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Management Summary
This master thesis contains the results of a study on the use of IT tools within New Product
Development (NPD) processes within the product development department of DAF. DAF is a large
Dutch automotive company that produces and sells cost efficient and high quality trucks globally. The
product development department utilizes a variety of IT tools for both managers and engineers.
However, management believes that sometimes it is unclear what IT tools are used and where in the
NPD phases. Therefore, they cannot make a correct assessment of the value that IT tools have in
terms of NPD speed. Therefore, management would like to get a clearer picture of the current
situation and best practices on how to employ IT tools. This leads to the main research question:
‘How can DAF best employ IT tools to speed up its NPD process?’
Research approach
In order to answer the research question, a certain research approach was used. This is now
explained. To get more insight into the current situation about IT tool usage, semi-structured and in
depth interviews were held with employees from various sub departments within DAF PD. In
addition, company documentation was reviewed to provide extra information, filling in missing links
that had not been discovered during the interview sessions. After knowing the current situation, the
next step is taken. From a similar high tech industry pool, two companies were contacted as sources
to perform a benchmark. Similarities and differences were discovered which lead to best practices
and gave a broader perspective of the topic. From the insights and conclusions of the empirical
analysis and using the creativity of the researcher, a design solution could be created for companies’
use. The design solution is both theoretically and empirically validated through the use of expert
opinions of a researcher from Eindhoven University of Technology and company employees.
Empirical analysis
Primary results of the empirical analysis are shown in table 1 below. Grouping of the aspects is done
to give better overview, based upon insights from the literature review.
Table 1: Main results of the empirical analysis
Aspects
Categorization
of IT tools

Description







Selection of IT
tools





A total of 74 IT tools had been identified based upon 13 interviews.
Based upon functional categorization, IT tools are distributed as following: information & knowledge
management (33%), technical & analysis (31%), communication & collaboration (12%), project management
(11%), process management (8%), design (4%) and portfolio management (1%).
Based upon departmental categorization, IT tool usage varies. Departments that have to work with
embedded software in truck (parts) such as vehicle electrics /electronics and engine test center use
substantially more IT tools than hardware based departments such as cabin.
Based upon categorization for NPD phases, the engineering phase makes most use of IT tools (13%),
followed by concept (9%), volume validation (8%), evaluation (6%) and definition (4%).
IT tools have a lot interdependencies, three big clusters are present: mainframe based, windows/client
based project management and office based.
IT tools are selected in a heuristic manner. There are some aspects that company employees add high
importance to, which are: reliability(13%), good support(10%), ease of use(10%), increased customer
satisfaction(10%) and process improvement(9%). Less important aspects are: costs(3%), market pos ition of
vendor(3%) and operating system independency(2%).
Additional aspects (extending the basic aspects from literature) are: openness of systems, internal/external
IT tool mix balance, total solution, continuous quality, traceability and good integrati on.
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IT tools on
NPD Speed





IT tools in general are believed to speed up the NPD process (median Likert value = 3,9), IT tools at DAF do
not (median Likert value = 3,3) No statistical significant difference between these two measurements could
be found.
As found out qualitatively, issues from IT tools are minor and lack of NPD speed can be mostly attributed
towards the context about IT tool usage.

Gaps



Gaps where IT tools can potentially be used to speed up the NPD process are: idea management and ecodesign

Benchmark




All three companies have similar NPD activities, making use of Stage-Gate® approach and the V-cycle.
Company 1 and 2 both used less IT tools than DAF does. For project and portfolio management they have
one IT tool in place each.
Managing and organizing IT tools is done consistently by company 1 and 2 making use of proper governance
and organizational committees



Based upon the results shown in table 1 above, primary conclusions were formulated. These are:








Tool usage
There are many IT tools available that the Product Development organization of DAF can use,
some fulfilling the same purpose. The benchmarking partners also had IT tools in place, but
far less. Because the product development processes and product complexity are roughly the
same, there is a proliferation of IT tools in place containing overlapping functionality.
Tool selection
For the selection of IT tools, certain stakeholders are involved which give their opinion and
make decisions, however none of the benchmarking companies (including DAF) make use of
formal selection criteria. This leads to a less substantiated approach for correct selection.
IT tools on NPD Speed
Speeding up the NPD process, utilizing various IT tools at DAF PD is not achieved in general
due to various contextual contingencies. Many of the causes can be traced back to the lack of
a proper structure and coordination of organizing and using IT tools. Also, when new IT tools
are selected and implemented, it is expected that they can only speed up the NPD process,
when the companies’ context related issues are solved in the first place.
Tool organization
When organizing IT tools, company 2 and especially company 1 makes use of a more
centralized approach for their coordination efforts between the business and IT than DAF PD
does. They have a governance structure in place for this which also includes IT tooling
decisions.

