteria, (3) ratio’, and (4) 'portfolio’. The financial approach means that
the method is expressed in monetary terms and focuses on the incoming and
outgoing cash flows related to the investment. Operationally used financial
methods are (1) repayment period, (2) internal interest rate and (3) net present
value (NPV). The multi-criteria approach is initially designed with several
goals or decision criteria and subsequently assigned scores. Related to the
criteria are weights and the final score is multiplied as weight and the score.
The ratio approach focuses on the organization’s efficiency, presented in
various ways. One characteristic is the return-on-management method,
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comparing different organizations” efficiency and annual development. The
portfolio approach selects a specific area, such as upcoming suggestions for
investments and evaluates them as per their contribution, e.g., to business
goals, technology goals, and financial consequences.

Stockdale and Standing (2006) investigate various existing measurement
methods related to interpretative evaluation and base them on the Context-
Content and Process. It answers the following questions: (1) what should be
measured ('content’), (2) how should it be measured (‘context’) and (3) when
should the measurements be made ('process') (Stockdale & Standing, 2006).
What needs to be measured has varied from quantifiable concepts to even
non-quantifiable concepts. This can be explained by the view that IT has
shifted from being purely technical systems to socio-technical systems. The
organization's environment and stakeholders influence the content of what
should be included in the measuring. How measuring should be done
depends on the external and internal context in which the organization is
located. The external context is described by social, economic and technical
factors and the internal context is the structure, goals and strategies of the
organization. The when is emphasized as a continuous process starting at pre-
implementation and stretching as far as desired in the post-implementation
phase.

However, there are opinions that measurements do not add that objectivity,
and thus can be compared without discussion. There are several views on the
grade of measurement and its related objectivity. Kaner and Bond (2004) are
more explicit about measurement and use the definition: “measurement is the
empirical, objective assignment of numbers, according to a rule derived from
a theory, to attributes of objects or events with the intent of describing them.”
In contrast, Lycett and Giaglis (2000) argue that metrics is not facts; they see
them as interpretations of reality. As the interpretation is something that
needs to be shared, they emphasize the importance of the same interpretation,
shared by the stakeholders of the measurement process.

2.4 Benefits of DTI

Presented below is the previous research on the benefits of DTI, both
identifying and measuring the DTIL. The identification is synthesized in the
DTI characteristics and benefit categories for analysing the identified benefits.
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2.4.1 Current literature on DTI benefit

As previously discussed, I have found literature on the benefits of DTI to be
limited, despite continuously searching for it. Besides the focus on benefits of
information systems and information technology, one reason for the low
interest in DTI and related benefits could be the perception that DTI solely
provides benefits such as a foundation for decision-making (Schonberg et al.,
2011). However, some studies do discuss the benefits. The studies are wide-
ranging, focusing on various definitions of DTI and different perspectives of
its benefits. I present some examples below.

Zhi et al. (2015) define software documentation as DTI and categorizes its
benefits into four categories that focus on benefits to the organization: (1)
maintenance aid, (2) development aid, (3) management decision aid, and (4)
other. The first two benefits refer to transferring knowledge between co-
workers for proper use of the software’s architecture in its maintenance and
development. Thomson and Lynn (2008) describe gained benefits, for the
organization and users, resulting from the change from paper-based storage
to digital storage. The gained benefits refer to the use of the new format which
adds new possibilities for visualization as well as easier access for the user.
Barthelmey et al. (2016) focus on another change: that of integrating content
from production (manuals and sensor information) into DTI which is easily
accessed by a whole plant. They recognize the benefits from the change which
will result in increased efficiency and adaptable production processes as well
as increasing the ease of customizing the DTI. One possible result could be
fewer errors and smoother maintenance of the DTI. One goal of the
integration is to provide DTI as a continuously updated service. Thun et al.
(2019) address which work role benefits most from the digitization in Industry
4.0. They claim that the benefits of DTI improve quality of work by increasing
efficiency and work routine safety. Their findings show that work roles with
the highest competence within information system gained most from the
DTL

Siikala (2018) focuses his work on an organization’s publicly available DTI
and its recognized benefits. The results show five categories of benefits,
namely: financial savings, safety and standards, quality, professionalism, and
customer satisfaction. The organization focused on the financial savings for
itself, leaving any gains for the customer unmentioned. Cui and Xiao (2019)
discuss the difference between market information and DTI based on product
development. Their findings show that organizations with technically
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complex products gain more from DTI in terms of ‘Product development’
than they do from market information. Nevertheless, this study is focusing on
one individual benefit gained from DTI. Another example is Marotta et al.
(2015), who collected massive amounts of DTI in the form of consumer
information from various online advertising. They focused on three roles in
their research: the organization, the consumer, and an intermediary. Added
to these roles are three scenarios focusing on consumers’ preferences,
consumers’ purchasing power, and a mix of them both. The benefits are in
favour of the intermediary when targeting consumer information, whereas
consumers derive more benefits when personal information is added to their
preferred brand.

2.4.2 Synthesizing DTI characteristics and benefit categorizations

The previously described DTI characteristics and benefit categorizations will
here be used as a way for the researcher to further understand the empirical
material and making it visible for the reader (Gregor, 2006). They will be used
as a way for analysing benefits allowing the researcher to find similarities and
gaps. Before, the recognized benefits were all described in individual lists for
each study, leaving the researcher without a tool to find interesting results
and for the reader to make the analysis by comparing the lists.

The DTI characteristics, benefit categories, and their subgroups are as follows:
e The DTI characteristic product’s life cycle phases, where the benefits
cover the subgroups of either one activity within a life-cycle phase,

one life cycle phase, or several or all the life cycle phases,

o the DTI characteristic the relation to the product, where the benefits
range from covering the subgroups of only one individual product
or on a more general level.

o the DTI characteristic the DTI's structure, adding to the benefits build
on the subgroup of either as-is or reused DTI

o the benefit categories predetermined/emerging benefits

e the benefit categories strategic/operational benefits

The arguments for using the DTI characteristics and benefit categories to
further understand the recognized benefits relate to deepen the description of
them. In the longer run can this description be used as ways to evaluate,
manage, and design DTI. For further elaboration on the DTI characteristics
and the benefit categories, see the method section 3.1.2.
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2.4.3 Measuring DTI's benefits

For DTI, a resource that rarely is related to a change and that can be produced
internally by the organization; there is limited support on how to measure its
benefits. The few attempts to measure benefits of any category of digital
information are all based on the presumption that benefits of digital
information can be treated in the same way as an information system or
information technology, discussed by, e.g., Wixom (2014) or Koski (2015). This
is a presumption we do not know much about and could be discussed with
background to the way benefits of information systems were measured while
they were introduced, see, e.g., Brynjolfsson (1993) and his discussion on the
productivity paradox. Despite this, can organizations or co-workers require
measurement methods.

There are some approaches where DTI is in focus or partly involved. One of
the first of these is that of Flowerdew and Whitehead (1975), who comment
on the problems of estimating the benefits of DTI as these can’t easily be
understood in monetary values. They choose the cost-benefit analyses as an
approach to understanding the benefits, where the benefits are based on
customers’ demand for the DTI. Later, an approach to understanding the
benefits of digital information was Information Economics, primarily
developed by Parker, Benson, and Trainor (1988). They emphasize that digital
information impacts decision-making, which results in economic benefits or
losses for the organization, basing it on gaming models such as Monte-Carlo
methods. Their view was that the presence of digital information naturally
leads to better decision-making, determined by the alternatives from which
the decision-makers can choose and would thereby improve the
organization's possible outcomes. Therefore, buying and selling digital
information was of importance in Information Economics, and was compared
to the trade of goods between customers and suppliers. Their comparison
focuses on examples such as the fact that the same digital information can be
purchased by several customers and thereby sold multiple times. This
approach is related to Wixom (2014)’s research. She investigated what
happens when organizations try to apply financial measurements to the
benefits of digital information and found that it is connected to exchange with
external partners. This exchange is known as data monetization and is
emphasized as the exchange of information-based products and services for
legal tender or something of perceived equivalent value. The measurement is
emphasized as one of the key challenges, when organizations want to
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understand the benefits of the digital information in form of fixing its price or
when doing internal bartering with the digital information.

Two recently devised approaches on how to measure DTT’s benefits are found
in Ahlin (2018) and Ahlin (2019). In Ahlin (2018) a measurement method is
designed and tested, based on Kaner and Bond (2004) and Ljungberg and
Larsson (2012). They describe measurement methods as follows: collect the
input to the method, make the measurement via a rule, and describe the
output. Suggested ways to collect the input include interviews (Chircu &
Kauffman, 2000) , surveys (Kim et al., 2010) , or occasionally, goal-oriented
(Hallikainen et al., 2002). Usually, the rule is built on a theory and when
operationalized it is characterized by the measured resource. The output from
the measurement method depends on the rule. This process of conducting
measurements is shown in Figure 2.

Step 1 Input Step 2 The rule

Collecting the benefits Measuring the benefits

Step 3 Output

Summation of the

measurment given to
the categories

Figure 2 Design of a measurement method

Ahlin (2019) elaborates on Ahlin (2018) by investigating ways to measure
intangible benefits based on a literature review. The underlying assumption
is that the main part of DTT’s benefits is viewed as intangible. The findings are
that there are several approaches for measuring intangible benefits, based on
the design as mentioned earlier of a measurement method (Kaner & Bond,
2004). The approaches, shown in Ahlin (2019), explain that the input consists
of identification of benefits, either as predetermined benefits or interpretations
of benefits. The interpretations are often based on interviews or observations.
The predetermined benefits are either individual or areas of benefits or a mix
of them, mainly used in surveys. One way to relate these two ways are by
identifying benefits via interpretations, in interviews, and later measured
their frequency as pre-determined benefits, e.g., in surveys.

The literature showed that the rule could be based on a previously declared
theory or similar or one’s own created rules, where the first can be a theory
such as Analytical Hierarchal Process (Ahlin, 2019). The individually created
rules are aligned with strategic goals, operational goals, or customer
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satisfaction. One example of such a rule is a Key Performance Indicator, which
can be focused on strategic or operational goals. The literature showed no
relation between the previously declared rules or individually created rules.
Each study used one rule without input from another. The rules were all
further detailed in each study, e.g., in cost-benefit analysis or Balanced Score
Card’s methods. The output is measurements, either in financial or non-
financial metrics, where the latter is the most significant.

Input Rule Output

Pre-determined benefits Rules, previously declared Financial output
- Individual benefits Individually created rules Non-financial output

- Areas of benifits - Strategic goals
Interpretations of benefits - Operational goals
- Customer satisfaction

Figure 3 Approaches to measuring intangible benefits (Ahlin, 2019)

36



3 Methodology

The methodology chapter includes the research design, and ethics for the
included studies, where the research design section describes the goal of the
thesis, related research, research questions, the method, the data collection,
and the data analysis. The ethics section focuses on the ethics in the field of
Information Systems as well as in the interview situation.

3.1 Research design

There are several ways of describing what research design is. One, a
frequently used and detailed description of qualitative research design, is
that of Maxwell (2012). He focuses on the design and validity of qualitative
research studies with respect to constructing coherence of goals, the
conceptual framework, the research questions, and the methods, all cantered
on answering the research questions. He frames a study’s goal as responding
to desired contributions and answering why the study is worth doing. The
framework synthesizes the theoretical and empirical framings of the study,
and the methods are based on the research questions and describe
the collection and analysis of the empirical material. Lastly, validity is
emphasized as the legitimacy of the study. Therefore, the following sections
are based on Maxwell (2012)’s intention with research design: (1) the goal of
the research, (2) the conceptual framework, (3) the research questions, and (4)
the method, whereas the validity is discussed in the method discussion, see
chapter 5.5.

3.1.1 Research goals

Maxwell (2012) emphasizes that goals of a research study can be identified by
the researcher’s intention to add knowledge, the clarifications, and whom
should be interested in the results.

By this thesis, I want to describe DTI's benefits, adding to the sparse
knowledge on DTI’s benefits in the field of Information Systems. Carter et al.
(2015) describe that the meagre research activity on digital information in the
Information Systems field is problematic, e.g., by not understanding how the
resource adds efficiency to information systems. From the perspective of
benefits to the study of DTI, there is research focusing on benefits of other
categories of digital information, e.g. on Open Government Data (Janssen,
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Charalabidis, & Zuiderwijk, 2012; Praditya & Janssen, 2015). Still, the lack of
a systematic overview of the benefits of DTI creates practical problems, e.g.,
when describing the importance of DTI in organizations and designing and
developing the DTI, since the focus is always on the product (Hart-Davidson,
2013).

The clarification I want to make by this thesis is, therefore, to contribute to the
identification of DTT’s benefits and further analyse them and by this bring
knowledge of DTI forward, benefiting research as well as to organizations
directly. Initially, the clarification was to understand if it was possible to
identify benefits and later how to analyse them in a systematic way, not
previously done for DTI in several organizations. Here, the identification of
DTI's benefits will show that there are ways to identify the benefits of digital
information, related to the necessary change for evaluation purposes. In Ahlin
(2018) and Ahlin (2019), I clarify various ways to measure DTI's benefits,
despite the rare use of measurement methods in practice.

The results are of interest both for academia and practice. Academia has rarely
investigated DTI's benefits or other categories of digital information,
impacting ways to understand how to conduct such studies. The results show
ways to conduct such investigations. For practice, the identification should be
of interest while designing and developing the DTI and also on how to
evaluate the DTI. The results from measuring DTI's benefits should be
impressive both for practice and academia. For practice, measurements are
ways to communicate and compare the development of the DTI, and for
academia are the results of interest to investigate further, e.g., contextual
impacts on sufficient measurement methods.

3.1.2 Conceptual framework

Maxwell (2012) stresses that the conceptual framework includes, among
others, previous research, literature, and theories included in the research
design. Inspired by Maxwell (2012)’s description I present examples of how I
found related research, primarily from the Information Systems field, as well
as the presented DTI characteristics and the benefit categories. The DTI
characteristics and benefit categories are used here for the purpose of
analysing the recognized benefits.
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As this thesis originates within the Information Systems field, the primary
literature investigations are conducted within this field, despite two
integrated components which are closely related to other fields. The first is
the DTL used in other fields, such as Engineering. This field is further divided
into areas, like Mechanical Engineering or Software Engineering.  have found
literature related to DTI and its characteristics in the field of Engineering after
looking for it in the Information Systems field. For the benefits, the literature
is related to the Information Systems field, although it in itself is affected by
Economics, such as understanding financial outcomes.

Searching for related research has been an ongoing process throughout the
whole period of work on this thesis. Here follows a brief description of one
search for literature. The search began in databases, such as SCOPUS and
IEEE, both of which provide access to the Senior Scholars” Basket of Journals,
along with numerous other Information Systems journals and others from
areas such as natural science, medicine, social science and technical science
(Digital, 2015; Scopus, 2015). During my time at Michigan State University
(MSU), I used their access to research materials, which meant additional
access to relevant literature, not provided by Mid Sweden University. An
example of this was the journal Technical Communication Quarterly.
Nevertheless, the research activity combining DTI and benefits is low,
resulting in limited reporting from the Technical Communication Quarterly.

The choice of the DTI characteristics and benefit categories have been iterative,
such as in the case of Shang and Seddon (2002). One approach was to identify
characteristics related to DTI, where the identification of the DTI was one base.
Therefore, the product’s life cycle phase and the relation to the product was
of interest and how they affected the recognized benefits.

Initial work for identifying the DTI characteristics was by investigating
interesting characteristics of DTI and digital information as well as of benefit
categories by reading literature and investigating the empirical material. This
iteration gave that the product’s life cycle phase was more focused and solid
in literature. In contrast the relation to the product was more widespread and
investigated in various ways in the literature. Despite this, did the empirical
material show focus by starting as related to an individual product and
evolving to a product line, when possible. Often described in the empirical
material were the structure of the DTI and the possibilities related to it, such
as using XML and re-use the DTI. Literature has investigated this
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characteristic, using both digital information and DTI (Tyrvainen &
Paivarinta, 1999; Wallace, 2011).

The DTI's characteristics have changed during the iterative process. Initially,
the DTI characteristics included others, such as DTI's presentation, and
preservation. The presentation is of interest since it affects the DTI’s benefits,
described by researchers such as Davison, Murphy, and Wong (2005),
Wysocki (2013), Lieu (2009), or El-Chaar, Boer, Pedrazzoli, Mazzola, and Dal
Maso (2011). The argument for removing this characteristic was that it was
affected by the information system, not the DTI as such. The interested in the
DTI’s preservation was initiated from Ahlin and Saarikko (2013), showing
benefits of long-term preservation of the DTI. The benefits of preserving DTI
appears in the preservation process, not explicitly researched in all studies.

The used benefit categories (strategic/operational, predetermined/emerging)
are some of the most well-known benefit categories, see, e.g. Frisk (2007).
Besides being frequently used do they focus on the internal organization’s
perspective, the same as for this thesis. The understanding of these benefit
categories adds to the description of the benefits as well as to understand how
to manage and develop the DTI. In contrast to Ahlin (2014), I have not used
the benefit category direct/indirect, since they were not part of the empirical
material. The benefit category tangible / intangible was here more suitable to
be part of the second research question, the perception of how to measure
since the benefits were considered as intangible by the respondents.

3.1.3 Research questions

Maxwell (2012) emphasizes the research question as a signpost to what the
researcher wants to understand. Further, the research question focuses on the
included studies as well as giving guidance on how to conduct them. The
primary issue that I wanted to understand was if it was possible to identify
the benefits of DTI, since previous knowledge is lacking. The sparse research
about DTT’s benefits is, for example, related to knowledge sharing (Svensson,
2010), and does not explicitly take other benefits into consideration. The next
step was to detail the knowledge of DTI's benefits by analysing them against
the characteristics of the DTI. The results show further identification of DTI's
benefits, detailing the gain DTI gives to organizations and showing how the
DTT’s benefits can be developed and evolved in the organization.
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The second research question focuses on the perception of how to measure
the benefits, which should provide another step on the path to evaluating DTI
on the same premises as an implementation of an information system. The
exploration on how to measure DTT’s benefits are on the same path as for the
first research question. Initially, I wanted to understand the premises for the
work that had to be done in advance and later if it was possible to measure
the benefits. The clarification of this was made in several studies and in Ahlin
(2019), where the results show various ways on how to measure the intangible
benefits.

3.1.4 Method

Maxwell (2012) view on method focuses on the relations with those that you
study, the selection of respondents, data collection, and the data analysis.
Described here is this thesis’s method, followed by the included studies, data
collection, the selection of respondents and the data analysis.

3.1.4.1 Interpretative research

Presented in this section are interpretative research, its limitations, and this
thesis’s approach to interpretative research. Argued for here is that one
significant part of interpretative research is the data description, including
context descriptions and interpretations (Schultze & Avital, 2011) and that the
two roles included in interpretative research are the researcher and the
respondents, when they both meet in the interview situation (Alvesson, 2011;
Creswell, 2014; Kawalek & Jayaratna, 2003; Patton, 2002).

At the time that interpretative research was introduced and viewed as a way
to conduct research in the Information Systems field, Klein and Myers (1999)
recommended interpretative research as building on the complexity of human
sense making and understood by the meanings they assign them.
Interpretative research is often equated with qualitative research, a stance
denied by Klein and Myers (1999). One perspective on qualitative research
relates to the material that is interpreted. The common opinion is that the
material in qualitative research is written or verbal in some sense. Schultze
and Avital (2011) argue that the material should include a description of both
the physical and context all guided by the researcher’s interview protocol.
Focusing on this thesis, the context is included as the description of the studies,
the results from the studies, and the interview protocols. The interpretations
derive from multiple individual and group interviews with informed middle
managers that deal with DTL. I have mainly used the interpretative
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perspective, but I include one survey, used as foundation for a statistic
analysis, to include more empirical material. Surveys make it easier to reach
a broader group of respondents, in comparison to interviews (Patton, 2002).
The interview situations gave me the ability to gain understanding of the
empirical settings and foundations as answers to the research questions.

The researcher acts as a close observer in the conducted interviews, observing
a group of respondents, in contrast to actively taking part or acting as a change
agent. Kawalek and Jayaratna (2003) describe the researcher’s role and the
respondents’, as those of importance in interpretative research. For the
researcher, they emphasize that he/she can gain learning opportunities and
that they should be detected as such. In framing the respondent, Alvesson
(2011) emphasizes the local context that the respondent represents. The
respondent should be determined to discuss this context, which leaves the
researcher with the assignment to make general statements and values details
concerning the interview situation. Schultze and Avital (2011) frame the
respondent’s contribution by the descriptions, which are grounded in the
respondent’s own experience, the acknowledgement of their experience, and
the guidance of them through the interview, all referring to the researcher’s
way of managing the interview situation.

The limitations with interpretative research are several, where Kawalek and
Jayaratna (2003) emphasize the interpretations as one limitation, where they
describe an interpretation as explanations of what is studied. The
interpretations are conducted by one or several researchers by their mindsets
and thereby viewed as contributing to knowledge. One of the recurrent
questions is: who legitimizes the interpretations as valid and who determines
what is not valid research? Kawalek and Jayaratna (2003) discuss the choice
of respondents upon which the knowledge is partially built. The respondents’
impact is discussed with respect to how the researcher can verify their
background and their contributions as being part of the community. Other
limitations include the potential for generalization, described by Polit and
Beck (2010) as drawing broad inferences from particular observations. Lee
and Baskerville (2003) limit generalizations by the quantity of data, whereas
Creswell (2007) emphasize the importance of quality in qualitative research,
not the quantity of data. They all stress the norm for generalization is referring
to quantitative research, which typically is seen as the only way to view
generalization. By broadening the perspective on generalization, they discuss
generalization from empirical perspectives and theoretical perspectives,
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where both are summarized as either empirical or theoretical statements. For
the theoretical and empirical statements, they are referred to generalizations
in further descriptions, claiming the generalization as valid. Polit and Beck
(2010) emphasize generalizations in qualitative research as of less importance,
focusing on adding understanding from descriptions of specific contexts.

3.1.5 Data collection

The data collection includes the research context for this thesis and the context
for each study. The path includes two parts, that of identifying the benefits of
the DTI and the perception on how to measure them. The benefits are here
described from the side of their identification, analysed in relation to the DTI
characteristics and benefit categories, and how to measure them.

The data collection is conducted via five studies. The base for the studies is
four organizations, here named Alpha, Beta, Gamma, and Omega, and a field
study initiated at Rho. Rho is a national board associated with DTI, where
each board member represented their organization. The organizations were
chosen based on a purposeful sampling. Patton (2002) emphasize purposeful
sampling as identifying and selecting respondents who are knowledgeable
and experienced as well as interested in contributing. The purposeful
sampling is further divided into various categories, where the expert
sampling is suitable based on the novelty of the conducted research. The
research gains from their deep knowledge while building the knowledge
foundation. The choice of organizations is based on their knowledge of DTI
within the organization, which means, for example, that one like Rho is of
interest. Alpha, Beta, Gamma, and Rho were initially identified based on their
partnership in the research projects TIC II' and KATI 2. The research projects
included other organizations as well. This partnership included interest in

! TIC IT aimed to strengthen and develop technical information companies with operations in the
region of Jamtland/Hérjedalen and resulted in more efficient methods, skills, and network building

2 The aim of the research project KATI, KundAnpassad TeknikInformation (Customer Adjusted
Technical Information), was to create the conditions for efficiently producing customized technology
information in smaller companies in the region of Jamtland/Héarjedalen.
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contributing with their knowledge about DTI and their benefits, adding to the
purposeful sampling. The initial choice of Omega was also based on expert
sampling, adding their deep knowledge and interest in DTI, even though they
did not participate in TIC II or KATL

The secondary factor, which varies among organizations, is their connection
to the DTIL. For example, most organizations have a connection to the products
they manufacture, such as Alpha, Beta and Gamma. For Omega, the term of
manufacturing is expanded to include production, as it also produces
software. Mainly, manufacturing organizations are thought of as
organizations producing physical products, such as cars, lorries, and boats.
Here, the focus is both on the making or processing of a product and the
product’s life cycle phases. Therefore, manufacturing organizations are
referred to in a wider range than might be usual and the focus is on both
physical and non-physical products. For Rho, the organizations focus on
either manufacturing industry or consultancy organizations, with the primary
business within DTI.

The third factor was the organizations internal use of the DTI. They were all
using the DTI for internal purposes and related the purpose to the product.
The organization’s purpose for producing the DTI varies, where one could
compare, e.g. Alpha’s purpose of tracing product deliveries with that of
Omega’s producing comparable products. Despite, the internal use, did all of
the organizations start producing the DTI to better fulfil customer
requirements.

The overall geographical location of the studied organizations is within
Sweden, except for Omega, which is located in the United States.
Organizations located in Sweden and other countries, member of the
European Union, need to follow the Maskindirektivet (2016). This legislation
contains requirement of product documentation during production and for
maintenance. Besides this difference are all organizations private, where one
part is to focus on their profit.

The interview situation included both individual and group interviews. The
group interviews were used to collect rich empirical data on a specific subject,
where all participants” aspects are of interest (Hennink, 2014). The discussions’
goal is to scrutinize, not to reach consensus. Hennink (2014) proposes that the
number of participants should be between five to ten persons all of whom
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should have the same level of knowledge about the subject. The advantage
with group interviews is rich empirical material with various perspectives in
a specific question, which raises the demands for detailed analysis. For this
thesis, group interviews were used in study #3 and #4 (for #3 to understand
the benefits of a DTI production process and for #4 on how to measure
benefits). Both group interviews were held with the argument mentioned by
Hennink (2014), collect rich empirical material with various perspectives, as
both group interviews included themes rarely investigated or discussed. The
studies included individual interviews to avoid results from group thinking.

Detailing the discussion about the interview situation, Alvesson (2011)
describes the practical aspects of interviewing namely creating trust by
planning the interview to establish trust. His way to do this is by structuring
the interview in sections, using the second section to find answers to the study
and finally opening up for the respondent’s own ideas and thoughts about the
themes. Hence, the interviews in this thesis are built on themes and as
conclusion the respondent is offered the chance to bring up any related subject,
see appendices 2, including interview question to study #1, study #2 etc.

In Table 1, the respondents from each study are described in terms of numbers,
summarized length of interviews, and other studied documents.

Study No of Summarized Summarized length  Other studied documents
respondents length of group interviews

of individual (minutes)

interviews

(minutes)
#1 7 540 N/A Alpha’s configuration

management process

#2 5 330 N/A Beta's DTI production process
#3 7 150 345 Gamma's DTI production process
#4 7 407 7 Omega'’s website
#5 6 225 N/A Rho’s website and the

organizations' external websites,
focusing on DTI

Total 32 1652 416 N/A

Table 1 Study and number of respondents
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3.1.5.1 This thesis’s respondent group

This thesis’s respondent group is middle managers, located somewhere
within the executive level, enabling us to focus on the organization’s overall
strategy, and the operational level (Shang & Seddon, 2002). One argument for
limiting the respondent group to middle managers are that they are
characterized as experienced in executive and operational levels in an
organization. Often, this experience is based on understanding the knowledge
of the other levels in an organization, as well as their respective perspective.
Another argument focusses on the combination of DTI and its intangible
benefits. Shang and Seddon (2002) discuss middle managers as more suitable
for answering questions concerning benefits, as they do not solely take a
financial perspective, as the executive level tend to do. They continue their
discussion by comparing the operative level that is focused on operational
benefits of an information system resource, such as data quality, with the
middle managers’ broader perspective.

As regards the position of the middle manager in the organization, their work
assignment consists of managing, supporting and communicating to the
operational and executive levels in various ways (Ljungberg & Larsson, 2012).
Finding the balance in their work assignments is frequently referred to as
being difficult. They are frustrated as they are caught up in the hierarchy of
the organization, whereas some refer to them as being experienced in
executive and operational levels in an organization. Besides understanding
other levels within the organization, Vannoy and Salam (2010) emphasize that
middle managers’ views are of particular interest. They control how work is
executed, based on their work assignments, and the meaning of actions. For
this thesis, the respondent group therefore affects the results based on their
various perspectives on DTI and its benefits. For the DTI they are
knowledgeable in their various characteristics and for the benefits they
understand not only financial perspectives but also have an understanding of
the operational and executional levels in their organization. The simple act of
gathering empirical material from this respondent group has made their
voices heard.

There are a variety of descriptions as to who is a middle manager. Norzaidi,
Chong, Salwani, and Lin (2011) suggest that middle managers should be
above first-level decisions, but not directly responsible for strategic decisions.
Livian and Burgoyne (2005) give another view on who can be classified as a
middle manager as they include the lack of responsibility for loss or profit in
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their description. The decision-making is another angle, where middle
managers make a multitude of small decisions, all of them having impact on
the organization. Livian and Burgoyne (2005) synthesize their perspective on
middle managers into two groups — one group is those in charge of other co-
workers” assignments and having some hierarchical power in the
organization. The other group is the co-worker with special technical skills,
who influences others due to their competence and who owns their own work
assignments. They continue by describing the future for middle managers as
uncertain, since information technology will make their paperwork
redundant and thereby their work role. Another perspective on the decrease
derives from the birth of other approaches, such as the network or project-
based organizations.

Two perspectives on middle managers are used in this thesis. One sees them
as co-workers who have a hierarchical position within the organization to
influence decisions about DTI, both decisions concerning strategically
questions and on an operational level. The other perspective is that of co-
workers with special skills connected to DTI, despite the fact that they do not
have a specific hierarchical position within the organization. The groups both
have an in-depth knowledge of the DTI and its benefits, as well as knowledge
on how the other parts of the organization look at these. For this purpose, the
following work roles are represented in the studies. Table 2 shows the
included work roles for each study as well each study’s minimum and
maximum work years in the actual work role.
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Study Represented work roles and Education Min and max
numbers work year

#1 Project managers (3), DTl owners High school (3),  Female (2), 4 and 27
(2), Team leaders (2) Bachelor’s Male (5)
degree (1), M.Sc.
3

#2 DTI production managers (3) and High school (4), Female (3), 1and 34

project managers (2) M.Sc. (1) Male (2)

#3 DTI production managers and High school (5), Female (2), 5and 22
project managers Bachelor’s Male (5)

degree (2)

#4 Project managers (5) and Bachelor's Male (6) 5 and 20
development managers (1) degree (6)

#5 Team leaders (2), DTl owners (1), Bachelor’s Female (4), 10 and 32
DTI Consultant Managers (3) degree (6) Male (2)

Table 2 Each study’s represented work roles, education, gender, and min and max work years in the
actual work role

3.1.5.2 Study #1

Research design: this study intended to investigate the research question
“Which are the benefits of the Configuration Management (CM) process in a
manufacturing organization?” by a qualitative study. The research question
functioned as the initial step to describe the benefits of DTI and was also based
on previous research in the TIC I- project. For the latter, this study was viewed
as a step for further development of this research, based on the DTI and the
CM-process.

Context: The studied DTI was Product Configuration Information, related to
the CM process. The choice fell on this DTT and organization since both were
well-known within the TIC II context for their long-term use within the
organization and high quality. The DTI belonged to the CM-process within
the organization, which here is named Alpha and works as a Swedish defence
contractor.

Data collection: I made seven individual semi-structured interviews with
middle managers such as development project manager, team manager
software development, team manager customer support, team manager
customer documentation, team manager mechanics construction, and process
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coordinator configuration process in this study. Another co-worker at Alpha,
closely related to the TIC II project, picked the respondents based on this
study’s research question. All of the respondents had long-term experience of
the chosen DTI and the CM process. I conducted the interviews on site and
they lasted between 40 and 90 minutes. The respondents were all interested
in participating in the study, while their allocated time and attention during
the interview varied.

Knowledge contribution: The results of this study were the starting point for
this thesis, since the result showed the DTI added significant benefits within
the CM process, such as 'semantic interoperability and knowledge for product
development. Semantic interoperability should be viewed as a standardized
language, which offers possibilities to discuss without defining or using, e.g.,
pictures as explanations. Those benefits were identified during the interviews
and later interpreted from the interview material. The study’s DTI was
investigated as part of the study, included as interview questions from the
second interview and later in a follow-up interview with the person
responsible for the DTI and the CM process. These results created the starting
point for the interest in investigating the DTI and its benefits. The benefits
found formed input to identification of the benefits.

Publications based on the study’s empirical material: Persson Slumpi et al.
(2012), Ahlin and Saarikko (2012), Ahlin and Saarikko (2013), Ahlin, Slumpi,
and Oberg (2013), Ahlin (2014), and Ahlin and Slumpi (2015).

3.1.5.3 Study #2

Research design: Study #2 concentrated on providing a basic understanding
of measurements of benefits, besides the investigated DTI. The study’s
research questions were: "What are the activities adding benefits in a DTI
production process?” moreover, "How can efficiency be measured in a DTI
production process?” by a qualitative study. The study was designed as a
qualitative study, using individual interviews as a method for collecting
empirical material.

Context: The studied DTI was various information in the form of manuals,
aimed at operation and maintenance of the products. Beta is a Swedish global
construction company in the paper mill industry with an outsourced DTI
production process. They manufacture their products internally in the
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organization and deliver them with the DTL The DT1 is also used for internal
purposes.

Data collection: The study, initiated by the organization holding the out-
sourcing contract, focused on the production process of DTI. Beta's
production process, see Figure 5, include activities like order reception from
the development department, collection of facts and form of product
implementation, production of new instruction, proof-reading, and
publishing of DTL

The respondents were all picked by the outsourcing organization as informed
respondents based on the research questions. The interview questions
included parts like the DTI production process and its development and
perspectives on the existing measurement process. Initially, three interviews
were planned but this was increased, as the results showed little benefits of
DTI due to the internal view of DTL. On my request, two semi-structured
interviews with the project managers were added. The first respondents
described the tension between the outsourcing partner and Beta, resulting in
negotiations about efficiency from DTI and its production process. I
conducted all the interviews on site and they lasted between 40 and 85
minutes.

Knowledge contribution: The results indicated several problem areas where
how to measure was in focus. One example is what is perceived as
immeasurable and another the importance of consensus on the measurement
process. These results have been significant in the further understanding of
how to measure the intangible benefits, such as in study #4.

Publications based on the study’s empirical material: Ahlin (2013), Ahlin
and Ingelsson (2013), Ahlin (2014), and Ahlin and Slumpi (2015).

3.1.5.4 Study #3

Research design: was a joint study, conducted together with a Ph.D.
candidate from the Department of Quality Management at Mid Sweden
University. The study’s research question was: "Which are the benefits DTI
creates throughout a manufacturing process?”. This study aimed at re-iterating
and further investigating the benefits. The research question was investigated
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via a qualitative approach, using individual and group interviews to collect
empirical material.

Context: The studied DTI was digital information in the form of assembly
instructions, used both for internal assembling, quality assurance, and
repairing the manufactured products. The DTI contains product information
about the inherent components as well as information for how to assemble the
products. The empirical material was collected at “Gamma”, which is a
Swedish construction engineering company with 150 employees. The
organization bases its manufacturing on a hydraulic invention used in
excavators.

Data collection: The study included three parts: the group interviews, the
individual interviews, and an individual follow-up interview to confirm the
identified benefits. The group interviews followed the production process of
the DTI and the benefits derived from each included activity. This part of the
study created the foundation for understanding the benefits, both by
discussing them in the natural environment of the manufacturing process.
The discussions took place in the production area and were further discussed
in an office. The choice for the initial step was to give the respondents the
possibility to be comfortable in their own environment. The first part of the
group interviews was based on benefits derived from the DTI’s production
process, focusing on their included activities. The group interviews lasted for
five hours. The respondents were chosen by the DTI owner, who participated
in the KATI research project.

The next step after the group interview was individual interviews with the
development manager and the executive manager, where they described their
perspective on the benefits of DTL I conducted these interviews, which lasted
between 30 and 80 minutes. Later, I conducted an additional individual
interview to confirm found benefits. This individual interview deepened the
understanding of the benefits of DTI in a manufacturing process. This final
individual interview was semi-structured and lasted 45 minutes and the
respondent was the previously interviewed DTI owner. The DTI at Gamma is
of interest as it, in contrast to another studied DTI, solely contains DTI for one
activity in one of the product life cycle phases (the development).

Knowledge contribution: The result shows that DTI creates both general, as
shown in study #1, and contextual benefits. General DTI benefits, recognized
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in all studies, are such as semantic interoperability and knowledge transfer
within organizations. Recognized as contextual benefits relate to the
individual organization and its internal processes, such as manufacturing.
The results are also used for analysing the benefits in relation to the product's
lifecycle phase. This result indicates that most of the benefits are recognized
as the DTI is published, but also in other of the product’s life cycle phases. A
visible result of the whole study is that Gamma has created its own DTI
department.

Publications based on the study’s empirical material: Ahlin and Slumpi
(2015); Ahlin and Aslund (2014)

3.1.5.5 Study #4

Research design: The thesis's fourth study aimed for further understanding
of measuring DTI's benefits, which mainly are viewed as intangible. One
reason for that is the problems to identify DTI’s benefits in financial terms and
thereby use cost-benefit analysis. The foundations for this study were the
licentiate thesis, study #2, and Ahlin (2019). The licentiate thesis gave
fundamental knowledge on visualizing the gained benefits and Ahlin (2019)’s
general knowledge on how to measure intangible benefits, which needed
further detailed investigations to understand how to measure DTI's benefits.
Therefore, the research question was: “How can benefits of DTI be measured? ”.
The foundation for collecting the empirical material was by a qualitative
approach.

Context: Here, the DTI was their newly implemented requirements for
product development, named charters. The DTI included parts such as aim
for development of the product and detailed parts for the development. The
empirical material was collected at Omega, which is an American technology
company that bases their production on software products and services. The
number of employees is close to 300, and their customer's geographical
locations are in 180 countries.

Data collection: The researcher conducted seven individual, semi-structured
interviews at Omega, with middle managers producing the DTT; followed up
by one group interview with four out of the seven respondents. A co-
researcher, from MSU, took part in three of the semi-structured interviews.
The group interview included a discussion on how to measure the benefits
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based on input, rule, and output. The individual interviews gave input to the
measurements and the group interview gave the output from the
measurement test. This study ended the discussion about measurement for
this thesis.

The respondents all held middle manager roles such as project managers for
development and development manager and were all somehow responsible
for the newly implemented DTI. At the time of the interviews, the researcher
held a position as visiting researcher at MSU and the respondents were picked
in collaboration with the supervisor and a graduate student working at
Omega. The on-site interviews lasted between 45 to 90 minutes. Omega’s
interest in participating was due to a wish to develop the newly implemented
DTI as well as the organization’s organizational and financial growth.

Knowledge contribution: the discussion for measuring were based on an
existing theory, boundary object. Boundary objects, in short, is based on
communication of information used by various communities (Bowker & Star,
1999). The boundary objects are by nature inter-contextual and therefore
required to hold either a common language or syntax between the disparate
stakeholders, professionals, and divisions (Boland & Tenkasi, 1995). The
knowledge contribution showed that measuring the intangible benefits is an
accessible route, but with some limitations. For example, it takes time to create
the basis for the measurements and also to perform these. The first part of the
study focused on individual interviews, finding answers to the identification
of benefits and the view on measurements of benefits of DTI among others.
The second part of the study was based on a group interview, further detailing
the understanding on how to measure the benefits. The overall results showed
different benefits of the DTI and a doable test of the measurements, with
several aspects to discuss, such as need for both agreements on how to
measure and a semantic understanding of included parts in the measurement
method.

Publications based on the study’s empirical material: Ahlin (2018).

3.1.5.6 Study #5

Research design: The fifth study followed the analyses from study #3, where
the product had shown some impact on found benefits. The purpose was to
understand middle managers’ view on how DTI is adding benefits to their
own manufacturing organization. The research questions were: "What is
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management’s view on DTI as an internal resource?” and “Do managers view DTI
as less valuable in comparison to its products?” The research design was based on
mixed method. One of the arguments for using mixed methods was to get a
richer picture of empirical material than previously when collecting
qualitative data. The study started with the qualitative study, which was
analysed and the results were used as input to the quantitative study. This
way of conducting a mixed method study is described as the quantitative
method being used to embellish qualitative findings (Creswell & Clark, 2011)

Context: The qualitative part of the study was initiated by interviews at the
organization Rho and its relation to the product. Rho is a trade association for
technical information in Sweden. This organization was built as a
consequence of the Technical Information Centre Project, held at Mid Sweden
University 2007 — 2014. The survey question aimed at deepening the relation
to the product, based on statistics. The survey was sent to middle managers
in Swedish manufacturing organizations, see sample description below.

Data collection: The empirical material was collected in two steps. In the first
step, six middle managers were interviewed all part of Rho’s board
organization. One board member invited a colleague, with 25+ years’
experience of DTI, which gave the study the sixth respondent. The
respondents all held middle management roles in various Swedish
organizations and either worked in an organization or as a consultant with
DTI. The organizations were geographically spread throughout Sweden. The
questions’ themes were concerned with the benefits of DTI and organizational
aspects on the resource DTI. The output from the interviews was used as input
to the survey, directed towards middle managers in organizations working
with DTL.

The major understanding after analysing the individual interviews were that
manufacturing organizations producing complex products were more
interested in the DTI than other manufacturing organizations. The indicated
reasons seemed to be that complex products are expensive and therefore more
valuable to the organization and that they required more knowledge to
maintain because of their complexity. The survey was focused on DTI's
relation to the product with questions related to benefits of DTI. I based the
hypothesis on the purpose of the study and the results from the qualitative
study: (H1) Manufacturing organizations producing complex products for other
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organizations are more interested in DTI than the manufacturing organizations
producing less complex products.

The survey, conducted in Swedish, was directed towards manufacturing
companies in Sweden located in the Swedish industrial classification (SNI
code) 25—-30. The SNI code 25 — 30 include organizations manufacturing metal
goods (25), computers and electronic goods (26), electronic goods (27),
products for common purposes (28), motor vehicles (29), and manufacturing
of other transport vehicles (30). Additional selections are that the organization
should be the head office and a corporation. I choose head offices to avoid
smaller sub-contractors and corporations in alignment with previous studied
organizations. The population for this selection was 10755 organizations. The
selection for each organization, was one respondent, on a falling scale: (1)
product manager, (2) construction manager, (3) production manager, (4)
development manager, (5) product developer manager, (6) research manager,
(7) project manager, or (8) supplier manager. The logic behind this is the
connection to DTI. A product manager is assumed to get in contact more
frequently with DTI than a supplier manager and thereby be more
knowledgeable about DTI and so on. The survey was sent to 1114 respondents,
correlating to a confidence interval group of more than 99% and margin of
error of less than 5%. The survey was sent four times to the respondents and
the answer rate was 9 % (104 answers). The non-response was handled by
telephone, where I picked 30 new respondents and 14 of them responded to
the telephone survey. The telephone interviews were based on the survey
questions and the choice of respondents made via a random number
generator, correlated to a list with the 1114 respondents, except those who had
answered the mailed survey.

Knowledge contribution: The study contributes with knowledge about the
DTT’s benefits (part of the survey) and further details on the DTI characteristic
relation to the product, both part of the first research question. The result
shows that the product is considered to be more valuable than the DTI, and it
is said to depend on the complexity of the product, not shown statistically.
The material was analysed based in the software SPSS based on the
hypotheses. Used as way to analyse the hypotheses were the Kruskal-Wallis
test based on the assumption that the dependent variable for the three
hypotheses are not equally distributed and that there are three or more groups
of answers to the question. The later refers to the Likert scale answers, which
i.e. for hypotheses one and the question about the complexity of the main
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product or product group is low, medium, or high complexity. For the statistic
test there is no significance that the complexity of the product affects the
organization’s view on DTL The p-value is 0.589 and to get significance is
should be less than 0.05. The perception that the complexity of the product
influences the view of DTl is a perception, which seems logical at first glance,
but not verified statistically. The same perception is issued in the non-
responsive analysis. The underlying causes may be that this view is incorrect,
that the complexity of the product is estimated in the survey and that it may
be a more positive view of the DTI as stated in the survey.

3.1.6 Data Analysis

This section includes the core coding method and description of analysis for
the first and second research question.

3.1.6.1 Core coding method

To answer the research questions, the analysis is conducted in an inductive
way searching for themes based on findings in the empirical material
(Alvesson & Skoldberg, 2008). Patton (2002) stresses the inductive analysis as
understanding the richness, depth, meaning, and contribution to
interpretative research. The analysis begins by understanding the empirical
material from one study and after that combining or aggregating it with
further studies. The synthesized material is after that built into themes to
answer the research questions. This approach is labelled conventional coding
analysis by Hsieh and Shannon (2005). They describe this way of coding as
usual when the existing theory is restricted and therefore there are few
existing themes to utilize. The themes therefore emerge from the empirical
data, where the researcher uses his/her skill to develop these themes.

The analysis is conducted via content analysis, based on concepts like
meaning units, condensation, category, code, and theme (Bengtsson, 2016; Elo
& Kyngds, 2008; Erlingsson & Brysiewicz, 2017). They emphasize content
analysis as a path forward while doing interpretative research and analysing
transcribed interview material. Erlingsson and Brysiewicz (2017) frame
meaning units as the foundation and base them on the understanding of the
transcribed interview material, where the material is re-read and thereby a
detailed understanding of it is achieved. Their conclusion is that the meaning
units are the basis of the material, and they stress the importance of extracting
the essential parts. Here, I used the software Nvivo as a productive path
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forward to find and store the meaning units. The condensation includes
synthesizing the meaning units by extracting the respondents’ expressed
meaning. The meaning units were then used for condensing each study’s
empirical material into categories and then themes. This work included
putting a code on the condensed material, labelling it. The codes are
categorized by similar grouping codes, where the detailing level varies
depending on the codes. Lastly the categories are emphasized in themes,
which can include one or several categories.

3.1.6.2 Analysis for identifying benefits

The initial effort for the identification of benefits was found by thorough reads
of the empirical material for each study, stated as positive advantages of the
studies” DTI. The study at Alpha gave raise to focusing the thesis work on
finding the benefits of DTI. The focus on DTI came from the finding that
Alpha recognized the benefits ‘Base for after-market decisions’” and ‘Common
language for design’ as benefits of DTL, not from the CM process as such.

The interview questions to find the benefits were direct and indirect. The
indirect interview question offered answers to their reaction to the lack of DTI
and the direct their recognition of benefits. The interview material also offered
other benefits, such as the respondents” description of positive advantages
while using the DTI for solving work assignments. Then, the search for
benefits in the empirical material included all the possible positive advantages,
without excluding any of them or searching for any specific benefit. The
transcribed interview material was uploaded in Nvivo where I looked for
meaning units including benefits. These meaning units were then condensed
into categories including meaning units with similar content. The condensed
material was synthesized into categories and labelled with a theme. These
themes were viewed as the benefits. Later, the organizations confirmed the
benefits, such as for Gamma and Omega, or analysis conducted with research
colleagues, such as for Alpha.

The second step for analysing the benefits was to use the three characteristics
of DTI and two categorizations of benefits and their subgroups. I used the
recognized benefits for each study and related them to the subgroups. The
benefits were listed in a document for the DTI characteristics as well as the
benefit categories. For each benefit, I re-read the empirical material to identify
suitable subgroups.
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3.1.6.3 Analysis of the perceptions on how to measure benefits

The analysis for the second research question also refers to the inductive
analysis. The data analysis refers to the findings for the respondents’
perceptions of how to measure the benefits of DTI. The interview questions for
measuring focused on the perceptions of whether the DTI's benefits were
measurable or immeasurable. Then, the interview questions continued by
addressing questions such as the input to measuring, including preparation
for measuring. Additional questions on measuring were questions about
topics like the way the respondents conducted the measurement process and
their intentions when conducting it.

I interpreted Kaner and Bond (2004)’s view on measurement method to
analyse the empirical material for this research question. Based on Kaner and
Bond (2004) I divided the measurement method into input, rule, and output.
Here, the input includes the preparation for measuring as well as the ways to
find the input, equalized as the recognized benefits. The rule includes the
ways to transform the input to the decided output, e.g., boundary object
theory (Ahlin, 2018). The output focuses on the measurement, e.g., in financial
terms. I looked for anything related to the input, rule, and output in the
empirical material, focusing on finding an answer to the second research
question.

Likewise, as in the first research question, I used Nvivo software, and the
same path for meaning units, condensation, code, category, and theme. The
meaning units contained interesting answers from individual respondents,
the condensation synthesized individual answers, code and category
synthesized individual answers from the included studies into aggregated
perspectives. The themes included the final perceptions, such as opinions as
to whether measuring DTI’s benefits is doable and not doable. During my
analysis, I did not find any respondent claiming that the output from
measurement methods can be directly evaluated in financial terms. The
identified perception was, up until the study at Gamma, that measuring DTI'’s
benefits was hard. That was a trigger for the study at Omega (Ahlin, 2018) and
also the origin point for the desk-top research in Ahlin (2019).

3.2 Ethics

One part of being a researcher is to take an ethical perspective. Just as in
ordinary life, morality is discussed in research ethics, with arguments about
the meanings of good, bad, right or wrong. Research ethics is categorized as
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professional ethics, which the Swedish Research Council (CODEX, 2016)
describe in three general subsets. They are: (1) conducting good work, (2)
following national and local rules, and (3) following professional codes of
ethics. Focusing on the Information System’s field in Sweden, Dahlbom and
Mathiassen (2017) have made an interpretation of the American Association
of Computing Machinery’s Code of Ethics. They emphasize the general
professional ethics as well as the connection between the Information Systems
field and the user. Dahlbom and Mathiassen (2017), argue that the researcher
should work in close collaboration with user groups to satisfy them, show
them respect, focus on healthy work environments, and protect individuals
from harm.

Based on this short introduction to ethics, I will continue by looking at
research ethics in this thesis. The discussion focuses on general and specific
professional ethics in various ways. Starting with the general aspects and
focusing on doing good work, one way to do this for interpretative studies is
to protect the respondents. Here, it has been done in various steps. At the
introduction of interviews, I informed the respondent of their voluntary
participation in the interview, their right to not answer a particular question,
and the right to withdraw from the interview at any time. All interviews were
recorded, stored with password protection, and I transcribed them verbatim,
except for study 3. Another researcher participated in this study, which meant
a shared workload. For the second subset, to follow national and local rules, I
used the ethical rules and guidelines at MSU. There, studies must obtain
approval from an Institutional Review Board (IRB) (Berg, 2009). The IRB
functions to protect human subjects from harm (Program, 2016). Adopting
their rules, where one is to undergo an on-line education and accomplish a
test, I accomplished it and succeeded in reaching the goal for this education.
The IRB approved my application for studies, in which I described the
purpose of each study, how to protect the respondents, collaboration with
MSU, presentation of the results, etc. At each interview, the participants were
given a consent form to sign. This form gave detailed information about the
study and how participants were protected.

Turning to ethics of the field of Information Systems, the users are in focus.
Practically, this is done in different ways. One strategy is to listen carefully
when interviewing them and rephrasing their well-informed voices to create
shared and accessible knowledge. Another way, which should be viewed as
being relevant to the overall aim of this thesis, is that of creating a healthy
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work environment, especially for those producing the DTI. In the longer-run
an understanding of the benefits and other perspectives on DTI, can create a
better work environment, at least according to Dicks (2003).

The primary empirical material in this thesis was collected through interviews,
both in groups and with individuals. Therefore, it is of interest to discuss the
ethics for interviews. Kvale and Brinkmann (2014) do this in various steps.
Informed consent was discussed earlier along with ensuring confidentiality
by not using either the organizations’ or participants’ real names. Hence, I
used the Greek alphabet to name the investigated organizations and for
respondents’ titles.

An additional aspect of interest in the planning is to consider reflection. Kvale
and Brinkmann (2014), emphasize this as re-thinking and discussing the plan
with other researchers. e.g. supervisors and colleagues, as well as during the
study. In one study, the second one, I chose to add respondents to the original
setting, to broaden the empirical material and add more voices to the study.
Another ethical aspect for interviews is the transcription, which Kvale and
Brinkmann (2014) argue should both secure the respondent's confidentiality
and provide transcriptions loyal to their answers. The time-consuming
transcription is done verbatim to capture the respondents’ real answers.
Transcribing verbatim is usually not a problem; however, the construction of
sentences is harder, especially when it comes to a language which isn’t your
mother tongue such as American English in my case. One of the last steps for
interview ethics is the analysis. Kvale and Brinkmann (2014) discuss how
much the researcher can put into the respondents’ answer. Here, this is a
question to be answered on a general level — how do we interpret our material
and how can we generalize in interpretative research. Turning focus to the
interview material, it has been shared with and discussed with supervisors,
both at the Mid Sweden University and at MSU. In study #3 and #4 the
analysis has been considered with the respondents, e.g. by discussing found
benefits of DTI. Continuing reflection on how to verify, Kvale and Brinkmann
(2014) discuss that the researcher has to use verified knowledge as far as
possible. As the DTTis rarely investigated in the Information Systems field, or
digital information in the form of its benefits, this has been a challenge for this
thesis. The lack of investigated experience has proved to be a hindrance in
terms of finding and using theory at its fullest for DTL
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4 Findings

Included in this chapter are: the contextual descriptions of each organization;
the studied DTI and its characteristics; and a presentation of the analysed
benefits. Also presented are the findings on how to measure the benefits. The
chapter ends with synthesized sections, reflecting the findings from the
studies in relation to the research questions.

DTI plays an essential role in this thesis as the fundamental resource in focus,
from which organizational benefits are recognized. The DTI has not been
deeply described in the Information Systems field and is therefore not well
understood. Thus, it is of interest to first describe the DTI in each study’s
presentation to show its benefits, using the previously introduced DTI
characteristics and benefit categories. The first section of each individual
presentation contains a description of the organization, their setting, the
studied DTI, and characteristics of the DTL The organizational description
includes a brief overview of the manufactured products, the organization’s
context, and the organization’s operating domain.

The second part in each presentation is structured as follows: identification of
benefits from each study; identification of benefits in relation to the
aforementioned DTI's characteristics; and categorization of the benefits. The
benefit identification is based on positive advantages identified by the
respondents, where the advantages apply to both individual co-workers and
to the organization. The identification of the benefits was started in this
thesis’s initial phase and introduced in Ahlin (2014). Subsequently, the
presentation here includes newly analysed material from studies #3 - #5.
Added to the previous analyses are the respondents’ underlying goals for the
digitization of the DTI, which is performed differently in the various
organizations and initially described in each study’s presentation.

The following sections provide results on the perception on how to measure
the benefits of DTI. Measuring benefits includes fundamental empirical
perceptions into the measurement process as regards how to measure. The
how is initiated by the discussion of aspects of benefits and whether the
benefits of DTI are tangible or intangible. That is, whether benefits can be
measured, such as saving time or money, or not: such as, facilitating
communication between co-workers or utilizing a common fund of
knowledge. The how to measure is based on this discussion due to existing
benefit models.
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The results are based on the following organizations” DTI and the produced
and used product life cycle phases:

Alpha, where the DTI is Product Configuration Information, produced during
the development and used in all life cycle phases of the manufactured
products,

Beta, where the studied DTI is Operation, Maintenance, and Quality manuals,
used for production and maintenance,

Gamma, where the studied DTI is an Assembly Instruction, used for
development and maintenance,

Omega, where the studied DTI is the initial development requirements,
named charters, used for development related assignments, and

Rho, where the studied DTI is related to the manufactured products, simply
facts and mostly related to development, production, and maintenance.

4.1 Organization Alpha

Alpha belongs to a global concern, working in the defence sector, and has
around 12,500 co-workers. The concern has five business areas: aeronautics,
dynamics, electronic defence systems, security and defence solutions, and
support and services. Alpha belonged to a large Swedish communication
company until the mid-2000s, when it was sold to its current global owner.
Alpha has several domestic and international offices. The headquarters is
located in southern Sweden, and it has sub-offices in the Swedish capital
region, Asia, North America, and Africa. Alpha works with the production
and maintenance of electronic defence systems, mostly radar systems. Their
radar systems are sold worldwide and are both airborne and ground-based,
produced along with other sensors. The company rarely focuses on
developing new products; almost all new releases are based on existing
products, focusing instead on ways to customize each delivery according to
an order. Internally, they have discussed changing to a more understandable
logic where the production is focused on a few base products, from which
customers can choose different product options.

About fifty years ago, Alpha started to use configuration management (CM)
as their broad spectrum of products required a management system that
could keep track of them and give the organization an overview. The
foundation of the CM process is product information and various
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perspectives on the information’s usage. The initiative to use the CM and the
development of their product identity came about as the result of a huge order
from the international market, a fact which was emphasized in lively
discussion by several respondents. The CM originated in collaboration with
other departments at their former owners, which was initiated in the mid-
1950s. As the products contained --and still do contain-- a large number of
components, respondents emphasize the need to keep them organized and
easy to track. This information is especially important for installations far
from a company office or from availability of service technicians.

“We need to know the exact customer products, we have [maintenance] agreements.
We have agreements for spare parts and service and so, for a long time to come. We
need to know what components we need to bring as we travel cross half the world.
[...] We must know which the products are and there is a lot of information
associated with them.” (Product Project Manager, Alpha)

Additionally, Alpha send the DTI to some customers during ongoing product
development. Alpha is obliged to provide them with this DTI to meet the
requirements of international quality management standards certification.
This process is usually managed by the quality department with assistance
from the development project and described as time-consuming but necessary.
Today, the CM process contains solely digital information, stored in various
information systems used by one or several departments. One of the
information systems serves as the master data system.

At the same time, market and political forces have a powerful influence on
the sector in which Alpha operates. Market forces impact on components due
to the fact that several global organizations are producing similar products,
which creates the need for a competitive edge for Alpha. As a military radar
system belongs to military surveillance, the customer's government often
participates in the management of the purchase. The defence systems domain
is described as inflexible, at least, when it comes to accepting an offer and its
delivery.

“It usually takes between eight to ten years, after the customer has signed the order,
before the product is ready to deliver.” (Manager spare products, Alpha)

Besides the market forces, political forces, and legal requirements, this
inflexibility can result in an extended period between placing an order and
delivering a radar system. In addition, the radar system itself is a complex
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product, which takes years to produce. All these forces and the complex
products affect the DTI, seen as one of the cornerstones in Alpha, not least for
the production and maintenance. Here, one of the respondents proudly and
with respect describes the cornerstone, built on an essay in a small book:

“The respondent (R): I brought a small little book. Have you seen it before?
The interviewer: No.

R: 1 take great care of it and there are a lot of others here as well. The book is pretty
old, it was published in 1993. And of course, it comes from the [the previous
organization’s name]. Described here is the basis for all our configuration
management and how to handle products and documents. And we still use the same
system. “(Manager software development, Alpha)

4.1.1 Alpha’s DTI

Alpha uses their DTI as standardized product identification for the
Configuration Management Process. The DTI constitutes one part of a
comprehensive, logical system, including both product and document
identification. This section solely describes the product identification, even
though the document identification is part of the same logic. The DTI uses a
hierarchical system, which provides knowledge about the original product’s
inherent components, updated product components and related status. The
DTI consists of the letters and numbers as in the English alphabet and does
not distinguish between upper- and lowercase letters. In comparison to the
actual global organization’s DT], it is built with inner logic, not solely just a
serial number. The base for the product identity is a product number and
versions, see Figure 4.
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ABCM1234567/1 R2A

a) Product number The number of the product
b) R-state The product version

Figure 4 Alpha’s DTI, consisting of its product number and version

The owner of the DTI enthusiastically, almost without stopping to take a
breath, describes its overall foundation like this:

" Then, we have our product numbers, which are based on an ABC class that tells us
what type of product it is. There is logic in that the letter A means something, the
letters A and B mean something and ABC means something. So, it's like a
classification. [...] But in any case, we have an ABC class. For the ABC class, one
has a type class that further clarifies what type of product it is. Then you have a
stupid serial number, completely without significance. Then you can create slash-1,
slash-2, slash-3 that are variants of the basic product. Can be different colour and
such things.” (Process Owner Configuration Management Process, Alpha)

The DTI in Alpha, based on both the product number and the versioning,
provides a very flexible system, which Alpha staff members view as a strength.
In its fundamental structure, it is described as simple, adding a lot of
combination possibilities. One advantage with the DTI is that it provides
many opportunities however it is hard to understand as a newcomer. Most of
Alpha’s co-workers are specialists, meaning that they only use some of the
combination options available, either from the DTI's product numbers or
versioning options. The time to learn the necessary parts of the DT is usually
more than six months, described in Ahlin and Saarikko (2013). As the DTT is
a fundamental part in Alpha’s manufacturing processes, it is absolutely
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essential to learn its logic. It is such an integral part of Alpha that wanting to
change it is doomed to fail by one respondent:

“If you are an experienced [co-worker] and want changes and then, then you need to
re-think staying at [Alpha], because you do not change this place so easily. Because
it's a fairly big colossus to turn around.” (Manager for Software Development,
Alpha)

4.1.2 Digitization of Alpha’s DTI

The digitization of Alpha’s DTI is viewed as relating to the second grade. The
co-workers working with DTI are loading it into an information system
relating to CM. Their work is analogue, based on adding the input to the
information system. The change for the digitization of the DTI is that
integration has been added from the master data system, though it is not
automatic. Previously, the master data had to be added to all the various
information systems by co-workers, creating possibilities for incorrect or
missing information. The integrations had improved the reuse of the DTT and
when the DTI is easily found for more of Alpha’s co-workers do the
possibilities for semantic interoperability and knowledge transfer increase
within the organization.

4.1.3 Product’s life cycle phases related to Alpha’s DTl and DTI's
production process

For Alpha, the product’s life cycle phases and the DTI production process are
intertwined and hard to separate, e.g. described in Ahlin and Saarikko (2012)
and Ahlin and Saarikko (2013). Therefore, the two headlines are combined
here. In the first phase of product development, the DT is set as preliminary,
as each product is custom-made and therefore designed for new requirements
and planning. The preliminary DTI is automatically assigned to a new
product and changed by the co-workers focusing on configuration
management in the product’s development project. Several respondents
discuss configuration management as a part of the leadership in the
development projects:

“Configuration managers adds structure, and they act as leaders for the products’
structure. Moreover, that is pretty good, too. They can help and follow up. For
example, a project CM is responsible for what we call CCB, Change Control Board.
Additionally, then there’s a decision forum for, for example, if we are going to make
changes, we will make this requirement changes. That kind of questions, change
management thus. If another project changes a product, then we can decide if we
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will use the change or not. It is a typical decision there. They follow up that things
get in place on time, for example, when building up the product structure, the
project needs to have some things in place at a given time. The project also needs to
release the purchase and production documentation for production at certain times.
Make sure everything is done to make sure it is released. They help the project leader
in their work.” (Project Manager Development, Alpha)

This set-up is in collaboration with other project members, such as the project
manager, quality assurance, the mechanical constructors, and software
developers. Changes to the DTI can occur at any time during this life cycle
phase. After that, the DTI changes status to active, meaning that it is being
produced, tested and verified by various project members. The DTI is thereby
locked, and no components can be added or removed, and they must be set
in the same status. When the product changes status to production, meaning
that it is being released and delivered to the customer, the above-discussed
versioning is used for maintenance and repair. Initially, the version is at its
first level and thereby increased while changed for maintenance. The status
of the DTI is obsolete when the product is destroyed or not in use. The radar
systems life cycle varies from 40 to 60 years, while the components’ lifetime
vary. In reality, the end of the life cycle means that the product cannot be
offered or ordered, purchased or produced, or repaired or delivered and the
DTI cannot be edited anymore.

Alpha’s CM process does change rather slowly as a result of its stability and
its long-time use. The owner of the process releases new features every third
month and has a budget connected to the process. Strangely enough, these
changes are linked to the process and not to the digital information or
information systems associated with the CM process. The reason given is that
there is no strategic IT management at Alpha. Therefore, the executed changes
solely relate to the process, such as the Change Control Board. Thus, there are
several identified temporary solutions in the digital DTI, especially after
Alpha was incorporated into the current global group.

4.1.4 Structure of Alpha’s DTI

Alpha’s DTl is structured as it is built on declared meta-data and fixed fields
(Wallace, 2011). The product number contains six different parts: a prefix, the
ABC class, an origin notation, the type class, a sequence number, and last a
suffix, see Figure 4. The prefix indicates whether the product is a subordinated
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or a set of parts; the ABC class classifies the product, the origin notation or
lack of it means the product's construction before or after Alpha's
incorporation to the current global organization. The type class classifies the
product within the ABC class; the sequence number is used just as a sequence
number, and the suffix to separate variants. Added to the product number,
and thereby classified as the product identity, is the versioning. The
versioning contains the status preliminary and ordinary, used in different
ways for the product and the software development. Alpha can make the
versioning one or two-way interchangeable. Illustrated are one-way changes
by adding functions to the products, and the two-ways are the change of
realization. The result of both the product number and the versioning is that
it is possible to replicate a product accurately and thus create a copy of the
customer's product in use.

“If you take our versions of our products, for example, there are some R-positions.
And the first R mode that you create is always R1A, then you can choose to redo it
again. If you make a realization change, for example, we replace a screw with
another screw or something like that, then we change the letter. By this they are two-
way interchangeable, it does not matter which one we choose because they have the
same function. If someone makes a mistake, we will change the number and then a
higher number will always replace a lower, but not the opposite. That’s how simple
the logic is built and that’s what makes us able to manufacture it [referring to the
lower number] 40 years ago, and we can manufacture exactly the same product with
a completely different R mode and it’s always backward compatible.” (Process
Owner Configuration Management Process, Alpha)

4.1.5 Information System of Alpha’s DTI

The information system of Alpha’s DTI is a client-server-based Product
Development Management System (PDM system). This is a legacy system
from a leading Swedish IT-supplier. This information system was
implemented into Alpha when they became part of the current global
organization in the mid-2000s. The PDM system is integrated with several
information systems, such as a CAD system for mechanics and electronics, a
material planning system (MPS) for production, information system for
logistics, and maintenance system, traceability system for production, a
system for versioning of software, and an information system for
identification of delivered goods. Most of the systems use a client-server
technology. The PDM system is the master system, with limited automatic
integration to the other information systems. The DTI is updated manually
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several times a week or at the release of an entirely new product. The use of a
manual update is due to the fact that their MPS is from 1980. They describe it
as a locked-in situation that causes technical problems for adoption to newer
information systems and difficulties when searching for information. All the
co-workers in Alpha’s development department can modify the DTI, and
everyone at Alpha can access it.

4.1.6 Alpha’s benefits

Findings show that DTI generates benefits based on the Configuration
Management Process (Ahlin, 2014; Persson Slumpi et al.,, 2012). Persson
Slumpi et al. (2012) show Alpha’s benefits from DTIL, namely ‘Knowledge base
for after-market decisions’ and ‘Semantic interoperability’. At Alpha, the
result of the ‘Knowledge base for after-market decisions’ is knowledge for, i.e.
designing a flexible spare parts warehouse. The foundation for the
‘Knowledge base for after-market decisions’ is statistics, which gives the
opportunity to store the most frequently requested spare products and thus
provides aftermarket service contracts with fast delivery time. The DTI
provides the benefit ‘Semantic interoperability” as a standardized language,
which offers possibilities to discuss various products without having to define
them for each other in the discussion or using pictures to explain further
explain the aimed product. Semantic interoperability is discussed in detail
Ahlin and Saarikko (2012).

The origin point for the DTI is the ‘Order and control’, which was explained
in a logical way by one of the respondents:
“However, if you have very many different products that look very different and
you are a big company where things happen, then you have to have order and
control. The organization needs to know precisely what their co-workers have
delivered. How does the configuration of this product look for each customer? This
organization has a lot of customer-unique parts, customer adjustments, which also
means that they have to keep track of each customer’s product and configuration.
The organization can build complex systems and the like from the same components
and the customer benefits very much depending on how the different parts are put
together and how they are configured.

Moreover, the organization also needs to have everything in order. Spare part
management is also important to know then. What is there at the customer, which
spare parts should the organization send to the customer? It cannot simply be in
someone’s head if the customers are located around the world and you have many
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products out there. One must have it in a system, and I think that is how the system
has emerged.” (Project Manager, Alpha)

All the respondents discussed the fundamental ‘Order and control” while
manufacturing as the benefit that needs to function all the time, and thereby
during any kind of digitization. Here is one respondent, emphasizing this
benefit:

“But order and control are somehow the keywords, knowing what we have done,
knowing what we are doing now, and knowing what we are likely to do in the
future. That’s what it's all about. The lifespan of our products is thirty, forty years,
so that’s the big factor.” (Process Owner Configuration Management Process,
Alpha)

The predetermined benefit is clearly stated as giving ‘Order and control’, both
while developing, manufacturing, and maintaining the product. Several
respondents described that another predetermined benefit is the “Traceability
of product’ and the recorded changes to the product. This is viewed as an
additional fundamental part for their long-time maintenance support, added
as a result to the merging benefit of ‘Knowledge base for after-market
decisions’ described in Persson Slumpi et al. (2012). Collectively these two
benefits make it possible for Alpha to offer maintenance support with fast
delivery time.

An on-going discussion at Alpha is how to reduce the cost of product
development. A draft proposal is to use the DTI and thus create a base product
and then add functionality when the customers require so-called optional
functionality.

“The basic idea is to choose one of our radar products. There are two that exist and
one intentionally. Then we have tried to look what they have in common and tried to
create an idealized product model that consists of what’s in common. Moreover, all
that is not in common is managed as options, and in some cases, it is an option that
is selectable, and in some cases, it is an option that is compulsory depending on the
application. Moreover, we have tried, especially for the base product, to see the
required choices.” (Process Owner Configuration Management Process, Alpha)

The use of DTI creates unintended benefits among the individuals in a
development project, both regarding knowledge sharing and non-
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dependency on other co-workers. Here, expressed as a benefit by one of the
respondents:

“Yes, of course it does. If everyone finds, within the assignment one has, if you know
where to find the information, so of course. Then you’re not dependent on one
person, you don’t have to talk to your colleague. If the colleague isn’t there. you still
know where to find the information. This could of course be achieved by storing all
the documents in one place. That’s a bonus. However, I think that we create personal
independence with our DTI. That is probably one of the big things.” (Project
Manager Development, Alpha)

The manager for customer education expresses their benefit gained by the DTI,
starting off in the CM process and ending in required information:
“If you look at our products, we have a CM instruction on customer documentation
and also for the courses. We own it because it is linked to the process of developing
customer documentation and developing and implementing customer training. So
that we control what we think is most efficient, what information we need for
products in our education material.” (Manager Customer Education, Alpha)

4.1.7 Alpha’s analysed benefits

Alpha’s benefits are analysed according to the product’s life cycle phases, the
relation to the product, the DTI's structure, predetermined/emerging,
strategic/operational. The analysed benefits are shown in Table 3.

Most of the benefits are recognized during the product’s life cycle phase of
development. Alpha also derives benefit from the DTT in the production and
maintenance, both as it is and by co-workers who have used the DTI for other
purposes than the original ones. Despite this, one of the benefits is supporting
all of the product’s life cycle phases, that of the ‘Semantic Interoperability’.
The result of this is that the majority of the benefits are recognized in the
product’s life cycle phase when the DTI is published, however it still offers
support in other of the product’s life cycle phases. The relation to the product
starts off as individual and is later shown as general, see Table 3.

The DTI delivers benefits like ‘Control and order while manufacturing’ and
‘Sharing knowledge within the development team’ for the individual
products during the development phase. Alpha gains benefits such as
‘Semantic interoperability” and ‘Part of internal education material’ during
and after the development. The DTI delivers the benefits “Tracing product
deliveries’ and ‘Knowledge base for after-market decisions’ during
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production and maintenance, and the latter can be used for individual
products as well as general product lines. The benefit ‘Standardized product
development’ is focused on development, production, and maintenance for
general products. The DTI delivers the benefit ‘Standardized product
development’ provided that the management has made a strategic decision to
build this foundation for standardized product development and use the DTI
as statistics for understanding, e.g., used versions of components.

The structure of Alpha’s DTI is highly structured and that generates several
benefits. The content is built on the structure and adds several benefits as-is,
such as the ‘Control and order while manufacturing” and “Tracing product
deliveries’. As regards the benefit ‘Knowledge base for after-market
decisions’, co-workers in Alpha can automatically reuse the DTI based on its
structure, showing the requirements for goods in stock in a warehouse.

In Alpha, the predetermined benefits are recognized as ‘Control and Order
while manufacturing’ and ‘Tracing product deliveries’ based on
management’s desire for continued high product quality and customer
satisfaction. Because management designed the creation of DTI to facilitate
production and shipping goals, this analysis classifies ‘Control and Order
while manufacturing” and “Tracing product deliveries” as strategic benefits.
These benefits are recognized by using the DTI internally in Alpha’s specific
context and also when supporting what is provided to the customer. Alpha is
using the DTI as it is, while gaining these benefits.

Alpha’s emerging benefits, listed as #3 - #7, are further categorized as either
operational or strategic. Both the strategic categorizations, “‘Knowledge base
for after-market decisions” and ‘Standardized product development’, aim to
support the business side by developing the manufacturing and maintenance
process. The remaining emerging benefits can be considered as operational,
where they recognize solving needs on the business side, such as ‘Part of
education material’, or solely emerging based on the DTI, ‘Semantic
interoperability” and ‘Sharing knowledge within the development team’. The
emerging benefits consist of both the DTI as it is and DTI synthesized as
statistics (‘Knowledge base for after-market decisions’).
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Benefit

Control and
order while
manufacturing

Tracing
product

deliveries

Knowledge
base for after-
market
decisions

Sharing
knowledge
within the
development
teams

Semantic
interoperability

Standardized
product
development

Part of
education
material

DTI
characteristic

Used product
life cycle
phase(s)

Development

Development

Operation and
maintenance

Development

Development,
operation, and
maintenance

Development,
operation, and
maintenance

Operation and
maintenance

DTI
characteristic

DTVl's relation
to the
product

Individual

Individual

General

Individual /
General

Individual /

General

Individual/
General

Individual /
General

DTI
characteristic

DTI's
structure

As-is

Reused

Reused

As-is

Table 3 Alpha’s analysed benefits

Benefit
category

Predetermined
/ Emerging

Predetermined

Predetermined

Emerging

Emerging

Emerging

Emerging

Emerging

Benefit
category

Strategic /
Operational

Strategic

Strategic

Strategic

Operational

Operational

Strategic

Operational

Table 3 describes Alpha’s recognition of the benefits of DTI. Some recognized
benefits relate to product’s life cycle phase development, while others relate
to operation and maintenance. The benefits can be viewed as relating to
Alpha’s specific context or be more general in their nature, such as ‘Semantic
Interoperability’. The DTI is published during the development phase of the
product’s life cycle phase, and the table shows that Alpha recognizes the main
benefits of DTI as occurring in that phase. Alpha recognize additional benefits

73



occurring in the production and maintenance phases. The benefits evolve
from an individual product and develop to provide benefits for both
individual products and a product line or all products (general). The benefits
from the DTI when it is originally published (“as-is”) and then benefits from
reusing the DTI. These latter benefits derive from the DTTI’s structure (e.g.,
able to be synthesized for general use across product lines). Despite the
development of DTI to provide predetermined benefits for the manufacturing
process, the main part of their perceived benefits is categorized as emerging,
benefiting other internal processes in addition to the manufacturing process.
Recognized benefits are mainly categorized as supporting the strategic goals,
with some benefits adding to operational goals.

4.1.8 Measuring benefits at Alpha

The respondents describe the benefits as intangible, perhaps because the
internal culture is engineering. Even though measurement is in focus for
engineers, is it hard for the respondents to grasp how to measure DTI's
benefits. One example of the internal culture is that projects are strictly
financially driven and that KPIs are used for every internal process, varying
from the entire process to parts of it. One reason given for not measuring the
DTI is the long lifetime of Alpha’s product, which causes problems when
measuring the DTL

Interviewer: “Do you measure or in any other way follow up the benefits of the
DTI?”

Respondent: “No, not directly. It gets too complicated due to the long lifetime of
many of our products.” (Process Owner Configuration Management Process,
Alpha)

The DTI is viewed as supporting the product development and creating
efficiency, which occasionally can be measured. However, there is a difference
when it comes to the benefit ‘Standardized product development’, for which
a budget has been created.

Respondent (R): “Yes, we have made a foundation, although it may not be
statistical. So, the goal is to remove all customer customizations deep down in our
product structure, and instead offer them as a small bonus. So, when we look at our
customer delivery, it will consist of a basic product, X number of options, and then
the customer customizations that the customer requires. However, there will be three
entirely separate concepts.”
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Interviewer: “You say that there are organizational incentives, the different
departments will have better control over their revenue?”

R: “Yes. “(Process Owner Configuration Management Process, Alpha)

4.2 Organization Beta

Beta is a manufacturing organization in the process industry located in central
Sweden. Beta is a part of a global organization with over 27.000 employees,
which includes business areas such as mining, construction, recycling, pulp
and paper, power and oil, and gas. Beta’s focus is on manufacturing,
maintaining equipment and services for the pulp and paper industry and has
approximately 700 employees. Beta started as a local firm in the mid-19th
century and has slowly switched from ironwork, after that producing tugs
and steam engines, until today’s manufacturing of paper machines. Beta has
offices worldwide, where paper and pulp are in focus. Beta’s products are
produced locally in Sweden, based on standard products, which are
customized to the customer’s requirements and delivered to the relevant
paper mills.

The paper and pulp machines are rarely replaced by newer models due to
their high price and a recession in the paper industry. Therefore, Beta is rather
sensitive to fluctuations in the paper industry, which was one reason for
outsourcing the production of their DTI production process in 2010. Another
reason for the outsourcing was a wish to concentrate on the manufacturing
processes; a move that surprisingly did not include commonly outsourced
functions, such as the reception or switchboard roles in Beta. The respondents
also described the problematic situation for hiring the right co-workers in
these parts of Sweden.

A consulting organization focused on DTI won the out-sourcing contract
against several competitors. This organization is specialized in management
and operational development of DTI and has operated in the field since the
mid-1990s. The headquarters of the consultant organization are on the west
coast of Sweden and it operates in seven countries around the world. They
have around 600 employees. Besides the focus on DTI, the organization
provides its customers with Information Management and Software and
Embedded Design. The outsourcing contract specifies the DTI production and
delivery process as the main parts. The co-workers, former Beta employees,
are now employed by the consulting organization. Their work assignments
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are still the same as before the outsourcing and Beta refers to them as
consultants who should provide Beta with fresh input for the DTI production
process. One respondent mentioned Beta’s mistrust of them and gives an
example of how it affects one of their work tasks by discussing the deliveries:

“...we are consultants now. We must keep a line of retreat now, and therefore we got
this Excel sheet to describe our deliveries.

And if they come and say you have not sent it and you have not done that. And then
you can just go inside and check; we have done that.” (Team leader DTI, Beta)

The sector Beta acts in is described as by the respondents as a competitive field
with several global organizations producing the same products. The products
have a long lifetime as they are expensive and relatively complicated. The
long-term usage means that there are many old machines in use, which create
constraints on the DTI produced. Both the long-term usage and the
outsourcing purposes results in the respondents’ descriptions of DTI as a
burden, not adding any benefit to the product. The manager for DTI
demonstrates the low-status view in this quote:

“We have always struggled with the problem that this area is not a priority. It is
only a priority when our customers are upset. When they are not satisfied or when
they have not got the material on time. Then it suddenly becomes a priority. But
besides these occasions, DTI has been considered only as a cost. Still, that is the
general view. I claim that this department works in headwinds. They must always
defend their existence. “(Manager DTI, Beta)

One of the co-workers synthesizes the sector Beta works in and the view on
DTI while discussing the outsourcing agreement:

“When you sign this agreement, it is as if you are signing an agreement on
invisibility. And I fight to enable us to cooperate. We can do things very well and
develop this, but we need help, we need cooperation. We need good cooperation,
that’s when we can perform well. Otherwise, I do not believe in this.” (Project
Manager DTI, Beta)

These are quotes from two of the three first respondents, which was confusing
during the interviews. To investigate this attitude deeper, more interviews
were made at Beta than was initially intended. The purpose was to find out
whether the attitude solely occurred among those producing the DTI or if it
was present among those who delivered the DTI to customers and used it
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internally. Those who acted as development project managers showed a
similar attitude, which manifested itself in their attitude of solely wanting the
DTI to be delivered at the right time and to the right quality. One other sign
of the mistrust and low level of collaboration is the shown in the DTI
production process, including few points of collaboration or human
interaction.

4.2.1 Beta’s DTI

Beta’s DTI consisted of manuals for Beta’s manufactured products. The
content is Installation, Operation, Maintenance, and Quality produced and
delivered by requirements from the product project in the required sequence.

“We are responsible for all documentation delivered to the customer. [...]. Surely
[name of Manager DTI] has told you that there are drawings, specs, manuals and
subcontractor documentation, and it is about automation and it's all that bit then.”
(Team manager DTI, Beta)

The users of Beta’s DTT are both internal and external customers, such as the
installation and maintenance companies, end users, and auditors. The DTI is
used actively, for example during installation or maintenance; the exception
is the DTI focused on quality. This information is often said to remain
untouched by the customers. Beta's DTI have four customer audiences,
expressed like this by a DTI co-worker:

“Because we have a project, then we have four [customers]. You have the actual
customer, a construction company, an engineering company, and then Beta. So, all
four can be customers.” (Team manager DTI, Beta)

The customer perspective on the DT1 is obvious for the DTI co-workers. They
describe the effort on producing text and visualizations as reducing the
frustration while using or maintaining the products. Of interest is their
description of their DTT as a “knowledge hostage” by external customers’
management. The folders are locked in specific rooms with few access
possibilities for the co-workers who are supposed to operate or maintain the
products. The result of this action, which occurs in several organizations, is
that products are not properly maintained and there are an increased number
of calls to Beta’s customer support or sales representatives.
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4.2.2 Digitization of Beta’s DTI

The digitization of Beta’s DTI is viewed as relating to the first grade, see
Figure 1. The co-workers working with DTI are initiating the DTI in an
information system which derived from office work. Their work is analogue,
based on adding the input to the information system. The change for the
digitization of the DTI is the output, which nowadays can be made in a digital
format, even though many customers are forced to use or perhaps prefer
printouts as output.

Interviewer: “Previously, you said that you are delivering traditional technical
information. Is it because the industry that you deliver it to is traditional or because
of the conditions of the industry? You mentioned those who have no electricity
before.”

Respondent:” I think it is both. One is that we are used to delivering these paper
folders. Even in Beta you can be a bit traditional if I say so. Things happen with
what we write all the time, so things happen all the time. So, it gets better and better
all the time. But much is about the fact that the customers are in such places and
have the education that they cannot take advantage of anything else. But sometimes
I think you have to do a test and also say that now we have added these
opportunities as well. Now you can get this, but it’s challenging to get there. But
currently we are not working on that issue, but we are working on changing from
Word into XML because it opens up that you can present things on the intranet and
other portals that customers can have access to and that is, after all, a way to get
closer to another.” (Manager DTI, Beta)

Internally in Beta, the change from customized CDs to adding the DTI on a
server accessible to everyone in the organization, has had implications. Other
information systems, such as Lotus Notes, are more easily updated with
information about the manufactured products. To some extent there are
integrations between Word and Lotus Notes and to some extent the work is
done manually by using copy and paste. Thanks to this possibility for
integration, the digitization is increased and the analogue part decreases in
small steps. Like in Alpha, the result is the adding of some degree of
reusability. This is an act that improves the semantic interoperability and
knowledge transfer within the organization.

4.2.3 Product’s life cycle phases related to Beta’s DTI

The packaging of the DT is directly related to one of the product’s life cycles,
such as the manual for operation or maintenance. The information content is
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adjusted to the product’s life cycle phase and relates to required actions or
occurrences during the life cycle phase. One example is when to grease a part
of a machine to prevent it from being damaged. Subdivisions of DTI are found
within various of the product’s life cycle phases, such as information in the
production manual can be found in the maintenance manual and vice versa.
Therefore, the desired future situation is based on the information instead of
the packaging, one part of streamlining production and also increasing the
standardization of information content. Nevertheless, the relation between
the information parts and the various life cycle phases will be a part of the
knowledge required by the co-workers. One example is that co-workers at the
product development department continue to describe how to operate the
product or that co-workers at the DTI production department gain this
specific knowledge. This relation between the DTI and the various product
life cycle phases need to be clarified as the output of Beta’s DTI is heavily
related to the products’ life cycle phases and is not under discussion in any
way. Therefore, the respondents’ view seems to be that the product’s life cycle
phases are scarcely related to the DTL

4.2.4 Structure of Beta’s DTI

The DTI consists of continuous unstructured text from which the content
depends on the orientation, the product, and requested language. Usually, the
development project first orders the Installation, after that Maintenance,
Operation, and Quality. Most of the DTI is manually produced, except DTI
from sub-suppliers, inserted drawings, and master information. The master
information consists of product number and product descriptions, described
in one language. The remaining content is based on knowledge from members
of the product project, mostly constructors and engineers and presented in a
standardized way with short instructions with drawings. The exception is the
Quality documentation, which needs to be signed as various tests are
successfully carried out or test values are verified.

4.2.5 Information Systems of Beta’s DTI

The information systems used to produce, present, and deliver DTI are
standardized office systems like Word in Microsoft Office, ordinary file
servers, Lotus Notes, and specific systems for project planning, drawings and
delivery of the customized DTI. The DTI production is planned via a
particular information system used for overall project planning, specifying
dates for customer deliveries of the DTL The delivery requirements from each
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customer, which varies from one to fifty times per project, are all noted in this
project planning system. One output from this system is the internal project
resource planning for the DTI co-workers. The actual production of DTI is
done with Word and continually updated via either the file system or a
versioning system, both for the real work and the deliveries. This versioning
is viewed as each customer project and named after the customer. The part of
DTI that consists of images is created in various information systems and
pasted into the Word-documents. The versioning system is considered to be
hard to manage as it requires inputs on a level that is too detailed. The DTTis
delivered from a FTP-area for those customers using the DTT in digital form
where most of them later format and integrate these into their maintenance-
or Enterprise Resource Planning system.

Beta views the downside of using older standardized office systems as a lack
of functionality for the DTI, such as presenting on Intranets or other portal
solutions. This is synthesized in the problem of patterned integration
possibilities. The perceived solution is to use XML, which adds the integration
option as well as the efficiency of the DTI production process. Setting up a
standard library with DTI terms creates efficiency, increasing usage potential.
The XML solution has been presented to an interested management at Beta
but is not prioritized due to the current business cycle. One respondent
expresses her view on these old-fashioned information systems like this:

“When I started at [former employer], which was my first job with technical
information. It was in the late 80’s and SGML worked. It is similar to XML, you
tag information, etc. And that’s where we are heading here now, just that it is called
XML nowadays. So, it depends on which industry you are in, so [former employer]
and that type of company they were very far ahead while here, where I am now, is
very traditional.” (Team leader DTI, Beta)

4.2.6 Production process for Beta’s DTI

The production process for creating the DTI is mainly related to the
development of the product. Despite this, the DTI co-workers are not invited
to participate in these projects. They are often invited to the project’s start-up
meetings and are then ultimately viewed as a separate process outside the
project, even though they can affect it if delays occur. One development
project manager expresses it like this:

“Well, I don’t see why they should be participants in the project. I just want the
documents to be delivered on time.” (Development Project Manager, DTI)
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This view is apparent when looking at the production process of DTI, where
there are clear meeting points between the product’s manufacturing process
and the DTI production process, see Figure 5.
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Figure 5 DTI production process at Beta
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The DTI production process at Beta starts with an order reception, from the
product’s production project to the DTI co-workers. Occasionally, the DTI co-
workers do the order as it is often forgotten by the product’s production
project. The order consists of overall description of the DTI requirements, as
well as requirements directed towards sub-suppliers. The latter is often
forgotten which causes stress when this is found out. The co-workers then
collect facts about the product development and the order is then officially
confirmed. The confirmation includes a time estimate for producing and
delivering the DTI. This collection is done in an informal way, simply by
chatting or mailing back and forth. The assignments in the process consist of
producing, revising, auditing, and delivering the DTI, and a lead engineer
performs the trial.

The collection of facts and revision are assignments that are frequently called
into question by the product development department, especially after the
outsourcing. They question the responsibilities of teaching others and view
this as a waste of time as they believe they can produce the DTI themselves in
a shorter time.

“I know that it is a wish of the construction department that they should be relieved
of this task and not have this qualified secretary in front of them, and I can
understand that wish. They want new staff to be knowledgeable and work a bit more
independently with pieces that technology engineers naturally will master.
However, then there are new employees here, there is no library here that contains
Beta’s products so that you can learn in advance and be hundred percent when you
come here.” (Manager DTI, Beta)

On the other hand, the DTI co-workers feel that they completely have to adapt
themselves to the engineers' schedule, which they perceive as stressful.
Management plan to introduce mandatory product meetings to minimize
friction between the departments. When the collaboration works, DTI co-
workers sees it as a fruitful dialogue, which provides a compelling basis for
their work and reduces a sense of isolation at work. From the project
managers’ viewpoint, they want as little collaboration with the DTI co-
workers as possible and only invite them to the initial project meeting.

The DTI delivery causes a headache for Beta, especially from a time
perspective. Part of this is that there are many partial deliveries to be made as
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this is how Beta delivers its DTI. The number of deliveries depends on what
is to be delivered. There is, for example, a difference between the delivery of
a single machine and starting a brand-new factory. The latter involves an
increasing number of deliveries. One customer project contains 20 deliveries
of the same DTI, only updated at those deliveries. Several of the respondents
anticipate the number of deliveries is due to DTI viewed as the knowledge
that is locked in cabinets, showing power to the owner. Beta offers several
ways for DTI delivery that are more or less time-consuming. The most
common way, and a very time-consuming way too, is to print the DTI and file
it into binders for customer delivery. The reason for this way of delivering
DTI is that it is said to be an industry requirement due to old habits and the
availability of digital tools everywhere in the world. Beta has recently been
trying to get rid of this form of delivery by adding a fee, removing it upon
customer demand.

“Our sales department is very clear about the fact that this [delivery of the DTI]
should not be a source of argument with the customer. If the customer wants paper,
they will get the paper. So that is the priority. Even though we have shown them the

calculations on our savings by delivering only electronically. Moreover, what the
benefits are, but again, this is no area that is the focus of everyone in the
organization. The documentation is a necessary evil.” (Manager DTI, Beta)

The DTl is fully accessible to the DTI co-workers and for reading by the others
of Beta’s co-workers. Previously, all co-workers had full access to read or edit
the DTI. Unfortunately, the access had to be changed to “read only” as it was
erased accidentally several times by co-workers outside the DTI department.
The DTI is not archived for reasons such as a product’s destruction. It just
remains on the file server and is accessible as long as wanted. The accessible
DTI is viewed as the archive instead of the CDs, on which the DTI mainly is
delivered. The reason for this view is that the CDs disappeared somewhere in
the organization. The archived DTIis sought after despite its low status within
Beta. The development managers ask for the archived DTI to find information
about previously delivered products or as a foundation for new offers. The
use of the archived DTI adds to DTIs low status within the organization. One
example is that one of the project managers enthusiastically describes that it
is easier to make new customer offers with access to the archived DTI.
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4.2.7 Beta’s benefits

Beta’s benefits from their DTI are several and previously shown in Ahlin
(2014). One benefit is that of knowledge for operations, as the DTI consists of
manuals for operation and maintenance. Several respondents described it as
an essential resource for both internal and external customers as the DTI is
seen as a knowledge base for anyone who is using it. The customers can freely
choose their partner for operations and are not dependent on Beta.

“It [The DTI] is used a lot by our site organization. So those who are on site at the
customer, they must install what we deliver, start up what we deliver. They are very
dependent on this documentation because it will be their suggestions when they are
going to do their job many times.” (Project Manager for Development, Beta)

“The customer must have their folders if there are any problems with their products
or if they need to do maintenance. Then they must be able to take their folders and
make a drawing if they need to change something. Where is the component located
or if it is something that they know is breaking down? Then they should be able to
find it there and buy it. Alternatively, they can ask another organization to help
them. They should be able to order new spare parts when we send them the spare
parts documentation; there are also new variants. They should be able to buy them
from another supplier. Our documentation should be detailed and explain which
supplier or what detail in the supplier’s language. The standard is that we give - if it
is a machine that we manufacture - if we have bought something from someone else
[...]1. So, then they can always come here and buy it. However, it is that kind of -
that’s what they use the documentation for. They must be able to maintain their
equipment; they must be able to find details if they want to order something new.
“(Project Manager for Development, Beta)

Respondents discuss the DTI as forming parts of the standardized product
development, where the DTI is used as knowledge for new product
development, inspiring the engineers to use proven products and their
designs.

“It is the significant bit that you try to find solutions that make it possible to reuse -
partly because it is something you know works. It can also be a concern with such
resources that it is not at all sure that it goes as you wish. Something that works,

one wants to be able to do it cost-efficiently. The procedure is that what we want for

the future, to try to find standardized solutions for our products.” (Project Manager
for Development, Beta)
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The DTT is referred to as a part of Beta’s educational material, both regarding

learning how to use it and as a resource. Here one respondent expresses how

newcomers can become more efficient when answering complex questions:
“Moreover, I usually try to get them to find things in the manual. They want to

know what is in there and so I always use it as part of the education. I tell them that

they can get a copy of these manuals, and put them in here. Then you can take some

examples if someone has a complicated question [...], and then you can look it up and

you will see the answer.” (Project Manager for Development, Beta)

4.2.8 Beta’s analysed benefits

Beta’s benefits are analysed according to the product’s life cycle phases, the
relation to the product, the DTI's structure, predetermined/emerging, and
strategic/operational. The analysed benefits are shown in Table 4.

Starting with the product’s life cycle phase, the main part of the benefits is gained
in operation and maintenance. Beta is also gaining benefits from the DTI in
the development phase, mainly by co-workers manually synthesizing the DTI
and transferring it to other information systems. One of the benefits gained
throughout all of the product’s life cycle phases is ‘Semantic Interoperability’.
The results show that the main parts of the benefits are recognized in the
product’s life cycle phase where the DTI is published, however it still offers
support in other of the product’s life cycle phases.

The recognized benefits are initially related to individual products. They are
perceived as ‘Knowledge base for operations’, ‘Knowledge base for customer
support’, and ‘Part of internal educational material’. Later, operational
management are using the DTI as foundation for standardized products,
while offering customers new products. The benefits start by relating to the
individual products and are then changed to general products, such as a
product line. The unstructured DTI is manually synthesized across individual
products, which creates this general relation from the DTI to the product.

The benefit ‘Standardized products’ is gained and is based on manually
synthesized DTI despite the fact that the structure of Beta’s DTI is
unstructured. The respondents describe the structure as an obstacle and were
looking forward to implementing structured DTI to gain more benefits.
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There is only one predetermined benefit here, "Knowledge base for operations’,
which is based on the strategic goals with the DTI. This DTI is used both for
internal and external operational purposes to support the product as decided
by the management. Therefore, the strategic categorization can be added as a
predetermined benefit. Being a benefit aimed to support operations is not
specifically adjusted for Beta’s context, merely the content of the DTI.

Beta's emerging benefits, declared as ‘Knowledge base for customer support’,
‘Standardized products’, and ‘Part of internal education material’, are further
categorized as either strategic or operational. The strategic, ‘Standardized
products’, aim to support strategic goals on the business side, even though
the idea is brought up by co-workers on the operational side. The remaining
benefits are perceived as operational, where the recognition is to solve needs
on the business side, such as ‘Knowledge base for customer support’. The
emerging benefits consist of both the DTI as is or DTI converted to, e.g., a
service (‘Standardized products’).

DTI DTI DTI Benefit Benefit
characteristic characteristic characteristic category category

Used product DTlI’s relation DTI's Predetermined Strategic /
life cycle to the structure / Emerging Operational
phase(s) product

Knowledge Operationand  Individual As-is Predetermined Strategic
base for maintenance

operations

Knowledge Operationand  Individual As-is Emerging Operational
base for maintenance

customer

support

Standardized Development General Reused Emerging Strategic
products

Part of Operationand  General As-is Emerging Operational
internal maintenance

education

material

Table 4 Beta’s analysed benefits

Table 4 describes Beta’s perception of DTI's benefits, recognized as adding
positive advantages to the product’s life cycle phase operation. The DTI is
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published during the operation and maintenance phases of the product’s life
cycle phase, and the table shows that Beta recognizes the main benefits of DTI
as occurring in these phases. Beta perceives additional benefits occurring in
the development phases. Beta recognizes DTI's benefits, starting by adding
benefits for an individual product and ends up in gaining a product line or all
products (general). Beta benefits from the DTI when it is published initially
(“as-is”) and then benefits from manually reusing the DTI. Beta gain from
reused DTI, despite that it is unstructured due to co-workers” manual work of
synthesizing the DTI across product lines. Most of the DTI’s recognized
benefits categorizes as emerging, adding to the product’s operation and
maintenance phases as well as the product’s development phase. Recognized
benefits are categorized as gaining Beta’s strategic goals, as well as
operational goals.

4.2.9 Measuring benefits at Beta

At Beta the benefits are viewed as intangible, despite their opinion that there
is always a way to measure. The limited numbers of benefits and the status of
the DTI create the foundation for their problems when measuring the benefits.
The respondent at Beta emphasized several ways to measure other intangible
things, such as the DTI production process. Their way of measuring is built
on cost-benefit analysis, using spent hours in the project for developing the
DTI to estimate the cost. The benefits of the DTI’s production process are
shown via the development project for the product(s) and the estimated
customer price.

Among the topics discussed in the interviews were how to measure, what can
be measured, and related problems. Overall, respondents at Beta focused on
the struggle between deciding the level at which DTI becomes beneficial, and
convincing management that DTI should have a higher status based on
savings in time and efficiency. They referred to this struggle as a part of how
to measure the benefits. They discussed their struggle in quantifying the
savings by transforming a written log of savings into a precise report. The
strategy and overall goals in Beta were quality before delivery when needing
to prioritize. Despite this, the quality is supposed to be “good enough”,
meaning DTI does not need to answer every possible question from users, but
should answer questions at a predetermined level. The team manager of DTI
expresses the view on quality of DTI in this quote:
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“We should be “good enough”: these are the words we are using. We have
determined the level just to know how much time we should spend on various cases.
You can work forever on instruction, but then it can be “best-in-test”. It is “good
enough” that is enough. We assume that the users have a certain level of technical
knowledge; we do not start from the beginning and educate them.” (Team manager
DTI, Beta)

The focus on good enough creates the foundation for the outsourcing
agreement, synthesized in various measurements. The organization aimed to
discuss the benefits in terms of measurements and dealt with several
problems as they approached this discussion. They consider that DTI is of low
status and that benefits from it are based on efficiency, solely achieved
through cost savings or avoiding payment of penalties. One example of a cost-
saving would be a single-source architecture for the DTL, which include
language translation. By using the single-source architecture, efficiency
would increase thereby improving cost savings. Introducing this architecture
was postponed due to a recession in their business sector.

Several of Beta’s respondents discussed their confusion and distress about
what ought to be measured. The reason for the confusion was the lack of
detailed descriptions in the agreement and, as they felt, the difficulty of
agreeing upon detailed descriptions and specifications of the cost savings.

“They are so fuzzily described, and I feel disheartened that they are not described in

more detail. However, my only experience is from another agreement, and that was

pretty good, and I miss those details. Sometimes I think about my contribution and
feel powerless.” (Team manager DTI, Beta)

The frustration and difficulty in agreeing upon measurement made the co-
workers unsure on what to measure and they guessed at strategies to fulfil
their compulsory work assignment. Another part of the problem with
measuring the cost savings were that only parts of the savings could be
measured. That is, there were savings in costs and efficiency that were not
measured. About this, one respondent discussed the problem of what could
be measured as cost savings and gave examples on how to measure intangible
benefits:

“I can tell you that we have found millions of places (for cost savings). One
example of a soft cost saving is when I can approach a person informally instead of
in a more formal way. Moreover, that is because I have created a relationship and
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can get the information in five minutes, something which normally would take four
hours. “(Team manager DTI, Beta)

The measurement process in Beta includes calculate its cost savings; described
in a written log. This log describes activities that may contribute to cost
savings. The next step is to determine whether the proposed cost saving is a
cost saving or not, based on the outsourcing agreement; following such
discussions, the percent efficiency increases by enacting proposed changes in
the activity. One respondent discussed the difficulty with translating the
written log to a precise report of increased efficiency.

“I have a log of everything we have done, all the improvement work. I have a
long list of what we have worked with, and I have documented everything. However,
then the problem is how to put it together to show the company that you have saved
this 30 % or 10% per year.” (Team manager DTI, Beta)

Another part of the measurement process that creates frustration is to
understand what to use as outputs and the reference points as Beta have
altered their financial system several times in a short period.

“Unfortunately, we have changed the financial system several times. In this
system, we have the opportunity to follow up where we spend time, planning costs.
We divide up several accounts (...) Then we can make follow-ups and see if there are
any deviations or not. So, both experiences from previously finished projects and
current ones are relevant. “(Project manager construction, Beta)

Synthesizing the findings at Beta includes the importance of drawing on
several aspects while measuring. Despite frustration from the respondents,
based on various non-communications, there are some interesting findings.
One is the desire for a shared and agreed upon “roadmap” of what should be
achieved, meaning that the goals are to be jointly discussed and decided.
Frustration occurs while performing the operative work and translating the
agreements into the how to measure and the importance of comparison from
year to year. One reason for this frustration is the interpretation of the
agreement on the operational level since the written agreement is not on a
specific level. Therefore, the operational interpretation is not discussed and
agreed upon. The historical comparison between different metrics for
efficiency is also essential. In the long run, it means an agreement on how the
various organizations perceive the benefits to give them a common language
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base. For the measurement of intangible benefits, it can be described as doable
and that the main consideration is on how to interpret the intangible benefits.

4.3 Organization Gamma

Gamma is a manufacturing, engineering company with headquarters located
in Mid Sweden, with 150 co-workers. The organization bases its
manufacturing on a hydraulic invention used on excavators named tilt-
rotator. Gamma's business idea is relatively new; the company started in 1990,
as an entrepreneurial garage start-up, and has had a high rate of development
since then. The founders bought the hydraulic innovation patent and
developed it further into a marketable term. Gamma’s foundation is an
innovative family-owned organization, located in a small city. Those two
factors cause the family feeling to remain, even though the size of the
company has grown since its start. Nowadays, Gamma consists of several
subsidiaries with offices in Europe and sales representatives in North
America and Australia. The manufacturing and product development are
located in Sweden, concentrated in one particular city. The manufacturing
consists of the assembling of various components that create the tilt-rotator
and other tools for excavators.