Design
Based upon the results and conclusions of the empirical analysis, a design is created. Four sequential
steps are followed to come up with a final design solution.
First, the design requirements are formulated together with the company supervisors. Thereafter,
the building blocks are developed, based upon the TOGAF framework and creativity of the
researcher. Third, theoretical feedback from prof. Trienekens, as well as internal company feedback
from the domain architect, information manager and company supervisors were acquired. From the
feedback, a finalized and integrated design solution is created as the last step. See figure 1 below.
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Figure 1: Finalized design solution

It contains the following primary elements:





A standardized process for managing IT tools
It uses a federal governance body for input and duopoly style for decisions which can be
directed through the organizational structure and committees including roles &
responsibilities.
Four possible mechanisms of managing both the process and organizational committees

Many benefits can be realized by implementing the design solution, including better shari ng of IT
resources, better business-IT alignment and creating overview. Furthermore, it is expected to
indirectly increase NPD speed by adhering to business application needs. Costs primarily involve
educating and training stakeholders and implementing various management mechanisms.
Conclusion & discussion
The design solution has not been implemented yet. When implemented , it helps DAF to better
organize and employ IT tooling for the product development department. There are some important
implications for both theory and practice. It shows that the relationship between IT tools adoption
and NPD speed, is not a black box. Several contextual contingencies have been found which limit the
positive influence that IT tools have. Further quantitative research on this is needed to provide more
generalizable results. Some differences on best practices for IT tool selection have been found as
well. The study has important implications for practice, foremost: having many IT tools in place to
support NPD processes is not enough. A lack of structure and coordination of using IT tools can have
detrimental effects on the organization. It is advised that practitioners keep an eye on this. Analyzing
the proposed design solution can inspire managers to think outside the box and find ways of properly
managing IT tools.
v
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Chapter 1: Introduction
This chapter introduces the master thesis research. First it presents the theoretical context by
providing relevant topics. It is followed by the empirical context which starts with formulating the
problem statement and some company background information. Thereafter, the research design is
shown and includes the type of research, unit of analysis and scope. The chapter finishes by building
the research questions and presenting the goal of the thesis research and includes a further outline.

1.1 Theoretical context
Firms operate in dynamic environments often resulting in increased levels of competition, rapidly
changing market environments, higher rates of technological obsolescence and shorter product life
cycles (Griffin, 1997). Due to these changes, NPD processes continue to evolve and are becoming
more sophisticated. Firms are furthermore seeking ways to help speed products through
development, improve process efficiency and overall NPD effectiveness. A certain amount of
literature on best practices are identified in exemplar work from Barczak et al. (2009); Bessant &
Francis (1997); Cooper & Edgett (2000-2014); Karniel & Reich (2011) and Langerak et al. (2004).
Speeding up the NPD process is important because of two reasons. First, the faster a firm can
develop a new product, the greater the likelihood that they can be first to market and reap
pioneering advantages (Chakrabarti & Kessler, 1999). Secondly, due to fierce competition, businesses
have to develop products fast in order to keep up with competition (Lynn et al., 1999).
Because IT is evolving rapidly and provides major opportunities and advantages for firms, such as
increasing organizational efficiency and innovation through information efficiencies and synergies,
researchers found out that IT tools can play an important role within NPD activities (Dewett & Jones,
2001; Barczak et al., 2008; Durmuşoğlu et al., 2006; Durmuşoğlu & Barczak 2011).
Researchers tried to empirically examine the impact that these IT tools have on certain NPD
performance measures, such as speed to market, market performance, product innovativeness and
product quality (Durmuşoğlu, Barczak 2011; Barczak et al. 2008; Marion et al., 2016). Whilst some of
the results suggest that IT tools indeed do have a significant positive influence on NPD performance,
others found no effect for this.
A further understanding is needed about how companies employ IT tools, providing possible
insights into inhibitors or enhancers of NPD Speed. For this, a large Dutch automotive company
was contacted as the primary source of information.

1.2 Empirical context
DAF has its ambitions to further increase its revenue- and sales profit potential. DAF wants to
do this by decreasing the lead time of the new product development (NPD) process, so that
new products can enter the market place earlier.
As a means of achieving this, management would like to investigate the IT toolset that the
managers and engineers within the NPD process are utilizing. As apparent from company
stakeholder meetings, including the information and quality manager, several problems emerged.
For the new product development (NPD) process itself, DAF uses a Stage-Gate® approach. It is
sometimes unclear which IT tools are used in which stage of the development and what the
concurrent dependencies are between them. This makes it harder for the company to make
1

correct assessments about the value of the IT tools for NPD. In particular, it is unclear whether
these IT tools have a contribution in decreasing the lead time or likewise speeding up the NPD
process. Also, DAF stated that it has difficulties in correctly choosing their IT tools. Finally,
management has some feeling that the current IT toolset is becoming outdated in such a way that
new technological developments cannot be fully captured and supported in the future.
Before the research design is elaborated, some company background information is given about its
products, the market, and some financial insights.
1.2.1 Background
DAF designs and produces commercial trucks ranging from lightweight to heavy duty vehicles. It
was founded in 1928 in Eindhoven. As a technology company, it also produces advanced diesel
motors and other components. DAF is a subsidiary from PACCAR Inc., which headquarters is
located in Seattle.
Manufacturing of DAF trucks is based in Eindhoven (the Netherlands), Westerlo (Belgium), Leyland
(United Kingdom) and Ponta Grossa (Brasil). The market of DAF consists of over one thousand dealer
locations throughout Europe, the Middle East, Africa, South America, Australia, New Zealand and
Asia. All manufactured trucks are BtO (Built to Order).
The mission of DAF is to deliver operational excellence, by providing the lowest cost per kilometer in
the industry, delivering excellent transport efficiency and driver comfort for the customer.
DAF reported a company turnover of approximately €4.5 billion in 2015 which is an increase of
12.5% from 2014. It managed to make an operating profit of over €350 million in 2015. (This is 8% of
the company turnover) Compared to the operating profit of 2014 of €200 million, this is a significant
increase of about 75%. Furthermore, DAF wants to strengthen its position in the European heavy
duty market, thereby increasing its market share. In 2015, it realized a market share of 14.6%.

1.3 Research design
This research is essentially a case study. It excels at providing an understanding of a real life situation
and allows for finding differences between individuals of a single subject (case). With this type of
design, it becomes possible to determine and evaluate variety which gives more insight into the
extent to which a phenomena is present. This in turn provides a lot of knowledge within th e
boundaries of the case itself (Yin, 2009).
Because of the empirical context and specific problems that DAF has regarding IT tools, the case
study design is furthermore preferred because it enables direct observation of the events(1) and it
has the ability to deal with a variety of evidence which includes documents, artifacts, interviews and
observations(2) (Yin, 2009).
1.3.1 Research type
This thesis project is characterized by an exploratory and primarily qualitative app roach. This is
because the aim of this research is to further investigate the problem and to capture a broad base of
information. Also, because DAF did not perform studies in the past about their IT tooling within the
NPD context, this thesis project cannot build upon prior work. The goal of exploratory research is not
to provide final conclusive solutions, but to further investigate the problem.

2

1.3.2 Unit of analysis
The unit of analysis refers to the level at which the research is conducted (Blumberg et al., 2011).
Because the research focuses on IT tools within the NPD context, it is necessary that this setting is
kept. For this reason, the product development department of DAF is chosen as the preferred unit of
analysis. Within this department, several activities for the development of a truck are performed and
various IT tools are utilized for support. Therefore, the recommendations that are given and also the
analysis that takes place is at the organizational level. Chapter 3 goes into detail about the data
collection method within the product development department of DAF.
1.3.3 Research scope
Scoping was necessary to make sure that the research project was manageable and could be finished
in time. The following table shows both theoretical and empirical scoping items.
Table 2: Scoping items
Empirical scoping

Theoretical scoping

1. Only IT tools within the FFE (Fuzzy Front End) and PD (Product
Development) are included. IT tools within commercialization
processes are excluded.