The particular market sector that Gamma acts within is relatively young,
compared to the overall production of major construction machinery. Despite
this, and perhaps as a result of being a niche branch, the respondents
emphasize that the sector functions as a mature industry. Therefore, the CEO
discussed the DTI as being of interest in order to compete with other
organizations within the same domain, focusing on the knowledge advantage:

“Yes, given the service and aftermarket, the technical information is important. It is
becoming more and more important to provide good technical information and
documentation. Especially, when we enter new markets that are not as mature as
our old ones. Then we need more documentation and information.” (CEO, Gamma)

One result of this view is that a DTI department is under construction. In this
department, co-workers work part-time and contribute with various skills.
Gamma has also recently created a new position that is responsible for DTI
and its development, confirmed in a follow-up interview.

“A year ago, we started a new department, who works with documentation; solely
assembly instructions. We have developed a completely new format for the
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instruction that is used both in production and those that you saw hanging at the
assembly line. They are also used as an exploded view for aftermarket. It’s like a
combined, before we had two different documents. Now we create one with multiple
purposes.” (Team manager DTI)

4.3.1 Gamma’s DTI

At Gamma, the respondents describe all product information as DTI. In
practice, this includes any product-related information from exploded views
to service manuals and service announcements to internal and external sales
materials. The DTI functions as both internal and external information, where
the external is used for their external website, Facebook, and Twitter. DTI is
mainly stored as documents or drawings at Gamma, even though there is a
wish to use digital DTI production, such as recording movies for assembly
and maintenance instructions.

The co-workers refer to DTI as interesting and are unusually enthusiastic
about working with it. The CEO discusses DTI as sales material, and the
development manager sees the website as an important component for
efficiency, focusing on lead-time for the customer as well as efficiency in time-
use for co-workers. The CEO, and the management team all view DTI as a
"unit of selling point" where the salespersons should find all facts about the
products. No respondent discusses DTI as project information and they
declare that it is technically- based product information that is Gamma’s DTI.

The DTI is intended to serve internal co-workers when assembling. During
our visits to Gamma, the printed DTI was posted at the start of the assembly
line and occasionally contained written corrections or comments. The DTI is
obviously one part of the Gamma’s focus on increasing the product quality,
as it is so easily found by the assembler. The external customers can view
parts of the studied DTI on Gamma’s website, see Figure 7. The DTI, in the
form of the assembly instruction, is part of an instruction book, including
quality information, certificates, usage and maintenance information. The
subsections, which the external customer can access, are information such as
the exploded views or CAD-drawings.

4.3.2 Digitization of Gamma’s DTI

The digitization of Gamma’s DTI is viewed as relating to the first grade, see
Figure 1. The co-workers are synthesizing information from the ERP-system
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and adding it to other information, such as analogue input and digital photos.
The change is related to the input, since there was no previous DTI providing
this content. By adding the DTI, the organization has made it somewhat more
accessible to the co-workers, even though the number is strictly limited but is
increasing upon request. Parts of the DTI are fully accessible, namely the
product information stored in the DTI, and other parts of the DTI are
accessible through the website for customer support. This handling of storage
makes the complete DTI hard to access for all the co-workers, whereas the
essential parts are accessible for those who need it.

4.3.3 Product’s life cycle phases related to Gamma’s DTI

Gamma’s DTI, the assembly instructions, is published in order to enable usage
for one activity in one of the product’s life cycle phases, the development of
the product. Despite the emphasis on the development phase, it is also used
in other life cycle phases of the product, such as maintenance by the customer
support. Additionally, the DTI can be utilized in the same life cycle phase for
other purposes, such as the foundation of knowledge in quality testing. For
Gamma, the connection between the DT and the product’s life cycle phase is
evident as the assembly instructions are directed towards one activity in a life
cycle phase. Nevertheless, the connection is relatively vague since there is no
packing that states that DTI is to be used for a particular product life cycle
phase or that it has some form of product life cycle phase status attached to it.
Therefore, the overall impression is that Gamma views the DTI as related to
the product, although they are nowadays referring to it as the foundation for
specific actions, not related to any particular one of the product’s life cycle
phases. Therefore, one cornerstone for Gamma’s longer-term wish to build a
total repository for the DTI can be the actions related to the products or the
more vaguely used product life cycle phases. These two, the action or the life
cycle phase, are today relying on various co-workers’ knowledge as they
produce the specific DTT in their DTI production process. These co-workers
even received their own nickname within the organization, midwife:

“Yes, but over there at [Gamma] where I am like a midwife then. It is so much fun
because I do everything from electronics to hydraulics to test runs. I know
everything. So, this is the thank-you for using an excavator for five years. Yes, I
used that knowledge daily. So, then you have seen some things that are good and
others maybe less useful and so. “(Manager practical construction, Gamma)
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4.3.4 Structure of Gamma’s DTI

The studied DTI consists of product information, continuous text, CAD-
writings, and exploded views. Attached to the assembling is an assembly
instruction, which is used internally by the assemblers, quality assurance, and
customer service, as well by external customers. Internally is it used for
manufacturing the product, knowledge foundation, and the external
customers use it for maintenance purposes.

Figure 6 Example of Gamma’s DT, an exploded view of a cylinder

The format of the studied DTI is mainly unstructured, except for the included
structured product information, which results in semi-structured DTI. The
product information consists of product identifiers and description, partly for
the primary product and integrated components. The product information is
static and is the same everywhere in comparison to example the position,
which varies depending on the various products. The DTI’s continuous text
describes how to assemble the different components into the product. The
current text is presented in number order along with photos, CAD drawings,
or exploded views, see Figure 6 and Figure 7. The assembly instruction in
Figure 7 describes how to assemble stub shafts by first assemble O-rings if
necessary (step 1), and then align switch links with intended holes in the top
of the tiltrotator / rotator (step 2). Assemble the stub shafts in step 3.
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Montering
1. Montera O-ringarna om sadana ska anvandas.

2. Rikta in brytlanken sa att den Gverensstdmmer med
avsedda hal i tiltrotatorns/rotatorns éverdel.

3. For in avsedd axeltapp.

Figure 7 Example of Gamma’s DTI, part of an assembly instruction

The DTI's structure is based on the document produced related to a product’s
life cycle phase, not on the required DTI. One future wish at Gamma is to
create DTI based on the information needs, not for a particular operation or
event. Some respondents discuss the advantages as more efficient DTI
production, higher information quality, e.g., same product descriptions and
easier DTI production of another required DTI. They haven’t made this
investment due to relatively high cost, which is considered to be too high for
a small organization such as Gamma. The cost involves a significant
investment to introduce such a system and also to start its application.

“Still, we don’t have a common database. As we manufacture a new product, we
leave product information to our marketing department, who are responsible for all
marketing documents. Then they want to add information and submit it to our
websites. They submit it to all our available websites that are in several different
languages. They need to change all the product sheets and all promotional materials.
We rarely succeed. But I have seen that there are programs. [...] So far, we are too
small for the required investment. “(Development Manager, Gamma)

4.3.5 Information Systems of Gamma’s DTI

Gamma uses a plethora of information systems for producing and presenting
the DTI. They use Microsoft Word to create and store it on a file server. Then
photos, CAD-drawings, or exploded views are added to the DTI, along with
the text. The assembly instruction’s product information, such as product
number and name, is stored in a legacy system, mainly used for product
planning. Every co-worker at Beta can fully access the product information in
the legacy system, which occasionally causes problems, as it is incorrectly
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updated. Those responsible for the DTI also manage the product information
and can update it, e.g., correct any errors. The external users access the DTI
via an e-commerce web portal, requiring log-in. The salespersons and
customers can access the assembly instructions and additional information,
such as spare parts, and service information for their products. There are
automatic integrations between the legacy system and the web portal,
transferring product information, CAD drawings, and exploded views.

4.3.6 Production process for Gamma’s DTI

Signal for Assembly
new product Instruction

Figure 8 Gamma'’s DTI production process

Gamma’s DTI production process, see Figure 8 is initiated by a required
update or lack of DTI. The process starts by an automatically generated signal
from the legacy system as the product identification is created or a co-worker
who requires the DTI in the legacy system or at the assembly line. The start
can be communicated by any co-worker to a person in the DTI group. They
start to build the DTI via the product’s number, name, and related
components. An assembly instruction identifier is a serial number from a self-
built information system. Added to this information system is a description
of how to assemble and later product information. Here, they download a
similar product's guide to supplement it with a new product.

The co-workers communicate from one activity to the other via manually
written email. This manual handling, and that there is no standardized way
to perform the DTI production process activities, can cause problems, such as
communication breakdown or a negative effect on the DTI's quality. The
unforeseeable handling is discussed by the respondents as a tradition from
the start-up days and not adjusted to Gamma’s current situation.

The output format is decided by the actual co-worker and can be hard to
understand. One example is when a photo was taken and included in a semi-
finished assembly instruction done as the last activity before the co-worker
went for parental leave. The co-workers use much of their knowledge to create
the DTI, which can lead to the problem mentioned above. At the same time,
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the DTI is designed to make this knowledge available to all co-workers at
Gamma.

The preserved DTI is solely found on one PC, giving limit access to the DTI
for other co-workers at Gamma, except the product information stored in a
legacy system. The limited access to the DTI renders problems, as there are
only a few co-workers who can modify the DTI or even use it digitally. One
mentioned solution is to use the customer web-portal and by finding
interesting DTI. There are no guidelines for how to preserve the DTL

4.3.7 Gamma’s benefits

Gamma'’s DTI originates in the manufacturing of a new or changed excavator
component and is the assembly instruction used in their assembly line. The
DTI is from the organization’s perspective predetermined to create
standardized products and to avoid time-consuming trial and error paths.
The DTI was introduced a couple of years ago as customers requested higher
product quality and the organization grew beyond a start-up. Gamma’s
perspective is therefore that the DTI is one of their knowledge foundations.

“At the assembly line, they feel that they know how to assemble without looking at
the assembly instruction. We are challenged by this and are working on how to
highlight changes in the assembly instruction. How can we do this properly?
Because it is important that our assemblers keep an eye on them and look at them. If
they assemble from memory, it is hard to recognize any changes, if you're not very
careful.” (Team leader DTI, Gamma)

The respondents mention one unexpected benefit from introducing assembly
instructions, which was the standard language usage. They noticed this as for
the first time, they started to use same name when referring to the various
parts of the assembly instruction and later even details in the drawings. Their
discussions are far more efficient, as they use the same name for each
component. The development of a common terminology has increased
efficiency both within and between Gamma’s departments.

Other departments in Gamma, such as customer support, sales associates, and
quality assurance, use the assembly instructions and comment positively
about this. The quality assurance department tests and verifies the product’s
components after assembly. Their intention to use the assembly instruction
derives from testing activities, where the DTI is a source to examine the root
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source if the test fails. The DTI provides knowledge for the verification
activities, such as quality control.

“They use it to check how a hose can be, for example. They use the assembly
instruction to check if they are uncertain how it should be. There might be variants
that are built very rarely.” (Team leader DTI, Gamma)

The use of the assembly instructions at the customer support department is to
gain knowledge about sold products and to help customers via publishing the
DTI on Gamma’s website, which saves them time.

“...when thinking of support, it is a great gain to have the right DTI. The first thing
is fewer support assignments as the customers troubleshoot by themselves. When
customers call for help, the customer support can assist the customer considerably
faster by referring to the DTI.” (Research and Development Manager, Gamma)

The respondents emphasize the benefits for the sales associates such as
gaining knowledge, used in a situation like training or sales pitching. This
request originates from higher management, who stress the importance of
high-quality DTI. Since the DTI is of high quality, it can be equally well be
used for sales associates. Another benefit of the DTI is educational material
for training, relating to DTI as a crucial knowledge foundation. One
respondent emphasizes that the sales associates themselves are asking for the
DTI when preparing for sales pitches for customers at various occasions.

4.3.8 Gamma’s analysed benefits

The benefits are analysed according to the product’s life cycle phases, the
relation to the product, the structure, predetermined/emerging, and
strategic/operational. The analysed benefits are shown in Table 5.

The relation to the product’s life cycle phase is strongest in the development
phase, where the DTI supports the activity of assembling. Gamma also gains
benefits from the DTI during production and maintenance, where ‘Customers
are gaining lead-time’ based on synthesized DTI shown in a customer web.
The benefit ‘Semantic Interoperability” supports all of the product’s life cycle
phases. The result of this is that the majority of the benefits are recognized in
the product’s life cycle phase when the DTl is published, however it still offers
support in the product’s other life cycle phases.
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Shown in Table 5 are the benefits and their transfer from the individual to the
general in relation to the product. The first two benefits relate to the product’s
production process, followed by quality assurances from management. The
customer support then gains benefit while using the DTI as product
knowledge. The transfer to a more general relation to the product starts with
the ‘Semantic interoperability’, where the DTI serves as a foundation both for
individual products and as a relation for general products. Gamma’s
approach for a more general relation is that of ‘Standardized customer
product’ and ‘Standardized product development’, still offering individual
relations to the product.

The structure of Gamma’s DTI is semi-structured and that structure generates
benefits, such as ‘Faster customer support’ built on the unstructured DTL
There is some desire to build their DTI on structured information, but the
implementation is perceived as too burdensome and costly.

The predetermined benefits are recognized as three for Gamma, ‘Assembling
for production’, ‘Standardized product development’, and ‘Standardized
product development’. They all focus on strategic goals in Gamma. The
predetermined benefits are recognized while using the DTI inside of Gamma
and to increase quality of the product development and the product the
customer can buy. The benefit ‘Assembling for production’ is adjusted to
Gamma’s context, while the other predetermined benefits are perceived as
general in their nature. The benefits are recognized from the DTI as it is, not
transformed or aggregated in any way.

Gamma'’s emerging benefits, declared as #4 - #10, are further categorized as
either strategic or operational. The two strategic benefits, ‘Knowledge about
new products for sales associates’” and ‘Description of product advantages for
sales associates’, derive from Gamma’s intention to position themselves on
their market by knowledgeable sales associates. The operational benefits are
recognized as either the general benefits of DTI, such as Semantic
Interoperability or benefits where the gain is to solve needs on the business
side, such as ‘Knowledge foundation for quality assurance’. The emerging
benefits consist of both the DTI as it is or synthesized DTI (e.g. ‘Foundation
for education material’).
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Assembling
for production

Standardized
product
development

Standardized
customer
product

Product
knowledge for
customer
support

Knowledge
foundation for
quality
assurance

Knowledge
about new
products for
sales
associates

Description of
product
advantages
for sales
associates

Semantic
interoperability
in organization

DTI
characteristic

Used product

life
phase(s)

cycle

Development

Development

Development,
operation, and
maintenance

Development,
operation, and
maintenance

Development,
operation, and
maintenance

Operation and
maintenance

Development,
operation, and
maintenance

Development,
production,
and
maintenance

DTI
characteristic

DTV's relation
to the
product

Individual

Individual

Individual

Individual

Individual

Individual

Individual/
General

Individual/
General

DTI
characteristic

DTI's
structure

As-is

As-is

As-is

Reused

Reused

As-is

As-is

As-is

Benefit
category

Predetermined
/ Emerging

Predetermined

Predetermined

Predetermined

Emerging

Emerging

Emerging

Emerging

Emerging

Table 5 Gamma’s analysed benefits

Benefit
category

Strategic /
Operational

Strategic

Strategic

Strategic

Operational

Operational

Strategic

Strategic

Operational

Table 5 shows Gamma’s perception of DTI’s benefits, recognized as adding
positive advantages to the product’'s development phase. The recognized
benefits add to other of the product’s life cycle phases, such as operation and

100



maintenance. The DTI is published during the development phase of the
product’s life cycle phase, and the table shows that Gamma recognizes the
main benefits of DTI as occurring in this phase. Gamma perceives additional
benefits occurring in the operation and maintenance. Gamma recognizes
DTT’s benefits, starting by adding benefits for an individual product and ends
up in gaining a product line or all products (general). Gamma benefits from
the DTI when it is originally published (“as-is”) and then benefits from
manually reusing the DTI. Despite the unstructured DTI are Gamma gaining
from reused DTI, due to co-workers” manual work of synthesizing the DTI
across product lines. The main part of the recognized benefits categorizes as
emerging, adding to the product’s operation and maintenance phases as well
as the product’s development phase. Recognized benefits are categorized as
gaining Gamma's strategic goals, as well as operational goals.

4.3.9 Measuring benefits at Gamma

At Gamma, the benefits are viewed as intangible and the respondents are
ambivalent on how hard it is to measure them. Gamma’s research and
development manager introduced some ways on how to measure and
commented on why there is a need to measure all benefits:

“...it is much easier to argue if you have numbers to show. Because it is easier if you
look at the management level to try to get resources for something. It gets very
flimsy if you come and say that now we have so much to do because These and these
customers come and demand this. The DTI will help us in freeing up designers. It
will reduce support times. Yes, they say, but it sounds good. But how much? But if
you can say that the support time will be reduced by 20% and we will reduce the
designers’ workload by 30% and this corresponds to this in money. It is much easier
to argue.” (Research and Development Manager, Gamma)

Another way to approach measuring is to understand the efficiency gained
while assembling the product. Respondents comment that it should be
possible to measure the time for assembling the product without using any
assembly instructions and compare it with the time it takes to assemble a
product using the DTI. Obviously, there are some biased errors in this kind of
measurement since the assembler has gained knowledge on how to assemble
the product. Nevertheless, it is seen as a viable way to measure the benefits
based on the organization’s gained efficiency.
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Further discussed are also practicalities associated with how to measure the
DTI The research and development manager commented that it should be
easy to measure and convenient to find the measurements:

“The hard thing about measuring is finding a way to measure. First of all, get the

right data to look at and then also that you can practically measure it directly. For

the risk is, if it becomes too complicated, if it is to be logged manually, then it will

not. Alternatively, that you write in something you believe they want.” (Research
and Development Manager, Gamma)

Also discussed was the necessity of detailed measurements. The
argumentation related to the intended target group and what the
measurements would be used for. If the measurements were aimed for
internal use, the measurements could be less accurate, while for external use,
the precision should be higher.

4.4 Organization Omega

Omega is a technology company, based in the American Midwest. It has
existed for three decades, and the business idea has slowly moved from
offering consulting services to being based on their software products and
services. Omega was founded by some IT consultants and several
respondents describe the entrepreneurial spirit as alive within the
organization, where the co-workers can experiment with new technology,
such as new software. The organization is rapidly growing in terms of the
number of employees and customers. The number of co-workers is now close
to 300, and Omega has customers in 180 countries. Omega is working with
partners around the world to provide their customers with sales and support.

Omega’s products are software for visual communication, with functions
including recording, capturing, and editing videos. Included in Omega’s
software suite are three programs, where two can be categorized as mature
and one new. The software development is primarily done in-house at the
organization and up until recently by teams focusing on the specific software.
The software could, therefore, have different interface functionality and
management of similar functionality. These differences have been something
that led to questions from customers. To prevent silo thinking, Omega has
begun to use mixed resources with various product backgrounds, thus
creating similar development for all its products. Another aspect of the new
development process is that the resources will be used more evenly.
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Management at Omega think this will create higher efficiency and in the
future increased revenue. Initiated by the new development process are the
charters, which are the DTI studied in Omega.

Omega’s software is specified towards small-scale media production, such as
education. The respondents describe the IT sector as a highly competitive one,
especially with the newly introduced competition of new video recording
functions in social media which makes it easy to record for free. They also
refer to another competitor group which offers free software with more
expanded functionality than those in social media. The respondents compare
their software with the free software and conclude that theirs includes more
sophisticated functionality. What they also include in the competition is that
of the IT-educated co-workers. Omega needs more skilled co-workers, as they
intend to grow and they are facing slight difficulties, as the demand is higher
than growth. Part of that competition is a geographical one, that from other
parts of the U.S,, such as the Bay area in Silicon Valley.

“And we want to compete with some of the bigger technology companies that are
located in the heart of Silicon Valley which is quite a contrast to where we are
located, and that is where we lose staff to. There are more possibilities there and we
have lost some of our employees to them. We are still coming to terms with losing
them. That was a real blow to us several years ago before we started doing
everything this way.” (Program Manager, Omega)

4.4.1 Omega’s DTI

Omega calls its DTI charters and it is located within the development process.
Co-workers at the development department elaborated on the DTI's design
and structure, and the management group established it. One of the
respondents framed the idea behind the DTI:

“The reason we created the charters was so that we could have an eqasy, common,
popular place where everyone could go to. And that was our foundation. And then
on top of that, is that we have the initiative leads out there which were to be the sort
of the revealers of the knowledge and make sure that they fully understood it and
they make sure that everyone else understood it. And then the teams are there to be
practical and build upon that.” (Technical Manager, Omega)

The respondents show that the required content in the DTI are development
requirements, the business or technical problem it is supposed to solve, a
tentative solution, delivery date, required resources, success criterion,
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milestones and stakeholders. The content of the DTI is intended to be a brief
overview, not limited by any rules, but in total not exceeding three-four pages
with limited numbers of pictures.

“The charters serve as a kind of light in here. Some of them are in progress, some of
them haven't started yet. [...] So, we have a summary of business needs, summary
of deliverables, we’ve got our objectives for the project, success criteria, stakeholders,
and in this one, yes, we actually have identified people. So, it starts off with like.
There is not a name there, but we say that we need one back-end developer, two mac-
developers, two windows-developers, Q&A resource, design resource, and then it
will be our executive and engineering that goes through it and basically fills it out.
You know, who you are going to get in the team.” (Technical Manager, Omega)

4.4.2 Digitization of Omega’s DTI

The digitization of Omega’s DTI is viewed as relating to the first grade, see
Figure 1. The co-workers working with DTI are gathering information from
other co-workers either in an analogue or digital way. The first digital version
of the DTl is handled by the owner of the DTI and accessible for all co-workers
within Omega when ready for public viewing. The reuse is therefore fully
accessible, although handled manually due to the unstructured format of the
DTI. As such, the synthesizing and formatting for other stakeholders is done
manually.

4.4.3 Product’s life cycle phases related to Omega’s DTI

The DTI is initially produced for usage during the product’s development
phase. The respondents describe it as being used for purposes other than
merely the product’s various life cycle phases. Some say it can be used for a
general introduction for newcomers, where they can learn more about the
latest product development. This, and other ways to relate to the DTI are
viewed as natural ways of being more efficient and are not discussed as using
the DTTin ways other than originally intended. In the development phase, the
DTI is synthesized in various forms for presentation to other internal users,
such as the approval board, or external stakeholders.

For Omega, the connection between the product’s life cycle phases is evident
as the charter is published in one life cycle phase. Nevertheless, the connection
is mixed between the product’s life cycle phases, a general approach for the
DTL and what can be viewed as DTI for a project. The latter is, in this case,
related to the fact that the DTI is created as a foundation for development of
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the project, which is done in the form of small projects. One such connection
is that resources are mentioned in the DTI, which are not related to the
product, merely as a way to perform resource allocation. Therefore, the
overall impression is that the respondents in Omega view the DTI as related
to the product for product development, as well as specific project
information. In the longer run, Omega intends to add actions such as retro-
perspectives based on the DTI, which can take the form of quality retro
perspectives for the product development as well as project retro-perspectives.
Though, the DTI are a foundation for information, which earlier was taken
care of by various co-workers.

4.4.4 Structure of Omega’s DTI

The DTI consists of unstructured information related to new functionality,
including headings such as development goals, resources and success factors.
The headings are predetermined and are part of the DTI, which is discussed
in document format. The maximum number of pages is limited to three or
four and it is mixed in its structure. One intention with the DTI was to explain
the goal with the development, which was frequently asked for by the
developers. For this, and other purposes, a synthesized version of the DTI is
created, showing the requirements for the design and relating it to one or
several organizational goals. The synthesized version, called the map, aims to
create efficient communication with various stakeholders, such as executive
management and specific external stakeholders, like major IT vendors.

4.4.5 Information Systems of Omega’s DTI

The DTI owners can choose any software to compose and store the DTI while
formulating and explaining the new development. Most of them choose
between Google Docs, Microsoft Word or OneDrive and their choice is mostly
dependent on their personal preferences. Some prefer Google Docs because
of its collaborative functionalities, some Microsoft Word because of its
broader range of features, and some OneDrive based on its collaborative and
traceability functionalities. The examples are characterized as ways to test
new software as well as the personal freedom to test new features. In all cases,
the first draft of the DTI represents a range of opinions and information and
is accessible to a limited number of co-workers. Revising the DTI entails
discussing different ideas and collaborating on its content.
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The DTI is transferred to a standardized Microsoft SharePoint setup after
approval and when development is to start. The DTI owner does this transfer
manually from previously chosen software. The DTI is then accessible for all
co-workers at Omega, who can use it for reading and printing. The DTI owner
has full access to the DTL It is worth noting that the compulsory usage of
Microsoft SharePoint is not questioned, merely viewed as a way to make
Omega more efficient.

" ...and then we had this wiki and it became a massive thing. We had tens of
thousands of things we had to search for. I didn’t remember what folder it was put
in; I couldn’t find it. So, we decided we wanted a new SharePoint and to keep it
basic and simple.”

“...publish those on SharePoint or what I have been using it for most is these
initiatives that you mentioned. They have a charter; it is like a mission state; what
are we trying to accomplish; it kind of lays that out. And so, we post those upon
SharePoint where everyone can see them. And you can update them as initiatives
and progressives so everyone can go there and get updates and see where you are at
in your initiatives. (Both quotes from the Program Manager, Omega)

4.4.6 Production process for Omega’s DTI

The process of creating and using the DTI in Omega includes the following
overall activities, shown in Figure 9: (1) the starting point, where the overall
requirements are formulated, (2) the idea phase where the requirements are
discussed and information is assembled digitally, (3) the approval phase
involves a management decision concerning the development based on the
requirements, (4) the development phase implies functionality development,
and (5) the archival phase timeline starts at the development’s conclusion. The
DTI follows the development phase of the product.

Starting Idea Approval Development Archival
point phase phase phase phase

Figure 9 DTI production process for Omega’s DTI

The respondents describe the starting point as varying and add some examples:
it can be an idea, a business requirement from the sales department, or a
competitive feature to keep up with competitors. The owner of the D11 is the
co-worker who starts the discussion and is the one who will manage the
production of the DTI until the approval board approves the content.
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How to manage the idea phase varied among the respondents and is one part
of the co-worker’s freedom of choice. Some gather colleagues in the same
room to discuss the idea, using a whiteboard to take notes. Others start by
writing down the most important points digitally. They choose these based
on personal preferences; some respondents like the visualization possibilities
of a whiteboard and some prefer to start thinking individually. All
respondents describe discussions as a way to gather knowledge, test,
challenge, listen, provide feedback and collaborate concerning requirements.
The whiteboard notes are digitally stored for further collaboration. The
document with the most important points can either be spread digitally
throughout the organization or used in a formal meeting.

“Let’s see here. This is basically something that came back. I then went through and
added comments and we would go back and forth via this mechanism to a
considerable extent. And these are also some of the ideas that we are trying to create
“(Project Development Manager, Omega)

The DTI owner sends the DTI to the executive management group for approval
when it is recognized as a comprehensive representation of the tentative
development. At this point, DTI storage is on Omega’s SharePoint installation
with a standardized template. This marks one end of the co-worker’s freedom
of choice and is surprisingly not questioned by any of the respondents. Then
the executive management reviews the DTI to grant or deny approval and
informs the DTI owner of available resources. One respondent describes the
required DTI content as varying, depending on who has described it and who
is going to approve the DTI:

“That is one of those things where there is kind of a gut feeling because every
manager is going to be different, every person who has approved initiatives is going
to be slightly different. I tend to go on the slightly more liberal side so I make
decisions and then sort of fill people in later rather than going and asking people
first and then doing it.” (Client Program Manager, Omega)

During the development phase, the DTI owner is required to update it and keep
track of development status and use it as the foundation for discussions with
the team or with stakeholders. The DTI owner decides whether or not to
inform executive management when the functionality requires significant
modifications. One example is if the actual DTI demands new visualization
functionality and the team finds out that there is an audio feature which can
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be easily added as well. There is no official guideline when to approach the
executive management for revisions and that decision is up to the DTI owners
and their mindset.

As the initiative is finalized, the status will change and the DTI will be
archived. The Quality Assurance approves the DTI's status as a result of their
tests, and the DTI owner changes it. From this point on, the DTI is actively
used for the coming months and after that occasionally. Some of the
respondents use the DTI for a retro perspective and as a knowledge base.
There are different opinions about the archived DTL Some respondents
believe that the rapid rate of development in the IT industry renders the
archived DTI outdated after a short time period.

“It is funny because things move so fast in the software world that I am not sure
that it is a ton of value to keep this around. I do not know that I would go back and
say: “Why did we do (...)?” You know what I mean and go and read through all of

this.” (Program Manager Clients, Omega)

Those respondents refer to the code as of interest and argue that no developer
would use the charters to understand the developed software. Some
respondents see the archived DTI as the foundation for future knowledge use,
especially for newcomers.

4.4.7 Omega’s benefits

The DTI owner see it as a focal point for collaboration and searches for
colleagues’” domain knowledge. Their ability to collaborate and use their
comprehensive knowledge is the only way to move forward while producing
the initial draft of the DTL

Pictured by the respondents are the unintended advantages gained from the
collaboration: personal knowledge, a similar perception about the
development, common language usage, and same interpretations. Another
usage for the DTI is as a communication tool. The project managers use the
DTI for spreading information, both in discussions and as the foundation for
the approval board’s decisions. The recipients are the project owners and the
approval board. One frequently raised query from the approval board is
whether the development aligns with Omega s strategic goals or if a customer
requires it. There is now a digital overview based on the DTI, called the map,
to make this communication efficient. In this map, each row is marked with a
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colour and related to one or several organizational goals. This map is also of
interest to the developers as they often ask for the goal of the development.
The opinion among the project managers is that motivation increases if they
know why they are coding the new functionality.

After the approval board’s decision, the developers are gathered to start the
new development project and the project manager usually initiates the
development by discussing the DTI. The DTI is then used for communication
and in discussion with the development team, shown by this quote from one
of the project managers:

“It is a very good way to talk about what you are going to do because one thing that
I have learned is that for any team you want to have a solid objective; what are you
shooting for; what are we coming together as a team member and pushing for.”
(Project Manager, Omega)

The discussion includes using the DTI for knowledge sharing about the
overall development goals, the new functionality and the subsequent
development work among the project managers and the development team.
The discussion moves back and forth, where it is usual to change details in
the DT as the discussion moves on.

“In that first week when I start to describe things to the development team, they are
going to ask me tons of questions, and they are going to challenge me. ‘Why would
we do that?” Things like that and some are great questions, and some would be like:
‘I don 't know; that is a great question. I need to think about that.”” (Project
Manager, Omega)

An emerging advantage, unexpected when Omega introduced the DTI, were
the benefits for the project managers and autonomy for the team members
during the development. The team members use the DTI to make lower-level
decisions and save time for project managers. As the DTI did not exist earlier
as digital information, the hunt for specific information was a hunt for a
specific co-worker and their specific knowledge. An example of increased
autonomy is that the co-workers are more comfortable now can work
remotely, which is an advantage for both them and the organization.
Discussed in conjunction with this was the need to attract a skilled workforce;
Omega has to face competition from organizations in Silicon Valley, and some
skilled co-workers have left to join organizations there. Their departures were
a brain drain that Omega still suffers from.
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When the development is finalized, the DTl is archived. The archived volume
of the DTI is low as the DTI was only recently introduced at Omega. Some
respondents claimed that since Omega operates in the fast-moving IT
industry, archived information is of no use. They declare the content of the
DTI as too old and the knowledge viewed as out of date.

Respondents insist that Omega gains benefits because they archive this DTI
digitally, not thought of ahead of the digitization. One gain is faster on-board
process for newcomers, as they can access and read about on-going and past
development projects. The gain is that newcomers hopefully develop domain
knowledge faster and they can contribute to Omega’s business faster. Another
benefit is traceability of decisions. As the organization increases in size, time
spent on searching for and finding this kind of information also increases and,
along with this, co-worker’s frustration. A planned activity, still not used by
all respondents is the retrospective, whereby the DT1is used as the foundation
to review success criteria and outcomes from the development project. Omega
views it as a part of their review process and how they can improve.

4.4.8 Omega’s analysed benefits

Omega’s benefits are analysed according to the product’s life cycle phases, the
product, the structure, predetermined/emerging, and strategic/operational.
The analysed benefits are shown in Table 7.

The benefits primarily relate to the product life cycle phases while developing
the product. Omega is also gaining benefits from the DTI during production
and maintenance, mainly as various foundations for knowledge requirements.
One of the benefits is supporting all of the product’s life cycle phases, that of
‘Semantic Interoperability’. The result of this is that the majority of the
benefits are gained in the product’s life cycle phase when the DT1is published,
however it is still offering support in other life cycle phases of the product.

The DTI created in Omega is based on having a general relation to the product.
The general relation was the starting point for the strategic decision when
introducing its DTI. Changing the general relation to an individual one can
mean some difficulties as the more detailed information for specific
individuals is not available.
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The structure of Omega’s DTI is loose and offers some benefits based on the
headlines in the document. One such is the ‘Collaboration tool with important
suppliers” where synthesized DTI is sent to the suppliers. The respondents
are happy about the digitization and see this as a step forward and do not
discuss structuring it in any other terms.

There is only one predetermined benefit for Omega, namely focusing on
strategic goals to unify product development. The introduction of the DTI was
one step on the path to unification based on collaboration. Despite only one
predetermined benefit there are several others where management used their
impact on operational goals or use, such as ‘Basis for retro-perspective’ and
‘Faster on-boarding process for newcomers’. The predetermined benefit is
adjusted to Omega’s context and the D11 is used as it is.

Omega’s emerging benefits, #2 - #14, are further categorized as operational.
The co-workers have all been involved in the process of digitizing the DTT and
are interested in gaining as much as possible from the digitization. They want
to make their work more efficient or use the DTI for communication to various
stakeholders, such as the co-workers or important suppliers. The operational
benefits also include ‘Semantic Interoperability’ and various ways of
knowledge transfer. The emerging benefits consist of both the DTI as is or
synthesized DTI. The benefits present in two tables for layout and readability
reasons (Omega’s recognized and analysed benefits cover several pages); one
list of the benefits (Table 6) and one analysed benefits (Table 7). The tables
relate to each other with a number for each benefit.
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Number Benefit

#10
#11
#12
#13

#14

Collaboration tool with important suppliers

Easier to trace decisions

Basis for retro-perspective

Develop the organisation’s language

The owner of the DTl doesn’t need to be around all the time
Empower team members to make lower-level decisions

Faster on-boarding process for newcomers

Co-workers can work remotely

Knowledge collaboration during idea phase

Alignment between development and organisation’s strategic goals
Basis for discussions with project owners

Basis for discussion with team members

Inform team members

Inform stakeholders

Table 6 Omega’s benefits
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DTI DTI DTI Benefit Benefit

characteristic characteristic characteristic category category
Used product DTl's relation DTI's Predetermined Strategic /
life cycle to the structure / Emerging Operational
phase(s) product
#1 Development  General As-is Predetermined  Strategic
#2 Development  General As-is Emerging Operational
#3 Development  General Reused Emerging Operational
#4 Development  General As-is Emerging Operational
#5 Development  General As-is Emerging Operational
#6 Development  General As-is Emerging Operational
#7 Development General As-is Emerging Operational
#8 Development  General As-is Emerging Operational
#9 Development  General Reused Emerging Operational
#10 Development  General Reused Emerging Operational
#11 Development,  General Reused Emerging Operational
operation, and
maintenance
#12 Development, General As-is Emerging Operational
operation, and
maintenance
#13 Development,  General Reused Emerging Operational
operation, and
maintenance
#14 Development, General Reused Emerging Operational
operation, and
maintenance

Table 7 Omega’s analysed benefits

Table 7 describes Omega’s recognized benefits of DTI. The benefits occur in
the product’s life cycle phase development, but other life cycle phases are also
recognized as benefiting from the DTI. The benefits can be viewed as relating
to Omega’s specific context or be more general, such as ‘Develop the
organization’s language’. The DT1is published during the development phase
of the product’s life cycle phase, and the table shows that Omega recognizes
the main benefits of DTI as occurring in that phase. Omega perceives
additional benefits occurring in operation and maintenance phases. For
Omega, the recognized benefits all focus on all products, related to one of the
underlying functions of the DTI, which is to make the development process
general for all Omega’s products (general). Omega benefits from the DTI
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when it is published initially (“as-is”) and then benefits from reusing the DTI.
Gamma benefits from the DTI when it is published initially (“as-is”) and then
benefits from manually reusing the DTI. Although the unstructured DTI is
Omega gaining from reused DTI, due to co-workers’” manual work of
synthesizing the DTL. Although Gamma’s development of DTI to provide
predetermined benefits for the product’s life cycle phase development, the
main part of their perceived benefits is categorized as emerging. Recognized
benefits are mainly categorized as supporting Omega’s operation goals, with
some benefits adding to the strategic goals.

4.4.9 Measuring benefits at Omega

The respondents discussed how to measure the benefits of the DTI and
emphasized it as difficult, since DTT’s benefits were viewed intangible.

“It is definitively more candid towards intangible benefits, the things we are
gaining; onboarding easily, easy communication” (Head of Program Managers,
Omega)

The respondents elaborate on the dilemma with intangible benefits and how
they seem to be immeasurable in financial terms. The respondents declare it
difficult to get management’s attention by solely showing intangible benefits
since they want financial outcomes. The respondents have rarely heard about
or used any benefit model for measuring digital information with financial
outcome. Some respondents discuss how to measure the intangible benefits
and solve it by suggesting to measure lost efficiency.

" You could certainly, if I was forced to go back and come back with a calculation
that would say that this saves me x amount of time, and the entire group x amount
of time because of those are valuable to us. And instead of taking us three weeks to

do it, we can finish it in three days.” (Program Manager Clients, Omega)

The program manager is on the same path, declaring how to measure
efficiency with the newly implemented DTI. He described it the following
way:

“Look, before we started to collaborate, we would see that staff would waiting
two —three weeks for a decision. They were only working on bugs and we were
consistently missing our project deadline by three months, because that is what
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happened multiple times in a project. But look, since we started to communicating
and collaborating better now our projects are completing on time, and we are not
seeing those times overruns and cost overruns. (...) And it is because we
communicated the decisions more efficiently, and it is because we are more
collaborative.” (Program Manager, Omega)

Regardless that the program manager thinks that it is feasible to measure
intangible benefits, he declares that other co-workers at Omega might see it
as a problem:

“Respondent (R): That is not national hard dollar benefits, you can't actually show
me, so I don't know.”

Interviewer (1): But if you have the hours you can see, use your salary and see the
surrounding aspects. This is what we are paying our co-worker by hour here.

R: Even then.
I: I can understand the even then, because of the logic. Is this depending on that?

R: Exactly. You are starting from some individuals might see it as completely an
assumption, and sure you can extend that assumption to real dollars. But it is still
an assumption versus something that is literally hard measurable. 500 a day, 700 a

day.” (R: Program Manager, Omega)

An additional way to measure the intangible benefits were by giving
operational issues, such as velocity, and referring to how it would increase
due to the gained efficiency.

“But other people are tracking velocity. And we do have numbers from before we
switched over. So, I think it would be very interesting to look at those two numbers
and see which one is higher. As long as you can correct for that there is some
learning, you know. You can definitively see the, see how it would be beneficial. (...)
So that would be a really good measuring stick too. If we can hit that I would say
that this (the implementation of the DTI) has definitively had a financial benefit.”
(Program Manager Clients, Omega)

The IT manager gives other steps for measuring intangible benefits based on
using a software for a specific work task. The initial step included to
understand the functional requirements for a specific work task and align
those requirements with all the preferred software. The result is the benefits
for each software. The next step is to add the cost for the software’s license.
The combination of the highest rank for functional requirements, added by
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the cost, results in measurements for each software, which can be used for
prioritisation. These steps give another way of measuring intangible benefits
with non-financial outputs.

One respondent focuses on the time when the DTI is accessed and refers to
the issue of value: that the DTI is solely valuable when it is accessed. That is,
DTI has value to the company when it is accessed and hence protecting its
accessibility from other companies is also valuable.

“And then there is actual the value of the information that sits out there. It's
proprietary information, if it got out, it can be detrimental to the company if our
competitors would learn some of the things that we are doing or trying to do. So

that sort of value I can't even put a number on. It is hard to say. [...] It is just
invaluable really. You could certainly, if I was forced to go back and come back
with a calculation that would say that this saves me x amount of time, and the entire
group x amount of time because of those are valuable to us. And instead of taking us
three weeks to do it, we can finish it in three days. Three or four days because we can
collaborate real-time, and off-line.” (Program Manager Clients & Partnership,
Omega)

Synthesized from this study is that tangible benefits are viewed as rare, at
least the ones where the outputs are in financial terms. The organization
articulated ways to measure intangible benefits based on efficiency. Another
finding is that there is no straightforward way to use a benefit model since
they mainly derive financial outputs. These findings can be of interest for the
management level, approaching ways to communicate and compare the
benefits. In Omega, the main perception is that measurement is viewed as not
doable resulting in financial output.

4.5 Field study

One of the basic purposes of this mixed method study was to create a larger
empirical basis compared to the previously few respondents, expressed in the
method chapter. The starting point for this study is a qualitative part, forming
the foundation findings related to the DTI’s relation to the product. Not all
DTI characteristics are presented due to logical reasons based on the variation
among the respondents. One example is, e.g., the structure of each individual
organization’s DTI.
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The organization for the qualitative part is a trade association for technical
information in Sweden, Rho. Rho consists of 23 member organizations,
mainly larger manufacturing and consultancy organizations. The
manufacturing organizations are all Swedish private businesses and have a
DTI department. The consultancy organizations’ focus is primarily on DTI,
adding areas such as construction and design of Information Systems. Rho is
one of the results from the TIC II research project held at Mid Sweden
University 2007 — 2014. The organizations are located throughout Sweden,
primarily in the metropolitan regions.

Rho is a lively organization which has a board meeting every month, sends
out a webinar with the same regularity, and holds an annual public
conference. Their vision is to develop the Swedish technical information
domain by creating a meeting place for businesses and organizations as well
as to improve the status of the sector. They intend to offer meeting places for
the sharing of competence and experiences. Rho is divided into several
working groups, which focus on, e.g., their annual conference, a research
group, education, legal improvements and standards, and a domain group.

Rho’s board consists of six members, who all hold middle management roles
in various Swedish organizations with either an internal or consultant
perspective on DTI in organizations. Of the six members, two represent
consultancy organizations and four private businesses, whereas three private
businesses are included in the empirical material. A representative from a
private organization chose to refrain from being interviewed due to lack of
time.

The first consultancy organization has 350 employees mainly based in the
southern parts of Sweden, but also outside of Sweden. They focus on DTI,
software and embedded design, information management, and outsourcing
of web development. They view the DTI production process as universal and
has therefore a broad approach to the market. Their customers are often
focused in the domains of vehicles, drugs, and software. They consider that
specific knowledge is needed to create DTI within more technical industries,
even though they emphasize a universal production process.

The second consultancy organization is based in the southern part of Sweden,
has 400 employees, with a 100 located in Sweden. Their customers are global
organizations based in Sweden, with focus on the energy- and plant industry.
They focus on the production and maintenance of DTI, as well as outsourcing
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contracts for DTL. In practice this involves understanding the customers’
approach to DTI, and where their views differ depending on the products’
complexity and the DTT’s end users.

The first private business is a global manufacturing organization with 44 000
employees with headquarters in Sweden. The global concern is located
worldwide and their customers are located within 180 countries. Their main
areas are technology, such as compressors, vacuum, mining and quarrying,
industrial, and construction engineering. In one of these five business areas
45 out of 7000 co-workers’ main work assignments include DTIL. They produce
DTIL which contains information for all the products’ life cycle phases and this
is intended for both internal and external customers. The DTT is produced for
the products’ pilot installation, to prepare for the products’ launch by
producing safety information and technical market information, operation,
maintenance, and recycling.

The second private business is a Swedish manufacturing organization with
approx. 15 000 co-workers. Their headquarters is based in Sweden and their
customers are located around the world. They concentrate on high technology
areas in the defence industry, with business areas like defence and security
solutions, systems and products as well as aeronautics. The DTI co-workers
are located in departments and in supportive roles within various
departments. The organization emphasizes the centralized and decentralized
ways of organizing the DTI work as an efficient approach to produce DTI
systematically for technical complex defence products as well as sustain
knowledge related to the products. One central DTI department enrols 85 co-
workers, with access to additional 400 co-workers within the organization.
The DTI contains information about maintenance, and spare products.

The third private organization operates in the transport sector and sells their
transport solutions to other businesses. They manufacture transport solutions,
such as lorries and buses, and provide service- and maintenance solutions for
sold transport units. Their headquarters is located in Sweden and they have
approx. 40 000 employees worldwide. The DTI departments follow two of the
organizations’ business areas, divided by technical specializations. The 90 co-
workers at one DTI department produce DTI for maintenance and
troubleshooting, which results in maintenance manuals, spare part catalogues,
and repair methods. Other work assignments are to set maintenance
requirements for product development.
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The board members are all based in the southern part of Sweden and work to
fulfil Rho’s vision. Rho frames DTI as one way for organizations to compete
in a multi-national market situation and display how DTI can be presented
via new features. In relation to the multi-national market situations new laws
and regulations are mentioned, such as the Maskindirektivet (2016) and the
importance of adding more values to the products. New information
technology is discussed primarily hardware, such as smartphones and 3D
CAD models. The respondents’ views on the market differs. Some of them see
the DTI as being totally dependent on the product. Their view is that the DTI
is more attractive when the product is more complicated, and the product’s
customers are other organizations, the B2B situation. The view on DTI is
affected when it is related to cheap products sold to private consumers. The
production space is then used for the product and DTI must take the smallest
space available, exemplified in this respondent discussion:

“R2 (Respondent 2): 1 think that, regarding cost, one looks at another set of
consumer products. The documentation of consumer products cannot cost anything.
They are quite price-sensitive.

Interviewer: Why must they not spend anything?

R2: Yes, it is clear that if you buy a product that costs $ 500 or a thousand dollars,

then the documentation may not cost more than the product. Quality gets limited,

etc. There is much more focus on security when talking about consumer products.
It's like anyone who can buy this.

R1 (Respondent 1): We can say that it’s a lot about series production versus non-
serial production there.

R2: It can be about serial production as well, but there is not the same price
sensitivity if you pay $ 10,000 for a product instead of a thousand. Then you may be
able to work on a more in-depth DTI and they may also need it, more information,
and so on. And it is susceptible to competition when it comes to products.” (R1 is
Manager DTI and R2 is Team Manager DTI at a consultancy organization)

The respondents at Rho also show a variation in their internal view of DTI,
for a variety of reasons. The consultancy organizations, where DTI is the main
product, are naturally favourably disposed towards DTI and discuss the
benefits gained. In the private organizations, the internal view of DTI varies.
In one of them, DTI is seen as an unnecessary cost, which can be reflected by
the fact that low-skilled co-workers in other areas have been moved to the one
DTI department. Another private organization increased the status of DTT in
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recent years by focusing on their internal information architecture. A result of
this work is that they have acquired more and more important internal
information sources, such as the creation and maintenance of internal and
external web publishing. Nowadays, the third private organization has
included the aftermarket in its sales role and the result is that DTI is viewed
as more and more important.

4.5.1 DTI

Rho is wider in their definition of technical information and does not limit it
to DTI, even though the respondents describe it as mostly being digital:

“And I'm convinced, and we also see that the requirements are changing and the
market is changing, the support for producing information changes, the equipment
for reading information changes and becomes cheaper. Apparently, we are opposed

to a much, much more digital management of information than we have had
historically.” (DTI manager consultancy organization)

Their overall perspective on the DTI is that it is any information related to
products, based on the products’ life cycle phases. Examples are instructions,
educational material related to products, service instructions, and safety
information. They clearly and strictly distinguish product-marketing material
from DTI, as the latter contains more than strictly factual information about
the product. In this case, the DTI can be part of the products’ marketing
material, which would lead to a less strict explanation of what DTI is. Their
view is that DTI can be presented in the form of text, pictures, or film clips.

All organizations emphasize that they have both internal and external users
of their DTIL. Despite the various user groups, the DTI is intentionally
produced for usage by one group, such as a maintenance manual for external
users. These manuals are used internally for understanding how to improve
product development by focusing on easier maintenance.

The organization’s view on DTI varies, where the smallest sub-unit includes
manuals, documentation of spare parts, and legal documents to the biggest
sub-unit, which is any documentation connected to the product besides
marketing material. Some organizations use the word product information
and refer to product life management for further explanation of the term.
Another view is that DTI is defined by the market situation and how
consultancy services can be sold. Interestingly enough is that added to this
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view is the opinion that it is important to offer consultants interesting work
assignments and therefore the view of what is DTI expands. One respondent
admits that DT is defined differently within the organization:

“No, [name of the organization] is a very decentralized company and all business
areas, the five business areas, work according to their own set-ups, meaning we have
no coordination. We exchange experiences, but we have no common guiding
principles. So, what I am talking about now is very much about the department of
[department name]. And how it is named and categorized, depends on the persons
working in the various departments. “(Board member, Rho besides Manager
Product Information at a private organization)

4.5.2 Structure of DTI

The DTI's structure varies across the spectrum of organizations. The
consultancy organizations market their way to structure the DTI by using
XML, thereby creating efficiency for production, maintenance, and
presentation of the DTI. The customers who implement these XML systems
are always larger organizations as the investments, both in form of financial
and personnel resources, are intensive. The DTI structure varies among the
private businesses. Two of the private organizations mainly produce semi-
structured DTI, consisting of text, CAD drawings, and other pictures. They
differ in the way that the unstructured DTI, the text, is more important to one
of them, while the other one focuses on the drawings and facts related to them.
The third private organization advocate video films as an important way to
structure and present their DTI, and these are mainly used for repairing the
products. It is interesting, however, that all respondents paint the potential of
future presentations as a way for DTI to get out of its low-status role of today,
without using it. They mention augmented reality, virtual reality, and
Internet-Of-Things as ways to become attractive, described by one respondent:

“I think we need to make the information more easily accessible and easier to
consume. And with the technology available now, it will be much cooler. And then 1
think it may be much more noticeable that this will happen. Because you think that
our mechanics, they need to go training and if you have a digitized delivery to the
workshop where they can wear a pair of 3D glasses or watch a movie.” (Board
member Rho besides Department Manager DTI)
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4.5.3 Benefits of DTI

The benefits from the field study are firstly analysed from the qualitative part
of the mixed method study and secondly from the quantitative part of the
study.

Several respondents give examples of how the service desk or sales situations
use the DTI, besides DTI’s support for the manufacturing process. The results
from the use often decrease the time for individual work assignments, where
one example is that the service desk can refer customers to published DTT and
by this avoid repetitive work assignments. In general, DTI is adding a
knowledge perspective and thereby creating a positive gain for the service
desk. There is less need to use co-worker's knowledge as the DTI exists. The
sales associates can also use the DTI as an essential knowledge foundation
when discussing with possible customers or in sales pitch situations.