1. NPD Speed was chosen as the primary indicator of NPD
performance. The reason is already stated in paragraph 1.1.

2. Data collection is not companywide but is focused within the
product development department of DAF as the unit of analysis.

2. IT tools were initially included but only if they can speed up the
NPD process, as in line with the research goal.

3. Within data collection, recent NPD projects were considered.
This is because these projects are representative for the current
use of IT tools.

1.3.4 Research questions and objective
To further guide the thesis project, a set of research questions are set up. The main
research question is as follows:
‘How can DAF best employ IT tools to speed up its NPD process?’
To answer the main research question, the following sub questions are formulated:
1) ‘According to the literature:

a) What IT tools are available and how are they
categorized?
b) Which criteria are important for the selection
of IT tools?
c) How does IT tool usage relate to NPD Speed?

2) ‘What is the current situation at DAF regarding IT tool categorization, selection and
NPD Speed?’
3) ‘What gaps in IT tools of DAF are identified and when filled in, could speed up the
NPD process?’
4) ‘By conducting a benchmark, which best practices can be distinguished?’
5) ‘What is recommended to DAF regarding IT tooling?’
An answer to the first research question will be given in chapter 2. Research questions 2 till 5 require
further input from the thesis research itself. The main goal of this thesis project is:
‘To give DAF recommendations on IT tools in order to speed up its NPD process.’
3

1.4 Thesis approach and outline
In order to answer the main research question and different sub questions, the research project
follows a practical design oriented approach. The basis for this is the regulative cycle from (Van
Strien, 1997) which can be found in figure 2 below.

Figure 2: Adapted regulative cycle, van Strien (1997)

The focus of the thesis project is on the blue blocks of figure 2, because the design has not been
implemented. The blue activity blocks and corresponding thesis chapters are now briefly explained.
The problems that DAF has concerning its IT tools is already explained in paragraph 1.2 and provided
the starting point for the thesis research. Before the empirical analysis took place, a literature review
was conducted. The goal was to give an answer to the first research question by exploring concepts
related to IT tools, including categorization, selection and impact on NPD Speed. From these
concepts and their relationship, a conceptual model is build. The results of the literature review are
shown in chapter 2. Following these results and the identified literature gaps, a formal setup of the
empirical analysis could be made, including data collection procedures and validation principles. This
information is shown in chapter 3.
The fourth chapter contains the analysis and diagnosis, in short the empirical analysis, which contains
six paragraphs. The first three paragraphs, in linear order: categorization of tools (4.1), selection of IT
tools (4.2) and IT tools on NPD Speed (4.3) are analogous to the concepts within the conceptual
model of chapter 2. The fourth paragraph identifies tool gaps for several tool categories. Thereafter,
the fifth paragraph contains a benchmark to compare the results of subchapters 4.1 till 4.3 against
two external partner companies to determine best practices. The fourth chapter ends with the
conclusions of the empirical analysis.
From the empirical analysis results and conclusions, a design solution can be build which is shown in
chapter 5. It consists of four paragraphs: first the design requirements are shown, then the building
blocks are created, thereafter a finalized design is build and conclusions are given afterwards.
The final chapter presents the conclusion & discussion. Based upon the results from the empirical
analysis and the design solution, conclusions are drawn. Thereafter, a discussion takes place where
both the theoretical and managerial implications are considered. Finally, limitations and suggestions
for future research are outlined.
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Chapter 2: Literature review
In order to provide a broad understanding of concepts and issues related to the field of IT tools and
to provide an answer to the first research question, a literature review is conducted. At the mome nt
of writing this literature review, a lot of research is done in the field of new product development
and IT tools that support activities and/or processes. The first paragraph provides an introduction,
focusing on the increasingly important role of IT in general and IT tools adoption. Also antecedents
for IT tools adoption are elaborated upon. The second paragraph gives an overview of the different
categories of IT tools. The third paragraph covers aspects and factors that are important for the
selection of IT tools, including selection criteria. The fourth paragraph examines topics regarding NPD
performance and as a subset, speeding up the NPD process. Also, the relationship between IT (tools)
adoption and NPD performance is explained. The final paragraph gives the conclusion of the
literature review by answering the first research question, presenting a conceptual model and
identifying gaps.

2.1 Introduction
In an assessment conducted by Nambisan (2013), he points out the fact that companies experience
continued pressure to reduce time and costs of new product development activities. This led to the
adoption of standardized innovation structures, IT (tools), processes and metrics to support new
product development.
In a past survey, more than 90% of senior executives surveyed by Accenture bel ieve that IT enables
innovation (O’Mahony, Padmore, & Suh, 2003). As acknowledged by Cooper (2008), companies
increasingly are using IT to support and improve their NPD process. The use of information
technology in the organization has two important performance enhancing benefits: information
efficiencies(1) and information synergies(2). (Dewett & Jones, 2001)
Information efficiencies are cost and time savings that result when IT allows individual employees to
perform their current tasks at a higher level and expand their roles in the organization due to
advances in the ability to gather and analyze data. Information synergies are the performance gains
that result when IT allows two or more individuals to pool their resources and cooperate and
collaborate across role or subunit boundaries. (Dewett & Jones, 2001)
Past case studies conducted by Boutellier et al. (1998), Nijssen & Frambach (2000) and Malhotra &
Majchrzak (2004) show that different IT tools are used in various stages of the NPD process. Empirical
evidence about the positive effects of IT tools on NPD outcomes is limited (Dewett and Jones, 2001).
As Durmuşoğlu and Barczak (2011) found out, there is proliferation of IT tools available and
managers often do not know which IT tools provide value for their company. Barczak et al. (2009)
concludes by stating that the best performing firms in terms of industry success, program success
and sales and profit success test and implement many different kinds of NPD IT tools for marketing
research, engineering design and development, technology and team support.
Antecedents of IT tool usage
IT tools usage in firms are dependent upon certain antecedents or preceding elements. Researchers
have distinguished antecedents at different levels within the company, namely: at the organizational
level and at the team/individual level.
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Organizational drivers
In the study of Nijssen and Frambach (2000) looking for determinants of NPD IT tools adoption,
certain organizational aspects play an important role. They found out that the number of stages
within the NPD process, the level of communication between departments, a NPD strategy focused on
more radical innovations and former NPD IT tool users has medium positive effect on the adoption of
NPD IT tools. In addition, top management support and the number of departments involved in NPD
have marginal positive impact. Finally, firm size does not have an effect on the adoption of NPD IT
tools.
Factors geared towards ERP system adoption as investigated by Themistocleous et al. (2005), tested
seven hypothesis that may have an influence. Only two of them were supported. First, company size
has a strong impact on the adoption of ERP systems, meaning that larger companies are more likely
to adopt ERP systems. This is in contrast with the results of the research conducted by Nijssen and
Frambach (2000) Additionally, organizational change is sometimes necessary when implementing
ERP systems. For large companies, the likeliness is higher than for SME’s.
In another study by Barczak et al. (2008), they propose six important antecedents for IT tool usage.
These are IT Infrastructure (1), IT embeddedness(2), NPD Process Formalization(3), Colocation of
team members(4), Outsourcing of NPD projects(5) and Length of time on the job(6).
Furthermore they show that these antecedents differ for companies in the United States or in the
Netherlands.. To conclude, IT embeddedness(2) and NPD process formalization(3) both are positively
related to IT tool usage, colocation of team members(4) and Length on the Job(6) are negatively
related to IT tool usage for Dutch companies. Also, Outsourcing NPD projects(5) is positively related
to IT tool usage only for companies in the U.S. Finally, IT Infrastructure has no significant impact on IT
tool usage, which is contradictory to the findings of Durmusoglu et al. (2006) In addition, Durmusoglu
et al. (2006) concludes that the effect of IT infrastructure on NPD speed is unclear, flexibility has a
positive effect and the impact on NPD quality is non-significant.
Individual and task oriented drivers
In a study performed by Huang et al. (2012), they identified task oriented and individual antecedents
for data mining IT tool usage. They showed that perceived ease of use has a strong effect and
perceived usefulness has a medium effect on intention to use data mining IT tools.