"By using the DTI available later in the product life cycle, we have shown that if the
sales associates use this DTI performance is increased. We can answer questions
such as: What does spare parts sales look like, what accessories do we have if it is

sold out. We are perceived as a more competent partner to our customers, and I are

getting less wrong.” (Manager Product Information, Board member Rho)

One respondent describes how their DTI can be beneficial to the repairmen,
especially for the service of more complex machines. They have conducted
studies to reduce service time and could cut it by a quarter as they have
changed the sequence of service activities and also descriptions of the needed
tools. Another respondent focuses on the level of detail and what is best for
the user, illustrated by this statement:

“We need to describe a repair method so clearly that the customer doesn’t need to
return and redo the repair a few days later.” (Middle manager DTI department,
Board member Rho)

The first question about benefits of the DTI in the quantitative part of the
study was whether DTI provides benefits. Initially shown is that only a few
of the respondents view DTI as not adding any benefits to their organization.
One way of indicating an answer to this question is Figure 10, showing the
answer to the question if they think that DTI was merely a cost. The result
show that DTI is viewed solely as a cost (77.0 %) followed by partially only a
cost by 22.0 %, and 1.0 % DTI only as a cost. This question indicates that DTI
is viewed as adding benefits to manufacturing.
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100%

80%

No To some extent Toa large extent Solely a cost

Figure 10 Answers to the question if DTl is only seen as a cost

Presented next is an overall picture of the benefits, based on fixed benefits and
a possibility for the respondents to add their own benefits. Figure 11
illustrates that the highest ranked benefit is that of ‘Improving the
manufacturing process’ (73 %), indicating that the strategic view on DTI is
fulfilled by using it for internal work in the context of manufacturing
organizations. In second place (71 %) is the benefit that “DTI improves the
support situation’. The DTl is used for purposes related to the manufacturing
process and by this the DTI can add benefits as a result of the digitization as
the information can be can be used by other parts of the organization than
simply the manufacturing process.

The third ranked benefit is ‘Knowledge transfer’ (63 %), expressing that DTI
is viewed as a knowledge mediator. Few of the respondents describe DTI as
beneficial as their only product information source (14 %). Added benefits are:
marketing requirements, time efficiency, finding new components, and legal
requirements.
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product process

Figure 11 Benefits from survey

Figure 12 emphasizes the importance of DTI for the manufacturing process
by showing that 56.7 % declare that they cannot manufacture their products
without the DTI, 28.9 % respond partly to the question, 10 % to large parts,
and 4.4 % completely. Many organizations’ manufacturing processes rely on
the DTI, implying its relevance for them. Other organizations rely partially on
the DTL using none or other information for their process.

100%

80%

0%

0%

0% - ]
No

To some extent Toa large extent Completely No opinion

Figure 12 Answers to the question whether the organization can produce their products without the
DTI
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4.5.4 Relation to product

Several of the interview respondents emphasized the importance of the
relation to the product while describing its benefits. Initially, this was brought
up by the consultancy organizations, as being one foundation for more
interesting and better paid assignments. They emphasized DTI as more
beneficial when the relation to the product is based on complex products and
sold to other organizations.

“My understanding is that it is related to the same things as I was talking about

previously; these (organizations) with complex products and when the products’

customers are supposed to be external organizations”. (Vice President Product
Information, Board member Rho)

The rationale behind this is that a complex product is usually costlier than a
less complex one and thereby viewed as more beneficial to the customers and
that an organization relies more on their products. These claims were
interesting enough to investigate further in the survey and therefore the
relation to the product is associated with two questions. Initially investigated
was the organization’s view on DTI in comparison to the manufactured
products, see Figure 13, where the results show that the product is viewed as
more beneficial to the organization than the DTI. Secondly investigated was
the complexity of the organization’s main manufactured products or product
groups, see Figure 14.

100%

Of no value Slightly less valuable than the product As valuable as the product More valuable than the product

Figure 13 The organization’s view on DTl in comparison to the manufactured products
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Figure 14 The complexity of the organization’s main manufactured products or product groups

Therefore, the hypothesis was tested if the complexity of the product affects
the organization’s view on DTI. The result shows that there is no such
statistical significance despite the perception that there should be. The
perception that the complexity of the product influences the view seemed
logical at first glance, but could not be verified statistically. The underlying
causes may be that this view is incorrect, that the complexity of the product is
estimated in the survey, and that there may be a more general positive view
of the DTI as stated in the survey.

4.5.5 Measuring benefits at Rho

Discussed with respondents from Rho were general questions about how to
measure the benefits of DTI. They view measuring as a problem and comment
that the benefits are viewed as intangible and thereby perceived as hard to
measure. One explanation for the perception is that the knowledge on how to
measure is fundamental but still there is an increased interest in measuring
the benefits of DTI. The interest is emphasized as deriving from the increased
cost of managing the DTIL One respondent pictures the growing interest as
well as the difficulties like this:

“Then, historically, the value of information has not been met. In recent years, these
companies have begun to see that information is a vital part of our business. And,
you see, we have discussed with CEOs who you ask what is the most important
thing for your success? Yes, but there is information. Then it's not just product
information, but it's information in general. At the same time, it is seen that there
are very few companies that today actually put a true value on the information.
That's why the chair and the tables we have in the conference room have greater
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value in the company’s figures than the information. And there I think there is
something that will have to happen as well. You need to put a value on the
information to invest in it and put it high on the agenda.” (Business Area Manager
for Technical Documentation, Board member Rho)

Several respondents emphasize the interest in the DTI as they view DTI as
being a part of their brand, especially for business areas where competition is
high. Those organizations experience problems with competition and are
looking at other ways to earn market shares, despite the difficulties with
measuring these intangible benefits.

" I know organizations who are starting to look at the intangible soft values.
Obviously, they want their customers to be satisfied, as well as the retailers and
their own customer centre selling their products. They need to find information
about the products and can serve their customers and so. It's like an intangible
benefit.” (Business Area Manager for Technical Documentation, Board member

Rho)

Another respondent explores their organization’s way of dealing with
benefits and whether they are measurable or not in a very pragmatic way. The
organization does not view measuring the intangible benefits as a path
forward since they view it as including ways to distort reality.

“(Benefit) Model? We have an approach, so to speak, that everyone uses. You
describe the problem and then the target image and then you need to be pretty
hands-on, you must not be too high-flying and just speak empty rhetoric; our bosses
do not like that — they want to see reality. They emphasize that everyone can make a
PowerPoint, then the next level is to put something in Excel, but the really hard
thing is to make a mock-up and show its benefits. They like hands-on!” (Manager
Product Information, Board member Rho)

Although the respondents describe DTI's benefits as intangible, they do
mention ways of how to measure them. The most common way to measure
benefits is by understanding how DTI creates efficiency advantages for the
user. Often mentioned is faster ways to maintain or repair a product,
searching for DTI, or by improved collaboration ways, depending on the aim
for the DTIL In both these ways DTI is viewed as improving efficiency and
how to measure is based on that efficiency perspective. One respondent
declares some fundamentals for how to measure:

“And indeed, there’s actually, it's easy to see which support cases have been received
and if you can find the answer in the documentation? Then, you can actually see
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how many fewer support cases you get in and take an average value. That piece is
pretty simple to count on.” (Vice President Product Information, Board member
Rho)

Another respondent is on the same path, using almost the same narratives on
how to measure. He explains the counting procedure by using efficiency as
the foundation for customer support:

“It is all about estimating what the information brings to the organization. E.g. how
much time is saved at the service desk? It is actually easy to count solved service
cases and to see if the answer to them was found in the documentation. And by this
you can compare the number of service cases and find out the differences between
various years. The differences are then multiplied by the salaries at the service desk,
which is a pretty straightforward way to count on.” (Consultant Manager, Board
member Rho)

An additional operational way to measure intangible benefits is by looking at
the legal aspects; that is, by examining the cost of penalties for the
organization when DTI is not delivered on time. Another way to measure is
by efficient information architecture. The described information perspective
is by structuring the DTI and in this way creating a single-source architecture.

“Where in this process you can reuse the same information. Not only the user
documentation, and service documentation and so on without production as presale
material, as aftermarket material, as educational material. All this is basically the
same information. And then you keep on writing it over and over again. But, in fact,
the same information is used, you have to look upon this on a higher level.”
(Business Area Manager Technical Documentation, Board member at Rho)

The synthesized findings imply that the benefits are viewed as intangible and
that there is a somewhat ongoing movement to try to understand how to
measure these benefits. The basis for the movement is the picture that the
benefits need to be communicated and compared for management purposes.
The DT1 is viewed as an asset in the organization, but it is troublesome since
ithas problems to fit into the pattern of being a physical asset creating tangible
benefits. The view on measuring the intangible benefits are declared in two
ways. Some respondents view measuring as not doable, whereas some view
it as doable. The respondents who view measuring as not doable, declare that
there are no ways forward to communicate or compare the intangible benefits,
whereas the doable path shows ways to communicate and compare. The
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foundation for measuring is related to efficiency in one or another way and
there are limited suggestions on how to measure the benefits in other ways.

4.6 Synthesizing findings from studies

Synthesized in the following sections are the findings from the studies,
presented in the following order: the identified benefits; the analysed benefits
in relation to DTI's characteristics and benefit categories; and the
measurements.

4.6.1 Identifying benefits

Previous research on identifying benefits has focused on the change involving
an information system ( e.g. by researchers Ward and Daniel (2012) or
Brynjolfsson and Hitt (2003)). Identifying the benefits of any category of
digital information differs to the identification of the benefits of an
information system. One such is the physical identity of any software or
hardware and the related cost of implementing it. DTI or any category of
digital information is rarely related to any implementation cost. Despite this,
the initial attempts to understand the benefits of any category of digital
information are related to cost-benefit analysis (Flowerdew & Whitehead,
1975).

Since digital information rarely is associated with a cost, the common way to
evaluate DTI shows another focus, namely the reuse of digital information
(Vickery, 2011; Wixom, 2014). Vickery (2011) and Wixom (2014) focus on the
benefits of the reuse of digital information, both based on a specific category
of digital information and any category of digital information. The reuse is
either based on what the user can earn by selling services based on digital
information or how much an organization can gain from selling digital
information. Synthesizing these attempts on identifying the benefits of any
category of digital information are that they either use a cost-benefit analysis
or the reuse of digital information, neither relating to the internal perspective
or DTL

Koski (2015) elaborates on time as one of the current efforts on understanding
benefits of digital information in comparison to the benefits of any
information system. She claims it as problematic as using before and after a
change while investigating benefits of any category of digital information.
Her argument is that there rarely are any changes related to digital
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information, such as implementation or adding new functionality. I would
argue that there are such points of change, even for digital information.
Shown here is that there are production processes attached to the DTI. These
DTI production processes can be changed, e.g. in how digitized they are while
producing the DTI.

There are several points of interest while looking at the synthesized benefits
of DTI. The first is that there are benefits that are common from all studies,
such as ‘Semantic interoperability’ (Ahlin & Saarikko, 2012) and DTI as
knowledge foundation (Ahlin & Saarikko, 2013). For the benefit ‘Semantic
Interoperability” the DTI creates a common language, crossing borders in an
organization. The benefit of DTI as a knowledge foundation is expressed in
various grades of details, such as Alpha’s ‘Knowledge base for after-market’
or field study’s internal knowledge transfer.

Another point of interest is the benefits related context, which focus on an
individual organization’s business processes. Each study includes gained
benefits, which relate to the individual organization’s business process. The
business process is likely to be the process where the product is either
manufactured or produced. One example is Alpha’s benefit ‘Control and
order while manufacturing’, relating to the configuration management
process or “The basis for discussion with team members’ relating to the initial
steps in the development process in Omega. These benefits are both
recognized to a contextual business process as well as the product’s
manufacturing or production process. The DTI co-worker’s knowledge is
mainly focused on the benefits related to the context, diminishing the path
forward for general benefits related to the DTI.

Despite that DTT is part of a manufacturing process, the collaboration around
it is low, e.g. compared with the view on internal-external value chains
including external customers (Khuntia, Kathuria, Andrade Rojas, & Saldanha,
2017). Their taken stand is that benefits increase when a business process’s
stakeholders collaborate. Even though there are signs of such collaboration
within this thesis’s studies, the DTI is often viewed as stand-alone and not
included in collaboration. The supporting perspective of DTI is the given and
taken role within the manufacturing process. One possible outcome of the low
collaboration grade for DTI, could be fewer gained benefits in the business
process.
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Several researchers claim that benefits are solely derived from immediate use
(Balic et al., 2002; Jansen & Rieh, 2010; Moody & Walsh, 1999; Ottersten & Balic,
2010). Focused on in this thesis, are the advantages of DTI not necessarily
related to the immediate usage of the DTL. One example of when usage yields
direct benefits, is ‘Assembling for production’. This benefit derives from
reading the assembly instructions and offers instant help for the assembler.
Other benefits, such as ‘Semantic interoperability’ and “The owner of the DTI
does not need to be around all the time” are not necessarily derived from using
the DTL They are identified as benefits and are not necessarily directly related
to the usage of the DTI. Hence, I argue that benefits do not solely occur in
usage and that there are various ways to understand the relation between use
and benefits. One could claim that these benefits, here exemplified by
‘Semantic interoperability’, occur in discussions between colleagues and are
indirect benefits. I would claim that they are direct benefits and do not occur
in usage. There is usage involved since there has to be an understanding or
knowledge of the DTI, but there is no direct usage involved. A result of this
discussion is the importance of time and use, elaborated by e.g. Koski (2015),
where one of her claims is that digital information is solely of interest while
in use and that the passage of time impacts on the benefits. These calls deepen
the request for a deeper understanding of the importance of time while
strategizing for the use of benefits.

4.7 Benefits analysed in relation to DTI's characteristics

The identified benefits are first analysed in relation to the declared
characteristics of the DTL

Here, I argue for the importance of aligning the benefits to the product’s lifecycle
phases. The importance of this is based on the finding that the product’s life
cycle phase where it is published is of importance, while not neglecting the
other life cycle phases. One way of using this knowledge is, e.g., while taking
any steps towards changing the DTI and involving co-workers from other
department(s) than the ones using the published DTIL. I argue that the benefits
of DTI with respect to the product change over time. DTT’s relation to the
product can start as the relation to an individual product and then move on
to general products or product groups by, e.g., summarizing the DTI into
statistics for various purposes.
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There are several benefits to be derived from the structure of the DTI, both
from the structured, semi-structured, and unstructured DTI. The structured
and semi-structured DTI renders benefits such as statistics, where manual
work is needed to gain such benefits from the semi-structured DTL

4.7.1 Benefits in relation to Product’s Life Cycle Phases

DTI's relation with a product’s life cycle phases shows the subgroup of one
particular activity across one, several, or all of the product’s life cycle phases.
As an overview, the product’s life cycle phases include development,
production, maintenance, or destruction (Essamlali et al., 2017; Li et al., 2015;
Penciuc et al., 2016). The development phase includes development and ends
with delivery to the customer and is viewed as the most resource-intensive of
the product’s life cycle phases (Li et al., 2015). Production and maintenance
include the implementation and use of the product, including elements such
as troubleshooting and wupgrades. Lastly, the destruction comprises
remanufacturing or disassembly of the product into parts and the reuse,
refurbishing, or recycling of the parts.

Development

At Alpha, Gamma, and Omega, the DTI is published during the development.
One finding is that several of the benefits emerge in this life cycle phase of the
product. One example is Gamma where the co-workers gain benefits while
using the DTI for assembling purposes. The entire organization at Gamma
gains the benefit ‘Standardized product development’ that should result in
uniform products. One example of gained benefits for Omega is that they are
described as obtaining benefits in their competence competition for skilled
developers, as co-workers can rely on the DTI and work remotely. Even
though Beta’s DTI is published in a later life cycle phase, there is at least one
benefit during this life cycle phase, that of standardized products. Some of the
benefits solely refer to this product life cycle phase. Examples of benefits only
in the development phase are creating the foundations for collaboration by
Omega’s project managers while developing the DTI or Gamma’s ‘Quality
assurance’, where they found parts of their quality protocol in the DTL
Another benefit is the strengthened collaboration between Omega and their
key stakeholders, based on their sharing and discussion of on-going and
future product development.
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There are several examples where the benefit is hard to be aware of from one
of the product’s life cycle phases. One example, there are DTI benefits in the
product’s development phase that act as a knowledge foundation of how to
perform certain work assignments in development, manufacturing, and
production of the product. In Gamma, the assemblers gain a knowledge
foundation based on the DTI and benefit as their need for trial-and-error is
reduced while assembling. This knowledge is also valuable while maintaining
the product. The benefit ‘Semantic interoperability” is derived at Omega as
their project managers and developers start discussing how to develop the
new functionality and this is useful during other parts of the product’s life.

Production, maintenance, and destruction

Beta’s DTI is published for the operation and maintenance and they gain the
benefit of ‘Knowledge base for operations’. Despite the fact that Beta’s main
benefits are recognized in these product life cycle phases, there are others
gained in the development, such as ‘Standardized products’. Alpha gain
benefit while using the DTI as ‘Knowledge base for after-market decisions’. In
Gamma, the benefits occur as the customers gain lead-time by ordering spare
components themselves. This creates more free time for Gamma’s customer
support. For Omega, the production and maintenance, is represented by
benefits such as ‘Easier to trace decisions’ and ‘Faster on-boarding process for
newcomers’. The destruction is rarely represented in this material, mainly due
to the focus on the DTI published for development and rarely mentioned by
the respondents.
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Studies Development Production,

maintenance, and
destruction

All studies Standardized product production, Semantic interoperability,
Semantic interoperability, knowledge foundation
knowledge foundation

Alpha Control and order while Knowledge base for after-
manufacturing market decisions

Beta Standardized products Knowledge base for

operations

Gamma Assembling for production, Customer gains lead-time
Knowledge foundation for Quality
assurance

Omega Knowledge collaboration during Basis for retro-perspective
idea phase

Inform team members
Table 8 lllustrations of benefits in the product’s life cycle phases

The benefits show a sliding scale related to the product’s life cycle phases,
where the finding is that the relation between a product’s life cycle phases and
the gained benefits is not a one-to-one relation. This is shown by differences
in what the included DTI covers, e.g. several of the product’s life cycle phases
or a particular activity within one life cycle phase. This finding contrasts with
the strict granularity of the product’s life cycle phases in relation to the DTI
(Essamlali et al., 2017; Li et al., 2015; Penciuc et al., 2016). These studies show
no discussion on a sliding scale for the DTI, merely focusing on the product’s
life cycle phases.

Table 8 show illustrations of recognized benefits, occurring in the product’s
life cycle phase where the DTI is published as well as in other of the product’s
life cycle phases. Previously shown are that the benefits are more numerous
in the product’s life cycle phase where it is published and the recognition of
less benefits in others. It could be obvious that the purpose with the DTI is in
the product’s life cycle phase where it is published and that the benefits
should be more numerous. Interesting are the benefits recognized in other of
the product’s life cycle phases. The DTI can cover several of the product’s life
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cycle phases and therefore could benefits naturally be recognized in other of
the product’s life cycle phases. Co-workers could also use the DTI in other of
the product’s life cycle phases, adding to recognized benefits.

The finding that potential benefits from DTI can derive from across the
product’s life cycle phases can support organizations in strategically planning
revisions across phases to optimize the benefits of DTIL. DTI is published at an
early stage, and often revised for multiple phases and the lack of overt
awareness of life cycle phases can prevent an organization from planning
revisions to optimize benefits across the multiple phases. One understanding
that can emerge while revising is that deriving benefits across the product’s
life cycle phases can be of higher interest than the typical focus on which of
the product’s life cycle phases the DTI is published for.

Another point is whether it is essential to include the product’s lifecycle
phases as part of the definition of the DTIL. From a benefit perspective, these
may be unnecessary for analysing the benefits, as they appear to occur
regardless of the lifecycle phase for which the DTI is published. One
reservation for the removal of the product’s life cycle phases is that most of
the benefits arise when the DTI is published, which may facilitate the analysis.
A more precise way of expressing this would be to indicate the time of the
publishing, supporting one of DTI's characteristics, instead of explaining
these as the product’s life cycle phases and nothing more. I argue for this
renewal, thus contributing to a diversified view on the aim for publishing,
integrating another time perspective and supporting the gained benefits.

One example of such a focus on a life cycle phase is, therefore, to specify the
goals and intentions of the DTI's publishing process and the time publishing
occurs. Related benefits to the organization include a deepened clarity of the
DTI's connection to the product, especially what DTI can cover compared to
what DTI is expected to cover. The focus on the goals of DTI's publishing
creates several opportunities for discussion. One opportunity provides clarity
about the product’s life cycle phases, which is not questioned in the empirical
material of this thesis. Even though the aim for publishing is clear to the
respondents, the total use is often broader, including hidden expectations,
and making life cycle phases not that distinct.
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4.7.2 Benefits in relation to product

The benefits in relation to the product is discussed earlier in research by
Schonberg et al. (2011); Wellsandt et al. (2015a), Oevermann and Ziegler
(2016), and Bulavsky et al. (2017). They all frame the relation between DTI and
its product from different perspectives, e.g. by content, a product’s life cycle
phase, processes related to the product, or quality. All framings focus on a
short part of the DTI's life cycle without elaborating on the changes to the
product. Viewed here are several examples of differences in the described
relation, both related to how and by whom the DTI is used.

The benefits” individual relation to the product is transformed into a more
general relation that includes more than solely one product; instead, it
becomes a relation to a product line or to all products of an organization. The
benefits of the DTI are transformed from a singular perspective to a multi-
product perspective from the time it is first published to later product life
cycle phases, which may exclude some parts of the DTI. Despite that the
product’s life cycle phases are involved in this transformation, the benefits’
individual relation to the product evolves gradually into a multi-product
relation.

Synthesized DTI supports the overall product group by including statistics
and a knowledge foundation across products in the same product group.
Although general relations differ, such as including statistics or a foundation
for customer offers, the DTI in each case has changed its relation to the
product over time. Because the relation evolves over time, it is of interest to
consider DTI's immediate relation to the product along with its long-term
relation. The path for discussion within an organization could include
multiple areas of focus: such as strategies for use of the changing relation, time
aspects for the change, and further relational impact

The transformation from benefits covering a single product to product line or
all products, does not occur at one specific point. Because of this variability,
the product’s life cycle phase can be considered as of low interest concerning
the DTT’s benefits to the product; the focus can remain fixed on the gain of
DTI's benefits. It is essential to discuss the organization’s perspectives on
DTI's relation to its product while designing and developing the DTI, and not
solely when it is initially published by the first user groups. Further, the
synthesized DTI is of interest, because there can be information that is
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excluded from the synthesized version of the DTL. It could be right to exclude
certain information at specific points in the process however at a later stage it
could be important or even be of interest in future synthesized versions of the
DTTI to create other benefits.

Several respondents emphasize DTI as more beneficial to the organization
when the product is complex and sold to other organizations. The reason for
this conclusion was that a more complex product was supposed to be more
expensive and add more functionality possibilities to the organization. As the
statement is not verified statistically, it is of interest to investigate it further.
Other statements in relation to the product could also be of interest to
investigate further, such as a competitive market for new products,
emphasized by respondents at Gamma. It is of interest to investigate what can
affect the benefits of the DTI and then compare factors such as complexity,
competitive vulnerability, and what the product is used for (e.g. life-
supporting).

4.7.3 Benefits in relation to DTI’s structure

The studied DTI cover structured, semi-structured, and unstructured digital
information. Several of the respondents emphasized the future structure as
being more structured, e.g., for parsing via XML (Bosschaart et al., 2015) of for
Machine Learning based on structured information from the Web
(Ringsquandl, Lamparter, Lepratti, & Kroger, 2017). What the structured
information also provides is the possibility of reuse thus it should be marked
with metadata (Tyrvainen & Paivérinta, 1999; Wallace, 2011).

The semi-structured and unstructured DTI could serve as foundation for
more benefits due to its broader content. The semi-structured and
unstructured DTI can include visualizations and other ways to explain
various activities related to the product. Thereby, the user could gain more
direct knowledge and the pre-knowledge is lower than for the structured DTI,
e.g. described in (Ahlin & Saarikko, 2013). Adding the possibility of
visualizations and free text gives greater freedom to create the opportunity
for additional benefits compared to structured DTI. However, structured DTI
can be used more explicitly and, for example, create a basis for statistics. Here,
Alpha is gaining benefits that the other organizations are not getting. Alpha
can automatically reuse their DTI for statistics, but the other organizations
will have a rougher path to use their DTI for new products, including more

137



manual work and imposition of hands such as searching and clarifying
interesting product components. Despite the manual work needed, Beta, for
example use their DTI for new products, however the undifferentiated text
includes manual work to create statistics.

The structured DTI has more limited content as it rarely involves figures or
video clips and is therefore less useful for other purposes than strict
implementation. Despite this, there are several studies discussing structured
information as the best way forward, along with presentation possibilities via
unstructured information. Hence, the work that needs to be done includes the
transformation from unstructured to structured, along with associated
metadata, adding a cost that has not been considered by management and
may be considered as demanding too much resources.
To act on this development is also to act on what has been described as the
reuse of DTI by researchers such as Hart-Davidson (2013) or for information
in general by Bollacker (2010). The structure could be viewed as important
while automatically reusing DTI.

4.8 Analysing categorized benefits

In relation to the digitization, the benefits are categorized as either
predetermined or emerging. This distinction refers to the decision of
digitizing the DTI, and then delimiting the benefits to either predetermined
or emerging after digitization. Ward et al. (1996) emphasize a delimitation
between the predetermined and emerging benefits, and suggests they should
be found in two different steps, before the pre- and then post-identification.
Later, identifying the benefits is viewed as an iterative path by Ward and
Daniel (2012). The usefulness of categorizing the benefits into predetermined
or emerging could, therefore, be questioned. I would argue that this
categorization is of importance for highlighting the benefits of DTI since the
knowledge about them is low within organizations. Deciding which benefits
should be the predetermined sets a focus for the change, while understanding
the emerging benefits provides further development possibilities within the
organization. With increased knowledge, the emerging benefits can later be
added as predetermined while making other changes.

The predetermination is made on any management level in the organization
and before the change. The predetermined benefits are perceived as focusing
on the strategic view of the DTI in the various organizations. Besides being
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strategic, they also follow the manufacturing process where the DTI plays a
supportive role. One implication of following the manufacturing process is
that the benefits are related to the organization’s context. One example is in
Alpha, where the “Tracing of product deliveries’ is a fundamental point for
the DTI and in Gamma where the ‘Standardized product development” and
‘Standardized customer product’ are fundamental points.

The predetermined benefits relate to a specified change and can be
determined (see e.g. Ward and Daniel (2012)), e.g., via a Benefit Dependency
Network (Ward & Elvin, 1999). Evident here is that the predetermined
benefits are based on strategic reasons. Ward et al. (1996) are on the same path,
addressing strategic benefits as being aligned to business goals. Detailing the
analysis of predetermined benefits, they are shown as being related to the
DTI's supporting role in the organization’s specific business sector. This
perspective on a strategic benefit is in alignment with studies like Attaran
(2001), which claims that strategic benefits are benefits occurring in strategic
areas for the specific organization based on the specified resource. Piotrowicz
and Irani (2010) address strategic benefits as being immeasurable and the
empirical material shows that the benefits are perceived as intangible, while
there are described efforts on how to measure them.

The predetermined benefits are recognized as solely based on the DTI as is,
not covering any synthesized or aggregated DTI. The decision for changing
the DTI could be viewed as squared, and solely discussed in terms of the DTI
as is. Understanding and covering other aspects than the DTI as is, could open
doors for other opportunities. Here, those opportunities are discovered while
working with the DTI or by co-workers” gained knowledge of what the DTl is
covering and can be used for in their operational roles. Further digitization of
the DTI, such as moving to AR, VR or Industry 4.0 requires a deepened
understanding of what benefits can be achieved. This could be achieved by
workshops where the design is discussed by a bigger group than solely the
co-workers who are relying on the purpose for publishing the DTL One such
example is the design perspective for benefits, investigated by, e.g., Frisk
(2011) and Hart-Davidson (2013).

There are several aspects of the emerging benefits. One is that they can fulfil
operational causes, such as ‘Knowledge foundation for quality assurance’ in
Gamma or the ‘Semantic interoperability” or strategic causes, e.g. ‘Standardized
product development’ at Beta. Looking at the operational goals, the benefits
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can be viewed as a result of co-workers’ knowledge about the existence of the
DTI They can see how it fills gaps or can see the support possibilities that
using it will offer it. Therefore, the DTTis creating benefits that were emerging
from the change based on the digitization and based on its place and visibility
in the organization. Besides the operational perspective on the emerging
benefits, the benefits are recognized as fulfilling strategic goals. There are
several examples of this: “The standardized product development” at Alpha
or ‘Standardized products’ at Beta. All these examples include a management
perspective, where the DTI is viewed as adding knowledge to the
organization that can be used to achieve other strategic goals than those that
were predetermined and can further develop the organization.

Other aspects on the emerging benefits are that DTI is progressing from as is
to being developed by the organization. Examples of benefits that just exist
are ‘Sharing knowledge within the development team’, ‘Semantic
interoperability’ in the organization, “The owner of the DTI doesn’t need to be
around’, and ‘Co-workers can work remotely’. There is no one who has made
any change to the existing DTI in order for these benefits to be reached and
therefore they are seen as if they simply exist. Then, there are the benefits that
DTTI has developed, which can mean aggregation of the existing DTI or merger
with other sources of information. Examples of such benefits are the
‘Knowledge base for after-market decisions’” within Alpha, ‘Education
material” in both Beta and Gamma, or ‘Basis for retro-perspective’ in Omega.
As development can take time, the benefit can occur after a while and
therefore the DTI should not be viewed as static even though it is published.

The number of emerging benefits is more significant than the predetermined
ones and this finding can give a reason to increase knowledge about these
benefits. Increased knowledge can give rise to better utilization of the DTI and
thus also its benefits. The emerging benefits can be viewed as mainly
operational and are creating efficiency for co-workers (Cho & Shaw, 2009;
Piotrowicz & Irani, 2010). In contrast to Cho and Shaw (2009); Piotrowicz and
Irani (2010) suggest that operational benefits are short-time, for example
Gamma’s ‘Knowledge base for operations’, apparently not short-term. The
operational benefits can be long-term and linked to that they are developed
as services by aggregated DTI. The time perspective then becomes long-term,
both in terms of the development of the benefit and its emergence. Another
comparison of the studies’ operational benefits are that they are not viewed
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as tangible, in contrast to the opinion of Cho and Shaw (2009) and Piotrowicz
and Irani (2010).

Synthesized in Table 9 are approaches to predetermined and emerging
benefits. The table’s content shows that there are similarities and differences
between the predetermined benefits and the emerging benefits. The
similarities relate to the perspective on the predetermined benefits, where
they are referring to the organization’s strategic goals with the DTI and based
on existing DTI. The emerging benefits are adding aspects such as operational
goals, related to any business process in the organization, and are also used
as a service in accordance with other information or in a synthesized way.

Predetermined benefits Emerging benefits

Related to the organization’s strategic Related to the organization’s strategic

goals, and or operational goals, and

related to the manufacturing process, not specifically related to the

and manufacturing process, and

based on the DTl as-is based on the DTl as-is or reused DTI

Table 9 Predetermined and emerging benefits of DTI

4.9 Synthesizing findings of what are the benefits

Here, I address the first research question, which is: What are the benefits of
the DTI? In response to this research question, I describe the benefits as
related to the digitization of DTI and the benefits’ relation to DTI's
characteristics: (a) the product’s life cycle phases, (b) the product DTI, and (c)
the structure of the DTL.

In this section, I focus on the identification of benefits concerning digitization
of the DTI, which can be seen in various grades referring to Figure 1. Simply
put, digitization of the DTI refers to any change from handwritten or printed
DTI to DTT stored as data from hard copy, including virtual copy moving on
to the use of sensors to create the DTIL. One finding is that the benefits are
derived both through direct and indirect usage of the DTI. A direct benefit is
‘Assembling for production” and an example of indirect benefits is ‘Semantic
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interoperability’, which is described as beneficial at other occasions than the
use of the DTI. These two examples show that it is possible for benefits of DTI
to emerge outside of the moment of DTI usage.

Synthesizing the benefits from the studies show that there are commonly
recognized benefits of DTI, such as foundations for knowledge, ‘Semantic
Interoperability’, and knowledge transfers in the organizations. In these
studies, additional benefits are shown related to the context for the studies,
like ‘Knowledge base for operations’. Related to the digitization of the DTI,
the recognition is that benefits can be predetermined or emergent.
Predetermined benefits refer to an organization’s understanding of potential
benefits and the strategic decisions made by management on any level in the
organization. The management’s decisions are mainly related to a business
process that the DTI is supposed to support. One example of strategic
decision-making is when the digitization of DTI directly supports the
manufacturing process, such as in Gamma. Emergent benefits can occur at
any point during the product’s life cycle phases. The emerging benefits
mainly relate to fulfilling operational goals, such as ‘Quality assurance’ at
Gamma, and occasionally strategic goals, like ‘Standardized product
development’ at Alpha. The emerging benefits are not solely recognized in
the manufacturing or development processes; they can be gained anywhere
in the organization. Emerging benefits may result from the existing DTI or
from DTI that has been further developed, e.g. by aggregating, synthesizing,
or adding information.

Furthermore, the benefits are analysed in relation to the previously found
characteristics of DTI. The characteristics are: DTI's relation to the product’s
life cycle phases, DTT’s relation to the product, and the structure of the DTL

The DTI characteristic product’s life cycle phases hold the subgroup of one
particular activity, one, several, or all of the life cycle phases. The findings
show that most benefits appear in the product life cycle phase where they are
published, however benefits continue to emerge in other of the product’s life
cycle phases. In the studies, the DTI may be published in the development
phase and then used in other life cycle phases, such as maintenance. Even
though the organization may publish the DTI for one life cycle phase, they
continue recognizing benefits by using the DTI in multiple phases. The co-
workers in the organization do not care about the original purpose of the
published DTI and the related product’s life cycle phases: they will use the
DTI as long as they can and can gain something from doing so. One example
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of this is that Beta’s DTI is published for maintenance and operations but used
in development as well. Omega is on the same path as Beta, but starts DTI
from development and adds the product’s life cycle phase of maintenance.
The finding emerged that the organizations seem unaware of the life cycle
phases, so the DTI yields most benefits in the product’s life cycle phase when
it is published. The organizations still use DTI in other of the product’s life
cycle phases, but because it is not published strategically for those phases, it
may be less useful than it could be. That is, if organizations were aware of the
phases and the different ways that DTI can benefit them differently in
different phases, they might publish more strategically and revise DTI for
particular activities and life cycle phases. They should include people
working in other of the product’s life cycle phases when developing DTI so it
can be more useful across phases (because, after all, it is already being used
across phases!).

The benefits that result from DTI's relation to the product, here declared as
either an individual product or a general product group, are mostly directly
associated with the product. Some benefits are indirectly related to the
product, however, through associated DTI production processes. One
example of a direct benefit is Alpha’s ‘Control and order while manufacturing’
and an indirect benefit is Omega’s “The owner of the DTI does not need to be
around’.

Several respondents emphasize that the DTI is more beneficial to the
manufacturing organization when the product is complex and the external
user is an organization, rather than a simple product or one with private users.
This statement was not verified statistically based on the organization’s data
but occurred solely as statements in interviews as informal observations from
knowledgeable participants. For the organizations starting with DTI that
supports an individual product, this may later transfer to a general group of
products, so the benefits also transfer from individual to general, like a
product line or several products. That is, in later life cycle phases, the benefits
are based on synthesized or aggregated DTI supporting more than solely one
product.

The structure of the DTI is described as either structured, semi-structured, or
unstructured. Here, the studies include two organizations’ DTI as
unstructured, one semi-structured, and one structured. Regardless of
structure, DTI is linked to activities related to the product, where the
structured DTI can require more of its user than the unstructured or the semi-

143



structured, described in Ahlin and Saarikko (2013). The higher requirements
are related to the structured and contain logic that the user needs to interpret
himself as opposed to the semi-structured or the unstructured, which contains
more easily interpreted visualizations. Another way of looking at this is by
saying that by not including any visualizations, due to the product’s
complexity, the structured way is adopted and by its semantics
interchangeable with visualizations. The visualizations are one of the main
ways forward, efficiently representing the activities to be conducted.

4.10 Synthesising findings related to measuring benefits

Here, I address the second research question, which is: What are the
perceptions of how to measure benefits of DTI? The benefits are perceived as
intangible by the respondents, based on their knowledge of how to measure
benefits. Some of them mention the lack of a measurement method as a
problem and refer to problems with communicating and comparing. These
two activities are mainly of concern for management, on any level. The
respondents’ knowledge of how to measure is limited, and they describe it as
few benefit models associated with DTI. The respondents perceive measuring
intangible benefits as either not doable or doable. The respondents who
describe measurements as not doable are mainly focusing on financial output,
reflecting on standard ways to measure benefits. They also reflect upon the
DTI as information, not yielding any cost or adding financial incomes. Still,
they do reflect on the problematic situation that would arise if the DTI was
not accessible and how they could move on without it. These reflections
include several scenarios on how to solve the problems, mainly relating to
finding knowledgeable co-workers and the cost of not finding them. The
respondents who view measuring as doable also discuss problems with the
measurement process, such as deciding the goals with measuring,
interpreting the input to the measurement process, or how to interpret parts
in the measurement process. They describe measuring the benefits of DTI as
based on efficiency. They frame measuring as the time they are saving by
using the DTT and multiply that with increased income or co-worker’s hourly
salary. This pragmatic perspective refers to a cost-benefit perspective and
does not consider the DTI as a resource that might require other ways of
measuring its benefits. Their standpoint is that DTI should be measurable in
the same ways as measuring information systems. Looking at the
measurement process, they view it as including input, which are the benefits.
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The input is measured, here by efficiency, which gives the output in saved
hours or cost.

The empirical material shows several findings on how to prepare
measurements, where agreeing is the overall part. The findings show that the
stakeholders need to agree upon common interpretations, which include a
shared understanding of what is viewed as a benefit and what the benefits are.
Another interpretation is the purpose of measuring and refers to why the
measurement should be conducted. The stakeholders also need to establish
common interpretations on how to measure. The measurement process can
be hard to conduct if the common interpretations are not in place before
starting the process and the whole process becomes more or less worthless, as
described in Beta. Added to these details are the requirements for
standardized historical measurements to offer historical comparability.

The synthesized findings related to the perception on how to measure the
benefits of DTT are:

e The starting point for how to measure is that the benefits of DTI are
mainly viewed as intangible, namely they are hard to measure

¢ The common interpretations on how to measure can include: the goal
of the measurement process, what to measure, how to measure, and
the benefits should be described in an agreed and comparable manner,
in addition that there is a need for historical data to measure and that
the historical data is comparable

e The ways to understand how to measure is divided among the
respondents as doable or not doable

e The doable perspective on measuring is based on efficiency as the
main operational basis for describing how to measure, limiting the
view on DTI

¢ The not doable perspective refers to the lack of financial output

The conclusions from these findings are that the respondents are well aware
of the strict division in tangible and intangible benefits, where tangible
benefits seem to be the ones in favour of using benefit models. The
respondents emphasizing DTI’s benefits as not measurable argue for their
answers by referring to benefit models. The benefit models available today
have given rise to the strict division that exists in tangible and intangible
benefits. In order to achieve measurability, the respondents minimize the
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view of benefit and see it only as efficiency. This is done without any thought
that benefit is a multifaceted concept or that it is then merely a type of benefit
that is measured. That the discussion that it is merely a view of benefit is used
again shows that benefit is a concept that needs to be discussed. It becomes
relatively clear here that it will have consequences. The knowledge shown in
Ahlin (2019) that there are several ways to measure measurable benefits is not
widely known, although the KPIs, for example, is a well-known concept in
practice. The view is that it is the financial output that is important, which
may have been created by the benefit models.

Previous research has shown that it is vital to agree on the measurement
process, and the addition made here is the importance of describing the
benefits in the same way. This means that the identification of the benefits is
essential as well as how to make comparisons between benefit descriptions,
not emphasized earlier. Previous research has shown that the knowledge of
identifying benefits is low; the addition here is that granularity is essential. In
order to handle comparisons years from now, granularity needs to be an
essential part of the agreement from its inception.
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5 Discussion

The discussion includes sections related to this thesis’s research questions:
“What are the benefits of the DTI?” and “What are the perceptions of how to measure
benefits of DTI?” For each research question, the discussion includes
synthesized findings and contribution claims describing the specific increase
in knowledge in relation to the research questions. I base the arguments on
previous research compared to the findings of this study, discussing the
implications of each highlighted contribution claim. Further sections describe
the implications for academia and practitioners and methodological
reflections.

5.1 DTI's benefits

The analysed findings show several benefits of DTI. The analysis revealed that
organizations gain most benefits from DTI in the product’s life cycle phase
when it is published however there are additional benefits in other life cycle
phases. Product-related benefits evolve from a focus on individual products
to encompassing entire product lines and DTI’s structure adds benefits (e.g.,
while reusing DTI across products) with or without manual work to support
the evolution. Another finding is that pre-defined benefits, planned for as part
of the change of the DTI, are fewer than emerging benefits. As a result of these
findings, I argue for the need of a more systematic benefit management and
realization process to ensure that DTI is exploited to its optimal extent , e.g.,
discussed in Braun et al. (2009) or Ward and Daniel (2012). One important step
for a more systematic benefit management is the identification of benefits,
initially discussed.

I argue for the importance of the identification of benefits in this thesis’
introduction. Braun et al. (2009)’s literature review focuses on research from
various parts of steps in the Cranfield Process Model. Their findings show few
studies focused on the identification of benefits, which overall attract little
interest from researchers. The identification of benefits is the initial step and
the one that builds the foundation for the others. To show little interest in this
step is therefore surprising and could set traps for coming steps.

Interpretations is one way to identify benefits and it is the way Janssen et al.
(2012) conducted their study on the benefits of Open Government Data, and
is comparable to this study for DTIL The initiative of understanding and
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comparing the benefits requires similar granularity for the benefits, meaning
that the foundation for the interpretations has to be on the same level of
richness. Omega’s list of benefits is clearly longer than, for example, Alpha’s,
indicating that granularity can be problematic when comparing these two lists.
By using predetermined benefits, as in this thesis survey, the benefits are just
predetermined and reflecting the knowledge by those deciding on the listed
benefits.

The interpretation of the word benefit is of importance when identifying
benefits. Previous research has shown that the word is imprecise (Breese et al.,
2015; Wowor & Karouw, 2012). They explain the meaning as creating
satisfaction for the stakeholders, whereas the empirical material here shows
that the meaning is changing due to practical matters. The positive advantage
is clarified while identifying the benefits of the DTI, while for measurements
efficiency is in focus for practical reasons.

Gomes and Romao (2016) suggest one way of identifying the benefits as
successful is by either interviewing or organizing workshops with invited
stakeholders. For this thesis, the identification was either done via individual
or group interviews. The steps are taken in a path to initially get a detailed
knowledge of the benefits and to a stepwise overview of what is viewed as
the benefits of DTI by the manufacturing industry. There are several pros and
cons with the three steps and they are all in accordance with the collecting
and analysing of empirical material. One example is that the individual
interviews give a rich material for analysing and finding the benefits and is
helpful while exploring a new area such as the benefits of DTI, even if it is
time-consuming. Gomes and Romao (2016) emphasize that group interviews
are helpful when one wants a consensus of which the benefits are of
importance, however one loses the individual perspective. For the surveys,
the identification of benefits is done before the survey and can add statistical
material to previous identified benefits. From now on, the discussion will
focus on the recognized benefits of DTL

An organization decides to publish the DTI in one particular life cycle phase
of the product. Although the benefits of DTI are more clearly concentrated in
the product’s life cycle phase in which the DTI is published, the organization
also gains benefits from the DTI in other of the product’s life cycle phases. The
product’s life cycle phases are explicitly described in previous research, e.g.
in Product Lifecycle Management (PLM) (Ameri & Deba, 2005; Framling et al.,
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2014; Penciuc et al., 2016). PLM focuses on the product’s development phase,
relating that focus to a higher demand on resources, such as DTI. The finding
here adds to knowledge about the product’s life cycle phases and DTI:
benefits are not limited solely to the product’s life cycle phase where it is
published but also are recognized during other of the product’s life cycle
phases. Itis true that co-workers mainly use the DTI when it is published, but
they use the DT in any of the product’s lifecycle phases in which it will benefit
them. Therefore, in identifying benefits of DTI, it is essential to examine the
use and benefits of DTT in all product life cycle phases, not just the product’s
life cycle phase in which DTI is published.

Benefits from DTI evolve from an individual product to synthesized and
aggregated to support products more generally, such as across product lines
or all an organization’s products. When this change occurs varies. The change
may occur based on changing life cycle phases of the product, but may also
be prompted by the changing requirements of users of the product. For
example, at Alpha, this change occurs somewhat in response to the changing
life cycle phases of the product but also due to a request from co-workers to
support internal needs. At Gamma, previously, the decisionmaker used the
DTI as is (see e.g. Huang and Tsai (2011) ) or relating to a specific activity,
such as logistics (see e.g. Bougdira et al. (2016)). Evolution occurs as the result
of a request from both internal and external users. The pattern to focus
initially on individual products, followed by change into a more general
relation with additional products or product lines gives knowledge into the
organization’s use of the DTI. This is in contrast to the static view on DTI's
benefits and the relation to the product, described in Persson Slumpi et al.
(2012) and Ahlin (2014). As a result of the evolvement in the relation to the
product, planning for synthesizing or aggregating the DTI can add benefits
during the product’s life-time and serve as a foundation for decision-making,
such as described in Alpha.

There are more emerging benefits than predefined ones in the findings, which
can imply that DTI has a somewhat hidden, unexploited potential for
management. The emerging benefits can be found via post-evaluations (Ward
and Daniel, 2012). There is no self-fulfilment that the benefits should be
predetermined, but the predetermined could get more attention from
management since they mainly relate to strategic goals in the organization.
Gaining knowledge about the emerging benefits could open up for other
predefined benefits than initially intended. Koski (2015) believes post-
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evaluations of any category of digital information to be problematic, whereas
there seem to be possibilities to conduct such evaluations. She argues for the
lack of change related to digital information, opposite to the argument in this
thesis. Those evaluation add the chance to find both predetermined and
emerging benefits. The empirical material shows no evidence of conducting
evaluations, neither before nor after the change. Solely implementing
systematic evaluations procedure with informed co-workers could increase
existing and future benefits and develop the DTI.

The emerging benefits can compromise of synthesized or aggregated DTI,
opening up for the possibilities of reuse of the DTI. The emerging benefits
fulfil operational goals based on co-worker knowledge. The co-workers know
the content of the DTI as well as how they can use it to gain operational goals.
The reuse of the DTI sheds light on DTI's structure, where, e.g., the structured
DTI in Alpha can result in reused DTI. This reuse is conducted automatically
and is easier to handle than reusing the DTI than for example in Beta and
Omega. Nevertheless, co-workers at Beta and Omega take on the burdensome
assignment and reuse the DTI manually. The findings show focus on the
content reuse (Hart-Davidson, 2013; Priestley, 2001), despite wishes to change
this by adding the information architecture perspective, using XML. The
freedom of including other data to build more complex DTI could increase by
using XML structures, responding to additional knowledge requirements and
adding benefits.

5.2 How to measure the benefits

The analysis of how to measure the benefits revealed the importance of
common interpretations when initiating the measurement process. The
analysis shows DTI's benefits perceived as intangible, however one way
mentioned to measure those benefits was limited to those showing efficiency.
As a result of these findings, I argue for the possibilities to implement more
efficient measurement processes as one way of evaluating DTI’s benefits.

The initiation of the measurement process highlights common interpretations
as important, both when it comes to the empirical material and previous
research (Ljungberg & Larsson, 2012; Lycett & Giaglis, 2000). There are some
slight differences in the interpretations that refer to the specific context. One
added interpretation in this context is the common understanding of the word
benefit.
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The respondents refer to DTI's benefits as intangible and hard to measure. The
analysis shows two paths for how to measure the intangible benefits. One
path concentrates on DTI’s benefits as not measurable, when reflecting
financial output. Ward and Daniel (2012) suggest several steps for the output.
Their scale ranges from observable to financial and includes explained
explicitness as adding value and the degree of future improvement. The
respondents’ scale from not measurable to financial includes no other steps,
limiting the view on the output.

The other path focuses on the benefits that add efficiency which can be
measured. The respondent understands efficiency as saving costs, such as co-
worker’s time. This path limits the benefits that can be measured and does not
include the benefits interpreted as not creating efficiency. The change from
understanding a benefit as, e.g., creating a positive advantage to creating
efficiency is done without any reflection by the respondents. They want to
fulfil the goal of measuring the benefits in financial terms without reflecting
on this change. Wowor and Karouw (2012) discuss the blurry approach to the
term benefit, and the failure to reflect on it while measuring benefits. They
relate the blurriness to the stakeholders involved. Here, the blurriness refers
to pragmatism while finding ways to conduct an action. Synthesizing the
perception of DTI's benefits as intangible with the pragmatic path forward as
measuring it as efficiency shows contradiction. Not only does it limit the
included benefits; it also limits the ways to measure benefits.

Both Wixom (2014) and Ahlin (2019) show ways of measuring intangible
benefits. The first approaches data as a commodity with a price, and the
second investigates ways to measure intangible benefits. Ahlin (2019) shows
different ways to measure the intangible benefits. My research base on the
benefits that we describe as immeasurable proves them to be measurable, not
particularly reflecting benefits of DTI or digital information Wixom (2014)’s
path of selling the DTI, could be a path forward, used by organizations
providing DTI for external users. The respondents’ show a narrow scope, not
recognizing those ways of measuring DTI's benefits. There could be several
reasons for that, such as that there are few voices for understanding DTI's
benefits, the proven low knowledge on ways to measure DTI’s benefits or low
interest in adding another administrative process in the organization (Hu et
al., 2006). The argument for how to measure DTI's benefits shows a
discrepancy between the varying perceptions among the respondents on how
to measure and the present knowledge within academia (Ahlin, 2019). The
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discrepancy indicates a knowledge gap and also a variation in the view on
how measurement should be conducted.

5.3 Thesis contribution

This thesis contributes to the sparse research about DTI's benefits by
identifying them and investigating the perceptions of how they can be
measured. The work is a continuation of the licentiate thesis (Ahlin, 2014),
which provided some glimpses of the benefits. Here, the licentiate thesis is
built upon and broadened analysing the recognized benefits through multiple
DTI characteristics and benefit categories. To make benefits more visible
throughout an organization, co-workers need to be able to systematically
evaluate the benefits of DTI to communicate them to other departments or
administration. Hence, perceptions of how to measure are described here. The
contributions are divided into practice and academia.

Initially, this thesis contributes to practice by demonstrating simply that DTI
does indeed bring benefits, based on positive advantages that impact the
work roles of employees of an organization as well as for the organization
itself. That there are benefits from DTI should not be a surprising finding, as
it is frequently used in organizations for a variety of reasons. Nevertheless,
this argument has not been articulated previously based on empirical material
from several studies. Further, this thesis contributes to practice by
emphasizing DTT’s benefits as either related to an organization’s context, such
as its specific manufacturing process, or general benefits, such as knowledge
transfer or semantic interoperability.