2.2 Categorization of IT tools
Nambisan (2010) distinguishes five broad categories of tools, namely process management, project
management, portfolio management, information and knowledge management, and collaboration
and communication. The first two categories represent the more traditional areas of tools whereas
the latter three are emerging areas of tools within the context of new product development. Another
specific category of tools are eco-design (Byggeth & Hochschorner, 2006).
2.2.1 IT tools for process management
IT tools within this category support process management by either prescribing a comprehensive
process model or enable firms to adopt a flexible process framework to configure their own unique
process model (Nambisan, 2010).
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The new product development process can be split into three major parts; the fuzzy front end,
product development and commercialization. (Cooper, 2008; Ernst et al., 2010) Within these phases,
several Business Process Modeling tools can be utilized for supporting the processes.
The fuzzy front end of the innovation process is a di vergent process where human touch points,
interactions and creative activities are not typically well suited for predictable processes and
efficiency measures. Still, IT can be effective in supporting front end activities as Gordon et al. (2008)
found out in their empirical research. Specifically, six manners where IT can help at the front end of
the NPD process were identified. These are: collaboration amongst innovators(1), to gather
competitive intelligence(2), to organize and access information and organizational knowledge(3), use
for datamining(4), simulation optimization and model building(5) and for ideation(6).
Empirical research showed that companies still make little use of IT tools within the fuzzy front end.
IT tools certainly have benefits in this early phase of the NPD process as is found out by the following
work.
Whilst IT tools are often useful in determining specific customer requirements, Carlgren (2013)
acknowledges that identifying latent needs often is more difficult as it consists of a co mplex mix
between customer expectations, wants needs and desires. As a solution, Carlgren (2013) therefore
built a framework which links the tasks for identifying latent needs with certain methods and
mindset. This helps designers in early stages of the NPD process to make better quality product
designs.
Achiche et al. (2013) performed a study to determine best practices for IT tool selection in the fuzzy
front end of the NPD process. Drawing on a dataset of five Danish and Italian companies, they
showed that these companies where using a total of 29 IT tools in different development phases.
These IT tools mostly were backed up using software to enhance decision making associated with
NPD.
2.2.2 IT tools for project management
The focus on project management has led to the utilization of practices related to task coordination,
scheduling and resource management of product development projects (Nambisan, 2010). Several IT
tools can support project management activities.
For R&D, design and engineering activities, Barczak et al. (2009) found out that firms use 6 different
IT tools. The top 3 which are used most frequently are: design for manufacturing, concurrent
engineering and failure mode.
As Barczak et al. (2009) denotes, firms also use technology IT tools to achieve faster development
times and better project organization. Top uses include CAD/CAE, project management systems and
document management systems.
In order to support project teams and to make communication easier, both formal and informal,
firms most often use face-to-face meetings, tele-conferencing and critical path, PERT, GANTT.
(Barczak et al. 2009)
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2.2.3 Tools for portfolio management
For product innovation, picking the right set of development projects is essential. ( Cooper et al.,
2001) Portfolio management helps senior management to make better investment decisions
especially within R&D. Portfolio management is a dynamic decision process, whereby a business’s list
of active new product projects is constantly up-dated and revisited. (Cooper et al., 2001) In an
industry best practices study performed by Cooper et al. (2001), they distinguish portfolio
management methods & techniques by their relative popularity and how they are used. They also
compare best performing firms with the rest based on their portfolios. Most frequently used tools by
firms include the notion of financial methods and business strategy.
2.2.4 Information and Knowledge Management IT tools
Companies nowadays require the ability to innovate continuously and to respond to customers’
needs to ensure success. Therefore, a deep understanding of the internal process is required. (
Nambisan, 2010; Su et al., 2006)
In order to ensure business excellence, products features must meet the needs of specific customer
groups within the market. Therefore, in order to integrate customer knowledge in innovative NPD, Su
et al. (2006) proposes a market oriented customer knowledge management model implemented by
information technology (E-CKM model).
Experiments can provide significant opportunities to gather knowledge about their NPD process. A
technique often overlooked by European companies is Design of Experiments (DOE). Nambisan,
(2010) cites that: DOE is one of the most powerful quality improvement techniques for reducing
process variation, enhancing process effectiveness and process capability.
2.2.5 IT tools that promote collaboration and communication