The identified benefits reveal the possibility for a more systematic evaluation
process, requiring knowledge from informed co-workers, e.g., the ones using
DTI, or information architects. One contribution shows the concentration of
benefits which occurs when the DTI is published, as well as the ongoing
benefits present throughout a product’s life cycle phases. This contribution
implies that requirements for new or changed DTI should not solely be
provided by co-workers directed related to its publishing; other co-workers
also gain from the DTI and have an interest in its design. Another observation
is the realisation that the benefits evolve: first benefitting individual products
but progressing to general product lines or all products. This implies that
organizations can design the structure of the DTI to more readily evolve from
fulfilling the immediate need to providing data that supports future
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organizational endeavours. The DTI is often reused, even though such
attempts are modest. Nevertheless, the move to reuse is rapid. It takes place
as soon as the digitization has started, implying that co-workers can see
immediate benefits of sharing the DTI within, and sometimes even outside,
the organization. The emerging benefits are perceived as numerous, mainly
relating to operational goals as well as strategic ones, and can be either the
DTI in itself or the way it is used as a service. Other parts of the organization
can use benefits that emerge as a result of the DTI, meaning benefits have
come about due to the particular structure of procedures within an
organization or commonly found across multiple organizations. Adding the
knowledge about the identified DTI in organizations implies broadening the
scope for informed co-workers to participate when evaluating and
developing the DTL

Included in the evaluation process is measuring the benefits (Ward & Daniel,
2012). Previous research and this thesis emphasize the importance of common
interpretations, such as what to measure, how to measure, and access to
sufficient resources, like historical measurements for comparison (Ljungberg
& Larsson, 2012). This thesis showed that the perception of how to measure
differed among the respondents. They perceive measuring DTI’s benefits as
not doable or doable. The not doable attitude is the belief that benefits are
intangible, do not focus on financial outputs and that there are no ways to
measure them. The doable perception is described as measuring the
intangible benefits solely in terms of increased efficiency, thus limiting our
perception of them, while at the same time academia shows various ways of
measuring intangible benefits (Ahlin, 2019). These contributions add to the
need for a systematic evaluation process of DTI’s benefits and mean that the
organization can make more informed decisions, e.g. while designing or
developing the organization’s DTI.

In academia, the evaluation process of DTI has not been in focus. One reason
could be the view on the change of DTL, which is one fundamental factor for
the evaluation process, see e.g. Ward and Daniel (2012). Researchers, such as
Koski (2011) and Remenyi et al. (2007), describe the change as hard to find
and thereby evaluate. Here, I contribute by showing that DTI can relate to
various grades of digitalization and the possibility to recognize benefits
rapidly.
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The identification of benefits has not been in focus in research, see, e.g., Braun
et al. (2009) and especially not in the identification of DTIL The identification
here is done either via interviews or surveys. In contrast to, e.g., Balic et al.
(2002) Ottersten and Balic (2010), the studies in this thesis, such as that at
Alpha, show that benefits do not solely occur in usage and that there are
various ways to understand the relation between DTI’s use and its benefits.
One such way is shown here, which distinguishes between direct and indirect
usage of the DTI. That is, there is usage involved since there has to be at
minimum an understanding or knowledge of the DTI, but benefits can still
occur when no direct usage is involved.

Several of DTI's recognized benefits cover more than one of the product’s life
cycle phases, described in studies such as Gamma. Previous research
describes a strict granularity of the product’s life cycle phases in relation to
the DTI (Essamlali et al., 2017; Li et al., 2015; Penciuc et al., 2016). The contrast
in this thesis adds to an understanding of the product’s life cycle phases, at
least in relation to DTI's benefits. This contribution increases the perspective
on the product’s life cycle phases, reflecting on how to improve it for DTI's
benefits, by, e.g., using a gliding scale.

Previous research discusses DTI's benefits as intangible, e.g. Dicks (2003),
meaning that they are hard to measure. Ward and Daniel (2012) use a scale
for measuring benefits and Ahlin (2019) shows that there are in fact ways to
measure intangible benefits. Therefore, this thesis contributes by challenging
the very concept of intangible benefits, and suggests that intangible is not the
same as immeasurable. For academia, this adds to the understanding of the
concept and induces further understanding of it.

The perceptions of how to measure benefits show the importance of common
definitions as to the characteristics or results make something a benefit. The
knowledge of how to measure differs between practice and academia: practice
views measuring DTI's benefits as either doable or not doable; academia
views measurement as merely difficult. The first limits focus on increased
efficiency due to the benefit and the second requires evidence of financial
outcome from a measurement process. Academia describes measurement
processes with both financial and non-financial outcomes (Ahlin, 2019). This
broader focus contradicts previous research and the perception in the studies.
It is therefore of interest for academia to further investigate how to measure
DTT’s benefits, e.g. in various contexts.
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5.4 Implications

My findings have implications for both practice and academia. In practice,
managers responsible for DTI can more strategically manage and design the
DTL and implement an evaluation process by identifying benefits and
deciding how best to measure them. For the evaluation process, there are
possibilities for change, such as the gradual digitalization of the DTL

The identification of the benefits provides several ways to understand them,
such as the impact of DTI’s benefits for achieving operational goals. This and
other findings imply several formal ways of managing the DTI and thereby
making more informed decisions. Another implication is the emerging
benefits, which could be found in iteratively conducting post-evaluations
with informed co-workers knowledgeable about operational goals. Besides
this, is that the DTI is changing time-wise concerning the product as well as
the gain of benefits in other of the product’s life cycle phases than the
published one. Both of these findings imply that the design of the DTI and the
evaluation of DTT's benefits should involve a broad spectrum of co-workers,
not solely those with the most frequent use of the DTIL. The structure is of
specific interest while looking at the design of the DTI, since the co-workers
put effort into reusing the DTI, even when it is unstructured.

The investigated measurement process provides a variety of implications for
practice, such as managing and developing the DTI. The contribution to the
first part of the measurement process helps to avoid several problematic
situations by describing how to handle necessary common interpretations,
such as the understanding of the term benefit and how to measure. Further,
the lack of knowledge of ways to measure DTI’s benefits implies a need to
increase knowledge on how to measure, especially the view on defining the
term benefit while measuring. The contributions entail that practice can test
and elaborate on various ways to measure DTI's benefits for further
comparison possibilities. Another implication is the ways described to
measure the so-called intangible benefits. The foundation for this knowledge
is not simply the DTI, and an adjustment to DTI should, therefore, be of
interest to investigate.

For academia, the contributions with measurement show that the category
intangible, referring to immeasurable, can be questioned. The respondents’
narrow perspective on measuring intangible benefits is supplemented by a
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systematic finding that there is a broader spectrum possible, such as a scale.
The implication of this finding could be the fade away from the category of
intangible and approaching a less distinct concept. The basis on which we
describe intangibility is, therefore, a topic to investigate further.

The view on DTI as relating to a product and its life cycle phases is questioned
here when it comes to DTI’s benefits and the product’s life cycle phases. For
academia, this implies that our perspective on the product’s life cycle phases
can differ, like here, for a specific activity such as identifying benefits. The
concept of the product’s life cycle phases can, therefore, be further analysed
concerning activities, where one suggestion is to refer to the specific activity
instead of using the previous strict granularity.

5.5 Method

The Information System field rarely covers the area of concern in this thesis:
DTTI's benefits. As such, overall methodological choices could vary as there is
no existing paradigm within this specific area. Looking at research into
benefits, both qualitative and quantitative approaches are suitable, depending
on the specific area. The overall focus is on interpretation of empirical material
to start building a knowledge foundation, putting aside, e.g. a critical
approach. The downside with interpretations is the problematic nature of
making generalizations claimed by Klein and Myers (1999). One general idea
with research is to create knowledge; there are minor doubts that even
interpretative research follows the idea of abstraction and generalization. This
thesis follows Polit and Beck (2010), who focus on adding understanding from
descriptions of specific contexts. For this thesis, the descriptions about DTI,
as well as their benefits, are in focus as the thesis covers a broad field like DTI
in manufacturing organizations and thereby creating few generalizations or
abstractions.

Qualitative assumptions have affordances and constraints. That is, some
constraints include that only a few voices can be heard, comparing benefits
based on those few voices, and being constrained in using follow up
questions for a broader understanding (Alvesson, 2011; Patton, 2002). Of
interest, therefore, was to gather additional perspectives, allowing for more
voices, through a quantitative approach. I found mixed methods to be a good
choice for this part of the thesis. The first part meant qualitatively creating a
basis for the quantitative section and using this basis for designing questions
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for the survey. Unfortunately, web surveys usually do gather low response
rates nowadays, mainly due to resource problems and fatigue and lack of
interest in answering web surveys (Wagner et al., 2017). The authors discuss
how to increase the response rate by adding telephone answers to increase the
final response rate. This step was taken in the quantitative part of the mixed
method to increase the response rate.

The selection of respondents included a focus on both variety of organizations
and the respondent group of co-workers from each organization. When
looking for organizations, all organizations chosen were to include
manufacturing or the broader production of various types of products. The
number of manufacturing organizations is significant, even if one is only
looking within Sweden. Another perspective of the organizations was their
contribution to the context, assumed to be described by their individual
emergence (Klein & Myers, 1999). Here, there is a plain description of each
context based on the respondents’ views. These views solely describe the
individual study’s context as a background and have few critical notes. For
the synthesized picture of DTI in manufacturing, this thesis consists of a
foundation of DTT’s role in manufacturing organizations as both DTI and
manufacturing are of a broad variety. A complementary view could have been
to conduct longitudinal studies for a broader and deeper understanding of a
particular context, such as a specific manufacturing domain.

The homogeneity among the organizations is several. One, previously
described, is their focus on the manufacturing process. Added to this can be
that they are traditional in their organizational foundations using various
organizational levels and departments. Thereby, they rely on DTI for internal
purposes, such as manufacturing or selling services for maintaining the
products. The business process for manufacturing is therefore of importance
while recognizing DTI's benefits, and as such, the business processes and its
activities are varying among the organizations. Another homogenous part is
that the organizations are large in their individual business” segment. That
could affect what is recognized as ‘Semantic Interoperability” since the
distance between all co-workers is more extensive than in small organizations.
The organizations have to be small to reach to all co-workers, affecting their
language in a standard way instead of the DTI. The new homogenous part is
that all of the organizations” DTI intentionally is published for one of the
product’s life cycle phases, affecting the perspective on the DTI and who can
affect it. The perspective on the DTI is that it belongs to a specific part of the
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manufacturing process and that the co-workers related to the manufacturing
process are those that should affect it, despite the findings showing other
results.

The organizations are all private businesses, which could have impacted the
outcome when it comes to what is viewed as a benefit and the perception of
how to measure. In an official authority could benefits, adding positive
advantages, been viewed differently. Having the same precondition, like the
manufacturing industry, could mean that the DT in an official authority had
another origin than fulfilling customer requirements. One such could be to
fulfil a law or citizen requirements. Another aspect of the choice of
organizations is that the respondents all claimed that efficiency was the way
to measure financial outputs, affecting the view on benefits. Again, using
official authorities manufacturing products could impact, e.g., the view on
how to measure, including the perspective of gaining citizens.

The geographical location of the organizations could impact the result. The
perspective on DTI in Omega is slightly different compared to the other
organizations. Omega does include project estimations in their DTI, adding
organizational resource allocation to it. One could say that it connected to the
product’s development, still adding a detail which mainly is viewed as
belonging to other parts of the organization, such as human resource planning.
The stricter view on what could be viewed as DTI in the other organizations
could origin from perspectives from the trade association for DTI or the
Maskindirektivet (2016).

For the second selection, that of the respondent group from each organization,
it includes mainly middle managers. The rationale for this selection is their
knowledge of different parts of the organization, such as the higher level or
operational level, referring to a traditional organizational structure. Besides
being middle managers, they are DTI users, or working closely with DTI users.
Therefore, the middle managers are viewed as having the knowledge of what
benefits the DTI users recognizing from the DTIL Focusing on the
manufacturing organization they represent; their individual and synthesized
answers give voices to the organization’s perspective. It is important to
remember however that their voices are voices of individuals within
organizations and not the total representation of the organization’s
perspectives as a whole.
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Klein and Myers (1999) stress one part of qualitative research as that of
multiple interpretations. For interpretative research, this is discussed
regarding understanding conflicts related to values by examining influences
from the social context. The norms and values in organizations and
departments vary, depending on e.g. organizational culture. On an overall
thesis level, the goal with multiple interpretations is attached to the usage of
various organizations for the included studies, and even by using
respondents from various organizations in the last study. Despite this, there
is a dilemma in the choice of responding organizations for research, as they
tend to be positively interested in the research problems, especially as
participants in a research project. The multiple interpretations can, therefore,
be hard to get hold of. Here, one included study, #2, gives the opposite view
of DTTI’s role in organizations.

Klein and Myers (1999) describe the interview situation as social interaction,
which could be described by the respondent’s and interviewee’s changed
opinion. For this thesis, there are some glimpses of the critical reflection, based
on the description of the researcher’s increased knowledge about both the
domain area of DTI as well as how to conduct research. The critical reflection
on the interview situation, rarely described in the Information Systems field,
is occasionally mentioned here. One situation is for example at Beta, where
the three initial interviews had a few interesting stories to tell about the DTI
and its benefits. Therefore, two interviews were added to this study. Another
problem in this thesis is the individual work of the researcher and thereby the
problem to get feedback on the social interaction and the interviewer’s impact.

The analysis was mainly conducted by the researcher working alone, thus
creating continuity throughout the thesis but adding a few additional
interpretations. The studies have all been analysed in a circling back and forth
to add interpretations by the researcher, based on the human understanding
regularly moving from the small parts to the overall picture (Klein & Myers,
1999). Built into this process of analysing material for a thesis are several
quality checkpoints which added those additional perspectives. Such input
came from supervisors, knowledgeable external auditors within the field, and
other knowledgeable researchers. One part covered in the analysis is the DTI
and its characteristics. Despite covering a broad range of digital information,
the coverage here has its limitations. The limitations are, for example,
product’s life cycle phases, whereas the broad range could be pointed out as
including the broader scope of manufacturing organizations. Despite these
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limitations and the broad range, the chosen DTI does fall within the frame of
what is viewed as DTIL.
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6 Conclusions

This thesis aimed at describing the benefits of Digital Technical Information
(DTI), in the context of manufacturing organizations. The problem related to
this aim was founded in DTI as commonly used information firmly attached
to a product and the organization’s internal focus on the product.
Understanding the benefits could, therefore, be one way forward to develop
and manage the DTI further. The following research questions govern this
thesis:

What are the benefits of the DTI?
and

What are the perceptions of how to measure benefits of DTI?

The identified benefits show that there is need for a systematic identification
process, including knowledge relating to when the DTI is published and
beyond as well the aim for publishing the organization’s strategic and
operational goals with the manufacturing process. Primarily shown is that
there are benefits from DTIL both shared benefits, such as knowledge transfers
within the organization and benefits related to the context of the
organization’s manufacturing process. The benefits are further analysed in the
context of the product’s life cycle phases, the product, the DIT’s structure,
predetermined/emerging, and strategic/operational goals. The product’s life
cycle phases show that most benefits are recognized in the product’s life cycle
phase when the DTI is published, however it continues to offer benefits in
other of the product’s life cycle phases. The benefits’ relation to the product
does evolve during time, initiated as supporting an individual product and
evolving to support a product line or all products in the organization. The
structured DTI adds benefits, such as synthesized DTI used for reaching the
organization’s strategic goals. The emerging benefits are often made use of by
the organization’s informed co-workers, who use DTI for supporting work
tasks from a knowledge perspective.

The perceptions of how to measure the benefits of DTI show that there is a
knowledge gap between academia and the findings. There is a common
understanding on the initial phase, highlighting common interpretations.
These include, e.g.,, how to interpret what counts as a benefit, what is
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considered for measurement, and what is the goal of measuring. Furthermore,
DTT’s benefits are perceived as intangible, however research shows various
ways to measure them. The findings show two views on measuring: the
doable and not doable. The doable path is that benefits can be measured while
they show efficiency, limiting the benefits that can be measured. The not
doable path is based on the view that intangible benefits cannot be shown in
financial terms.

The thesis contributes to research about DTI where practitioners can gain by
managing, developing, and formally evaluating the benefits. The formality of
understanding the benefits and measurements could imply that the DTI can
be compared and communicated. The research gives foundation for a
systematic evaluation by showing how to identify DTI's benefits, where, e.g.,
the contribution of all co-workers using DTI is of importance. In addition, it
is shown that there is a knowledge gap with regard to the measurement
process, which can be remedied by research showing that there are ways to
measure DTI's benefits. For academia, the thesis contributes by the discussion
on the perspective of intangible benefits, which can be questioned by research
showing that intangible benefits can be included in a measurement process.

6.1 Future research

This thesis provides several implications for future research. One such
proposal is to continue to work to understand how to identify benefits. This
thesis describes several successful ways to identify DTT’s benefits such as via
interviews or surveys. The problem with granularity is also discussed, e.g.,
when comparing benefits across organizations or for evaluation purposes.
The level of granularity differs, e.g., based on the conducted interviews and
the following analyses. One example is the number of found benefits as well
as the level of details. Understanding how to approach granularity could open
up for studies collecting more empirical data than, e.g., in this thesis.

Another proposal for future research is to further investigate DTI's benefits in
terms of its characteristics. Here, the findings show that there are variations
in the benefits related to the characteristics, such as the relation to the product
and the product’s life cycle phases. The DTI characteristics are not well
investigated in previous research, and therefore a deepened investigation
could add to our understanding of the complexity by giving more interesting
details to the development of the DTI. Further understanding of the relation
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to the product and the product’s life cycle phases and adding the perspective
of reuse could give rise to interesting benefits as well as developing new
services based on the DTI.

The third proposal for future research is the understanding of intangible
benefits. Emphasized in previous research, e.g. in Kim et al. (2010), is the
problems of measuring intangible benefits. In Ahlin (2019), I show several
ways of measuring intangible benefits by desktop research. For example,
Ward and Daniel (2012) use a scale from observable to financial for describing
how a benefit can be measured. Therefore, is it of interest to further investigate
intangible benefits. Examples of interesting research focus are if there are any
intangible benefits or if a scale approach, such as Ward and Daniel (2012)’s, is
the appropriate way forward.

A fourth proposal for future research is to continue the work with measuring
the DTI's benefits, described both in this thesis and in Ahlin (2019). The
conclusions from these two sources do not offer any support in the choice of
a particular organization or context. What is revealed is a profound
knowledge among the respondents on how to measure DTI's benefits, which
suggests that there could be possible ways forward. Of interest could,
therefore, be to design measurement methods for DTI benefits based on
requirements from organizations in various contexts and test the designed
measurement methods. The measurement methods could thereby be
evaluated, and knowledge increased in organizations. Ways to conduct such
studies could be by using Design Science Research (DSR) (Hevner, March,
Park, & Ram, 2004) and designing measurement methods based on
organizations’ requirements. Another approach is using a mixed method
research design. Therefore, I call on further research for understanding how
to measure DTT’s benefits, such as the impact of the context when it comes to
choosing measurement process.
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Appendices

Included in the appendices are the interview guides from all studies,
mentioned as Appendix 1 etc.

Appendix 1

These are the interview questions from the study at Alpha, focusing on the
research question:

“Which are the benefits of the Configuration Management (CM) process in a
manufacturing organization?”

Question set Interview questions

General questions What is your organizational role?

For how long time have you been working in
the organization?

Configuration What is the connection between your
Management organizational role and Configuration
Management?

What does Configuration Management
mean to you?

Describe the Configuration
Management Process. In your opinion,
is it well documented?

What is the organizational structure for
configuration management?

How well do the information systems
support your work tasks?

Configuration Management How is configuration management
benefits contributing to your team?
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Organisational aspects on
Configuration Management

In order to fulfill organizational goal or
be more efficient; what is the
contribution  from  configuration
management?

Do you measure configuration
management in any ways?

Other organizations refer to your
configuration process as best practice; do

you know why?

How is the configuration process evaluated?

Is it any communication from management
about the configuration process and if; how

is it done?

How does the organization look upon

configuration management?

Has the organization changed view on
configuration management now or in the

past?

What improvements can be done in the

configuration management process?
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Appendix 2

These are the interview questions from the study at Beta, focusing on the
research questions:

"What are the added activities adding benefits in a DTI production process?” and

"How can efficiency be measured in a DTI production process?”

Question set Interview questions

General questions What is your organizational role?

For how long time have you been
working in the organization?

What is your previous experience of
DTI?

The DTI production process What is the connection between your
and its development working role and the production
process?

What is your view on DTI? Both what it
consists of and the reputation of it.

Do you think that the DTI production
process is well documented? Is it correct
documented?

In your opinion — what should the
production process look like? Who
decides about the process?

How do you, or the organization, find
the customer’s requirements (both

outsourcing and end customer)?

How is the development of the process
done?
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DTI production process

DTI  production
effectiveness/efficiency

DTI  production
measurements

process

process

How is knowledge exchanged between
the two parts in the process?

What are the benefits of DTI?

In which activity/activities are customer
benefits generated?

In which activity/activities are waste
generated?

Do you think that the right things are
done in the DTI production process?

Do you think that things are done right
in the DTI production process?

On what base is the process measured?

Which are the measurements?
How do you think that the

measurements should be to develop
more customer benefits?
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Appendix 3

These are the interview questions from the study at Gamma, focusing on the
research question:

"Which are the benefits DTI creates throughout the manufacturing process?”

The study is four-fold, containing interview questions during a tour of the
DTI production process, the group interview, the individual interviews at C-
level, and the follow-up interview. Presented first are the interview questions
for the tour at the DTI production process and group interview, held
immediately after the tour.

Question set Interview questions

DTI production process What is the purpose with your work
activity?

Why do you start your work activity?

What input is required when you start
your work activity?

What do you do at your work activity,
chronologically?

What do you need to accomplish your
work activity?

What is the output of your work activity?

What benefits are created in your work
activity?

If you did not do your work activity, what
would be the result of that?

Group interview questions Which are the overall benefits that are
created from the process?
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To whom are those benefits created?
How can we rank those benefits?

How can those benefits be
communicated?

How can we show that those benefits are
created

A third part for the empirical part in this study was semi-structured
interviews with persons on the C-level, like CFO, who are members of the
organization’s management group.

Question set Interview questions

General questions What is your organizational role?

For how long have you been working in
the organization?

What changes has happened, related to
DTI, since our last interview?

Confirmation of benefits Which benefit and stakeholders are
related to the DTI?

Have you been working with
measurements related to the benefits?

Which are the ideas about future work
with DTI?

Who needs to give the notifications?

Requirements on notifications How precize must the notifications be?
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What can a qualitative notification look
like?

What can a quantitative notification
look like?

How often does the receiver of the
notifications need it?

The fourth part of this study included a follow-up interview to confirm
found benefits.

Question set Interview questions

General questions What is your organizational role?

For how long have you been working in
the organization?

What changes has happened, related to
DTI, since our last interview?

Confirmation of benefits Which benefit and stakeholders are
related to the DTI?

Have you been working with
measurements related to the benefits?

Which are the ideas about future work
with DTI?
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Appendix 4

These are the interview questions from the study at Omega, focusing on the
research question:

“How can benefits of DTI be measured? ”

This study is two-fold including a first part with individual interviews
forming the basis for the second part, the group interview.

Question set Interview questions

Intro questions What is your organizational role?
What is your project role?

How long time have you been working in
the organization?

Artefacts and tools that you use In what way do you use the DTI?
during your daily work tasks

How often do you use the DTI?
What would you do without the DTI?

How do you use the DTI in collaboration
with your project members?

Your experience of pros and cons from
other project using the same kind of DTI?

Opinion on the actual What benefits does the DTI create for
intangible benefits of the DTI  you?

Why and when do you experience them
as benefits?
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Opinion of what you would
want as an intangible benefit
of the DTI

Closing Question

How much do you value the DTI in
financial terms?

Does the organization use any method to
associate value to digital information?

The pros and cons with the DTI in
perspective project collaboration?

What are your future requirements for
DTI?

Why do you need these requirements?
To whom are they beneficial?

How can they be implemented?

What is your formal background? (Level

of education, years they have worked in
this role or a similar role)

The second part of this study included the group interview.

Question set Interview questions

Confirmation of benefits

From the described benefits of DTI, which
of them do you agree upon?

Do you miss any benefit of the DTI?
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Relating the benefits to For each benefit — how do they relate to

Boundary Object Theory

Evaluation of findings and test

the syntactic, semantic, and pragmatic
view?

How do you view our findings?

How wuseful is this test for the
organisation?
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Appendix 5

This appendix includes the mixed method study based on the research
question:

"What is management’s view on DTI as an internal resource? ”
and
"Do managers view DTI as less valuable in comparison to its products?

The first part was conducted at Rho, including individual interview questions.

Question set Interview questions

Intro questions What is your work role?
In which industry is your organization
located or in which industries are you

working as a DTI consultant?

How many employees are working at
your organization?

The organisational perspective What does your organization perceive
on DTI as DTI? What does organizations in
general perceive as DTI?

Is the DTI mainly digital or analogue?

How is the DTI connected to a product
or a service?

How is DTI produced and by whom?

Managers’ views on a valuable Does management talk about DTI?
resource

Is DTI connected or mentioned in any
kind of organizational strategy?
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Managers’” perspective

benefits of DTI

on

Managers’ perspective on DTI

in  comparison
product/service

to

the

Is DTI viewed as adding efficiency
and/or effectiveness to the organisation?

Is DTT owned by the organisation?

Are Dbenefits of DTI mentioned,
communicated, described or visualized
in your organisation?

In what perspectives do the
organization view benefits? (Anything

positive, efficiency, effectiveness etc).

Are the benefits of DTI valued in
financial terms?

What happens when DTI is not
produced on time?

What happens when DTT is lacking?
In your opinion, what is your

management’s view on DTI?

Is DTI valued more, equal, or less than
the product/service it is connected to?
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The second part of this mixed method’s study includes the questions from the
survey and alternatives for answers.

Survey questions Alternatives for answers

Who are your main customers?  One choice: (1) Other businesses, (2)
Private customers

How would you describe the Scale ranging from “low complexity” to

complexity of your main “high complexity” (the steps are low,

products/product groups? middle, and “high complexity” or “no
answer”

Is the DTI mentioned in any of One choice: (1) Yes, (2) No, or (3) I do not
your business strategies? know

Is the DTI produced at its own One choice: (1) Yes, (2) No, or (3) I do not
department? know

Do you wuse DITI in the Scaleranging fromno to “toalarge extent

organization for efficiency? “(the steps are no, “to some extent”,
largely, “to a large extent “, or “no
perception”

Do you think the DTI only is Scale ranging from no to “solely a cost”
costly to the organization? (the steps are no, “to some extent”,
largely, or “solely a cost”

Do you wuse the DTI to One choice: (1) Yes, (2) No, (3), I do not
manufacture your products? know, or (4) The DTI is not produced for
our manufacturing process

Do you think you are able to Scale ranging from no to completely (the

produce your products without steps are no, “to some extent”, largely,
DTI? and completely
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Do you think that it is possible
to sell your products without
DTI?

Which are the benefits of DTI?

How do you consider DTI the
organization's view of DTI in
comparison to the products you
manufacture?

Do you have the same term on
technical information within the
organization?

Do you own all your DTI?

Scale ranging from no to completely
(steps from no, “to some extent”, largely,
and completely)

Multiple choices: (1) DTI improves our
support, (2) DTI is required for legal
reasons, (3) We use DTI internally as
knowledge carrier, (4) DTI is our only
source of information for the product, (5)
DTIimproves our manufacturing process,
(6) DTI is not beneficial at all, and (7) other
benefits (free choice)

Scale ranging from “of no value” to “more
valuable than the product” ( steps from
“of no value”, “slightly less valuable than
the product”, “as valuable as the
product”, or “more valuable than the

product”

One choice: (1) Yes, (2) No, or (3) I do not
know

One choice: (1) Yes, (2) No, or (3) I do not
know

196









INTERNATIONAL DESIGN CONFERENCE - DESIGN 2012
Dubrovnik - Croatia, May 21 - 24, 2012. p—

DESIGN 2012

INTRAORGANIZATIONAL BENEFITS FROM
PRODUCT CONFIGURATION INFORMATION - A
COMPLEMENTARY MODEL

T. Persson Slumpi, K. Ahlin and L.-M. Oberg

Keywords: Benefit, intraorganizational, configuration management

1. Introduction

The configuration management (CM) of products has a long tradition and includes management of the
way hardware, software, and information are configurated internally as well as in relation to one
another (e.g. Larmour and MacLean, 1995). Despite the long tradition, there are indications among
practitioners that the benefits CM contributes with still are not clearly expressed. For example CM
practitioners we are cooperating with identifies the identification of benefits of CM as particularly
critical in order to strengthen CM’s position in the organization and increase its impact. This
communicates that within a Swedish context CM has a rather weak position. To some extent this can
be related to CM being a complementary process which are needed in order to make other processes
work effectively [Sorqvist, 2004], hence CM becomes more or less invisible. Another potential reason
could be that CM to a large extent concerns management of information which can be difficult to put a
price tag on. The information that is managed could for example be engineering information (EI) that
has a focus on the design process and can, according to Storga, Marianovic and Savsek, [2011] be
sketches, drawings, notes, and meeting minutes. Some of this information are later formally recorded
in technical reports and other engineering documentation such as CAD-models, production drawings,
calculations, installation instructions, user guides etc. [Storga, Marianovic and Savsek, 2011]. The
formalization of EI can roughly be translated to the definition of technology information (TI) provided
by Oberg [2007]. A concept that to some extent includes both EI and TI is product configuration
information (PCI). PCI is defined by the Swedish Standards Institute (SIS) as “requirements for
product design, realization, verification, operation and support” [SIS, 2004, p. 6]. More specifically,
PCI includes requirements, specifications, design drawings, parts lists, software documents and
listings, models, test specifications, maintenance, and operating hand books, and should also be
relevant and traceable according to SIS [2004].

A additional potential reason for the weak position of CM is that there is limited research on
CM, and a lack of academic engagement according to Huang and Mak [1998] and Burgess et al.
[2005]. Searching in the topic field in the databases of Science Citation Index Expanded with the
search string: “configuration management” AND benefit* generates 63 hits. However, few of them are
explicitly discussing the benefits of CM and none is discussing the benefits of PCI. This supports the
claims of Huang and Mak, and Burgess et al.

Even though there is limited research on benefits of CM, potential benefits can be identified in
for example different definitions of CM. For example in Leblang’s [1994] definition of CM a benefit
like control, mainly over the configuration of the product and potential change activities related to the
product, can be identified. Also in the most progressive part of CM research, in the area of software
and software development [se, for example, Conradi & Westfechtel, 1998, Sarma et al., 2003],
benefits can be identified. For example in the definition of CM found in IEEE’s Standard Glossary of



Software Engineering Terminology [1990], benefits like control, not only in relation to the
configuration and change, but also in relation to functional and physical characteristics, can be found.
Also that the designed product is in compliance with the requirements specified can be argued to be a
benefit. Drawing benefits from more general definitions of CM is one thing, but there are more
focused discussions concerning benefits of CM in for example Krikhaar et al. [2009] and in the report
produced by the Aberdeen Group [2007]. We will discuss the above identified benefits further on in
this article. What however struck us was that so far we have not been able to find a model that takes a
more holistic approach to benefits related to CM, and especially that recognizes the potential benefits
the information related to CM like PCI can generate. Hence, the aim of this article is to develop a
model that takes into account previous identified benefits as well as adding benefits identified in a
study specifically targeted on this matter, with a certain focus on the information aspect.

2. Towards the development of a model — the method

The basic steps of the development of a model have been as follows:
e Investigate identified benefits in a literature review of scientifically articles and reports
e Investigate identified benefits by practitioners, in an interview study, in one company with
complex products, containing hardware and software
e Compare identified benefits
e Discuss similarities and discrepancies
e Develop a model

The literature review

The collecting of articles and reports for the literature review was done by using Google Scholar
[Google, 2011] and Science Citation Index Expanded (SCIE)[Web of Knowledge, 2012].The
keywords used and combined in this search were Product configuration management’, "Software
configuration management” and "Product configuration information ~ in combination with “benefit’.
As was discussed in the Introduction very few articles and reports were identified in this process. The
ones that seemed relevant have been analyzed and the expressed benefits of CM have been extracted.
The result from this analysis was a set of benefits that became the base for the coming benefit-model.

The interview study

The next step was to identify benefits identified by state of the art CM practitioners, at least according
to other Swedish CM practitioners. The study was conducted as an activity in a work package (WP)
within the EU funded project Technical Information Centre II (TIC II). TIC II engages practitioners
within the TI industry as well as researchers with an interest in the production of TI. The particular
WP where the study took part focused on CM in relation to TI. Prior to the study reported on here, the
participants within the WP had been engaged in a problem identifying sessions concerning CM. The
key result of this session, as was discussed in the Introduction, was that the participants identified
arguments related to the benefits of CM to be crucial to identify. An interview study was launched
with the participants in the WP in order to make an inventory of possible benefits as well as testing
different questions to be included. The result of these activities was a set of areas to be investigated
with adhering questions. The areas were: (1) general questions about the respondent’s organization
role, (2) the respondents’ definition of CM, (3) benefits of CM, and (4) organizational views of CM.

Research setting

The company, in which the interview study was conducted in, hereafter called Alfa, belongs to a
global concern which employs around 12.500 people. The concern is divided into five business areas;
aeronautics, dynamics, electronic defence systems, security and defence solutions, and support and
services. Alfa works with production and maintenance of electronic defence systems, mostly radar
systems and employs 2.000 people.

At Alfa product development almost always has its base in existing products, and the
development is rather to customize each delivery in correspondence with the wants and needs of a



customer. In near future different base products will be used in the production and customers offered
different product options.

Alfa started to use CM fifty years ago due to the fact of a huge spectrum of different products. Today
information needed for the configuration process is digitalized in different systems, several only used
by one department, and one central system. The central system is updated when the design process
starts and also when any product changes are made. External stakeholders interested in prepared
documents are often subcontractors, auditors or users.

Research design

The interviewees, seven altogether, were selected in accordance to their working role’s contact with
CM. Other affecting factors were that they upheld a middle manager role and were representing
different departments at company Alfa. Besides being middle managers the interviewees had different
roles like development project manager, team manager software development, team manager customer
support, team manager customer documentation, team manager mechanics construction, process
coordinator configuration.

The interviews conducted with these middle managers were recorded and transcribed. As supporting
analyze software, Nvivo9 was used. The empirical material was analyzed by importing the transcribed
material into the database of Nvivo9. In the analysis different categories were used like Benefits or
CM process. The coded material based the foundation for the empirical presentation. The material was
also analyzed by the researchers reading through it repeatedly looking for any benefits the
interviewees mentioned that could be related to CM or PCI. One overarching assumption was that all
benefits were seen as benefits; no matter how many of the interviewees it was identified by and during
what circumstances. However the analysis process actually started much earlier, already in the
interview sessions, and it was here the topic of this article first was identified.

3. CM and benefits — review of related research

Benefits that add value to the individual work also are of benefit for the organization as such [O’Shea,
2009]. Ward and Daniel [2006] mean that benefits are reached by increasing the performance of
individuals or groups in the organization in their work role, or increasing the performance of the whole
organization. One way of increasing benefits are by fulfiling requirements of the most important
stakeholders and thereby satisfy the great mass. The most pragmatic challenge with benefits is
however to measure them, because without any measures it is difficult to argue any benefits.
According to Ward and Daniel [2006] benefits can either be measured in economical values or in more
subjective values. Lagsten [2009] gives the intangible evaluation methods more pragmatic advantage
due to organizational education situations and openness towards stakeholders.

The benefits identified in the Introduction, “control”, “change management”, and “design in
compliance with the requirements specified”, can also be found in the articles we have identified.
Starting with “change”, this benefit is further emphasized by for example Burgess, et al. [2005] when
they argue that the importance of managing change with CM is due to meet the needs of changes
across a product life cycle. These changes are implemented in an increasingly higher pace, and it is
also the case that the products are becoming increasingly complex and are produced in an increasing
higher pace [Stock, Weber and Steinmeier, 2005; Storga, 2004]. The importance of managing change
is also visible in Estublier et al., [2005] discussion concerning the importance of CM for software, as
software of today is more complex, has a longer lifespan and more often is life critical. This points
towards that CM at least in relation to change can generate some benefits. However, to be able to
manage change is it important to know what the product will look like (design), is looking like
(production), and will continue to look like (support) [Burgess et al., 2005]. Dart [1991] puts it in
another way and argues that CM contributes with visualizing the structure of a product where
components are identified and where it is possible to find out what makes a product unique. This
discussion can be related to one of the other benefits of CM, namely control. Control is explicitly
stated as a benefit by Krikhaar et al. [2009] as well, however, as control is the benefit that often is
highlighted CM has got a “bureaucratic” stamp according to them.



Dart [1991] also points towards one of the benefits identified in the Introduction namely that the
design should be in compliance with the requirements specified. She phrases it as the configuration
being a hierarchy of components and this makes it possible to control all deliveries against the
configuration schema

A majority of the discussions related to benefits of CM are centred on the above identified benefits.
However, there are an additional number of benefits that have been identified. Krikhaar et al [2009]
for example argue that through supporting of efficient building and testing of correct configuration
which is done by for example reduced rework and efficient problem solving - CM is an enabler for
system evolution. They also, with examples from medical device industry, illustrate an example of
CM being important when it comes to being able to demonstrate how a product been produced (quality
assurance). This is also a requirement of the European Machinery directive. Bershoff [1984] further
argues that one important benefit with CM is that it supports project management. Finally the
Aberdeen research group published a benchmarking report in 2007 where they argue that “quality,
time to market, and costs are top pressures driving companies to improve configuration management
“[Aberdeen Group 2007 p. 1]. The identified benefits can so far be summarized as in Table 1 below.

Table 1: Summary of benefits identified in related research

Order and control Krikhaar [2009], Leblang [1994], IEEE [1990],

Burgess et al., [2005], Dart [1991]

Change management Leblang [1994], 1IEEE [1990], Burgess, et al. [2005]

Design according to specified requirements Dart [1991], IEEE [1990]

Enabler for system evolution Krikhaar [2009]
Supporting management Bershoff [1984]
Supporting product assurance Bershoff [1984]

Product quality improvement

Aberdeen Group [2007], Ikeda and Akamatsu [2004]

Time to market improvement

Aberdeen Group [2007]

Development cost reduction Aberdeen Group [2007]
Supporting efficient building and testing of correct Krikhaar [2009]
configuration

Quality assurance Krikhaar [2009]
Sharing information within a team during the product | Krikhaar [2009]

life-cycle

The benefits summarized in Table 1 overlaps to some extent even though they are labelled differently.
For example order and control and CM’s potential to support management are similar and could hence
be discussed in relation to one another. Other examples are product assurance, design according to
specified requirements, product quality improvement, and quality assurance could be related to one
another; as well as change management, PCI and CM as enabler of system evolution; and development
cost reduction and supporting efficient building and testing of correct configuration. These groups of
benefits are difficult to clearly separate from one another and can therefore be discussed as groups
instead of single benefits.

A reflection related to the literature review is that a majority of the benefits have been identified
within the context of the software industry. Only Burgess et al. [2005] are not departing from the
software industry. There are arguments that CM for software and hardware has evolved kind of
isolated from one another [Krikhaar et al. 2009, Persson Dahlqvist et al. 2004]. Krikhaar et al. [2009]
argues though that there are some differences between hardware and software CM. The most
important difference is that software is more manageable which means that it is easier to make
changes within software than in hardware. A lot of research and practical work is though going on
when it comes to solutions and methods that are applicable in both software and hardware [Kirkhaar et
al. 2009; Asklund 2001].

4. PCI, CM and benefits — the interview study

In the interviews conducted we could identify several different benefits that, to some extent overlap,
with the benefits identified in the literature but also diverge from it. In this section we compare the



benefits identified in the literature study with the ones identified in the empirical study to be able to
identify benefits that are not overlapping. However, we start this comparison by identifying the
benefits that overlap.

Benefits that overlap

Order, control, and supporting management

One benefit that seems to permeate any discussion concerning CM is order and control. Upon asking
the interviewees about what benefits CM contributed with, everybody ascribed CM to contribute with
order and control over what product that had been delivered and the configuration of that product, etc.
To emphasize this follows some quotes:

“For me it is how we manage the products that we have today. Why do they look like this, and also
what can respectively part in a product do. And how do we know what is going on. That’s what
configuration management is for me”. (Team manager customer support)

“That we have control on which revision the customer has and when we are about to update them we
have control what new revision it should be updated to; we have control on the status of the product,
the documentation” (Team manager customer documentation)

“They feel that they have something to back them up when responding to the customer and when they
send stuff. They know that they do the right thing.” (Team manager customer support)

In the above quotes the importance of generating and managing information through CM is to achieve
control and order, becomes evident. As it is indicated in the quotes the information serves as evidence
on what has been delivered to a particular customer. It also generates a description on why the
delivered product has a particular configuration and what the different parts contribute with. This is
further emphasized in the following quote concerning traceability:

“I think it is obvious. Everything has a label that is traceable to what it is and how matters stand. It is
a unique system, but very powerful.” (Team manager software development)

Change management and enabler for system evolution

As it is indicated earlier in this article the design process at Alfa almost solely departs from an existing
product that either are improved and/or adapted to the requirements of a customer. Rarely, it is the
case that something completely new is designed. This is emphasized in the following quote:

“Rarely do we produce something completely new. What we do in nine cases out of ten is that we
depart from something existing. And then we do a new version from that.” (Team manager software
development)

Hence, managing change and how the systems evolve are crucial. This is emphasized in the following
quote:

“Some customers demand that we must report any changes after a certain point. For example if you
have a customer who has ordered radar systems to ten boats, and then they are not supposed to be
delivered all at once. You will deliver one or two and another one a year later or two. It is a very long
deliverance plan. And then you become sensitive to changes in the configuration. They want all ten
systems to look the same, something they will never do because things disappear or must be replaced.
They want us to report any changes and explain why. And then we explain our system.” (Project
manager)



The above is further discussed related to the guarantee of a product:

“Often you have a guarantee phase that lasts a number of years. Then you have a direct connection to
the customer and then you have to take it in the product. Then you have a version that is delivered to
the customer and the development is a couple of versions further away. Then it’s partly about solving
the problem at the customer and then to implement it in the product in a controlled fashion for the
Sfuture”. (Project manager)

Product quality improvement, quality assurance, design according to specified requirements and
supporting product assurance

In the empirical material there are indications that CM is used in order to assure and improve the
quality of the products. One example is the following quote:

“But it gives us control on what we have done, and it also gives us that we can return to something
that was good, we also know what wasn’t good.” (Coordinator configuration process)

The importance of CM for assuring the quality of the product is further emphasized in the following
quote:

“Then CM is a big part, we must deliver the right things, we cannot build something with the wrong
configuration, containing the wrong code and stuff. These things we get back and affect our results
negatively. We must know what has been sent to the customer, we have CLS-agreement. We have
agreements concerning spare parts and service and stuff, for a long period of time. We must know
what parts to bring along when we travel across half the world.” (Project manager)

The persons that have been interviewed also express some frustration when it comes to how the
company succeeds in using the potential that they believe CM has. They think that a more active
organization could use the information in a more proactive way to be able to improve the products
even more, hence assure its quality.

Development cost reduction and supporting efficient building and testing of correct configuration

That CM has a favourable impact on reducing development costs is expressed by several of the
interviewees. The empirical material shows a number of examples where CM reduces cost when it
comes to development of products.

“Can we reuse instead of constructing new all the time, and then we make money.” (Coordinator
configuration process)

“We can benefit from it during manufacturing, we can see what editions there are; we can see what
different parts the product is constituted of that we can replace with parts that are new developed
containing new functions, etc.” (Team manager mechanic’s construction)

“We don’t want to do that. Because we have our version managing system we have the possibility to
have a product developed just for this. If you can further develop to more functions, more
opportunities, to create a broader customer base, we can put it into several different projects, but it is
still the same product. This is what really the big gain is. And everything is connected to our version
managing system that we have. We can further develop and add new functions without removing
anything old. This makes that even though we sold it as the first version we can resell it as a spare
part in the twentieth version and it still manage to do the same thing.” (Coordinator configuration
process)



Sharing information within a team

The benefit of CM for sharing information within a team was expressed in the interviewees, but not as
clearly as the cost reduction. One of the interviewees, however, described this in the following
manner:

“Yes, of course it does. If everyone gets, within the assignment one has, if you know where to find the
information, so of course. Then you're not dependent on one person, you don’t have to talk to the
neighbour. If the neighbour isn’t there you still know where to find the information. This could of

course be achieved by storing all the documents in one place. That’s a bonus. However, I think that we
create a person independency with our order. That is probably one of the big things.” (Coordinator
configuration process)

Benefits that do not overlap

Time to market improvement

Only one benefit identified in the literature could not be found in the empirical material namely, time
to market improvement (Aberdeen Group, 2007). The reason for this is probably due to the products
the company is manufacturing and the market they are competing on, rather than on the relevance of
the benefit as such. There is very little competition on this market hence time to market becomes of
more or less no importance at all.

Base for aftermarket design

When it comes to the benefits of base for aftermarket design discussed in this section and common
language for design discussed in the next section these benefits were by the interviewees closely
related to what we in this article labels PCI and not CM in general.

Alfa is offering the customers the service of delivering spare part within three days at the latest. Living
up to the agreement requires that Alfa has spare parts in storage but also information of what version a
customer has and if it could be replaced with some other version. But it is not just about the service of
delivering spare parts to new systems. Alfa also offers long service agreements spanning over many
decades as is indicated in the following quote:

“When we still today can repair or manufacture parts for a forty-year-old system, and still knows
exactly what to do it is a good system.”” (Coordinator configuration process)

Again the information is crucial to be able to deliver according to this agreement. The information also
gives Alfa a potential opportunity to do new business with the customers by knowing the customer’s
systems and being able to argue that the systems need to be replaced as is indicated in the following
quote:

“[...] this customer has really old systems and product management can go to the market department
and say: "Here, they have really old systems; we could sell something new to them. Why don’t we do
it? ’(Team manager customer support)

This potential is however under exploited for the moment.

Common language for design

Within the company Alfa, CM has been used for a long period of time this has made that the chosen
ontology’s and how the structure been designed is well known. A positive side effect of this is that the
communication is more effective, both when it comes to communication between different actors and
within groups. The following quotes visualize this:

“Yes I do. Because I can go to a construction instantiation and say what I need. We're talk about [ ...],
and yeah everyone knows that it is that cable. That I would say. Otherwise I had been forced to bring
a picture to show all the time, or accessing the system and show in the computer what the cable looks



like or in a catalogue. It is a language [ would say. To me, going into the ELFA-catalogue it is a
number instead. But they have also had logic in their numbering instead. There are those who buy
from ELFA and they know the numbers as well. But the language makes it easier.” (Team manager
customer support)

“Yes, definitely. If I say that I need a [ ..] on this product, do you have it and can you send it to me?
Then they know exactly what type of information I want as well.” (Team manager customer
documentation)

PCI was identified as a benefit that earlier more or less has been overlooked in research on CM. At
least there is little research to be found related to PCI in general and PCI and benefits in particular.
The contribution of this work is to identify information as a crucial part and generator of benefits in

relation to a product.

The differences and similarities between the empirical result and the benefits identified within
literature are summarized in Table 2 below.

Table 2: Benefits of CM in theory and practice

Benefit

Order and control + Supporting management Confirmed
Change management + Enabler for system Confirmed
evolution

Design according to specified requirements+ Confirmed

Product quality improvement + Quality assurance+
supporting product assurance

Time to market improvement Not confirmed
Development cost reduction+ Supporting efficient | Confirmed
building and testing of correct configuration

Sharing information within a team during the Confirmed

product life-cycle

Base for after-market design Identified within the empirical data
Common language for design Identified within the empirical data

As Table 2 suggests many of the benefits identified in earlier studies also are confirmed by the
practitioners in our study as well. However, as was mentioned earlier in this article, previous research
has not discussed the role the information related to the CM process might play. In our study it became
clear that PCI can contribute with benefits earlier not recognized related to aftermarket design but also
as a language that can be used during design. Hence we suggest that a model of benefits related to CM
really should be a model of benefits related to CM and PCI. In Table 3 below we outline a model
which distinguish between the benefits of CM (process) and PCI (information).



Table 3: Benefits of CM and PCI

Benefit

Order and control + Supporting management Confirmed
Change management + Enabler for system Confirmed
evolution

Design according to specified requirements+ Confirmed

Product quality improvement + Quality assurance+
supperting product assurance
Time to market improvement Not confirmed
Development cost reduction+ Supporting efficient | Confirmed
building and testing of correct configuration
Sharing information within a team during the Confirmed
product life-cycle . - . Base for after-market | Identified within the
Product Configuration Information Identified ’—:> design empirical data
within the - —

. Common language Identified within the

empirical data for design empirical data

Discussion and conclusions

The research reported on in this article departed from a call for identifying benefits of CM by
practitioners in CM. The aim of this article was to develop a model that takes into account previous
identified benefits as well as adding benefits identified in a study specifically targeted on this matter,
with a certain focus on the information aspect. In Table 3 above we summarized the benefits identified
both in earlier research and in state of the art practice, and distinguished between benefits related to
CM in general and to PCI in particular. Hence, this model does not just contribute with a set of
benefits that practitioners can use in order to strengthen CM’s position in the organization and increase
its impact. It also provides research with an analytical lens through which CM practice can be
analyzed through. Important to remark is that the results still should be seen as explorative in its
nature. The benefits identified in earlier research must be scrutinized through the provided lens of the
suggested model in order to more thoroughly position them as belonging to CM or PCI. This because
the earlier identified benefits was not used when the questions for the study were developed. The
model could therefore serve as a base for further studies where the benefits could be used for more
explicit questions about benefits.

Further on the model could be developed to become useful to managers at different levels to describe
the benefits of PCI. The model then has to be further elaborated when it comes to how those benefits
are related to each other. Another area of interesting research would be to compare this result with
empirical data from small and medium companies since this data set is collected from a large group of
companies. Finally, we think that through this explorative model of CM and PCI it can be concluded
that PCI is seen as a valuable resource at the management level.
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Abstract

While information technology enables us to access more material than ever before, we need to
come to grips with the disagreeable fact that data is not information. Sharing data without
safeguarding comprehension may lead to confusion at best and disaster at worst. The issue at
hand is one of ensuring semantic interoperability between actors from disparate contexts.
Research into this problem is plentiful, but typically focused around specific subject matters,
limiting its appeal to a limited range of scholars and practitioners. Based upon a literary study,
we identify two extreme approaches to managing semantic interoperability. These are denoted
top-down and bottom-up. We illustrate real world instances of these approaches using the
TFI-model based on a case study encompassing two organizations. Our theoretical model is
found to be a viable lens through which to generalize and interpret issues pertaining to
semantic interoperability between human actors. We therefore see a need for further research
into human-based on semantic interoperability.

Keywords: Semantic interoperability, top-down, bottom-up, TFI-model, semiotics

1 Introduction

As our ability to share and process data increases, we fancy ourselves on the cusp of realizing
the vision of the ubiquitous information society. However, we must face the disagreeable fact
that data is not information and sharing does not guarantee understanding. We must learn to
distinguish between quantity (data) and quality (information) if we are ever to resolve this
dilemma. Overconfidence in our ability to transfer data can lead to serious consequences —
perhaps the most spectacular of which being the Mars Climate Orbiter that suffered
catastrophic failure due to application of English units rather than metric units in one of its
data files (NASA, 1999).

The issue of conveying information rather than data has already received significant attention
under the guise of semantic interoperability. Unfortunately, research into semantic
interoperability tends to suffer from one of two conditions. It is either rather technically
biased (Backhouse & Halperin, 2009), or it is based in a specific context which is imbued
with a nomenclature that is often quite esoteric. A search for “semantic interoperability” in
research database such as Science Citation Index Expanded yield a large number of hits
pertaining to eGovernment, eHealth, semantic web and Geographic Information Systems.
Each of these areas approaches the difficulties of semantics from their own perspective and
using their own ontology. The current trend of imbuing semantic interoperability with a
technical language puts it closer to technical knowledge than scientific knowledge, thus



limiting its potential for verification or falsification to a limited community (Boisot, 1995,
p.72-73; Popper, 1974, p.81).

From a management perspective, the lack of accessibility means that more precious time has
to be spent absorbing data (Rockart, 1979), not to mention the risk of finding oneself at the
mercy of technical experts (Ackoff, 1967; Ross & Weill, 2002). Hence, we see that there are
advantages to approaching semantic interoperability from a general perspective to the scholar
as well as the practitioner.

Our intent is to approach semantic interoperability from an informatics perspective by
studying how it may be discussed from a semiotic perspective. Therefore, we treat semantic
interoperability not as a state of technical compatibility, but rather the ability of individuals to
derive the same meaning from a set of data. Based on our starting point, literature suggests
two diametrically opposed views on this topic; we refer to these as top-down and bottom-up.
In addition to semiotics, we describe these approaches utilizing the TFI-model which
distinguishes between technical, formal and informal aspects of the organization. An
empirical study is then undertaken in an effort to demonstrate what form our theoretical posits
may assume in practice. This is not intended to validate the premise presented, but rather to
provide an illustration much in the same manner as Hirschheim & Klein (1989).

2 Semiotics

Advances into information technology have taken us from a situation where data was
effectively tied to a limited geographical area, to one where data may be transmitted in vast
quantities to anyone or everyone (Orman, 1983). However, the increase in distance (physical
as well as cognitive) between transmitter and receiver has highlighted the inherent difficulties
in correctly interpreting data out of context (Langefors, 1973, p.242-249; Liebenau &
Backhouse, 1990, p. 25-27; Boisot, 1995, p. 93-115; Harvey, Kuhn, Pundt, Bishr &
Riedemann, 1999).

While computers and digitized data exacerbated this issue through sheer volume, it is by no
means a novel topic. The same basic issue has been extensively studied under the guise of
semiotics for the better part of a century (Liebenau & Backhouse, 1990, p. 15).

Semiotics, of which semantics are a subset, is the study of signs and how they facilitate
communication. Semiotics may be divided into four components: Empirics, syntactics,
semantics and pragmatics (Liebenau & Backhouse, 1990, p.11-79). Empirics and pragmatics
may be further subdivided (Stamper, Liu, Hatkamp & Ades, 2000) if needed, but that level of
detail may be considered redundant for the discussion at hand.

Empirics form the basic physical components of transferring data — the medium that facilitates
transmission from sender to receiver. Syntactics provides us with rules that enable us to
impose some manner of structure upon the data which we transmit or receive. It is only with
an appropriate structure that we may process and refine data regardless of whether we are
compiling financial data or digitizing a painting. Semantics pertain to the transfer of intended
meaning. The meaning of data is often tightly linked with a particular context (Magoulas &
Pessi, 1998, p. 366-369; Harvey et al, 1999). Thus, the focus of semantics is the relationship
between what is being transmitted and what is being understood. One of the basic tools with
which to accomplish this is a common terminology (Liebenau & Backhouse, 1990; Holsapple
& Joshi, 2002).



Pragmatics represent the manner in which understanding prompts action. Even with mutual
understanding assured, we cannot unconditionally assume that a piece of information will
prompt similar action in two different individuals (Star & Bowker, 2002).

Overcoming the semantic barrier, such as by common ontology, enables organizations to
bring disparate skill-sets to bear on complicated tasks such as development projects (Boland
& Tenkasi, 1995). Ontologies may be created in several fashions, ranging from being the
brain-child of one person to extensive collaborative efforts (Holsapple & Joshi, 2002).
However, establishing a shared ontology is a delicate and lengthy process which often runs
counter to the rational desire to economize on information processing (Boisot, 1995, p. 39-
82). Indeed, existing organizational channels of communication may prove detrimental to
establishing a new ontology or new ways of perceiving one’s surroundings (Boland &
Tenkasi, 1995; Miller, 1993).

3 The TFI-model

In order to frame our discourse, we find it imperative to draw upon a plethora of sources in
order to do the subject justice. In addition to semiotics, we intend to utilize the TFI-model
(Liebenau & Backhouse, 1990, p. 109-112; Stamper et al., 2000) which in broad terms
outlines the interplay between organizational layers and systems without constricting our
discussion.

Figure 1: TFI-model adapted from Stamper et al. (2000)

The constituent parts of the TFI-model are technical systems, formal organization and
informal organization. Technical systems are, in a word, artefacts. While hardware and
software might be the most common artefact in conjunction with information systems, they
are not the only inhabitants of this domain. In essence, anything that contains or conveys
information may be considered an artefact. Formal organizations are specified patterns of
action — usually by design. While these patterns may be distributed by means of an artefact
(such as a manual), essence of formal systems are the codified and preordained nature of the
actions that are carried out. Lastly, informal organizations are structures that are more
happenstance than designed. That being said, they may of course to some degree be
anticipated based on our individual qualities such as skill-set, experience and disposition.



Furthermore, an informal status does not preclude these actions from being considered
common or natural in a particular context.

The TFI-model posits that these three domains are layered in a manner that technical systems
are subsumed under formal organizations — which in turn are subsumed under informal
organizations. Hence, a technical system requires one (or more) formal organizations (such as
rules or standards) in order to serve any functional purpose. In much the same manner, a
formal organization has to be accepted by the informal organization (such as norms and
values) in order to gain any footing.

4 Managing semantic interoperability

Based on our literature study we have identified two extreme approaches to semantic
interoperability. We refer to these as top-down and bottom-up.

4.1 Top-down

The expression top-down in itself is widely used in conjunction with change management
where senior management drives changes based primarily on a strategic view of the
organization (Kirkbride, 1993; Nadler & Tushman, 1997, p.52-54). The decision to adopt the
term top-down in our discussion on semantic interoperability is based on the locus of this
logic — not the mechanics itself. One must make the important distinction between change
management and semantic interoperability in that the former deals with action, the latter
comprehension. It is of course quite possible that there may be a temporal or even causal
relationship between the two areas — such as insufficient comprehension prompting change
efforts — but such a discussion is beyond the scope of this paper. Furthermore, we must
distinguish between the ownership of the underlying logic for structuring data and the data
itself. A unit or subdivision may control data regarding its operations, customers and
personnel in that local staff has the right to add, edit or delete what is stored in local/regional
information systems. This does not mean that the unit or division is allowed to alter the way in
which data is structured (Ross, Weill & Robertson, 2006, p. 28-38). Authority to amend the
data structure may reside far removed from the unit(s) in which it is implemented.

A top-down approach to semantic interoperability expresses an implementation of formal
standards that are intended to promote communal action throughout the organization.
Standards are disseminated or even enforced by means of artefacts of some kind — such
computerized information systems. The standards in question range from management
policies to regulatory imperatives (DiMaggio & Powell, 1983).

The logic underlying the top-down approach is to a large extent rooted in Simon’s (1962)
notion of the organization as a goal-seeking entity. The organization seeks to achieve a highly
complicated objective that must be broken down into manageable steps in order to be
managed by an organizational unit. Thus, the manager — being the designer of the
organization — is concerned with not just what is to be done, but also zow things are to be
done in order to optimize the organization as a whole (Simon, 1996, p. 4-5, 110-120; Simon,
1997, p. 186-197). In semiotic parlance, the designer is primarily concerned with pragmatics
as he/she alone possesses an understanding of the system as a whole. The most common
expression of this is how expertise and know-how is assigned to tasks; a common expression
of this being hierarchies such as a bureaucracy or a multi-departmental form (Tompkins,
1987; Chandler, 1962, p. 325).



Davenport & Prusak (1997, p. 74-75) expresses the top-down perspective as a “monarchy”
where one person or unit in the organization determines the shape and form of information
processing. There are certain benefits associated with centralization, such as efficiency
(Boland & Tenkasi, 1995) and standardized terminology (Holsapple & Joshi, 2002).
However, the limited world view of a handful of individuals may also bring about detrimental
effects, including poor information quality (Ackoff, 1967), arbitrary decision making
(Ciborra, 2000, p. 39) and insufficient understanding of ends and means (Peppard, 2007).

4.2 Bottom-up

The bottom-up perspective may be thought of as a task-oriented approach to governance
where the term “management” implies coordination rather than control. While there are
several nuances in how people perceive the concept of bottom-up (Sabatier, 1986; Kirkbride,
1993), we intend to look upon this as a state where each organizational unit has their own
taxonomy which is suited for their needs. Davenport & Prusak (1997, p.72-74) approximates
this concept in their decentralized notion of “feudalism” where cooperation between
departments is atypical. Thus while information structures corresponds to each organizational
unit, top-level management may perceive information redundancy as high and have trouble
accessing specific pieces of information without the aid of localized staff.

Organizations strive towards certainty in their decision-making despite the insurmountable
complexities of the real world (Galbraith, 1973, p. 4-6). Failing to complete this Sisyphean
task, organizations adapt by isolating their core technologies from uncertainty or ambivalence
(Thompson, 1967, p.10-13). In doing so, one may formulate an operational logic that focuses
on the task itself and perceives the surroundings only in the simplest of terms. It is then up to
various supporting functions — such as management — to ensure that the core processes may
operate under this premise.

The logic underpinning this perspective is described by Churchman (1971, p. 53-68) as the
principle of non-separability. According to this view, the constituent parts of a system may
not be designed or analyzed in isolation. Doing so would omit relativistic properties that may
only be ascertained in a given context. Consequently, the designer — who has a great
understanding of the core technology — must effectively translate external demands (e.g. by
executives) so that they harmonize with local conditions rather than cause disruptions. In
order to accomplish this, he/she must be familiar with the terminologies (or syntaxes) of both
worlds in order to conceptualize the current state as well as the desired future state. This is
also true of information which adjusted to the actual department and individual work tasks
gives individual advantages as well as rich interoperational flow (Fagerstrom, 2003, p.189). It
is entirely possible that the core processes over time achieve a level of distinctiveness that is
difficult to emulate or replace (McKiernan, 1997). Should this distinctiveness be considered
valuable, it stands to reason that the organization would seek to preserve it — even if this
prohibits closely knit organizational design.

To some extent, the bottom-up paradigm precludes strict objectivity. Where one individual
may see a problem, another sees business as usual. This difference in perspective is a result of
the intricate ways in which system, organization and context influence one another. Following
this logic, defining the problem is no longer a technical issue, but a social one (Magoulas &
Pessi, 1998, p. 130-132; Checkland, 2000). As technical and non-technical aspects of the
organization continue to influence one another, unpredictable — emergent — properties appear
over time.



A complementary view of the bottom-up perspective is given by Ciborra (2000, p. 26-27 who
argues that separability of design and management is a misconception by management that
holds no bearing on reality. Designers and operational staff exert a sense of care and
cultivation in their work which enriches the core technologies. It is only then that alignment
between human and artefact can be achieved (Monteiro, 2000, p.72-75).

Davenport & Prusak (1997, p. 177) argue that top-down approach is problematic where
critical know-how is located at the operational level. Highly normative change efforts
championed by top-level management are typically met with lukewarm enthusiasm and
limited success. In these milieus, it is therefore wiser that management concern itself with
coordination; for instance by identifying competencies, assigning responsibilities and
clarifying the organization’s strategy and objectives. Davenport & Prusak (1997) sees this as
the way to achieve real information interoperability rather than leave it at platitudes and
ambitions. This strategy necessitates dealing with individuals in the organization who want to
keep information to themselves for political, emotional or technological reasons. The
information architecture therefore needs an appropriate level of inscription which will lead to
behaviour that is beneficial to all parties (Monteiro, 2000, p.76-79).

5 Method

The aim of this study is to approach semantic interoperability from an informatics perspective
by studying how it may be discussed in terms of human understanding. This is done by
employing a qualitative research method; multiple case study (Yin, 2009, p.60-62). Since the
study is undertaken in order to understand the efficacy of the framework, the study may be
categorized as an explorative study. Our theoretical framework is tested against two
organizations where primary data is collected via employee interviews. The analysis is
conducted via a hermeneutical research process, which basically involves collecting and
interpreting empirical data (Patton, 2002, p.113). As our analysis is intended to test theory, we
therefore view this as a deductive analysis.

Theoretical framework was implicitly known to us before this study and further reading
provided us with several frameworks and models relevant to our research. Since it was our
intention to rely on extent literature in the field of Informatics we therefore selected
theoretical models that easily could be augmented.

The hermeneutical process of interpreting case Beta started in an earlier study, where
semantic interoperability was one of the benefits from structured information (Slumpi
Persson, Ahlin & Oberg, 2011). Interest arose to understand general aspects of semantics and
therefore empirical material from one other company was needed. As the study was to be held
on a general level and used to illustrate theoretical material, two companies, with different
views, seemed appropriate. For the study at hand, one interview was held in each
organization with personnel from middle management level — altogether two interviews.
Sample size is in accordance with the fact that the empirical material will be used as
illustrations and individual chosen due to their knowledge and experience. The interviews
were held at the offices of the respective informants. We dedicated 45 minutes for company
Alfa and 85 minutes for company Beta. The interviews were semi-structured, encompassing
prepared- and unprepared questions based on informant responses (Creswell, 2007, p.352).
The interviews were recorded and subsequently transcribed and categorized in different
themes according to TFI-model. Some secondary data was also collected via the public
websites of said organizations. Analysis was undertaken in an iterative fashion, where
authors compare and discuss empirical material.



6 Case studies

In this section we present our case study and our results.

6.1 Case Alpha

Our first case is the branch office of a corporate group active in the financial sector.
Altogether, the group encompasses approximately 15000 employees divided over 500 branch
offices. Alpha offers a plethora of financial services to a wide range of customers. In order to
provide customer service, the financial data of each client has to be accessible for every
branch office. Given the nature of the information handled by the financial group, securing
information from unauthorized access as while concurrently ensuring customer service are
both primary concerns.

6.2 Case Beta

Our second case belongs to a global industrial group with approximately 12500 employees of
which 2000 are working at Beta. Beta works with production and maintenance of electronic
defence systems, mostly radar systems. Product development is usually based upon existing
products, focusing on customization in correspondence with the wants and needs of the
customer. Due to the nature of the products, large development projects involving several
departments are standard operating procedure. In combination with product life-time service
contracts, inter-departmental information is a necessity. External stakeholders such as
subcontractors, auditors or users often require access to product documentation as a means to
ensure quality.

6.3 Empirical pictures from cases

The centralized management style of case Alpha promotes semantic interoperability by means
of uniformity — rules and regulations are formulated by top-level management and
subsequently distributed through an intranet to national or global branches as relevant. It is the
explicit duty of each employee to ensure that he/she keeps up with any and all changes in
services and proper procedure. As for the comprehensibility of the information provided, our
empirical data suggests the implicit assumption that education and on-the job training is
intended to ensure uniformity of interpretation. However, alterations in formal procedure are
often absorbed via informal division of labour. Certain events considered to be of particular
significance are sometimes brought up and discussed at local office meetings, thus providing
an opportunity for further exposition.

Informal organizations consisting of different persons are set in place to keep us updated on
changes in rules and regulations. Sometimes news is even brought up on office meetings.
(Senior manager, Alpha)

Alpha is characterized by strong centralization which also extends to the governance of
information. Should a branch office wish to have something posted anywhere on the intranet,
this would have to be communicated to the regional manager — and possibly further on up the
hierarchy — for approval. In contrast to the management of the information structure, the
actual information may in practical terms be considered the property of each office. Private
customers as well as small businesses typically frequent the same branch office over a long
period of time and it is not uncommon for business-owners to handle private- and business



finances at the same office. This serves as an impetus for inter-divisional work processes as
the financial situation of an individual may depend just as much on how well his/her business
is doing as the shape of his/her private finances. As the line between private- and business
finances sometimes blur, the branch office staff must sometimes handle this complexity in an
informal manner.

Case Beta provides a sharp contrast as top management of the corporate group adopts a more
hands-off approach to the identities of its constituent companies. Each company has its own
name, logo and product catalogue. Customer relations are also handled on a strictly individual
basis - there is no shared customer registry. Hence, each company is left to manage its own
information — limiting “global” information to the essentials such as financial data. However,
within Beta, semantic interoperability is managed by means of a product revision standard.
Originally implemented some 50 years ago, it was not primarily intended as a means to
disseminate information, but rather safeguard documentation of complex artefacts. Beyond
complexity, the lengthy life-span of the artefacts (in excess of 40 years) places high demands
on the logic underlying documentation in order to trace variations in components and
configuration over time, devoid of ambiguity. As this product revision standard has been at
the core of the company’s product development for a long time, it is no longer a mere
formalism. The codes and expressions stated in the standard are often used by employees in
daily conversation. To some degree, this furthers the understanding of the artefact as a whole
as the product revision standard is based on the type of product, its model, configuration et
cetera.

The logic underlying the product revision standard is managed by a small team within the
company. Operating in an informal, democratic fashion, they maintain the standard, instruct
new employees in its use and modify the standard when necessary.

No, I am the group leader, but we go by a democratic model. If three people [out of four] say
OK, then it is OK. If two people say it is OK, then we have not achieved [the goal]. (System
owner, Beta)

Inputting data is left to the individual employees who are tasked with modifying the design of
the artefact in question. While mistakes do occasionally occur in applying the correct code to
a revised design, this is rarely a problem as employees usually work within a limited range of
possible variations to an artefact. The project manager is then ultimately responsible for
ensuring that the artefact corresponds to customer specifications as well as documentation.

In comparing the two cases, there are obvious contextual dissimilarities — most noticeably the
products and services that they provide. Yet they are similar in so far as they both depict
organizations that have been in existence for over half a century — less than a decade of which
spent under current ownership. It is also interesting to note that employees in both cases
prefer to “ask a colleague” rather than utilize designated support functions.

7 Analysis/discussion

The discussion will follow the structure of the TFI-model with emphasis on relationships
between the layers, as it is here that semantics, i.e. understanding, plays a significant role
(Liebenau & Backhouse, 1990, p. 109-112).



7.1 Juxtaposition, Alpha and Beta

[llustrating the cases using the TFI-model, we may observe two distinct ways in which
technology and informal organization may influence the formal aspects of the organization.

Supporting

Understanding

Figure 2: Alpha interpreted via TFI-model

Governing

Understanding

Figure 3: Beta interpreted via TFI-model

The centralized information management at Alpha is motivated by a need for similarity
despite serving customers nationwide. In the terminology of the semiotic framework,
uniformity in pragmatics is sought by means of instructions and updates distributed via the
intranet. A sense of shared semantics is attained on a local level when new instructions are
contextualized by means of formal meetings or informal conversations. From a TFI
perspective, we may describe case Alpha as being governed by formal directives distributed
via technical (IT) systems and supported by means of informal structures that have formed in
order to improve contextualization.



The specialized information management at Beta stems from its need to trace variations in
complex products over a very long time-frame. The elaborate syntax set in place to facilitate
this necessity has over several decades become ingrained in the organization to the point
where it is practically a part of local culture. Although initially confronted with a steep
learning curve, employees are able to use the highly codified syntax to share information in a
very efficient manner; supported by a computerized catalogue-system if it is needed. Hence,
we view the information infrastructure at Beta as being governed from cultural, informal
structures present in the organization with technical systems merely serving a supporting role.

7.2 Technical systems and formal organization

In reviewing the two cases, we can discern two distinct ways of managing technical systems.
Alpha resembles what Davenport & Prusak (1997, p. 74-75) describe as a monarchy; the
ability to alter technical systems is highly centralized. This enables uniformity in data quality
and the ability to handle customers the same way despite serving a vast geographical area and
heterogeneity in customer requirements. Beta corresponds to feudalism where cooperation,
integration and technical conformity between group companies is limited. This allows great
disparity in products, services and customer base.

In terms of syntax, it is readily apparent that new employees face different levels of
complexity in the two cases. Workers at Alpha undergo on-the-job training that is usually
completed within the space of one day. Employees at Beta face a more drawn out period of
intermittent training that covers several months. Based on the disparity in time-frames, we
may infer that the level of generality between syntaxes differ significantly, Beta being far
more idiosyncratic.

Furthermore, we may discern different levels of inscription in the technical systems. At
Alpha, employees are to a large extent instructed to act based upon information that is stored
in the technical systems. In effect, the technical systems act as a means to impact the actions
and understanding of employees from a single point in the organization. Beta provides a sharp
contrast in that information stored in the system provides a distinct logic for arranging
information, yet does not specify behaviour in any explicit form. This is most acutely felt
through the lack of regulatory functions despite the complicated syntax. Employees are in
other words “free” to make mistakes.

7.3 Formal and informal organization

As previously mentioned, the levels of complexity facing new employees differ significantly
between the two cases. Alpha sees new employees able to learn to utilize the technical
systems within days whereas the product configuration system at Beta takes months to learn.
This difference is noteworthy seeing as both companies typically hire college/university
graduates with relatively homogeneous backgrounds. The semantic structure (Langefors,
1973, p. 242-249) of employees should therefore be somewhat similar with respect to skill-
set. Even so, Beta accepts a lengthy process of adaption whereas Alpha has apparently taken
steps to ensure that pre-existing skills (attained at university) to a large degree suffice. The
apparent acceptance of this lengthy time frame suggests a high level of integration into
corporate culture (Monteiro, 2000, p.72-75).

Moving beyond the lengthy period of adaptation, the common language provided by the
product revision system at Beta allows the organization to economize on information (Boisot,
1995, p.39-86) by simply using product codes as short-hand. Also, employees are rewarded
for their efforts by having a large extent of freedom to work as they see fit. The situation at
Alpha is quite the opposite as information is made available in greater volumes than



employees are able to process; effectively bringing about scanning or informal division of
functional areas.

8 Conclusion

The aim of this study was to approach the topic of semantic interoperability from an
informatics perspective, i.e. in terms of human understanding rather than technical
compatibility. A literary study suggested two extreme viewpoints in managing semantic
interoperability: Top-down and bottom-up. Utilizing a deductive approach, a case study has
been undertaken in order to illustrate what form these viewpoints may assume in real life.

Our real-world cases have been analysed based upon a view of semantic interoperability
based upon semiotics, the study of signs. Furthermore, our view of the cases is based upon the
TFI-model which expresses three organizational layers: Informal organization, formal
organization and technical systems. Combined, the human focus of semiotics and the explicit
consideration of formal as well as informal factors of TFI provide us with a novel perspective
on semantic interoperability. We believe this perspective is pertinent to academia as well as
practice due to its generality. However, we do not claim this to be a useful tool as it stands,
but merely a suggested starting point for future endeavours.

Approaching the concept of semantic interoperability by means of a common body of
research would enable a wider research community than each individual context can produce.
We therefore call on a unified approach so that we may all learn from one another rather than
suffer from a lack of semantic interoperability ourselves.
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Abstract

Long-term preservation of organisational knowledge gives the business opportunities to reuse
stored knowledge. This preservation of knowledge is present both in the organisation as such,
found explicitly in the organisational stock, and also in the individual workers, implicit in
their flow of action. Theoretically have the reuse of knowledge been named organisational
memory and also been addressed in knowledge management. In a single case-study of a
manufacturing company, the authors study the utilisation of product configuration information
(PCID) and its role in meeting requirements on long-time preservation of product-related
knowledge. This structured and standardised information is used throughout the organisation,
serving as a base for both organisational and individual knowledge for the entire company.
Since the information has been used in the same way for decades it is a part of the
organisation’s culture and influences structures and procedures connected to the information
base. The result of the study implies that usage of PCI grants the individual worker a high
degree of task-related freedom as well as intra-organisational mobility. The downside for the
individuals is the long time period it takes to get familiar with PCI due to its complexity. For
the organisation as such, PCI provides a stable stock of knowledge which is available over
extended periods of time, drastically reducing dependence upon individual workers.

Keywords: organisational memory, knowledge management, long-term preservation of
knowledge, product configuration information

Introduction
Product development is an essential process to companies in wide variety of market segments.
It is a constant source of concern as each year sees more complex products and increasingly
compressed development cycles (Sawy, Malhotra et al. 1999; Hicks, Culley et al. 2002;
Storga 2004). Concomitant to increased complexity of physical products is a more
heterogeneous set of intangible resources in order to support development as well as logistics
(Porter & Millar, 1985). As gathering and creating immaterial resources — such as information
and knowledge — can be every bit as costly as acquiring physical materials, there are obvious
incentives to reuse both where possible. Historically, the reuse of knowledge has been largely
implicit in that know-how has shaped processes, structures and culture — tangible remnants of
past experience sometimes referred to as organisational memory (March & Simon, 1958;
Walsh & Ungson, 1991). As enterprises have shifted towards competing via application of
inimitable resources (Barney, 1991), there have emerged an increasing awareness that greater
care should be taken to explicate and safeguard immaterial resources — such as experience and
knowledge — as they are difficult to replicate (Grant, 1996). This issue, in turn, has been



extensively addressed under the guise of knowledge management (KM) — the purpose of
which is to explicate and disseminate knowledge present within the organisation (M.
Broadbent, 1998; Inkpen, 2000; O’Dell & Grayson, 1998).

However, knowledge is a nebulous concept that invites a wide range of interpretations. In
practical terms, we may perceive knowledge as either explicit organisational stock or implicit
in an individual worker’s flow of action (Bontis, Crossan, & Hulland, 2002; Styhre & Gluch,
2010). Neither perspective is in its own right satisfactory in terms of reliably preserving
knowledge. Individual workers are able to deftly adapt and apply their experience in a wide
range of situations, but may leave the organisation at any time — taking their knowledge with
them (DeLong, 2004; Drucker, 2001). Conversely, treating knowledge as stock assures
possession within the organisation, but does not guarantee proper application (Chowdhury,
2010). Nor does if assure accessibility as knowledge management systems (KMS) are subject
to creative destruction like any other technology (Hicks, Culley et al. 2002; Bollacker 2010).
Differences between the two perspectives aside, it would seem that longevity is a source of
concern in the preservation of knowledge within an organisation — regardless of whether we
entrust it to the minds of workers or the storage facilities of a system. How then may we
overcome this temporal barrier and ensure knowledge preservation over extended periods of
time?

The purpose of this paper is to illustrate how individual knowledge and organisational
knowledge may be combined — and in this act promote long-term preservation and
management of knowledge within an enterprise. We approach this via case study of a defence
contractor where product configuration information (PCI) serves as a persistent base of
knowledge. PCI contains requirements for product design, realisation, verification, operation
and support, and is expressed in artefacts such as specifications, design drawings and
operating manuals (SIS, 2004). As the enterprise in question typically accepts responsibility
to serve and maintain their products for several decades after delivery, they have had to
develop a means to safeguard long-term access to product knowledge. We describe this case
and analyse their approach to establishing a common base of organisational knowledge that
remains stable over time.

It is our aim to contribute to KM literature by addressing the issue of long-term preservation
of knowledge and how this is affected by factors more commonly attributed to organisational
memory.

Knowledge management

The resource-based view of the firm (Barney, 1991) as well as the derivative knowledge-
based view of the firm (Grant, 1996) suggests that intellectual resources are a significant
source of sustainable competitive advantage. Following this line of reasoning, knowledge
management (KM) as a field of research and practice commonly extends to mapping skills
and know-how present within the organisation as well as means to disseminate and exploit
knowledge resources (Alavi & Leidner, 2001; M. Broadbent, 1998). This can be directly
motivated in terms of efficiency as recycling and reusing existing knowledge saves time and
resources (Hicks, Culley, Allen, & Mullineux, 2002). Another, less direct, use for readily
available knowledge is the potential for innovation by means of either co-development
between different actors or combining separate areas of expertise (Yoo, Henfridsson, &
Lyytinen, 2010). The former expresses a situation where knowledge resources that would
otherwise be markedly heterogeneous are rendered sufficiently accessible so as to promote
meaningful report, e.g. via a task force or project group (Boland & Tenkasi, 1995), whereas



the latter involves bringing extant formalised knowledge resources to bear on a single task in
order to create novelty or utility — such as by adding digital properties to physical artefacts
(Yoo, Boland, Lyytinen, & Majchrzak, 2012).

Both of these points, the resource-based and the knowledge-based view, highlight the need of
the organisation to manage knowledge much like other resources — decision makers need the
ability to assess what knowledge resources are present so that they are able to assess
competitive ability and address any noticeable gaps (Aldrich & Herker, 1977; O’Dell &
Grayson, 1998).

Knowledge and Information

Knowledge in itself is a somewhat nebulous concept that tends to invite different
interpretations depending on the interests and perspectives of the observer (Zins, 2007). In
terms of evaluation, knowledge is often envisioned as part of a hierarchy where wisdom forms
the apex, followed by knowledge, information and data in that order (Rowley, 2007).
Following this perspective, knowledge may signify the ability to translate input into action
(Ackoff, 1989) or, in an inverse manner, how to shape output based on past actions (Tuomi,
1999). While this hierarchy has gained some traction in literature, traversing it is not to be
taken lightly as the conceptualisations of the constituent layers are by no means homogeneous.
Information, for instance, may be regarded as structured or unstructured — the former being
regarded as factual, descriptive statements whereas the latter is not (Wallace, 2011). Hicks et
al. (Hicks et al., 2002) discuss a different distinction — that of formal and informal information.
They describe formal information as being relatively stable and intended to communicate
something with little or no difference between recipients. Conversely, informal information
provides different meanings to different individuals. While the aforementioned
conceptualisations of information differ in certain areas, a crude contrast can be discerned
between the subjectivity of unstructured, informal information, and the objectivity — or at least
inter-subjectivity — of structured, formal information.

Formalised knowledge management efforts are dependent upon explication of knowledge as
they are typically operationalised via some manner of computerised knowledge management
system (KMS) that facilitates rapid access to material (Alavi & Leidner, 2001). Once digitised,
IT can facilitate distribution of explicit knowledge with great efficiency. However,
distribution of explicit knowledge does not guarantee understanding as explicating knowledge
is a subjective process, dependent upon one’s theoretical perspective and area of concern
(Boisot, 1995).

Perspectives on knowledge
An exhaustive discourse on the nature of knowledge is well beyond the scope of this paper.
From a pragmatic standpoint, it is however relevant to briefly discuss the dichotomous
relationship between perceiving knowledge as stock or as flow of action (Bontis et al., 2002;
Styhre & Gluch, 2010). The latter perspective, knowledge as flow of action, highlights the
subjective quality of knowledge. Knowledge is to a large extent tied to individual experience
and the context from which this experience is derived (Hippel, 1994). Drucker (Drucker,
2001) elaborates on the practicalities of this individual perspective when he describes
knowledge workers and their role in complex tasks and collective efforts. First and foremost,
knowledge in and of itself is not a source of value or advantage unless it is put to good use.
The ability to capitalise on knowledge is therefore dependent upon the ability to either find
suitable tasks for existing knowledge resources or find knowledge resources to solve existing
tasks (Drucker, 1992). Secondly, knowledge workers tend to possess greater expertise (in
their respective fields) than their superiors. It is no great exaggeration to suggest that the



activities of knowledge workers are black-boxed and only discernible in terms of input and
output. This puts the organisation is an awkward position as it stands to lose vital skills and
know-how should an employee resign or retire (Baskerville & Dulipovici, 2006).

One way of limiting the risk of knowledge walking out the door is by entrusting its
custodianship to the organisation itself rather than the individual workers. However, for
knowledge to be viable as stock, it must first be rendered in a form that is viable for
codification, storage and dissemination with any degree of efficiency (Alavi & Leidner, 2001,
Boisot, 1995). Given the individualistic nature of knowledge, this process of explicating
knowledge is by no means simplistic. Nonaka (Nonaka, 1994) refers to this transition from
tacit to explicit knowledge as externalisation and underscores the complexity involved
compared to the more profoundly researched mechanisms such as personally transferring tacit
knowledge through practical demonstration. Furthermore, externalisation is dependent on
contingent factors such as the complexity of the knowledge in question and the motivation of
actors to share knowledge (Sun, 2009; Wang & Noe, 2010).

One pervasive issue with perceiving knowledge as stock is that capturing it entails some form
of de-contextualisation, either through abstraction or codification (Boisot, 1995). The relative
effort in reintroducing lessons learned as formalised knowledge is evident in the limited
efficacy of written rules and similar measures (Cohen & Bacdayan, 1994). Hence, a more
traditional approach is to capitalise on knowledge through embedding it in routines and
processes (Darr, Argote, & Epple, 1995a). Hence, we must take into account that a stream of
past events and experiences are now implicitly felt in current organisational procedures or
tangible artefacts that go beyond what can be described as knowledge. Rather, they may be
described as part of an organisational memory.

Organisational memory
The notion of organisational memory was popularised by March and Simon (March & Simon,
1958) in their assertion that organisational procedures are the persistent outcome of a given
set of circumstances, and as such may be regarded as a “memory” of the decision process.
While not as diverse as knowledge, the conceptualisations of organisational memory range
from that of a mere metaphor to a more literal interpretation that sees organisations as entities
capable of cognition (Walsh & Ungson, 1991). While there are those who equate
organisational knowledge and organisational memory (Alavi & Leidner, 2001), there are
differences in how the two concepts are approached. The most obvious difference is that of
nomenclature — organisational memory has been defined as “stored information from an
organisation’s history that can be brought to bear on present decisions” (Walsh & Ungson,
1991). The difference between information and memory is perceived as one of time —
information being current and memory past. Looking beyond differences in nomenclature,
there are similarities in the apparent desire to separate that which is personal and that which is
shared. El Sawy et al (Sawy, Malhotra, Gosain, & Young, 1999) makes this distinction in
their notion of episodic memory which is linked to personal experiences, and semantic
memory which is shared within the organisation.
In an attempt to provide the concept with more structure, Walsh and Ungson (Walsh &
Ungson, 1991) outline six “bins” that may possess organisational memory: Individuals,
culture, transformations, structure ecology and external archives.
Individuals are of course in possession of their own cognitive faculties, belief systems and
preferences that they utilise in the performance of their tasks. Worth noting is that Walsh and
Ungson (ibid) perceive information technologies as part of this bin as it is individuals — not
the organisations — that directly utilise these tools. Organisational culture colours the way



employees view their environment as well as how they communicate. It may take the form of
formalised languages or frameworks or less formal stories and gossip. Transformations entail
all aspects of input being transformed to output — be it manufacturing or education. The logic
underpinning these transformation processes provides a link back to past experiences and in
effect provides a tangible expression of past knowledge and decisions. Structures express the
roles that employees possess and how these roles assert influence on how we act (division of
labour) as well as interact (attitude towards environment). Ecology describes the physical
workplace and how this reflects organisational attitudes and professional status. Lastly,
external archives are made up of any source of memory that rests outside of the organisation.
This encompasses a rather diverse mixture of sources, ranging from past employees to
government agencies and business partners.

A seventh “bin”, information space, has been suggested by Karsten (Karsten, 1999) in an
attempt to highlight the interconnected nature of the aforementioned repositories of
organisational memory. The information space is limited to current, short-term information,
the meaning and significance of which is negotiated by workers and managers. The
relationship between information and organisational memory is also discussed by Stein and
Zwass (Stein & Zwass, 1995) in their outline of an IT-enabled organisational memory
information system (OMIS). As the scope of OMIS is purported to match Walsh and
Ungson’s conception of organisational memory, explicit attention must be paid to matters
pertaining to the degree of shared ontology, epistemology, semantics et cetera. Only after
availing ourselves to these meta-requirements are we able to ascertain the suitable level of
temporal as well as spatial integration of information describing organisational events.

Despite the tremendous advantages offered via technology, we must not allow ourselves to
lose sight of the fact that a neat separation of tacit knowledge (experience) and explicit
knowledge (information) is only clear when presented as such in literature (Fahey & Prusak,
1998; Rowley, 2007). In reality, tacit knowledge without any degree of formalisation renders
even the most rudimentary management or transfer of knowledge cumbersome as we have no
framework upon which to build any form of coordination. Conversely, explicit knowledge is
entirely useless unless it is presented to us in a format that we are able to comprehend and
apply (Levina & Vaast, 2006). In other words, the levies between tacit and explicit rapidly
give way to emergence as tools, people and contingencies interact over weeks, months and
years. The temporal perspective is a source of concern as it is difficult to know what warrants
saving and /ow to best capture knowledge since we cannot positively predict future needs and
preferences (Fahey & Prusak, 1998).

Challenges in preservation of knowledge

There are several operational challenges in preserving knowledge. First and foremost,
explicated knowledge — in the form of data — requires a medium for storage. This in and of
itself can create problems as digital media have nowhere near the longevity of non-digital
media, e.g. paper (Bollacker, 2010). Furthermore, utilising digital data creates the need for
intermediate components, such as software, that renders digital data comprehensible to our
senses. Should these intermediate components become unavailable through obsolescence or
physical breakdown, we would then be unable to access data despite having it in our
possession (Carraway, 2011; Hicks et al., 2002).

Looking beyond physical accessibility, there are also cognitive issues to consider when
accessing explicated knowledge. The most obvious issue may be described as spatial in the
basic sense that our different experiences, perspectives and training brings about



heterogeneity of interpretation (Langefors, 1995). It is possible — or perhaps even likely — that
two individuals will look at the same data and draw different conclusions. Interpretations may
diverge further if one considers a temporal dimension. Specifically, intended meaning and
received meaning may differ substantially if the originator does not provide a sense of
conviviality and legitimacy for the recipient (Carraway, 2011; Chowdhury, 2010). In practical
terms, a description of an item or occurrence may not be sufficient for future comprehension
unless it is imbued with a sense of shared context (Nonaka, Toyama, & Konno, 2000).

In summary, it would seem that attention to temporal as well as spatial integration is required
in preserving knowledge over time. The individual worker can mitigate these issues through
our innate ability to weigh inputs, adapt to the world around us and make informed
judgments; yet we are held back by our imperfect memory and limited range of
comprehension. The aggregate organisation on the other hand can, with the aid of IT, sport
perfect recall regardless of knowledge domain. Entrusting the preservation of knowledge to an
organisation assumes that qualities such as judgment can be formalised and institutionalised —
a lofty goal if ever there was one. The issue, it would seem, is one of deriving the best of both
workers and the organisation — tacit and explicit knowledge —rather than risking being
inhibited by their limitations.

Method

As discussed above, the aim of this study is to discuss the challenges in managing knowledge
for individuals and organisations of complex products development and maintenance over a
long period of time. In this study we have pursued this using a qualitative research method;
single case study (Yin, 2009). The study’s theoretical framework consists of an overview
from two related areas, knowledge management and organisational memory, which are
combined in an effort to pursue the research question. Given this premise, the study can be
categorised as an explorative study. The theoretical framework is tested against one
organisation where primary data is collected via employee interviews. The analysis is
conducted via a interpretative research process, which basically involves collecting and
interpreting empirical data (Walsham, 2006). This study uses an inductive analysis, which is
derived from performing a comparison from the interpreted empirical base and the combined
theoretical framework during the research process (Krippendorft, 2012).

Parts of the theoretical framework, knowledge management, was implicitly known to us
before this study and was further bolstered by additional reading where this was deemed
relevant to our research. Since it was our intention to rely on extant literature in the field of
informatics/information systems, we therefore selected theoretical concepts that could easily
be augmented. Originating in our prior knowledge of knowledge management, the issue of
knowledge preservation led us to organisational memory, i.e. via Alavi and Leidner’s work
(Alavi & Leidner, 2001). The theoretical field of organisational memory was largely unknown
to us prior to this study — necessitating active search for literature using different databases. In
broad terms, we here see knowledge management as largely focussed on explicit knowledge
whereas organisational memory is more multifaceted.

Since the study was to be limited to a general and exploratory level and used to illustrate
theoretical concepts, one case was deemed sufficient by the authors. For the study at hand,
seven interviews were held with personnel from middle management level within a single
organisation, which will be referred to as Alpha. Alpha delivers electronic defence systems.
Roles held by respondents were development project manager, team manager software
development, team manager customer support, team manager customer documentation, team



manager mechanics construction, process coordinator configuration. Our choice of middle
management is due to their knowledge of the company’s operational processes as well as the
strategic priorities of upper management (Davenport & Prusak, 1997). Although the engineers
at Alpha are skilled knowledge workers, we only concern ourselves with one of their tasks —
product revision and its accessibility over time. The interviews were held at the offices of the
respective informants. At least one of the authors attended each interview, which ranged from
60 to 100 minutes in length. The interviews were semi-structured, encompassing prepared-
and unprepared questions based on informant responses (Creswell, 2007). The interviews
were recorded and subsequently transcribed and categorised in different themes according to
theoretical concepts. Some secondary data was also collected via the public website of Alpha.
The content in the empirical material was divided into the two broad categories of knowledge
— the organisational view and the individual view. These are regarded as units of analysis
with categorical distinctions (Krippendorff, 2012). Analysis was undertaken in an iterative
fashion, where authors compared and discussed empirical material.

Case study

The object of our study, which we will refer to as “Alpha”, may be described as a defence
contractor involved in the production and maintenance of electronic defence systems. It is part
of a global industrial group with approximately 12500 employees — 2000 of which are
working at Alpha. Alpha is a late addition to the industrial group, having been acquired in the
mid-2000s. Product development is usually based upon existing products with added
customisation based upon customer specifications. The complexity of the products, combined
with life-time product maintenance contracts, necessitates frequent exchange of information
across departmental boundaries as well as reliable records on products and constituent
components. External stakeholders, such as subcontractors, auditors or customers, often
demand access to product documentation as a means to ensure quality.

Empirical findings

First implemented some 50 years ago, Alpha’s approach to product configuration information
(PCI) was originally motivated by a joint venture between three large organisations that
needed to keep track of products comprised of huge amounts of disparate components.
Furthermore, the end product was expected to have a long life-span, making reliable records a
priority. As the joint venture became a thing of the past, the standard used to structure
information continued to be unilaterally developed by Alpha where it existed independent of
any explicit departmental allegiance. As the original scope spanned the eclectic product
libraries of three large organisations, PCI allows considerably more diversity than Alpha
actually needs — creating considerable redundancy.

In addition to complexity, the lengthy life-span of Alpha’s products (in excess of 40 years)
places high demand on documentation in order to trace variations in components and
configuration over time, — devoid of ambiguity:

“When we can still to this day repair or manufacture parts for a forty-year-old system, and
still know exactly what to do, we have a good system.” (Coordinator configuration process)

As PCI has been a part of Alpha’s product development for a long time, it is no longer a mere
formalism. The codes and expressions stated in the standard underlying PCI are sometimes
used as short-hand by employees in daily conversation. To some extent, this furthers the
understanding of the artefact as a whole as the logic underlying the standard used for product



revision is based on the type of component, its model, configuration et cetera. The most
visible aspect of PCI is the unique identifier used for each component. The identifiers are
formed by a span of approximately a dozen characters that are arranged in a specific fashion.
While this highly specific structure may suggest a purpose, its meaning is far from self-
explanatory to the unenlightened.

Knowledge of PCI differs from domain knowledge (i.e. mechanics, hydraulics, electronics
etc.) as it signifies its place in a context rather than elucidate its internal structure or
architecture. It is not a specification in itself, but rather a pointer to the correct specification
among several that may differ significantly or merely in minor detail (e.g. colour). This
indirect nature of PCI presents a form of meta-knowledge that can be considerably more
stable over time compared to domain knowledge where conditions may vary wildly. In
extreme cases, whole domains of knowledge may appear and gain prominence. For example,
when Alpha first started using PCI, there was no such thing as software. Yet today it is an
integral part of most — if not all — of their products.

As a means of support, Alpha utilises two software tools where one manages input and the
other retrieval. The adoption of the current (new) scheme to interact with the PCI was
prompted by the change in ownership as continued use of the old tool, where input and
retrieval were integrated, would have incurred significant licensing fees. While less suited to
the task, the introduction of the new tool was championed by management and gained
acceptance from users following organisation-wide training. This separation of functionality
into two separate tools is an ever present potential for error as users are often prone to ask
one’s colleague rather than accessing the formal knowledge base using the secondary tool.
The continued use of two separate tools is motivated by internal budgeting as no department
wants to shoulder the cost of integrating the tools.

Scrapping the peculiar logic of PCI and switching to a different standard (for which the new
software tool offers better support) was not considered an option. The commitment to the old
standard seems to run deep, and several informants described PCI as “imbued in the very
walls” at Alpha. Its usage and history serves to promote the transfer of knowledge from each
worker to the organisation, facilitating an environment where no single worker is
irreplaceable.

The logic and structure underlying the PCI is managed by a small team within the company.
Operating in an informal, democratic fashion, they maintain the standard, instruct new
employees in its use and modify the standard when necessary. Individual employees add
content in the course of their work, i.e. designing or modifying components needed to
construct the finished product. While mistakes do occasionally occur, e.g. in applying a
correctly revised identifier to a modified component, this is rarely a problem as employees
usually work within a limited range of systems and components. The content of PCI is usually
taken at face value, making the individual workers themselves responsible for its veracity.
Hence, PCI in many ways serves as a direct extension of a person’s working context and
standing in the company.

The knowledge base is built upon input from past and present employees. New employees are
required to participate in training sessions where the fundamentals of the standard are
explained, and typically acclimatise to practice by learning one functional area at a time. Even
though new employees tend to be highly educated to begin with, it usually takes them at least
six months to learn PCI and associated procedures. Learning (internalising) the standard is not
a formal requirement, but exceedingly common among workers. Consequently, new
employees who are unwilling to adapt tend to leave the company.



PCI appears to strike a balance between individual knowledge and organisational knowledge.
One informant made the following comment in response to a hypothetical scenario where the
PCl is excised from Alpha:

"We have a lot of individual knowledge, so we can perhaps manage without documentation.
There are people who can construct a product structure on different levels. The knowledge
still exists, due to that we have very competent individuals in different areas. [...] A
simultaneous change of personnel would make for a catastrophe. So a first step would be a
reconstruction in some way, with the existing personnel and their knowledge.” (Team
manager software development)

Discussion

Following the statements made by informants, the use of product configuration information
(PCI) at Alpha appears to bring about several positive effects for the company. Keen insight
into the structure of products provided via PCI enables purposeful supervision and economies
of scale with regards to product development as well as post-delivery logistics. Hence, we
may surmise that PCI in a very real sense functions as an organisational memory that not only
follows the products from cradle to grave, but also permeates the structures and processes at
Alpha — providing advantages in terms of efficiency and profitability. Not only that, but in
light of the intricate nature of the products, a cumulative, adaptive and stable manner of
gathering and structuring explicit knowledge is essential to the operations of Alpha. These
bottom-line effects would however not come to pass without the ability to capture, preserve
and reuse engineering designs over significant periods of time — equal to or exceeding the life-
cycle of the products themselves. Given that this life-cycle may in fact exceed the span of any
single worker’s professional career, safeguarding relevant information and know-how often
falls to the organisation.

From the perspective of an individual worker, the impact of PCI is initially a matter of
amending one’s pre-existing knowledge with this new nomenclature that is largely unique to
Alpha. This requires a certain deviation from the individualistic mind-set on the part of the
engineers that make up the bulk of the workforce. The individual initially finds him/herself in
the somewhat submissive position of learning something that is not task-oriented and as such
does not offer a readily visible payoff. This can deter those with an entrepreneurial mind-set
as they may perceive this as a push to conformity rather than individuality — a quality that
rests at the heart of skilled knowledge workers (Drucker, 2001). At Alpha, informants
repeatedly stated that PCI is a part of the company and at times even used as short-hand in
conversations, suggesting that culture is a potent force in promoting acceptance of the
standard. It is therefore no exaggeration to consider the internalisation of PCI as a significant
checkpoint for actually entering into the organisation as opposed to merely being an employee.
While the task of internalising PCI may seem daunting to the uninitiated, it offers profound
insight to those who have grown accustomed to its underlying structure. It is only after
passing this hurdle that the reciprocity of knowledge between organisation and worker
become apparent. In essence, the use of PCI can be regarded as automatic retrieval (Walsh &
Ungson, 1991) or knowledge embeddedness (Darr, Argote, & Epple, 1995b) as its use is
integrated into organisational processes, facilitating the ability of structures to serve as
repositories for organisational memory. Having mastered the “language” of PCI, the engineer
is then in a better position to pursue his/her task with a greater degree of freedom. Hence, the
need to coordinate with any centralised management is significantly reduced to a matter of
requesting assistance if needed rather than doing so as a matter of procedure.



The idiosyncratic nature of PCI offers indirect advantages to the organisation as well as
workers in that it facilitates internal transfer of staff as opposed to outside recruitment as
employees are already familiar with PCI. The value of understanding PCI is cumulative as it
facilitates internal transfer and makes the individual increasingly valuable to the company as
he/she learns more about processes and how they interrelate. In other words, the knowledge
worker forms closer ties with the organisation rather than any given task or area of expertise,
thus aiding in the retention of staff (DeLong, 2004) and strengthening the role of individuals
as a source of organisational memory. Utilising PCI may be considered a shared structure by
which designers capture tacit knowledge and render it as explicit knowledge. This particular
transformation process is not pivotal to any unit, but peripheral in all core activities.

The relative invisibility of PCI to the organisation as well as individuals appears to be
reflected in the uneven support it has received from top-level management despite being the
carrier of decades of experience. On the one hand, the decision was made to keep the existing
PCI structure despite the fact that the constituent companies of the corporate group to which
Alpha now belong all utilise a different methodology for managing their product catalogue.
On the other hand, using two separate non-integrated tools to manage complex products over
extended periods of time does seem conducive to long-term preservation of knowledge. If
anything, it appears motivated by aversion to short-term cost rather than commitment to long-
term preservation of knowledge. The contradiction becomes apparent when one considers that
Alpha relies extensively on the PCI in all aspects of its operations — from product
development to customer support and warehousing of spare parts. The disconnect between
promoting long-term preservation of knowledge and shirking short-term costs for software
tools does seem to offer anecdotal support for Karsten’s (Karsten, 1999) argument that
information space needs to become an integral aspect of organisational memory.

Conclusions
The challenge of preserving knowledge over extended periods of time is a complicated issue,
comprising future accessibility as well as relevance and comprehensibility. We have
conducted a case study of company “Alpha” that is involved in the manufacturing of products
that typically require spare parts and essential maintenance for several decades — extending
the life-cycle of a product well beyond its completion and delivery. Alpha approaches its
long-term knowledge management via product configuration information (PCI) — a complex
structure whereby the nomenclature of systems and components reflect their place in the
product hierarchy. Although requiring extensive training, PCI extends the individual worker
considerable freedom as well as an environment amicable to intra-organisational mobility.
The organisation, in turn, has access to a stock of knowledge that is stable over time and
independent of any single employee. Despite the necessity and advantages of PCI,
management at Alpha appears reluctant to develop specialised tools that support its use.
While anecdotal at best, this suggests that the value of long-term preservation of knowledge is
difficult to evaluate — especially set against tangible short-term costs of new investments.
This study suggests that long-term preservation of knowledge is aided by a close link between
the stock of knowledge and the organisational memory. In this case, continued utility of the
organisational stock of knowledge despite the lack of explicit tool-support was largely
enabled by PCI’s pervasive presence in organisational processes as well as corporate culture.
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Abstract

Purpose: The purpose of this paper is to examine what happens with the internal view an or-
ganisation has on information management when a holistic view is diminished into a blinkered
view and the consequences it conveys for the customer. The customer consequences are divided
into two parts — creation of external customers’ values and creation of value for the internal
customer explored in terms of efficiency.

Methodology/Approach: Interviews with both outsourced co-workers and project leaders still
in the organization.

Findings: The organisations lack of listening to the external customer affects all three areas
lifted in the analysis. The studied organisations have great opportunities for developing their
process for producing TI, both regarding their mutual relationship as well as in regards to the
external customer with the help of Lean and by applying a more holistic view on the production
of Technical Information.

Keywords: Information management, Lean, Customer value, Technical Information, Efficiency

Paper type: Case study

Papers Index <Back Next Page >



international conference
%S quality and service sciences 1 6th QMOD_ICQSS

2 Karin Ahlin, Pernilla Ingelsson
® Information Management, Lean and Efficiency: Are We Focusing on the Customer?

Introduction

In the manufacturing process, the production of various products is the base (Storga 2004).
The product consists of different parts as does the information connected to it (Porter and
Millar 1985). The classic value chain contains product and information within closed boundary
organizational walls. However the information that belongs to the organization also has an impact
on the customers as well and therefore creates its own boundaries. The former organisational
boundaries change due to information’s impact and give rise to information boundaries (Sawy,
Malhotra et al., 1999). As a result, in this extended value chain, customers, in combination
with products” information, have more impact on the internal organizations, an impact which
has developed and increased due to improved information technology during the last decades
(Wallace 2011). The rise of technology has improved our access to the information and for
the manufacturing process, this means easier and better access to the technical information,
in pragmatic ways categorized as the structured information (Wallace 2011). Technical
Information (TI) is characterized by information that enables a safe and environmentally-
friendly introduction, usage, maintenance and destruction of products and services (Asproth,
2011).In other words TI is connected to its product life cycle and due to its tight connection has
a high impact on the quality of it.

Focusing on quality and thereby creating value for the customer is the foundation of most
initiatives within Quality Management. One initiative that is gaining more and more attention
and is being applied in many different organizations is Lean. Within Lean long-term thinking, a
system view, and customer focus are fundamental alongside the notion of eliminating waste in
the organization’s value flows. Liker (2004) describes Lean by means of 14 principles divided
into four parts of a pyramid, the ‘4 P’ model. The bottom of this pyramid and the most important
factor for success is the value ‘Long term thinking‘(ibid). According to Bicheno & Holweg
(2009), a system approach is very essential for Lean. They define a system approach as focusing
on the organization as a whole before paying attention to the parts (ibid). Emiliani (2010) states
that the reason for applying Lean has to be for the benefit of the customer, not for internal
company reasons since understanding what the customer really needs and what builds customer
value in an organization is essential for business success.

The context for this study is a manufacturing company which uses Lean, with technical
information as an outsourced sub-process. In general, the view on TI and its contribution to
businesses in different business sectors is seldom clearly expressed (Slumpi, Ahlin et al. 2012).
If it is expressed, it is more in terms of softer valued benefits and rarely in terms of financial
incomes. To look upon the product, containing a physical and information part (Porter and
Millar 1985) is to look at and develop only a single part of it and not take a holistic view. This
blinkered view flows through this study’s whole organization and also occurs in discussions with
the customers. The purpose of this paper is therefore to examine what happens with the internal
view an organization has on information management when a holistic view is diminished into a
blinkered view and the consequences it conveys for the customer. The customer consequences
are divided into two parts — creation of external customer values and creation of value for the
internal customer explored in terms of efficiency.
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Theoretical pictures

To discuss this paper’s purpose we have made a theoretical framework containing pictures
from both the field of Information systems and Quality Management. The starter is the holistic
system view from both fields continuing with management of information and completing with
the two customer perspective, external in eyes of value and internal in eyes of efficiency.

System view

Overall distinctions of system views or an epistemological way to describe system are to divide
them into hard system and soft system thinking (Checkland, 1985). The hard system thinking
describes an efficient way of seeking solutions to problems and thereby reaching the goal. The
engineers who design the systems are, in this sense, providing the users with rational ways to
reach the organization’s goals. The soft system is oriented towards learning and acknowledges
that there are human ingredients in problem-solving, which makes the world problematic, but
understandable by using different models. These aspects of hard and soft system thinking can
be seen as being represented by the values continuous improvement and focus on people within
Lean (see, for instance, Liker, 2004 and Emiliani, 2007). Furthermore, the system approach is
defined as focusing on the organization as a whole before paying attention to the parts (Binero &
Holweg 2009). Lean emphasizes the supply chain, where the production within the organization
is a part of a value stream from the sub-suppliers to the ultimate customer (Womack & Jones,
2003). Seddon (2005) claims that managing the organization as a system is, among other things,
to have an outside-in perspective and has a design based on customer demand, value and flow.
Deming (1994) defines the system as a network of independent components that work together
to try to accomplish the aim of the system. There has to be an awareness and understanding that
functions and activities are held together in processes (ibid).

Information Management

One part of the product system is the information which from an internal perspective in an
organisation can be viewed from different angles. The operational view and its connection
to the process is one angle (Davenport and Prusak 1997). From an information management
(IM) view, information is looked upon as a resource which has to be governed in a lifecycle
perspective and where different questions are raised during different lifecycle parts (Best,
2010). Managers have to face responsibility for planning, deciding and focusing on governance
of the whole lifecycle of operational and organizational information (ibid; Reponen, 1993).
Best (2010) argues that the purpose for implementing yet another management structure is
to increase the internal organizational performance. In close relation to Best’s declaration is
Detlor’s (2010), which states that IM’s goal is to help both individuals and organizations to
access, process and use information efficiently and effectively. The expected result will hereby
be that the organization operates better and more in alignment with their strategic goals.

The strategic view of IM is a holistic one, operationally given by guidelines for lifecycle
perspectives on digitalized information (Reponen, 1993). As a result of the planning phase, a
strategy profile is produced and the organization’s attitudes towards the specified topic are also
included (ibid). Inside organizations, information can be managed operationally on a scale from
solo monarchy to the other end point of the scale, in an anarchistic way (Davenport, Eccles &
Prusak, 1993).
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A practical way to discuss information as such is achieved by describing its formalization (Yeo,
2002). Usually categorization for information is done in structured- or unstructured information
(Ferruci & Lally, 2004; Wallace, 2001) and data (Rodrigues, 2002). The structured information
has metadata connected to it and is therefore easy to obtain an overall view of big quantities.
These quantities can be used as a foundation for different kinds of decisions and thereby create
new information (Langefors, 1996). Commonly viewed extract from structured information
is seen as knowledge (Rowley, 2007), in a pyramid metaphor, where the individual or/and
organization has impact on the creation and maintenance of knowledge.

External customer satisfaction — value

The word quality raises a lot of different associations and expectations and according to Dale
(2003), the fact that the customer makes the quality judgment seems to be something present
in most definitions of quality. The definition that forms the basis for this article is the one
given by Bergman & Klefsjo (2010); “The quality of a product or service is its ability to
satisfy, or preferably exceed, the needs and expectations of the customers”. Customer value is
often described as the difference between the total customer value and the total customer cost
(monetary and sacrifice) of a product (goods or services) (Kotler, 2000). Delivering customer
value requires a clear understanding of exactly what kind of value is desired by customers.
Importantly, customer value is not inherent in the product or services themselves; rather it is
experienced by customers as a consequence of using the supplier’s product and services for
their own purposes (Woodruff & Gardial, 1996). Value can only be defined by the ultimate
customer according to Liker (2004).

In this paper the customer is seen as the person or persons using the TI. The external customers
are viewed as the end customer or user and the internal customers as users within the organization
that has outsourced TI. From a product or service point of view value can be seen as the sum
that the customer is willing to pay for it (Barber & Tietje, 2008).

Information as such is valuable for the entire organization and more valuable when it contains
certain qualities (Wallace, 2011). Although the customer satisfaction given by information
quality is hard to predict and changeable between different customers given characteristics are
overall predictable. The design will also be affected by the different customer requirements
(Lowgren & Stolterman, 2008). As designers tend to use templates to produce systems, the
more user and customer requirements, the greater the number of templates. Quality, and as a
result of this customer’s input, can therefore also be seen in the number of templates used to
modularize and design a system.

Internal customer satisfaction — efficiency

Ljungberg and Larsson (2012) states that all processes are part of a network of processes, that
information is exchanged between different parts throughout the process and that resources
need to be available. According to Egnell (1999), the advantages of focusing on processes are:
decreased risk of sub-optimizing and discrepancy between different functions in the organization,
fewer unnecessary activities, higher work satisfaction, reduced costs, clearer aims and a higher
inclination to do the right thing from the beginning. Modig and Ahlstrém (2012) state that Lean
is a change from resource focus to customer focus and that the processes are central for creating
value for the customers. They believe that processes are the building blocks of an organization
and that the processes need to be defined from the perspective of what flows through them not
from the various functions within an organization (ibid). Both Womack and Jones (2003) and
Liker (2004) are clear about the importance of defining value from a customer point of view,
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arranging the processes, or value streams, to create this value and then making the value flow
through the processes. This value flow should also include the information flow since these
are two sides of the same coin (Rother and Shook 2004). Waste reduction is something many
people associates with Lean. According to Bicheno and Holweg (2009), value is the converse
of waste and waste elimination is seen as a means to achieve Lean — not an end in itself. The
elimination of waste is closely linked to creating flow in an organization’s processes (Womack
and Jones 2003 and Liker 2004). Bicheno and Holweg (2009) list the traditional seven types of
waste defined by Taichii Ohno as: overproduction, waiting, unnecessary motions, transporting,
over processing, unnecessary inventory and defects. Very often an eighth type of waste is added,
that of untapped human potential (ibid)

To work with the things the customer requires, organizations have to confront two different
questions — “Are we working with the right activities inside our organizations?” and “Are we
doing appointed activities the right way?”. The first concept is named effectiveness and the
second efficiency (Luftman, 2000). In this study we will discuss efficiency that puts pressure
on the organization to be curious and think in new directions (Ljungberg & Larsson, 2012).
These authors claim that in order to create permanent new thinking, structural preserving
components like norms, culture and structures need to be changed. Modig & Ahlstrom (2012)
state that within Lean the focus for creating efficiency needs to be flow-oriented instead of
resource-oriented. Measuring is the starting point for improving operational performance but
the challenge lies in measuring the right things and using those measurements as the basis for
managing performance improvement (Radnor and Barnes, 2007). Saad and Patel (2006) also
stress that there have been few attempts to measure the performance at inter-organizational
level and these have been essentially focused on tangible and financial factors.

Research approach

The aim of the paper was met by combining two different search fields within the academic
world — Quality Management and Information Systems. The connecting bridge between these
two fields is spelled Management, both included in the definitions of the academic fields. In
Total Quality Management this is done by i.e. Hellsten and Klefsjo (2000):

“A continuously evolving management system consisting of values, methodologies and tools
the aim of which is to increase external and internal customer satisfaction with a reduced
amount of resources.” (Hellsten & Klefsjé, 2000 p.241)

And in Information Systems by (Holmberg 2005):

“Structure and properties of information and communication as well as theory and methods
for the transfer, organizing, storage, retrieval, evaluation, and distribution of information,
and furthermore information systems, networks, functions, processes, activities that medi-
ate knowledge from source to user and are based on general systems, cybernetics, automa-
tion, and technology for human work environments in timely and current praxis.” (Holmberg
2005,p. 3)
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Method

In practice we conducted this by using a qualitative research method to meet the study s purpose.
A single case study (Yin 2009) was used and looked upon as a single case even though two
different organizations were included. The connecting part of these two organizations is the
production process of TI and therefore they are viewed as an entirety. The two organisations
cooperate in the same production process of TI due to an outsourcing project. Since the study
was held on a general level and used to illustrate theoretical material one case was deemed
sufficient by the authors. The theoretical pictures were built with earlier research from the area
of Information Management and Quality Management. Since the study is undertaken in order
to understand the theoretical pictures, the study may be categorized as an explorative study. The
theoretical pictures are compared with the study s organizations where primary data is collected
via interviews of employees. Data, in smaller quantity, was collected through the website’s
of respective company. A few documents were also available through Alpha’s management.
The analysis was conducted via an interpretative research process, which basically involves
collecting and interpreting theoretical and empirical data in an iterative way (Walsham, 2006).
This study has an inductive analysis, which is seen as inferences made from particulars to
generalizations (Krippendorff 2012).

Content to the empirical material was collected by five interviews held at the office of each
respondent. In table 1 is the working role and organisational belonging to each respondent.

Person | Working role Organisation
A Team manager Technical Information loca- | Alpha
tion A
B Team manager Technical Information loca- | Alpha
tion B
C Responsible outsourcing location B Beta
D Project manager delivery location B Beta
E Project manager deliver location B Beta

Table I: The study’s respondents

The interviews lasted between 70 and 90 minutes and one of the authors attended all the
interviews. Afterwards the interviews were transcribed verbatim and content were categorized
according to the four categories:

e Studied organisations

e Context description technical information

e External customer perspective - value

o Internal customer perspective - efficiency

The categories were constructed in coordination to the purpose of the paper — to analyse con-
sequences for information management, internal and external customer in the study’s context.
Empirical pictures

In this chapter the two organizations Alpha and Beta are presented and also empirical pictures
from the interviews. The empirical pictures are divided into: Context description technical
information; External customer perspective — value; and Internal customer perspective — ef-
ficiency.
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Studied organisations

Alpha is a consulting company specialized in management and operational development of
TI and they have been working in the field of TI since the mid 1990s. The company operates
in seven countries around the world, including Sweden, and the total number of employees is
approximately 600. In Sweden there are seven different office locations and the company is
part of a group organization. Discussed on their web-site is their strategic goal, which is to be
a:”... leading, global supplier of information services. We will deliver best-in-class services,
solutions, and quality to our customers.”

Beta is a part of a worldwide group of technical companies in the process industry and they
are in total more than 27 000 employees. The group has companies working with mining,
construction, recycling, pulp and paper, power and oil and gas. Beta is specialized in
manufacturing, maintenance of equipment and services for pulp and paper industry and has
approx 700 employees.

Context description technical information

Beta outsourced the technical information department in 2010. The company which won the
outsourcing contract was Alpha. Stipulated in the contract is that Alpha is responsible for
producing and delivering customer documentation connected to the products both to the internal
and external customer. The staff at the TI department are now employed by Alpha, but they are
still working with the same tasks as before the outsourcing was done. Beta has implemented
Lean in their organization and uses it when they, for example, develop new products in their
projects. The TI department is not involved in this way of working and the Lean initiative has
not been extended to include the sub-supplier of TI; they are working alone in their process
without any influence from others.

The technical documentation that is produced consists of customer documentation that
includes instructions for installation, operation, maintenance and quality documentation. The
customer documentation is created by Alpha partly in collaboration with Beta and also partly in
cooperation with sub-contractors providing the developed products.

From an organizational point of view, Beta’'s construction department is responsible for the
documentation and the documentation is seen as a part of the product, but not as a part of the
core business. This is the underlying reason why the outsourcing has been done to Alpha. The
purpose of the outsourcing was to get better competence in producing T1I, better efficiency in the
production process of TI and as a result of this a decrease in costs when making the TI. It also
provides access to more convenient information systems. Since documentation is not viewed as
a part of the core business and yet is still a part of the product delivery this makes its position
ambiguous and dependent on what the paying customer demands. Some customers view TI as
extremely important to be able to install and use delivered products and therefore have a clear
demand picture whereas other customers just put the covers on the shelf. Internally, in Beta, TI
has low status and for them it just is something of a necessary evil.

External customer perspective - value

Requirements on T can be seen from different customer’s perspective. Beta’s overall requirement
is that TT has to be produced in an efficient way and the internal installation assembler wants it to be
correctanddeliveredonpaper. TTisbroughttotheexternalcustomerinastandardizedwayandAlpha’s
experienceisthattheexternal customerseldomimposes any requirementson T, excepttranslation.
Neither Alpha nor Beta have done any surveys or investigations of the external customers’
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requirement of nor what could make their work more efficient by using T1. Both Alpha and Beta
have thoughts and ideas about making external customer surveys in the future. New features
or requirements of the content of TT are posted by the employees themselves and are almost
always connected to the outsourcing contract where financial efficiency is estimated. New laws
and regulations can put demand of new content, especially as regards the quality documentation.
These new requirements occur little by little and Beta’s respondents think that there will be an
increased number of quality documents in the future.

When discussing what kind of value TI brings to the internal and external customer, several of
Beta’s respondents answers that we measure the value of TI in numerical values, like punctual
delivery. If the delivery is not made in time, Beta’s contracts with external customers stipulate
a delayed payment penalty. In the outsourcing contract between Alpha and Beta all stipulated
measurements refer to cost aspects and the internal customer aspects, such as number of hours
of discussion with the Beta’s ordering part.

As regards TI’s value, the overall value perspective is the external customer — like an assembler,
montage company, user and Beta’s own support staff. Occasionally Beta views TI as valuable
in form of marketing material or education material. The external customers often use the
digitalized TI as a part of their own product management systems and the paper version is used
as a moveable reference book.

The respondents refer to the independent and standardized production process and discuss
its value result in terms of correct terminology, a uniform and user-friendly layout and good
traceability for the documentation. The rest of the organization looks upon the process as stand-
alone and do not want to be involved at all. This view has been the unspoken rule for a long-
time and has not changed due to the outsourcing. When we asked the respondents whether it
was possible to stop producing and publishing TI, the answer was no and reference was made
to the external customers’ knowledge process.

Internal customer perspective - efficiency

There is an overall intention in the outsourcing contract to make the production process of TI
more effective during the contract period. To make it more efficient is symbolized by reducing
cost and nothing else. Follow-ups of this overall intention are done yearly and in line with the
agreed roadmap. The measurements are done by appreciations of percentage and seen in form
of reductions in working hours or cost for a special activity. At the annual contracting meeting,
the perceived percentage is negotiated and agreed upon.

Despite the fact that there are measurements for reprocessed working hours or costs, both parts
experience difficulties in measuring efficiency. They discuss the difficulties in terms of not
measuring on the needed detail level, not enough historical measurements and that both parts
do not agree upon produced measurements. They have not agreed upon which source for time
estimate to use — one respondent uses the financial Information system and one other respondent
knowledge from a long work life at Beta.

Analyse and discussion
Information Management

The study’s information context is technical information in the form of structured information
(Wallace 2011), where organisational management of the information is clear in its different
roles. TI has a low priority from the organizational owner, the construction department. In

Papers Index <Back Next Page >



international conference
%S quality and service sciences 1 6th QMOD_ICQSS

2 Karin Ahlin, Pernilla Ingelsson -
® Information Management, Lean and Efficiency: Are We Focusing on the Customer?

the life cycle perspective information should be managed in all phases to obtain its full value
(Best 2010). In this case production of information is outsourced and management is diversified
between the two organizations. Since information is not seen as a full valued part of the product
(Porter and Millar 1985) the conclusion is that a strong and one-handed management is not
considered necessary. As a result, information is used neither to its full extent nor as a competing
advantage. This is also emphasized by the low competence about customers’ requirement for
the information. This view should be seen in the context of one respondent’s answer to the
question about stopping production of all TI, where the answer is that this would decrease the
customers” knowledge about delivered products. Today s information design is based on a hard
systems thinking rather than a soft systems thinking (Checkland 1985) as rationale causes like
strict process thinking is used when TI is produced. In contrast to soft systems thinking which
is oriented to learn and also the Lean-perspective based on designing the organization to meet
the customers” demands (Seddon, 2005). There is no intention to use the knowledge of the staff
within the TI production process or involve them in the organization’s main processes, which
can be seen as the eight waste within Lean, that of untapped human potentials (Bicheno and
Holweg 2009).

To further analyse the lack of interest in producing required information is also by extension to
discuss the degree of freedom for the customer. The freedom is limited when decisions have to
be taken (Langefors, 1996) and in long-term product knowledge. For Beta this is a failure to use
its full business potential and the competitive advantage information can bring.

External customer perspective - value

In the extended definition of process the customer has a central role (Ljungberg and Larsson
2012). Womack and Jones (2003) use the customer and their requirements as a starting point
for the processes, or the value streams. To Alpha the customer Beta is very concrete and they
have a clear view about their relationship and what they require in the form of output. This
knowledge is due to the close connections achieved by sitting in the same office locations and
the knowledge gained from previous employment. What are missing are the requirements from
the user of the information, foremost the external customer. As a result, produced information is
created without any response from the customers. The design of such a production system could
be used by using standardized templates (Lowgren and Stolterman 1998) and hereby produce
more and more opportunities for the customer. From the customer requirements the information
systems in use for producing TI could be upgraded and new features installed and used.

The value of a product or service is the sum that the customer is willing to pay for it (Barber
and Tietje 2008). At Beta they only look at the cost part of TI and never on the income part. Due
to this way of considering TI, as just rendering cost, it is hard to understand what the income
could be.

The value creating activities that exists within a process will be defined as activities that the
customers see as valuable (Ljungberg and Larsson 2012). For Beta and the overall process
description there is a difficulty in describing what the external customer considers as important
since this knowledge does not exist. The clarity towards the external customer is vague as regards
new thinking and by this line of action the process as such is not developed, something which
Ljungberg and Larsson (2012) discuss in terms of curiosity and change of culture. The internal
customer, Beta, views quality as something important and believes that activities related to the
quality aspect should be rewarded however today there is no such measurement value among
the existing ones. In addition the definition given to quality is mainly based on internal company
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opinions on what the customer wants and not based on external customer requirements. This in
turn can lead to a failure to meet the real needs and expectations in accordance to Bergman and
Klefsjo (2010) definition of quality.

Internal customer perspective — efficiency

Efficiency can be described in terms of doing activities the right way (Luftman 2000). In this
study, Alpha and Beta are doing this by follow an agreed roadmap where there is a mapped path
for increasing the process efficiency. In other words, the producer and the internal customer
are deciding the efficiency of the process. In order to define measurements for efficiency, there
has to be agreement about what to measure and how (Ljungberg and Larsson 2012). As Radnor
and Barnes (2007) point out, the challenge lies in measuring the right things and using those
measurements as the basis for managing performance improvement. The studied organizations
could benefit from gaining more information on what the customer values in order to agree upon
what measurements that are right for them. An improved clarity will raise the joint effort for
a more efficient process. Today’s measurements concern hours or money and appeal to a hard
system thinking and not the softer values (Checkland 1985). The purpose of outsourcing was
only partly to reduce cost and the aspects of gaining knowledge and more convenient technology
are not being measured even though this was also part of the purpose and could represent the
softer measurements. Broadening the selection of measurements and using softer values like
perceived quality or knowledge will give another focus on the process and in combination with
customer surveys, will probably mirror the customers’ perception of quality in a better way. The
quality measurements will be inherited from the customer and therefore the importance of the
customer impact will be raised more and more.

In addition and in connection to Lean’s ideas of only delivering what creates value for the
customer and eliminating waste (Bicheno and Holweg 2009) the effectiveness of the process for
producing TI could also be measured since this focuses on doing the right activities in a process
(Luftman 2000).
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Conclusions

Not taking the starting point in what the external customer needs and expects can have
consequences in a number of areas — i.e. missed business potentials that TI could give the
company in the shape of TI as a way of increasing the value of the product if adapted to customer
needs. It could also affect customer satisfaction negatively given the internal perspective on
defining quality, which in turns could lead to the customer not getting what he or she really
needs in the day-to-day operation (Woodruff and Gardial 1996). This also has an effect on what
the organizations measure in form of efficiency and could influence the choice of measurements
to better reflect the customer’s perception of what is value and quality in TI.

As TI is not seen as valuable Beta, the owner of it, see no potential in developing it and in
the long-term perspective no need for new technical implementations, like new information
systems or new technical aids. Connected to the management of information the full customer
value in terms of information as a base for knowledge is not supported (Reponen 1993).

In conclusion, it can be said that Alpha and Beta have great opportunities for developing their
process for producing TI, both regarding their mutual relationship as well as in regards to the
external customer. If Lean were to be used in the process for producing TI and to develop the
sub-suppliers of TI, this could give new business opportunities, a greater internal understanding
of the values of TI as well as better use of the TI personals competence; thus creating a fruitful
bond between the internal and external customer perspective.
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Abstract

The communication of the intangible benefits to different stakeholders is important at the
development of organizational resources, in this study digital information, and could be described as a
boundary-spanning activity. In this study we build on Ahlin’s model (2014) and illustrates
categorization of intangible benefits of digital information by using Carlile’s (2002; 2004) efficient
boundary objects, the syntactic, semantic and pragmatic. Qualitative empirical pictures from three
cases are illustrated by questions, derived from the efficient boundary objects. The illustrations show
that this is an accessible path forward and that the illustrations can be changed to further research
with the goal to practical test the communication model.

Keywords

Intangible benefit, digital information, communication model, technical information.

Introduction

The communication of the benefits organizational resources generate includes internal as well as
external stakeholders. Thusly it could be described as a boundary-spanning activity (Abbott et al.
2013; Leifer and Delbecq 1978). This activity is of specific importance when it comes to further
developing the resources and increasing their benefits (Kotter 2012). Ward and Daniel (2012)
emphasize communication as one of the important ways to influence success. They evolve the
importance of communication by categorizing stakeholders, their power and how to communicate.
Their examples range from keeping the stakeholders informed, get them on board, or an approach to
change someone’s mindset. A crucial part of the communication process related to the organization’s
benefits is to first identify and understand the resources, both tangible and intangible (Frisk 2007),
and the potential to be further developed (Frisk and Ljungberg 2009; Ward and Daniel 2012)
Identifying and communicating benefits is however a challenging task, especially when it comes to the
intangible benefits (Ahlin 2014).

Thus organizations require some sort of support in order to complete this endeavour. However, so far
we have not been able to identify such a support. Ward and Daniels (2012) do indeed investigate the
necessity and provide insights into the construction of a model in the context of information
technology that could serve as a support. Still, this model does not help the organization to identify
and communicate the intangible benefits of, for example, digital information. A model that is better
adapted to supporting organizations in the process has been developed by Ahlin (2014). This model
was specifically targeted at identifying and communicating efficient collaboration as an organization’s
benefit and at the ways digital information could improve this collaboration. The development of the
model was highlighted in the work of Ward and Daniel (2012) but the theoretical foundation of the
model can primarily be found in the work of Star (Bowker and Star 1989; Star 2010) and Carlile
(2002; 2004) and the theoretical discussions related to boundary object (BO). More specifically, the
model was based on parts of Bowker and Star’s (1989) definition — “local needs and how to maintain a
common identity across sites”, on Carlile’s (2002) three approaches: syntactic, semantic, and
pragmatic; and on a visualization of BO (Huang and Huang 2013). The choice of theoretical
foundation is based on the close relation between BO and boundary spanning identified by, for
example, Levina and Vaast (Levina and Vaast 2005), and on the fact that the process in focus in this
research has been identified to be about boundary spanning.

The model developed by Ahlin (2014) was tested on a particular type of digital information, namely
technical information (TI) and the ways TI could promote collaboration (Ahlin 2014). TI is
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information connected to a product or service (Nystrom and Asproth 2013) and can be operationalized
as sketches, drawings, and meeting minutes connected to the design process of a product or a service
(Storga et al. 2011). The test of the model found that it had the potential to identify and communicate
the intangible benefits of digital information but needed to be further developed. Ahlin (2014) does not
explicitly state how the model should be used in order to support an organization in the process of
identifying and communicate the intangible benefits of digital information. Therefore, the aim of this
study is to further develop the model by making the way the model should be used more explicit. This
would enhance the model’s potential to function as a support for organizations’ endeavours to identify
and communicate the intangible benefits of digital information. An illustration is that the model is a
chest of drawers were Ahlin (2014) outlined the furniture with drawers and this study aims to develop
how put content in the different drawers.

Introducing the original model

The model that is the point of departure is illustrated in Figure 1 and can be found in Ahlin (2014). As
was mentioned above, the model was influenced by the benefit management model suggested by Ward
and Daniel (2012), who investigated the requirements for a benefit management model for IT
investments. For a project delivery, this benefit management model focusing both on delivering
specific project benefits, like an implementation plan and training in technology, and also on general
requirements for such a model. The general descriptions of requirements for a benefit management
model from Ward and Daniel can be turned into the following actions: identifying the benefits;
communicating the benefits, managing the change of benefits; and reviewing the potential
opportunities of the benefits. However, as was also mentioned above, the model has, theoretically
speaking, primarily been influenced by the research on BO. In Ahlin(2014), as well as for this study,
benefits are viewed as adding efficiency in the organization. This is done by using the resource for a
specific work role or by the entire organization.

Syntactic P

Figure 1 The normatively effective BO (Ahlin, 2014).

A BO can be described as something that facilitates collaboration, is positioned between collaborating
parties, and does not require a complete mutual agreement between these collaborating parties (Star
2010). However, BO has been proven to facilitate not only collaboration but also knowledge processes
over organizational boundaries such as sharing and assessing knowledge (Carlile 2002; Carlile 2004).
In Carlile’s (2002; 2004) research, three different knowledge boundaries have been identified: the
syntactic, the semantic, and the pragmatic. We argue that digital information is one of the vehicles
knowledge travels by, thus the boundaries identified by Carlile becomes valid to address. In our view,
for digital information to become a BO, it must be able to deal with the boundaries identified by
Carlile.

For a BO to address the syntactic boundary and create an ability to share and assess knowledge, it
needs to provide the organization with a common language (Carlile 2002), which helps the
organization to transfer knowledge over organizational boundaries (Carlile 2004). Operationally
speaking, this is done in the form of representation (Carlile 2002), and is implemented through a
shared dictionary (Carlile 2004). As both the internal and the external surroundings are in a constant
flux, the organization needs to keep the dictionary updated in order for it to function as a BO.

At the semantic boundary, the challenge is that different stakeholders might have different
interpretations of the knowledge at hand and that these interpretations might be based on implicit
knowledge not yet externalized (Ahlin and Saarikko 2013). These differences in interpretation might
hamper knowledge sharing and assessing. Thus, the BO at the semantic boundary needs to provide
the organization with an ability to translate knowledge, an ability to learn about the different
interpretations, and help the collaborating parties to achieve a common meaning (Carlile 2004). Part
of this translation is to convert implicit knowledge into explicit knowledge (Ahlin and Saarikko 2013).

Twenty-first Americas Conference on Information Systems, Puerto Rico, 2015 2



A Communication-model for Intangible Benefits of Digital Information

The foundation for the conversion of knowledge from implicit to explicit is the representation (Zins
2007). The stakeholders have to discuss the representation, and together form a shared meaning in
order to create common knowledge. To prevent knowledge barriers, the discussions have to be based
on equal inputs, and fair results.

Finally, at the pragmatic boundary, the main challenge is neither to transfer existing knowledge, nor
to translate existing knowledge, even though these aspects are part of the challenge as well. Instead, it
is to transform existing knowledge (Carlile 2002; Carlile 2004). The transformation becomes
necessary when there are different interests present among the collaborating parties and the goal is to
develop a common interest to share and assess knowledge (Carlile 2004). In practice, it is about
parties agreeing on transforming their existing knowledge base to fit a new setting. This might be a
painful process, as the change of knowledge base does not come without costs.

The relation between these three boundaries and the BO addressing them has changed over the years.
From Carlile (2002), it was possible to infer that each boundary should have a BO of its own. In more
recent research, such as in Carlile (2004) or Huang and Huang(Huang and Huang 2011), the strong
relation between the different boundaries is emphasized, and thus it becomes relevant to argue that a
BO should be able to address the different boundaries simultaneously.

Method

As was stated above, the aim of this study is to further develop Ahlin’s (2014) model. The research
approach adopted resembles the scientific research cycle described in Straub (1989) that consists of
three steps: explore, confirm, and refine. Our cycle focuses however on model development. Thus the
three main steps in our model develop cycle were:

1. build a model

2.test a model

3.identify improvement potential in the model

Building model Testing model

Identifying potential improvement
needs

Figure 2 The model develop cycle

For this study the first step of the model develop cycle, the building of a model, is reported on. The
building, or rather the rebuilding, of the model departs from the identified potential improvements
found in an earlier validation of the model. It was conducted in two steps. Firstly a set of questions for
each of the parts of the model was developed. This approach was influenced by the work of Huang and
Huang (2013) that developed a measurement model to understand the knowledge boundaries between
different stakeholders in system analysis. The building of the model was realized by identifying a set of
questions that could be related to each part of the model, e.g. syntactic, semantic, and pragmatic
(described in the next section of this article). Our base for formulating the set of questions was to use
them as illustration tool. This tool was tacit in Ahlin (2014) and is seen as one of the development
steps to build the model.

Secondly, it is illustrated in this study what kind of answers each of the questions might generate. For
this three different data sets were used: Alpha, Beta and Gamma, e.g. multiple case studies (Yin 2009).
Each data set was then subjected to an interpretative analysis (Walsham 2006) in search for answers
to the questions in the model. More specifically, an inductive analysis was conducted, which is derived
from performing a comparison between an empirical base and the theoretical framework, e.g. the
model (Krippendorff 2012). The illustrations were chosen as a way forward to add details to the chest
drawer before testing the model in practice.

Research cases

The first two data sets are the same as in Ahlin (2014) and are re-analyzed here. Supplementing the
first two data sets with a third one is done to further develop and validate the model. Of importance is
that the empirical material was not collected primarily for developing the model. The reason for using
empirical material collected for other purposes is that the model is still immature and still does not
motivate a specifically designed study. Walsham (2006) argues that theory can guide the whole
research process or be identified rather late as a relevant tool for conducting analysis. Here, the latter
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approach is applied; Ahlin (2014) indicates that this type of test still generates important insights into
a model’s strengths as well as its weaknesses.
The first case, named “Alpha”, is a defence contractor involved in the production and maintenance of
electronic defence systems with approximately 12 500 employees. Product development is usually
based upon existing products with added customization based upon customer specifications. In this
case, the BO is the TI limited to the standardized product information. This product information is
built on a hierarchical system and the organization has used it for several decades. The TI provides
knowledge about the original and updated product components and their status. The TI is stored in a
legacy system and can be modified by co-workers in the development department. The legacy system
represents the master data and is not automatically integrated to other systems in real-time. The
study comprises seven semi-structured interviews with middle managers from different departments,
like project managers and team managers. The purpose of the study was to identify an organization’s
benefits of TI. The question categories were: description of TI; its benefits for work roles; and the
organization’s benefits.
The second case, named “Beta”, is a worldwide construction company in the paper mill industry with
600 employees. The organization has outsourced the production of TI. Since Beta and the outsourcing
company are working together in the TI production process, they are viewed as one case. The BO in
Beta is the TI that is provided to the internal and external customers and consists of installation,
operation, maintenance and quality manuals. The TI is stored on file servers and can be read by the
organization’s operative co-workers. Updates are only performed by the co-workers in the TI
production process and are not integrated with any other information systems. The TI is mainly
delivered in paper format to the customers. Five semi-structured interviews were held with middle
managers from two different departments; the TI production and the customer project management.
The purpose of the study was to identify quantitative ways of showing efficiency development in the
production process of TI. The question categories were: the production process of TI, its benefits and
production process; the efficiency and effectiveness in the production process; and actual and future
measurements of the process.
The third case, named “Gamma”, is a construction engineering company with 150 employees. The
organization bases its manufacturing on a hydraulic invention used on excavators. The BO in Gamma
is a TI that is a set of assembly instructions used by internal and external customers. The TI is stored
in the legacy system as master data; accessible for reading and updating by all co-workers. The legacy
system is automatically integrated with other information systems. The purpose of the study was to
theoretically develop and test a working method for identifying the benefits of TI. The empirical
material was collected at one focus group workshop and two semi-structured interviews. The
participants were co-workers producing TI and the interview respondents were development
managers. They discussed the production process activities; its input, output, benefits and
stakeholders. The interview categories were: a description of TI; identification of its benefits; and
model requirements for identifying these benefits.
Model development
To develop the model, we formed a set of questions related to each of the boundaries identified by
Carlile (2002; 2004). The questions are as follows (Table 1):
Boundary Question
Syntactic In what ways is the organization using the
representation as a common language?
In what ways are the process connected to the
representation?
In what ways can the organization search
digital information based on the stored
representation?
Semantic In what ways are the representation used for
learning in the organization?
In what ways are knowledge generated based
on the representation?
Pragmatic In what ways is knowledge cooperation in
business processes implemented in the
organization based on the representation?
Table 1: Illustration tool
The first three questions are based on a BO’s ability to span the syntactic boundary by creating a
common language based on the ability to transfer knowledge (Carlile 2002; Carlile 2004). The first
question is directly connected to the language, the second question derives from the ability to transfer
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knowledge, which implies that a source for knowledge transfer is needed. We look upon this source as
the process connected to the representation, i.e. having a production process - and documenting it -
creates knowledge about the representation to all co-workers connected to the process. The third
question is also connected to the knowledge transfer. As the representation is stored digitally in
information system(s), co-workers need to reach the information. Therefore, the search functionality
plays an important role in knowledge transfer, i.e. its accessibility, accuracy.

A BO’s ability to span the semantic boundary gives the organization an opportunity to learn and a way
to translate knowledge (Carlile 2002; Carlile 2004). The first question is directed to how the
representation is used for learning. The second question asks in what ways knowledge is translated to
the co-workers. This question is broad and open-ended, not limited to the tacit or explicit perspectives
of knowledge, for example.

A BO’s ability to span the pragmatic boundary derives from transforming the representation into
learning. The learning is used to update the business processes with new functionality (Carlile 2002;
Carlile 2004). One example of this could be to use statistics based on the representation to offer new
customer agreements. This question is straightforward in its nature, summarizing this BO and looking
for implemented operational changes.

Development of model

Below the result of developing the model by applying the questions developed on the empirical
material is presented.

Syntactic

In What Ways Is the Organization Using the Representation as a Common Language?

In Alpha, the TI is used as a common language. Orally they use the TI as it is, and the receiver of the
information understands it without disturbances.

“This language, if you can call it a language; everyone here knows it. You don’t need to do it [i.e.
showing illustrations], meaning that it simplifies and shortens our working hours, so to say.” Group
manager, Spares Department.

This quote shows that there is no need for further explanations or visualizations; the messages are
clear and correctly understood. The co-workers see this as an efficient way to communicate.

In What Ways Are the Process Connected to the Representation?

Before outsourcing, Beta’s TI production process was a tacit process; partly familiar to the co-workers
acting in it. During the first year of outsourcing, the process was thoroughly investigated and
documented regarding its activities, resources and responsibilities. To keep the process unified, all co-
workers were located in one office area and learned new activities as a result.

“Then [after the outsourcing] it was decided that it was better if the group shared an office area. And
when you share activities among all co-workers, you can adjust resources when needed. Often, in a
group some people become specialized in certain activities; that is how it is.” TI manager.

In What Ways Can the Organization Search Digital Information Based on the Stored
Representation?

The legacy systems search functionality is available to all co-workers, and information is regularly
updated in Gamma. Based on the semantics, searching is relatively easy and visualized with several
options. When the search returned zero hits, the co-workers used their tacit product knowledge, and
as a next step asked their colleagues to find information. The way to search is described by one of the
engineers:

“Yes [we search] on the structure or on the description; assembly instruction and EC or so.”
Engineer.

Semantic

In What Ways Are the Representation Used for Learning in the Organization?

In Beta, the co-workers use TI to learn how to install their products. Beta offers this service to its
customer, and based on commercial purposes, not all installation information is provided to the
customers. Occasionally, based on their own initiatives, Beta’s co-workers use TI for internal
educational purposes.

“I have conducted some education, nothing standardized. You can do it the way you want to do it.
But I usually go through certain education material for the first step, to build their knowledge base.
And I usually want them to find the material in the manual.” Project Manager.

Besides the financial gains from the outsourcing of the TI production, another result is that the
representation of TI has changed. New ways for visualization used by the outsourcing company are
added to textual descriptions. Worth mentioning is that the TI producers experience increased
professional pride by adding this knowledge.

In What Ways Are Knowledge Generated Based on the Representation?

“Structure and order” is a phrase repeated by respondents in Alpha when they answer the question:
“What does TI symbolize for you?”. They further emphasize that “structure and order” is about
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knowing what is produced, where, and to whom the products are delivered.

“But if you have many products that are different [...] then you need order and structure. You need to
know exactly what is delivered to the customer; how this specific product configuration is made.”
Project manager.

The independence of separate co-workers is based on the representation. What earlier was individual
co-workers knowledge is now part of a common organizational knowledge base and accessible to the
organization. As a result, the co-workers have the possibilities to circulate among work tasks and also
change departments.

TI provides knowledge to Gamma in a container, which can be used by anyone. The increasing number
of customers raises delivery demand and the organization needs to rely less on co-workers and their
tacit knowledge. Another perspective is that TI should increase knowledge among sales personnel:
“What we are expecting is that the sales force should have better information about the advantages
of the product, and hence be able to convince and persuade the customers that our product is the best
product; to elucidate the advantages of our product compared to our competitors’
products.” Product Development Manager.

Another product knowledge aspect based on TI is traceability. Depending on today’s TI representation,
there are limited ways to trace products, and their inherent components. The organization has stand-
alone representation for deviation. During our interview session, there seemed to be little or none
knowledge about this representation and how it could be connected to traceability.

Pragmatic

In What Ways Is Knowledge Cooperation in Business Processes Implemented in the
Organization Based on the Representation?

Knowledge cooperation in Alpha’s development projects is based on the role of the configuration
manager (CM). This provides other production departments with opportunities to gain feedback and
improve individual skills. The construction project manager describes the efficiency given by this
role:

“To give feedback on the construction. If we don’t do it, then we will have too many people giving
feedback, for different reasons, too late. [....] And then the construction changes will be too big. And it
takes too long to start all over and do it properly.“ Construction project manager.

One example of knowledge cooperation is the base product, brought about by knowledge sharing
between different departments. Every product is based on customer preferences, yet they are alike in
many ways. Alpha is therefore developing the base product to save construction, development, and
maintenance time; resulting in raised efficiency and profit. The knowledge benefits of TI in Alpha are
based on the product and start when the customer has signed the contract. Knowledge cooperation
with other departments, such as the finance and marketing department rarely occurs.

Interest from other departments to gain knowledge from TI is low. On rare occasions, it is used by the
sales department and on request by customers. During the product development process, knowledge
sharing between the construction department and the TI production department is limited. Time
constraints within the construction department appear to be a major factor preventing this knowledge
sharing. The discussion disintegrated to the point that the construction department wanted to keep
track of the time spent talking to their TI colleagues. Below is a quote from Beta’s TI manager:
“Because if there is something that the construction department wants from this outsourcing, it is
fewer questions regarding the documentation than earlier. Now when we have a professional
organization here, we don’t want to tell every technical informant how they are supposed to write
and what the pictures should look like. We want to spend our hours developing instead.” TI manager.
In Gamma’s business processes, cooperation is based on TI as well as the co-workers tacit product
knowledge. TI is used to confirm the co-workers tacit knowledge, and also to have the last words. From
the development departments perspective, the sales personnel’s knowledge cooperation is one-
directional; from production to sales. There is no input from the sales personnel to production.
Customer inputs to production are based on test customers in Gamma’s geographical surroundings.
“Yes, we do have some test pilots sending us inputs. For every new product, we will test a series of
test documents. We will have spent time with them and seen how things are working out. Maybe
seen what we need to change as well.” Mechanical engineer.

Discussion

This study’s aim was popular illustrated by a chest drawer where the starting point was sketched
furniture in form of a model (Ahlin 2014). The sets of questions were used as illustrations and showed
that we could find answers to all the questions in the model in the empirical material it was applied to.
This implies that the model has potential for identifying and categorizing intangible benefits of digital
information. What further strengthens our conviction of the model’s considerable potential is the fact
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that the questions could often be answered by multiple empirical voices in the different cases.
Generally, the conversion from theory to an operational business, using BO theory, is difficult. The
difficulty stems from the theory being on a descriptively higher level (Star 2010) and rarely applied to
operational questions. Huang and Huang (2013), for example, use the BO theory to create questions
that are used as an analytical base. Their questions are formulated and designed for a specific
empirical context. The model suggested here is more generic in nature, thus the questions are more
generic. We relate one to three questions to each boundary whereas Huang and Huang (2013)
developed between three and five questions for each boundary and use them as a basis for their
questionnaires. The respondents to the different questions vary between the two studies; in ours we
use them as illustration whereas Huang and Huang (2013) practically examine certain hypotheses. The
differences between the two studies are hard to describe, one part of it can be made between BO are
different. Huang and Huang rely on existing BO theoretical basis and connect it to innovations while
we are exploring the intangible benefits of a BO.

Since this study’s model is based on the boundaries identified by Carlile (2002, 2004), we cannot
argue that the model captures all possible intangible benefits. However it should be a solid base to
depart from upon building a model for this purpose. Another aspect to take into account is the
representation, in this case TI, and other factors that affect it. For example, in some cases it is the
design of the technical artefact that affects the answer and in other cases it is the design of the
information architecture that has the biggest impact. Predicting the cause and effect is hard for this
specific case; the important thing is to understand that the intangible benefit exists or can be
created.

As is illustrated by the model above, it is of great importance to not only build new models that will
function as instruments but also carefully test and validate whether the instruments measure what
they are supposed to measure (Straub 1989). To ensure this, Straub (1989) argues for several different
techniques of validation, both qualitative and quantitative. Qualitative validations techniques are,
according to Straub (1989), suitable in the early validation of the model while quantitative are better
suited in the later and final validation of the model.

Further research

One way to move further with the model is to test it, both in theory and in practice. Another
suggestion for further research is to investigate the recently added metaphoric boundary suggested by
Huang and Huang (2013). A BO addressing this boundary refers to a tacit category which helps people
expresses their thoughts and ideas: representing the motivational part of knowledge. One practical
example is best practice or the strategic goal(s) of digital information.
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Abstract

Various measurement methods can be included in a benefit model in order to derive
outputs from the benefits of a resource. In this study, the resource is technical
information (TI). TI is a resource that some view as having a low status, which affects
both the resource and the staff working with it by negatively influencing the work role
and the management of the information. The purpose of this study is to design and test a
measurement method with TI as the resource. Based on a general design for
measurement methods, there are three steps in this method: the input, the rule and the
output. The input consists of interviews; the rule is based on the categorization of the
efficient boundary object; and the output is a summation of the categorization. This
study is based on a case study at a US technology company in the Midwest with
respondents on middle management level. The key findings are that the measurement
method is useful, but not without flaws. Individual and group interviews used for input
lead to a rich wealth of empircal data on the benefits of TI and categorizations of those
benefits. However, the method is rather time-consuming. The design requires the
researcher to perform several interviews, transcriptions, and analyses. The test implied
a discussion on linguistics, both for the input and the rule. The study’s serves to fill a
knowledge gap of the benefits of TI in the field of Information Management, and thereby
increase its status.

Key words: benefit model, benefits, measurement method, technical information

1. Introduction

An essential part in Information Management is to govern the resource information
during its lifecycle (Bytheway 2014; Davenport and Prusak 1997). There are several
ways to govern, one way is to describe the benefits of a resource using a benefit model
(Ward and Daniel 2012). The description can be presented through visualizations such
as the Dependency Network Diagram and/or measurements from a Return-On-
Investment formula (Lundberg 2009). The usage of a benefit model is described by
Ward and Daniel (2012) as the foundation for general management of the resource, via
activities such as communication and decision-making. They express communication to
stakeholders, who have a supporting or opposing interest in the resource. Without
communicating to the stakeholders, their support or interest for the resource could be
lost. The decision-making is mainly conducted on management level within an
organization, and uses measurements as foundation (Remenyi et al. 2007). Without
measurements decision-making could be stopped and thereby further development of
the product. Researchers mention various reasons for including measurements of the



benefits in a benefit model. The reasons range from showing the organization’s total
benefit of a resource (Hallikainen et al. 2002), to the view measurements that describe a
resource for communication purposes (Lycett and Giaglis 2000).

In the Information Management field, a benefit model usually describes the benefits of
an information system or the information technology, rarely information (Remenyi et al.
2007). As earlier mentioned, this can affect the development of the resource. Therefore,
the objective aim for this study is to design and test a viable measurement method. The
origin for this benefit model was created in Ahlin (2014), and the measurement method
is to be viewed as an addition to the model. This measurement method serves to fill
earlier mentioned knowledge gap for measuring the benefits of information. In the
following paragraphs, the setting for this study will be described and its importance
further established.

To contextualise information, an equivocal concept, technical information (TI) is the
resource in focus for this study. This category of information is connected to products or
services during their life cycle (Nystrom and Asproth 2013). The life cycle of a product
or a service includes phases like development, usage, maintenance and destruction. TI
can be notes, installation instructions or product requirements. TI can be shared, which
implies that the stakeholders can spread out among the departments in the
organization. Depending on the specific TI of relevance, the TI can also be used
externally. The interest of using TI is it closely relationship to products, and various
relations to them. The term TI is broad in its concept, relating to the existing plethora of
products. The broadness in operationalized TI can be viewed as its downside when it
comes to comparison, and an upside as it comes to usage and importance.

The rationale for developing a benefit model for TI is connected to the low status of TI
and the staff working with it. The low status can, in the long term, result in low quality of
produced TI, and amplify problems for customers using the product. Lofstedt et al.
(2014) consider the low status and attributes it to the co-workers’ low influence on the
process of creating TI. They claim that the co-workers’ knowledge about the information
is not taken into account by other parts of the organization. The co-workers knowledge
could, for example, be used in the form of single sourcing of the information and re-use
of it. Dicks (2003) states that TI can create benefits for the organization, and is
convinced of the necessity to make this more apparent to raise TI's status. He declares
that the appearance can be made in several ways, where one is to measure the benefits.
As for other measurements in benefit models, they can be used for communication and
decision-making. The connection between TI's low status, measurement of benefits
connected to TI, communication, and decision-making is to make the effects of TI more
apparent via communication to stakeholder, and thereby of interest to govern via
decision-making. Summarizing this selection of arguments as to why it is of interest to
measure the benefits of TI, the business arguments are often highlighted. Those
arguments could be turned into scientific discussions, a line that few studies have taken.
Few studies discuss TI and the usefulness of communicating its benefits, either via a
benefit model or measurements, despite that the actual practitioners might not only
improve their working situation with this kind of knowledge, but also the way Tl is used.

Benefits cover a range of mainly positive outcomes. One example is the usefulness of a
resource (Ottersten and Balic 2010), another produced efficiency (Bytheway 2014). As



no general explanation is used in the IS field, this study clarifies its understanding to the
later and will cover it by means of the individuals’ opinions about what they experience
as improved operational performance in their work role.

This article consists of approaches to the measurement of benefits, a description of
Ahlin’s benefit model, the design of the measurement method, the test of the
measurement method, an analysis of the design and test, and conclusions from the
study.

2. Approaches to measurements of benefits

To start with measurement methods in general, Kaner and Bond (2004) include input,
rule and output as parts of the method. Usually, the rule is built on a theory and when
operationalized it is characterized by the measured resource. The output from the
measurement method depends on the rule. One way to categorize the output is in
financial or non-financial terms, where the financial output can be used in a cost-benefit
analysis, thus adding value to the existing measurable benefits (Ward and Daniel 2012).
The non-financial approach can vary from specific words counted in presentation
materials to the measurement of usage of the resource. These measurements can be
used for comparison or as the foundation for decisions etc.

The combination of benefits and measurement methods, urge the categorization of
benefits into tangible and intangible ones. The tangible benefits is described as easy to
measure by Frisk (2007). Examples of measurement methods connected to them are
Return-On-Investment (ROI), and Net Present Value (NPV). For the ROI, the input
consists of financial measurements in form of cost of investment and gain of investment
(Remenyi et al. 2007). The NPV uses the cash flow, investment time and net period cash
flow to produce the output profitability.

The intangible benefits are sometimes referred to as qualitative benefits (Frisk 2007;
Giaglis et al. 1999) or soft benefits (Khallaf 2012), which are perceived as hard to
measure. Examples of intangible benefits from information or information systems are
improvements in organizational quality (Chircu and Kauffman 2000), information
quality, or information flexibility (Wallace 2011). In this study, the intangible benefits
are viewed as hard to measure and consist largely of improving the organization’s
operational performance.

Despite the view that intangible benefits are hard to measure, there is a tendency
towards measuring them (Ahlin forthcoming). For intangible benefits, the inputs to the
rules mostly consist of interview material, surveys or simulations of processes. One
example of input via interviews or surveys is this for the Balanced Score Card. In this
case the questions can concern areas like customer orientation, business contribution or
operational excellence and connect these to the actual resource and then generate the
output organizational impact. The rule can vary, from being specified by the
organization’s strategy connected to the resource to definitions of theories. An example
rule using the organizational strategy is the Analytical Hierarchy Process. This rule
refines the organizational strategy to a detailed level. Key Performance Indicators, a
theory that can be expressed in business performance or efficiency and user satisfaction
(Kim et al. 2011)(Kim et al. 2011)(Kim et al. 2011) to express intangible benefits in
measurements.



Kaner and Bond (2004) discuss topics that can affect how measurements, for example
semantics in interviews. The same word can be understood in different ways and affect
the result and by this its output. Another affecting topic is the knowledge about used
theory and resource. As the rule is imposed by both of them, it implies good knowledge
about the resource, how it is used in the organization and the theory.

Referring to Remenyi et al. (2007), who describe that information yields intangible
benefit, and that subsequent intangible benefits contribute positively to the
organization, there is of interest to discuss the contradiction of intangible benefits and
measurement. Regardless of the fact that there are ways to measure the intangible
benefits, one can view this as something of a contradiction. The contradiction is built
into the striving to measure the intangible benefits that by their very nature can be
viewed as hard to measure. One of the reasons for measuring them it is to show a total
picture of the benefits of a resource, a picture that at the beginning of information
systems era only included the tangible benefits (Brynjolfsson 1993). To add a
measurement of the intangible benefits to the overall picture could be viewed as moving
from solely showing the financial outputs of the benefits to adding an interpretative
perspective. The position taken in this study is that the intangible benefits ought to be
included in the total benefit picture and that they are hard to measure. The
measurements that are the respondents’ interpretations of, for example, interview
questions and should be treated as interpretations. This means that they should be used
with comparable measurements, such as equivalent results from the previous year or
organizational goals that are viewed as equal. Along with Lycett and Giaglis (2000),
these interpretative measurements are viewed as a practical way to increase the
stakeholders’ interest in a resource.

3. Ahlin’s benefit model for the benefits of Tl

In Ahlin (2014), boundary object (BO) was used as the theoretical foundation for a
benefit model for the benefits of TI. Carlile (2002) and Star (2010) characterize the BO
theory as transforming knowledge to deal effectively with differences and dependencies
at the boundaries and view it as a central point for collaboration. Huang and Huang
(2013) emphasize that organizations can consider reducing the influence of boundaries
in two ways: either by breaking them down or finding ways to communicate across
them. The argument for using BO is that TI can be viewed as an operationalization of the
object in the BO theory. TI can be used across boundaries to increase knowledge, for
example between departments in an organization. One argument for TI as knowledge
transformer across boundaries is given by Hart-Davidson (2013), where he views the
transformation of Tl among departments as one of the key skills for the TI staff.

In the BO theory, Carlile (2002) describes three different boundaries, namely syntactic,
semantic and pragmatic. The syntactic boundary is connected to an ability to provide the
organization with a common knowledge, which is derived via a shared syntax across a
boundary. The semantic boundary is described as adding the interpretation to the
shared syntax. The interpretations at the semantic boundary are often different, which
makes knowledge collaboration tougher. Ahlin and Saarikko (2013) argue that the
interpretation might be based on the implicit knowledge that is not yet externalized.
According to Carlile (2004), the semantic boundary needs to provide the organization
with a capability to learn about the different interpretations. The third boundary, the
pragmatic, highlights the importance of the ability to understand the consequences of



how the syntax can be interpreted differently and that knowledge depends on
collaboration (Carlile 2002). Within this boundary, knowledge is viewed as embedded in
practice and the greater the distance between work roles that individuals have from
each other, the harder it is to communicate the knowledge.

Based on the syntactic, semantic and pragmatic boundary, the first step of Ahlin’s
benefit model was realized, and included an illustration tool (Ahlin and Persson 2015).
This tool, in the form of questions, can be used to find benefits of TI within an
organization and classify them. For further development of the model, Ahlemann et al.
(2013) was used. They describe design requirements for benefit models, and include
measurements as one. Included in their description of measurement methods is that the
measurement method should yield outputs in clear measurements, that the method
should be easy to communicate and easy to refine. Other researchers, like Paivarinta et
al. (2007), argue that a measurement method should be included in a benefit model, and
easy to conduct.

4. Designing the measurement method

The detailed design of the measurement method in this study is based on a literature
study, investigating measurement methods for intangible benefits (Ahlin forthcoming).
The result from this study describes the overall step in such a method as (1) creating the
input, (2) using the rule, and (3) forming the output. More detailed results from the
literatures study shows that the first step can be based on interviews, surveys, or
simulations and should give what is to be measured. If interviews are used, the benefits
need to be interpreted from the material and if possible verified. One way to do this in a
survey is to use a pre-selected list of benefits or possibilities to describe them. The
second step is based on any suitable theory, and the third step, the summation, can be
given in financial or non-financial values.

For this study, the first step is to collect the benefits of the resource, which gives a
verified list of them. Here, interviews were chosen to collect the benefits of TI, and
thereby a list of benefits. The reason for choosing interviews is that the benefits of TI are
considered to be hard to grasp, and the interview situation with possibilities to discuss
is a way to grasp them. The interviews include three sets of domain questions, where the
first one is asked to understand how they use tools for TI in their daily work. The three
sets covered: (1) artifacts and tools you use during your daily work tasks; (2) your
opinion on the actual benefits of the TI; and (3) your opinion as to what you would want
as the benefits of the TI. To find the benefits one direct question and one indirect
question were constructed. The direct question asks for their view of derived benefits
and the indirect what would happen if they could not use the TI.

The measurement method’s second step is to use a rule, which for this study is based on
the BO theory and its three boundaries for the efficient BO (Carlile 2002; Carlile 2004).
In affiliation to the categorization, its foundation needs to be clearly expressed. How to
measure the benefits varies depending on the existing view. Each benefit can be
measured either as increasing the efficiency to only one boundary or to one or more
boundaries. For the second step, the design for collection of data could follow the same
path as for the first step. This could be done by conducting interviews, focus group
meetings or surveys. Here, the choice was to use a focus group meeting, and refer it to



the first test for a resource that can be hard to grasp and for an oral description of the
underlying theory.

The third step is to sum the points given to the benefits.

measurement
given to the

Categorization of
the benefits

: llect te
benefits

-/

categories

Figure 1 - Design of a measurement method added to Ahlin’s benefit model

5. The study’s test and its results

The test in this study is based on a single case as test foundation (Yin 2009). This single
case was deemed sufficient as a first test of the designed measurement method.
Involving additional case seemed inappropriate without an overall understanding of the
designed measurement method.

5.1 Collecting, categorizing, and summation of the benefits

For this design test, seven interviews with middle managers (six project managers and
one development manager) were conducted. The seven interviews gave a rich empirical
material to understand the TI, and the benefits connected to it. To follow the design of
the measurement method, and measure the benefits, a focus group meeting was held.
Hennink (2014) describes a focus group as a way to generate rich material in a new
area, not to reach consensus. The rich material from the focus group was essential to
create a useful first test of the measurement method, and understand it.

The argument for using middle managers and their perspective, is that they have
knowledge about the operational part of the organization and they know what the
executive level discusses and decides about (Davenport and Prusak 1997). Their
organizational knowledge is of importance for this study, as the organization’s
perspective of the benefits is an essential factor. Apart from the middle management
perspective, the respondents have all worked with the TI from its introduction in
Omega. Their work role is connected to using the TI, and they have the authority to
influence Omega’s TI. The interviews lasted between 60 and 90 minutes, and the focus
group meeting lasted for 90 minutes. All the interviews and the focus group were
recorded and transcribed verbatim. Four of the interviews were done in collaboration
with a research colleague.

5.2 Finding the benefits

Finding the benefits was based on the view that benefits create efficiency in the work
role for the individuals or the organization, and that the source for the benefit was the
TIL If one or more respondents mentioned a benefit it was put on the benefit list. Most
benefits were found when the respondents answered the direct and indirect question of
what benefits TI yielded.

For the first step in finding the benefits, all interviews were read twice. Finding them
was based on two questions, where the first one was: “Is the respondent talking about



increased efficiency for a work role?” followed by “ Is it the actual TI causing it?” The
outcome of this was transmitted to a composite list. The content of the list consisted of
quotes from each interview, where a benefit from TI was mentioned. Subsequently,
every quote was synthesized into a shorter description. All shorter descriptions were
combined into similar categories such as tracing decisions or inform team members.
These categories were then compiled into a new list, with one occurrence per category.
This list was then used as the input to the categorization in the measurement method.

5.3 The test’s context

The test took place at Omega, a technology company, based in the American Midwest. It
has existed for three decades, and the business idea has slowly moved from offering
consulting services to being based on their software products and services. The
organization is rapidly increasing in terms of the number of employees and customers.
The workforce is now close to 300, and they have customers in 180 countries. The
choice of Omega was based in their interest in understanding the benefits of their
recently implemented TI, and their interest in contributing in developing a benefit
model for TI. An initial meeting was held to verify Omega’s interest in TI in relation with
the aim of this study. The meetings participants were the middle managers from Omega,
the researcher, and a contact person from Omega. The participants at the meeting
agreed to continue the study.

This test’s TI takes the form of Omega’s charters, which contain overall software
development information. This information is accessible to all of Omega’s co-workers
and was recently introduced as the information part in their development process. The
headings are, for example, development goals, requirements, resources and success
factors. In the software development process, the project managers own the
information, except when it is archived. There is no designated ownership, once it is
archived. The TI is mainly for internal usage, and can be accessed for reading by external
parties, like the IT vendors who have an impact on Omega’s development. The interest
of discussing and understanding the newly introduced charters was the reason for
choosing them as foundation in this study.

5.4 The results from the test

This section of the article describes the study’s test results step by step. In the first step
are the benefits described, in the second the categorization of the benefits, and for the
last step, the summation.

5.4.1 Step 1 - The input in form of benefits

The starting point for creation of the TI includes collaboration and a search for
colleagues’ domain knowledge. It is emphasized as the only way to move forward while
producing the initial draft of the TI. One respondent expresses it like this while looking
at the information:

“Let’s see here. This is basically something that came back. | then went through and added
comments, and we would go back and forth via this mechanism to a considerable extent.
And these are also some of the ideas that we are trying to create.”

Pictured by the respondents are the positive results of the collaboration; individual
knowledge, a similar perception about the development, common linguistic usage, and
interpretation. Another usage for the information is as a communication tool. The
project managers use the TI for spreading information, both in discussions and as the
foundation for the approval board’s decisions. The recipients are the project owners and
the approval board. One frequently raised query from the approval board is whether the



development can be categorized as being within Omega’s strategic goals or if a customer
requires it. There is now a digital overview based on the TI, called the map, to make this
communication efficient. In this map, each row is marked with a colour and is connected
to one or several organizational goals. This map is also of interest to the developers.

As the project manager initiates the development, the information is used as a
foundation for communication and in discussion with the development team, shown by
this quote from one of the project managers:
“It is a very good way to talk about what you are going to do because one thing that I have
learned is that for any team you want to have a solid objective; what are you shooting for;
are we coming together as a team member and push for. “

The TI is used for knowledge sharing about the overall development goals, the new
functionality and the coming development work with the project managers and the
development team. The sharing is done in iterations, where the details in the
information are changed as the discussion moves on.
“In that first week when I start to describe things to the development team, they are going
to ask me tons of questions, and they are going to challenge me. ‘Why would we do that?’
Things like that and some are great questions, and some would be like: ‘l don't know; that
is a great question. I need to think about that.”

A gain, unexpected when Omega introduced the TI, was efficiency and autonomy; the
team members can use the information to make lower-level decisions and thus save
time for project managers. Another example of increased autonomy is that the co-
workers can work remotely. Discussed in conjunction with this was the need to attract a
skilled workforce; Omega has to face competition from organizations in Silicon Valley
and some skilled co-workers have left to join organizations there. Their departure was
described as a brain drain that Omega still suffers from.
When the development is finalized, the TI is archived. As this approach was recently
introduced at Omega, the archived volume of information is low. Some respondents
claimed that since Omega operates in the fast-moving IT industry, archived information
is of no use. The information is looked upon as perishable and not of interest once
archived.
“It is funny because things move so fast in the software world that I am not sure that it is a
ton of value to keep this around. I do not know that I would go back and say: “Why did we
do (...)?” You know what I mean and go and read through all of this.”

Respondents insist that Omega is more efficient nowadays because they archive this TI
digitally. One efficiency gain is a faster on-board process for newcomers, as they can
access and read about on-going and past development projects. The efficiency gain is
that newcomers develop domain knowledge faster and in this way they can contribute
to Omega’s business faster. Traceability of decisions is another aspect of this drive for
efficiency. At Omega, this has been and still is troublesome since they have had to rely on
co-workers’ good memory. One respondent described finding facts about decisions by
walking around Omega and chasing one co-worker after another and finally finding
someone who remembered the decision and where it possibly could be stored digitally.
As the organization increases in size, time spent on searching for and finding this kind of
information also increases and, along with this, co-worker’s frustration. A planned
activity, still not used by all respondents is the retro-perspective, whereby the TI is used



as the foundation to review success criteria and outcomes from the development
project. Omega views it as a part of their review process and how they can improve.
Shown in Table 1, is the list of the benefits derived from the interviews.

Benefits found in the interviews
Collaboration tool with important suppliers
Easier to trace decisions
Basis for retro-perspective
Develop the organization’s language
The owner of the TI doesn’t need to be around all the time
Empower team members to make lower-level decisions
Faster on-boarding process for newcomers
Co-workers can work remotely
Knowledge collaboration during idea phase
Alignment between development and organization’s strategic goals
Basis for discussions with stakeholders
Basis for discussions with project owners
Basis for discussions with team members
Inform team members
Inform stakeholders
Table 1: Step 1- the list of benefits from the interviews

The interview respondents, the seven middle managers, were all invited to the focus
group; four of them attended. It was three project managers (initiative leads) and one
development manager. Acting as moderator was the researcher. The initial part of the
focus group included the verification of Table 1. The group confirmed all the found
benefits and added one more. This step included a linguistic understanding of the
mentioned benefits where the descriptions of the benefits could be changed. This was
the case for two of them, as semantic differences of opinion arose. The result is shown in
Table 2. One example of such a linguistic discussion is this conversation between two
respondents at the focus group:
“#1: In my world I use stakeholders and project owners interchangeably.
#2: And I do not, because in my world I know, that originated the thing with the charters, is
that the stakeholders are directly involved, but refining the charters is that we are giving
further out and more developed.”

Verified list of benefits

Define and fulfill staffing resources (resource planning)
Collaboration tool with important suppliers

Easier to trace decisions, record history

Base for retro-perspective

Develop the organization’s language

The owner of the TI doesn’t need to be around all the time
Empower team members to make lower-level decisions
Faster on-boarding process for newcomers

Co-workers can work remotely

Knowledge collaboration during idea phase

Alignment between development and organization’s strategic goals




Basis for discussions with stakeholders
Basis for discussions with project owners
Basis for discussions with team members
Inform team members
Inform stakeholders
Table 2: Step 1- the verified list of benefits

7.2 Step 2 - The rule
The second step was to categorize the list of the benefits, by using the syntactic,
semantic and pragmatic boundaries. Each benefit on the list was discussed by the focus
group jointly and scores could be given to all of the three boundaries. Due to the small
number of participants, the moderator gave the oral description of the boundaries at the
same time. All participants in the focus group took part in the categorization and
discussed it. Initially, some semantic discussions took place, where they verified each
other’s standpoint about how the TI is beneficial, when it is beneficial, and how to
interpret the different boundaries. The importance of discussing these things are
described by one respondent:

“..as the act of going through and categorizing them. And having those conversations and
being deliverable about understanding sort out the balance of where we are at right now. “

Benefits Syntactic Semantic | Pragmatic

Define and fulfil staffing resources 1
(resource planning)

Collaboration tool with important 1 1 1
suppliers

Easier to trace decisions, record 1 1
history

Base for retro-perspective 1

Develop the organization’s language | 1 1
during the conceptual phase

The owner of the TI doesn’t need to 1
be around all the time

Empower team members to make 1
lower-level decisions

Faster on-boarding process for 1 1 1
newcomers

Co-workers can work remotely 1

Knowledge collaboration during 1 1 1
conceptual phase

Alignment between development and | 1 1
organization’s strategic goals

Basis for discussions with 1
stakeholders

Basis for discussions with project 1
owners

Basis for discussions with team 1 1
members

Inform team members 1 1 1

Inform stakeholders 1 1




Summation |7 (11 (9

Table 3: Step 2 and 3 - The categorization of the benefits and the summation

7.3 Step 3 — the Output
The findings of the focus group are useful for Omega, on a general level. The TI creates
greater efficiency and boosts learning see Table 3. The benefits are viewed as creating
nearly half as much efficiency as common language, and in between is the pragmatic
efficiency. All the benefits discovered were categorized as creating efficiency at one or
more boundary. One of the participants commented that this was the underlying
philosophy of the implemented information:
“The reason we did the charters was so that we could have an easy, common, preferable
place where everyone could go to. And that was our foundation. And then on top of that is
that we have the initiative leads out there which were to be the sort of the revealers of the
knowledge and make sure that they fully understood it and they make sure that everyone
else understood it. And then the teams are there to be practical and build upon that.”

8. Analysis of the design and test

This study’s aim is to design and test a measurement method for the benefits of the TI
and derive knowledge based on this information. The knowledge part of the study is
discussed in lessons learned and divided into a design and a test section.

8.1 The design

The study is designed with a specific input and output. The inputs are the interviews
and the outputs are the measurements from the categorization based upon the
participants’ responses. For the first step of this method a list was generated; a list that
contained the benefits of Omega’s TI. The utilized interview process was time-
consuming because of the various steps involved: preparing, performing, transcribing
and finally analysing them. To change to a survey instead, where the list is prewritten,
would demand good knowledge about the resource and its context and could imply that
some benefits were not found. The result of the input is therefore of interest. Is there a
need to do the interviews or are surveys a way to adapt to Paivarinta et al. (2007)’s
philosophy that a measurement method should be as easy as possible to conduct? One of
the pros of doing interviews are that there is a far greater likelihood of getting much
more detailed information than when doing a survey.

In the second step the categorization of BO theory was (Carlile 2002; Carlile 2004) as a
rule for the measurement method. As there are three boundaries, the rule for scoring
could be zero - three scores for each benefit on the list. This is based on my view that the
benefits can increase efficiency at more than one boundary. An implication of this rule is
that each of the boundaries is viewed equally since weighting is part of the method. For
example, weighting the score could appear as a benefit scoring for both the syntactic and
the semantic, where the semantic is allotted 0.3 and the syntactic 0.7 points. In an un-
weighted scoring the syntactic and semantic would get one point each. For this study,
un-weighted version was chosen because weighted scoring would complicate the
measurement method and would potentially influence the respondents’ answers.



The third step, the output, is fairly straightforward. It functions as a summation of the
study’s rule. In the longer run this could include an evaluation section with the
implications of the result for the organization.

8.2 The test

On an overall level, the test was fruitful as the measurement method created sufficient
input, used a rule based on the theory for the benefit model and produced output in the
form of measurements. Following Lycett and Giaglis (2000) the measurements could be
used for decision-making or communication.

During steps 1 and 2 in the test of the measurement method, linguistic clarity was
crucial, in keeping with what Kaner and Bond (2004) mention. One example of
linguistics is the moderator’s verification of the list of benefits see Table 1. As the listis a
result of the analysis of the interviews, the workshop participants could either agree or
disagree with the statements. Another example of linguistic discussion was the efficient
boundaries and how to approach them in the categorization. The respondents asked the
moderator for more detailed information about how to understand the terminology. The
moderator used outside examples to assist respondents in their understanding. To
understand the boundaries more clearly, they could be exemplified from Omega. One
disadvantage of exemplifying before the categorization is that it could set limits to the
respondents’ framing and their discussion by guiding them as to what is right or wrong.
Hennink (2014) views the discussion, and subsequent generation of rich material, as of
importance in a focus group meeting. Consider this option when performing a focus
group study and a joint discussion. All respondents get the same information at the same
time, hear the same questions and answers, but can impact each other in one way or
another through discussion.

The test result from step 3 shows that the semantic boundary is most efficiently
approached, followed by the pragmatic and the syntactic. The TI used in this test is
newly implemented in Omega to make them more efficient while growing. A glimpse on
evaluating the result shows that Omega could be on its way to achieving their goal to use
this TI as a way to be more efficient by learning. In connection to the result a discussion
about Omega as the case organization is of interest. Omega, a tech company, is by itself
interested in technology, and one could therefore say that they are positively disposed
to finding the benefits of the digital TI. The organization as such, could be more
interested in detecting the efficiency and flow of TI, by using diverse information ways
to colleagues. The fact that all of the respondents are at a middle management level, that
they use and depend on the actual TI, can affect the result. They can be too positive
towards the specific TI, its benefits and how it is used. Also they could provide a too
coordinated view in their discussions due to the similarity of their work roles.

9. Conclusions

This study produced several insights into the area of measurement methods for TI. The
aim of this study is to design and test a measurement method, based on indications of
the low status for TI and the individuals working with it. A benefit model is a way to
communicate the positive outcome a resource, in this case TI. By addressing the low
status with a benefit model, the low designator can be lessened. The measurement
method in this study is an addition to Ahlin’s benefit model, which originates in
communicating the benefits of TI (Ahlin 2014).



This study contributes to IM by adding knowledge of one way to design a measurement
method to a benefit model for TI, as earlier research in the field aimed at measuring the
benefits of either an IS or IT. The knowledge contribution to designing a measurement
method consists of creating input by investigating benefits of TI, categorizing the
benefits based on theory, and making a summation of the categorizations. Here, the
foundation for the input was the interviews, as the perception is that the benefits are
hard to grasp (Remenyi et al. 2007). For the categorization, the syntactic, semantic, and
pragmatic approaches of the boundary object were used (Carlile 2004). In the last step,
the summation, the scores were summed.

The findings in the test contribute to business aspects of TI. An organization can use the
results of the test and improve the method’s practical application. The test produced
fruitful findings, although it was time-consuming to conduct and linguistics appeared to
play an important role. The impactful part consists of a list of benefits, which include
more than a dozen benefits derived from the case organization’s TI. Examples of these
benefits are empowering team members to make lower-level decisions, faster on-
boarding for newcomers, and collaboration tool for important suppliers. The time-
consuming part of the test was the interviews, which required conducting, transcribing,
and analysing. Linguistics played an important role in the focus group agreeing on the
benefit list and the categorization of the benefits. The meaning of the category words
syntactic, semantic and pragmatic required clarification.

Both the design and test result in further growth of the minimalistic knowledge
foundation about measurement methods to be added to benefit models for TI. Referring
back to the low status, this study provides possibilities to communicate the internal
benefits of TI. The result of the measurement method indicates how TI is used within an
organisation to diminish boundaries.

As this is a first test, limited to one case, there are several interesting paths for further
research. One of which is to change the way of collecting benefits to surveys, which is
less time-consuming than interviews. This survey can be based on the interview
questions, and play a role in i.e. developing a guide to find the benefits. Development of
such a guide was not part of this study. Another path for further research is to alter the
organization. This study's empirical material was collected at a software company in the
Midwest USA. Changing of organization could either mean a change of trade or
geographical location. All of these could produce interesting findings to add to the low
knowledge foundation connected to benefits and measurement method of TI.
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Abstract

The benefits of digital information are mostly
viewed as intangible, meaning that they can be hard to
measure. This lack of measurements makes the
benefits difficult to compare and communicate,
creating problems for e.g. decision-making and the
strategic development of specific digital information.
Therefore, I conducted a literature review to find out
how the combination of intangible benefits and
measurements are dealt with in the information
systems field. I found that we measure the intangible
benefits of information systems or information
technology. Here, the measurement method is divided
into input, rule, and output. The input consists of pre-
determined individual benefits, areas of pre-
determined benefits, or interpreted benefits from
respondents. The rule follows an accepted theory or
contextual adjusted rules, and the output (benefit) can
be seen as either financial or non-financial. The
avenue for further research focuses on the digital
information as the primary resource, not information
systems or information technology.

1. Introduction

The benefits of digital information are difficult to
measure, which has influenced its strategic use and
development by preventing effective communication
and by allowing detractors to minimize the potential
impact of benefits. This paper presents a focused
discussion of measurement strategies, showing that
benefits can be (and are being) measured, aimed at
supporting more effective communication of benefits.
By utilizing measurement strategies, organizations can
more efficiently choose aspects of digital information
to emphasize, in order to maximize benefits.

The problem of determining the benefits of digital
information is discussed by Remenyi et al. [39]. They
claim that there are few benefits of digital information
and that they are hard to measure, especially in
financial terms. Emphasized by Wixom [47] is the
problem of measuring. She sees it as one of the key
challenges when organizations want to understand the

benefits of digital information and frames the
challenges as problematic when fixing a price on
digital information or when using digital information
for internal bartering. In Ward and Daniel [45],
measurements are in focus and explained as a way to
communicate the benefits of digital information. Their
investigation shows that communication of benefits
should be directed towards the stakeholder, implying
that there is a need for a different kind of
communication. Slumpi et al. [44] are on the same
track, describing the communication of benefits as a
way to increase the status of digital information.
Another aspect of measuring intangible benefits is the
importance of showing a complete picture of the
generated benefits claimed by Brynjolfsson [3],
Remenyi et al. [39], and Ward and Daniel [45]. This
motivation is not specifically directed towards the
benefits of digital information.

Communication is one way to motivate
measurements of benefits, thereby creating interest in
transforming the intangible benefits into tangible ones.
Apart from communication, comparison and decision-
making are in focus as regards the benefits of digital
information, especially for management [39].
Measurements make it easier to compare
interpretations of intangible benefits and in the long
run provide a foundation for decision-making. Part of
the decision-making is to keep track of the benefits;
more easily done if they can be measured.

Digital technical information (DTT) is one category
of digital information related to products. DTI
includes such things as manuals or CAD-drawings.
Several researchers, like Slumpi et al. [44] and
Ingelsson et al. [18], discuss the profound knowledge
about the benefits and their measurements resulting in
low impact for the DTI in comparison to the product.
They even discuss the problems this creates for co-
workers dealing with DTI in the form of influence and
status in the workplace. Another example and angle is
Open Data (OD), which is digital information from
governments that should be publicly provided in a
machine-readable format [26]. OD is supposed to
improve efficiency and be the foundation for digital
innovations, merely formed as logical benefits and
rarely shown by measurements. Therefore, several



authorities are questioning the effort of publishing the
data and creating barriers for work roles such as app
developers [9].

Even though intangible benefits are hard to
measure, the information systems community has
developed several methods to do this, some based on
Key Performance Indicators (KPI) or the Balanced
Score Card (BSC). To create a broad understanding of
the most recently developed measurement methods,
this study aims to create a knowledge base for the
measurement of the intangible benefits of digital
information. The foundation for this is created by
means of a literature summary. This paper covers: a
deeper understanding of related concepts; a method
description; the analysed results from the literature in
the form of the categories of financial and non-
financial measurement methods; and a discussion
about how we measure intangible benefits.

2. Related concepts

The problem of determining the benefits of digital
information can be equated with the fact that in most
cases it creates intangible benefits [39]. The
interpretation of what intangible benefits are can
differ. Intangible benefits are often compared with
tangible benefits, referring to measurable benefits
from investments [3]. Ward and Daniel [45] use a scale
for measuring benefits including the steps observable,
measurable, quantifiable, or financial. In their
classification, intangible benefits are viewed as
observable, but they do describe the possibilities of
measuring these benefits in the long run, e.g. by using
surveys. Frisk [10] describes intangible benefits as soft
benefits and Serafeimidis and Smithson [42] discuss
them in terms of how they might improve something
in the organization. The improvements will not be
visible on the bottom line and are therefore viewed as
hard to measure. Lycett and Giaglis [30] describe
intangible benefits as indirect or strategic advantages,
something that is still hard to describe in measurable
terms. They explain that the indirect advantages are
intertwined with other organizational resources and
that the strategic advantages are beneficial for the
entire organization from a long-term perspective.
Murphy and Simon [32] follow the same track and
declare that intangible benefits either improve the
internal organization’s operational performance or its
output performance. Examples of output are higher
product quality, improved product delivery or
improved service combining an internal and external
organizational perspective. A common perspective
here is the general view of intangible benefits as hard

to measure and relies on personal or group
interpretation of gained benefits.

Commonly researched in the information systems
field are information systems, reviewing the
information stored in them [5]. The view of digital
information is therefore somewhat limited and
discussed only by a few researchers in the field. The
digital aspect of digital information relates to
electronic storage, using zeros and ones as
representation, like in an ordinary information system
of today [2]. Focusing on information, one main view
is the relationship between data and information,
where information mainly is viewed as interpreted
data [28, 49].

The measurement process is fundamental when
discussing measurements. Ljungberg and Larsson [29]
describe the measurement methods as follows: collect
the input to the method, do the measurement, and
describe the output. Kaner and Bond [22] are more
explicit about measurements and use the definition:
“measurement is the empirical, objective assignment
of numbers, according to a rule derived from a theory,
to attributes of objects or events with the intent of
describing them. “For this study, the input is related to
the view of intangible benefits, namely the
interpretation of what is a benefit by individuals or
groups of individuals. Kaner and Bond [22] emphasize
the rule as any consistent rule, whereas any random
rule is not viewed as a rule. From here, I include the
intangible benefits in the measurement and declare
that the rule affects the input. One way to do this could
be to create the input via interviews, use a rule
implying various KPI and identify the benefits
according to those KPI. One example of KPI is the
digital information contribution to the organization
according to a given scale. The output shows the
contribution of used resources to the organization
relating to the set-up of its KPI.

3. Method

To fulfil the aim of creating the knowledge base, a
literature summary was initiated. To review existing
literature, Machi and McEvoy [31] suggest the
following steps: (1) find literature, (2) organize it, and
(3) carry out a refining revision of the chosen
literature. This is described by Pickard [38] as the skill
of searching appropriately and scanning the literature
to find appropriate material. Machi and McEvoy [31]
describe the literature search as including searching,
previewing and selecting material. Here, these
findings are under the headings “Search the literature”
and “Survey the literature”.



3.1 Search the literature

Based on the purpose, the first exploratory search
used the word combination “intangible benefits” AND
measurement AND information in the SCOPUS
database and then later in the IEEE. The decision to
search in two databases was based on the fact that the
number of hits in SCOPUS was as low as 6. To
validate the result, IEEE was used, which gave 7 hits.
To continue to look for measurement methods,
previous knowledge about the concept of information
economics was used. Information economics includes
the measurement of the intangible as well as the
tangible benefits of both information systems and
digital information [39, 36]. The search used a
combination of information economics and
“intangible benefit”. Rendering 46 hits in IEEE, the
abstracts were read to add material to the knowledge
base. The articles in focus were those that included a
method to measure the intangible benefits. This search
rendered literature where researchers had based their
research on the empirical foundation of information
systems and in some cases information technology.
The digital information was rarely used as an
empirical foundation. As information economics is an
explicit concept, the next step was an additional search
to find more articles. This search was broadened by
just using the words “intangible benefit” and rendered
581 hits in SCOPUS.

To reduce the number of hits, the included subject
areas were social sciences, business administration,
computer science, economics, and decision science.
There were 268 new hits. The headings and abstracts
were reviewed to find suitable material describing
ways to measure intangible benefits. The same step
was taken in the database IEEE; using the search
words intangible benefit. This rendered 102 hits,
which were reviewed by reading the headlines and
abstracts of articles containing ways to measure
intangible benefits. In total, 28 articles were selected
to understand how we measure the intangible benefits
of digital information. The search, which initially had
a loose outline, was shaped by the increased
knowledge of the researcher. Pickard [38] describe
this evolution of increased knowledge as an iterative
process, forming the knowledge base.

3.2. Survey the literature

The survey of the literature was done by finding
themes [31]. Here, the themes are the various methods
used to measure intangible benefits. The 28 articles
were loaded into Nvivo software, and then scanned to
look for the measurement method mentioned in the
article. The results were synthesized in the description

of the measurement method and are shown in Table 1.
The foundation can be a specific measurement
method, like Key Performance Indicators, or described
in the article, as a framework created for a specific
information systems area, like e-government,
information system in the supply chain area or for a
bank in a specific country. The themes, by
measurement method, were devised to create order
and structure; the initial step in the process of
surveying the literature and understanding the way
intangible benefits are transformed into tangible ones.

Table 1 Found measurement methods

Measurement Author(s)

method

BSC Grembergen and
Amelinckx [13], Royer
and Wolfgang [40],
Ogembo-Kachieng’a et
al. [34]

Analytical Hierarchy
Process (AHP)

Key Performance Giaglis et al. [11], Kim
Indicator et al. [24], Wu et al.
[48], Ordoobadi [35],
Giaglis et al. [12]

Hallikainen et al. [16]

Information Chircu and Kauffman
Economics [7]
Framework Khallaf[23], Lycett and

Giaglis [30],
Carayannis and Watson
[4], Sherer et al. [43],
Chang et al. [6],
Kumaralalita et al. [27],
Kahraman et al. [21],
Gupta and Jana [15],
Gunasekarana et al.
[14], Seddon et al. [41],
Jacks et al. [19]
Context, Content, and | Serafeimidis and
Processes Smithson [42]
Cost-Benefit Analyses | Murphy and Simon
[32], Kim et al. [25],
Crowder et al. [8],

Jacobs and Rodgers
[20]
Simulation Mutschler et al. [33]
Organizational Ayal and Seidmann [1],
Benefits from an Hong and Kim [17]
Enterprise Model

Using the above process does not find every single
measurement method for intangible benefits. Webster,
and Watson [46] declare that a literature review will



be good enough if it has searched top information
systems journals; here I argue that the material found
is adequate for the purpose. Scopus contains six out of
eight in the Senior Scholars’ Basket of Journals, added
by numerous other IS journals. In addition to the
search in IEEE, which contains 26 journals within the
information technology field, the search field is
deemed to be sufficient.

4. Analysis

The analysis functions on the themes from the survey
of the literature. Influential parts of the area of
measuring benefits, such as the output in either
financial or non-financial terms, are added to the
themes. The latter provides an overall categorization
for the themes. The analysis was conducted in two
steps. The first step was to reread the articles and
decide whether to include them in the final material or
not. The second step was to categorize the material
based on financial or non-financial output.

In the initial part of the analysis, each article was
read through once again. The following aspects for
searched for in this step: the articles’ rule regarding the
transformation of intangible benefits into tangible
ones, how the rule was conducted or deemed to be
conducted, and the input/output from the rule. These
findings were reviewed to fulfil parts of this study’s
aim, see Table 2. In every measurement method group,
the articles were chosen that provided different aspects
of the actual measurement method and also included a
specific rule. For the first reason, Ogembo-Kachieng’a
et al. [34] was excluded from the BSC group and for
the second reason, Wu et al. [48] and Ordoobadi [35]
were excluded from the KPI group. The remaining
articles were then uploaded in a new Nvivo project.

Table 2 Analysed measurement methods

Measurement method | Author (s)

BSC Grembergen and
Amelinckx [13],
Royer and
Wolfgang [40]

Analytical Hierarchy Hallikainen et al.
Process (AHP) [16]

Key Performance Giaglis et al. [11],
Indicator (KPI) Kim et al. [24]

Information Economics | Chircu and
Kauffman [7]
Khallaf[23],
Lycett and Giaglis
[30], Seddon et al.

Framework

[41], Jacks et al.
[19]

Context, Content, and Serafeimidis and
Process Smithson [42]
Cost-Benefit Analyses | Murphy and
Simon [32], Kim
et al. [25]
Mutschler et al.
[33]

Simulation

The second step included further analysis, where the
remaining articles were categorized into two main
categories: financial and non-financial output. Ward
and Daniel [45] influenced this inductive analysis and
their rough categorization of output, from observable
to financial, is based on Patton’s [37] description of
inductive analysis. This description includes exploring
and finding important patterns. With knowledge of the
material and influenced by the aforementioned
categorization, the decision was made to use two
categories — non-financial and financial output. With
the articles in Table 2, the financial output contains
four articles and the non-financial contains ten articles.
In order to have a better overview of the non-financial
field, this category was further divided by using the
previously found themes, such as the KPI, and BSC.
The articles picked for these themes mentioned one of
these methods. Two articles were picked for both
themes, leaving six articles. The foundation of the
measurement methods; found to be framework and
organizational goal alignment, was searched for in the
remaining six articles. Both of these two categories
contain three articles each.

4.1 Measurement methods with financial output

The measurement methods with financial outputs are
shown in Table 3. The group consists of four studies,
all of them using measurement methods for a specific
kind of information system, like e-commerce or
enterprise resource planning (ERP). Mutschler et al.
[33] propose a method based on the theory of system
dynamics. This theory uses chains based on cause and
effect to explain benefits. The method is not tested on
empirical data, only explained theoretically. The
explanation is given, using a specific kind of
information ~ systems (Workflow Management
Systems). Mutschler et al. [33] views the method as
cost driven, based on cost factors and impact factors in
specific areas connected to the business process,
where the information systems are used. The cost
factors are direct and the indirect costs are connected
to the investment in the information system. In this
case, the impact factors are connected to the areas of
technology, organization and project management.



Specific benefits, which are used as chains and causes
in the dependency network, are derived from the
factors.

Two of the other methods use surveys in their
measurement methods to find the intangible benefits.
Kim et al. [25] use a survey to find the willingness to
pay for the information system, which is viewed as the
total intangible benefit. Chircu and Kauffman [7] use
a survey to understand the users’ eagerness to adopt
the system, implying that the intangible benefits are
viewed as usage of an information system, and
estimate a cost saving based on the usage. Murphy and
Simon [32] believe that the major intangible benefit is
user satisfaction and identify its increase in the context
of a new information system’s implementation. This
increase is then measured in cost savings. The input
data is compiled via identification of the benefits, and
surveying inputs from users of the system. All of these
studies” measurements of intangible benefits are then
used in a cost-benefit analysis.

Table 3 Measurement methods with financial
output

Article Input/Output of measurement
process
Mutschler | I = factors that influence

et al. [33] benefits of the system,
O = economic measurements
Kim et al. I = surveys with questions

[25] related to the resource,
O = monetary value

Chircu and | I = surveys with questions about
Kauffiman | adoption and interviews to

[7] understand the barriers,

O = percentages, connected to
adoption of IS, which can be
turned into financial values.

Murphy I = identified benefits,
and Simon | O = cash flow.
[32]

4.2 Measurement method with non-financial
output

The second category is the measurement methods
that generate non-financial output(s). The group
consists of ten studies, three of which use information
technology as a foundation and the remaining seven
use information systems. The category is further
divided into themes depending on their method or used
foundation. The themes are methods based on goal

alignments, frameworks or outputs such as KPI, or
BSC. The two goal alignment methods use
organizational goals as guiding principles for the
implementation of information systems [16, 42], see
Table 4. The first of these studies uses the Analytical
Hierarchy Process, AHP, which, based on the
organizational goals, refines them to a detailed level.
The detailed level is measured by a survey, weighted
against the organizational goals and, as a final step,
prioritized. The second method compares the results
from a questionnaire with other projects. The results
are shown in form of a benefit profile with
measurements.

Table 4 Measurement methods with non-
financial output, goal alignment

Article Input/Output of
measurement process
Hallikainen | I = goals at different levels.
etal. [16] O =measurements in form of
weighted alternatives for the
investment.

Serafeimidis | I = key benefit areas,
and O = measurements
Smithson
[42]

Four of the studies use frameworks to dig deeper into
the world of measurements, see Table 5. One of them
is based on a literature review and describes the factors
that affect organizational performance as a result of
using information technology [19]. The factors are
listed as resources, capabilities, and information
technology/business alignment. In the second
framework, a measurement method is proposed. This
method includes a survey, which results in the
information required by the project. The future aim for
this framework is to add functionality like simulation
and “what if” decision features in a CASE tool [30].
The third framework orientates its output towards the
organization’s increased value, by measuring
processes and their impact on both the internal and
external level [23]. The last framework describes
benefits from information systems from both a short-
and long-term perspective [41]. The tested factors for
the short-term are functional fit and overcoming
organizational inertia; whereas the long-term adds the
factors integration, process optimization, improved
access to information and on-going IS projects.



Table 5 Measurement methods with non-
financial outputs, framework based

Article Input/Output of
measurement process
Jacks et al. The output is measurements
[19] about organizational
performance, which are divided
into profitability, productivity
and intangible benefits.

Lycett and
Giaglis [30]

I = questions aiming to find
key information,
O = measurements

Khallaf [23] 1= level of IT investment,
process flexibility and quality,
and customer satisfaction,
O = Measurements for the

organization's market value

Seddon et al. I=word count of identified
[41] factors,

O = weighted factors from the
specific implementation

Two examples using the BSC measurement methods
were picked (see Table 6), one of which uses BSC for
Enterprise Identity Management Systems [40]. The
proposed measurement method synthesizes the four
parts in the BSC to two. The first part consists of the
business and the financial and the second of
security/risk and supporting processes. In the second
article, BSC is used for the e-business, which
measures customer orientation, business contribution,
operational excellence and future orientation [13]. The
measurements are collected in various ways, for
example via surveys or site visits.

Table 6 Measurement methods with non-
financial outputs, BSC

Article Input/Output of measurement
process
Royer and I = intangible benefits in the

Wolfgang financial, security/risk mgmt.,
[40] supporting processes and
business processes,

O = measurements

Grembergen | I = survey(s) with questions in

and the area of customer orientation,
Amelinckx business contribution, customer
[13] orientation, operational

excellence, and future
orientation
O = measurements
KPI is used as one way of transforming the
intangible benefits to tangible [12, 24], see Table 7.
The starting point for both these articles is to
understand the KPI for the desired output. Giaglis et
al. [12] use business performance and [20] use
efficiency and user satisfaction. Kim et al. [24]
develop a simulation model from the as-is state, which
they see as providing opportunities to improve the
effects of the benefits.

Table 7 Measurement methods with non-
financial outputs, Key Performance Indicator

Article Input/Output of
measurement process
Giaglis et al. I = qualitative costs and

[12] benefits,

O = business performance
measures in the form of KPIs

Kim et al. [24] | I = questions connected to the
different KPIs.

O = measurements for
efficiency and user
satisfaction.

5. Discussion

This study aims to create a knowledge base for how
we measure the intangible benefits of digital
information. In reviewing the literature, no such study
was found. Most articles use some information system
followed by information technology as a resource for
the investigated measurement methods. At least
information systems use digital information, implying
that it is part of the resource. In the longer run, this
could mean that digital information is seen as part of
the output, and thus should not be investigated as a
resource in isolation. One way to improve the findings
in the aim’s direction could be to change the search
words. Examples of other search words could be to use
the word value instead of benefit or specify the
category of digital information of interest, in the same
way as a specific information system is used in some
of the articles. Another way to understand the few
studies of digital information is to follow the claim by
Carter et al. [5] and perceive the focus in the
information systems field as rarely including the
content of the information systems.

The articles were published between 1996 and 2012
with the median year being 2006. We can thereby



ascertain that recent research activity on how to
measure intangible benefits is low. The studies have
been conducted sporadically, and the researchers have
not used or found any traces of previously focused
activity. There are few discussions in the articles on
why the measurements are conducted. Some mention
that managers require financial decisions to see the
complete picture of the investment [32, 23]. There is
no discussion about how to describe the measurement.
Few studies mention measurements and even fewer
talk about transformation, which could be a preferable
description in comparison to measurement. Using the
term transformation would indicate that there are
interpretations included and help the users of the
figures to understand the basis for them. Despite this,
measurement is used here to adhere to the existing
tradition within the information systems field.

More detailed results from the study handle the three
components, input, rule and output [22]. Here, the
structure emphasizes a more natural understanding of
the included components and the steps included in the
measurement method. The findings from each of the
inherent components are covered in Figure 1.

The input is either handled as pre-decided,
intangible benefits (c.f. [42]), used for confirmation or
formed by the interpretations of answers from
interviews, or surveys (c.f. [32]). Both the pre-
determined way and the interpretations are direct ways
to find the benefits, where the first is more direct than
the other. One possible other way is to use auxiliary
input by asking what would happen if the digital
information was not accessible.

Here, one way of handling the inputs are pre-
determined benefits, both in specific areas and as
individual benefits. Often mentioned in relation to
intangible benefits are to make them visible and
thereby get a picture of all benefits. Using pre-
determined benefits make this picture hard to reach.
On the contrary can the finding of all intangible
benefits be hard to reach and questioned from various
stakeholders. Operationally, the pre-determined
benefits are related to a specific area or individual
benefits. Both these ways put emphasis on the creator
of the questions having in-depth knowledge of e.g. the
specified area or rule to be used. One example could
be to miss benefits and thereby create a foundation for
decision-making of low quality. The usefulness of pre-
determination occurs as comparability; focusing on
the same benefits in comparison to interpretation.

Few of the articles include an extended way of
finding input or verification of the input although
Chircu and Kauffiman [7] is an exception. It claims to
find precious material and bases the benefits on this
material. The researcher’s effort is therefore time-
consuming although adding more value to the

measurement method.

In the literature review, I found a variety of
underlying rules used for the methods, like Contingent
Valuation, goal alignment, framework, BSC, system
dynamics and KPI. Despite this, my finding is that the
methods used vary, and thereby the underlying theory.
The variety in rules in this study can be explained by
the choice of presenting a sample from each method.
In some of the articles, the choice of the underlying
rules is discussed as being suitable for both the
resource and the organization that uses the
measurement method. For the articles where there is
no empirical investigation of the measurement
method, the expectation is that the organization will
make a choice. The rules are derived both from
ordinary views on how to express tangible benefits.
One example is the CVM that expresses the
customers’ willingness to pay for the resource [25] or
the AHP [16]. The latter is a method for refining and
structuring goals in an organization, where the
intangible benefits are compared and prioritized
concerning the organizational goals. Other rules are
derived from particular perspectives in the
organization, such as frameworks dealing with
strategic goals [19], operational goals [30], or the rarer
more occasional customer [23] or user satisfaction
[24].

The output’s structure of financial and non-financial
relates to the area of benefits, emphasized by Ward and
Daniel [45] in a slightly more detailed structure. For
here, the measurement methods with financial outputs
are less numerous than the non-financial ones, aligned
with statements from Remenyi et al. [39] and Wixom
[47]. This might be a sign of dealing with benefits that
are seen as hard to measure and put a monetary value
on. The financial output includes various ways, such
as monetary value [42] or cash flow [32], both framed
on the frequently used cost-benefit analysis. A cost-
benefit analysis is derived solely from the measurable
benefits, taking no account of the differences between
measurable and non-measurable assets. This drawback
can be offset by the fact that the non-measurable
benefits are given a clearance compared to the cost and
a better image is created, for example, by an
implementation. Focusing on the digital information
as a resource for deriving the benefits, the
implementation cost is rarely estimated as its creation
is mainly done via individuals [47]. The use of such an
analysis can, therefore, be hard, not solely based on the
intangible benefits.

The result of non-financial output is strongly linked
to the various rules, such as the KPI or the BSC. The
outputs applied relating to the unique context are
synthesized. In these cases, the context can be
attributed to the organization, the specific resource or



the used benefits. Kaner and Bond [22] emphasize the
output as the objective assignment of numbers. Here,
the interpretations of the surveys or interviews should
be reflected in the treatment of the numbers as the
objectivity can be questioned. The possibility to
interpret differently is high, depending on, e.g. the
questions in a survey and the way they are formulated.
Therefore, a comparison in the same context is a
preferred activity, not considering the objectivity and
usage in various contexts.

Input
Pre-determined benefits
- Individual benefits
- Areas of benefits
Interpretations of benefits

Rule
Accepted rules
Own created rules
- Strategic goals
- Operational goals
- Customer satisfaction

Output
Financial output
Non-financial outputs

Figure 1 Findings from the inherent
components in the measurement methods

6. Conclusion

The communication of benefits derived from digital
information is viewed as difficult, as the benefits are
experienced as intangible and can be viewed as hard to
measure [39]. However, not measuring these benefits
and thereby not communicating their importance or
making decisions for their future can give low status
to the digital information and the working roles
connected to it [44]. It is therefore of interest to
understand how we can measure the benefits of digital
information, despite the fact that the intangible
benefits are viewed as hard to measure. This study’s

literature summary shows that we do in fact measure
them in various ways. The input to the measurement
method varies from pre-determined benefits on
various detail levels, such as areas or individual
benefits. The input to the pre-determined benefits
functions on surveys, whereas interviews create input
to interpretations of benefits. The input to the method
is mostly interviews and surveys with questions
connected to the resource and the rule, implying that
we need to understand them both.

The literature review shows the usage of various
rules in the measurement methods. These rules can be
founded in BSC, KPI or goal alignment for the
organization, and there is always a rule connected to
the measurement method. The rule follows two paths
and is derived either from a specific theory, such as
CVM, or from an organization’s own created rules.
The focus for these own created rules is mainly
strategic or operational goals for the organization or
business processes and more rarely customer
satisfaction. The output follows the rule and in this
study is categorized by its output into financial or non-
financial, where most of the measurement methods are
non-financial.

There are several interesting avenues for further
research, and I would like to propose three. One is
heading back to the initially discussed resource for this
study, digital information. As mentioned earlier, this
resource is not primarily investigated in the articles
found in the literature summary. The first proposal for
future research is to create a deeper understanding of
how to design and evaluate measurement methods
while using digital information as the resource. The
first glimpses of this have been provided in this study’s
discussion, and from here our understanding can be
deepened. The second avenue for further research is to
build upon the knowledge base from this study, which
gives a first glimpse of the measurement methods
used. One way is to add measurement methods using
statistics for further understanding in the area. A third
avenue is to build a foundation for why we are
transforming intangible benefits into tangible ones,
focusing on digital information. The presented idea
here is communication, decision-making, and tracing,
whereas there might be other arguments or even ways
to act upon the intangible benefits.
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