A study by Asdemir et al. (2006) suggests that the use of collaboration software, in particular
collaborative product commerce (CPC) increases collaboration among product design teams. It refers
to the process of creating technological synergy across the entire life cycle of a product. ( Asdemir et
al., 2006) This collaboration has a significant and positive impact on product quality, reduces cycle
time and product development costs. IT tools within this category are further divided into three
components, namely: virtual simulation, virtual communication and virtual customer environments.
Those are further explained below.
Virtual simulation
Virtual simulation IT tools nowadays play an important role in new product development. ( Becker et
al., 2005) They are used to significantly cut development time and costs. Car designers and e ngineers
have to make a trade-off between costs and accuracy of the experimentation. With the use of virtual
simulation IT tools, the number of costly physical prototypes and obsolescence associated with them,
decreases and in addition design quality increases due to the early availability of information,
thereby allowing for front loading problem-solving.
Virtual communication
In a study on IT support for knowledge sharing in dispersed (far-flung) project teams, Malhotra and
Majchrzak (2004) determined best practices. In alignment with the study of Boutellier et al. (1998),
they propose to have conversations and virtual team meetings frequently, in order to minimize
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conflicts. Malhotra and Majchrzak (2004) goes further by stating that trust building activities and
creating common understanding are very important to reduce the risk of project failure.
Virtual customer environments
An emerging field in product innovation and product support activities is the establishment of
customer co-innovation and value co-creation also named virtual customer environments. (VCE’s)
(Nambisan, 2010) VCE’s enhance the richness of customer interactions with one another and the
focal firm. Depending on the customers’ role within the VCE and NPD phase, certain IT tools or
facilities are relevant to promote interaction. An example of facilities are online customer discussion
forums, virtual product design and prototyping centers.
2.2.6 Eco-design IT tools
Within product development and procurement processes, trade -off situations often occur as
different aspects have to be balanced against each other. (Byggeth & Hochschorner, 2006) From an
Eco-design perspective, environmental impacts, improvements and design alternatives are
important. The trade-off can be a conflict between environmental targets. To make better decisions
in these situations, Eco-design IT tools have been developed.
2.2.7 IT tools that can be used in multiple phases of the NPD process
In an effort to improve decision making within the NPD context and as a method of integrating IT
tools from different fields, especially for communication, uncertainty reduction and decision aiding,
Montagna (2011) proposed a hybrid approach. This approach ultimately delivers the right IT tools
from three major branches: project lifecycle management (PLM), knowledge management (KM) and
management science/operations research and decision aiding (MS/OR - DA) to support different
phases within the NPD process.
As mentioned in paragraph 2.2.5 of this paper, collaboration IT tools are emerging. They can also be
used in multiple phases of NPD as Marion et al. (2016) explained. Furthermore, Marion et al. (2016)
show that the penetration for collaboration IT tools is still limited.
Software IT tools
Some researchers have focused on the use of software IT tools to support NPD activities. Most of
these IT tools are not limited to complement one development activity but are often used as a total
solution to support a range of processes and tasks within NPD.
In a review of available software to enhance NPD decision making, Rangaswamy and Lilien (1997)
made a categorization in idea generation, product design, project evaluation & portfolio analysis, and
project management. Within new product development, Hüsig and Kohn (2009) spotted a gap in the
software support. They saw that too many firms focus on the technical, generic and communicational
aspects of the innovation process. Software support for the creativity and invention phase (=idea
management) and patent management is lacking and often they don’t follow a holistic approach.
Based upon those gaps, Hüsig and Kohn (2009) searched for useful software to support those
categories. They found over one hundred IT tools and also identified whether they provided a holistic
solution.

2.3 Selection of appropriate IT tools
Within the NPD process, several IT tools can be used by designers/managers in order to structure,
organize and improve their work. However, Achiche et al. (2013) found out that the IT tools mostly
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were selected and used in a heuristic manner. Additionally, they point out that an economic
evaluation of the cost of IT tool usage is critical as using IT tools has a cost to the company in terms of
time, space and people.
Relevant criteria for IT tool selection
Authors have discovered several important selection criteria for appropriate IT tools and technology.
Achiche et al. (2013) proposes the following macro- and micro- parameters as relevant factors for the
selection of IT tools:
1.

2.

Persons
o
Working hours
o
Training
o
Professional background
Explicit Costs
o
Things to use
o
Utilities
o
Software/hardware
o
Incentives

The study of Achiche et al. (2013) uses one important criteria for the selection and adoption of
appropriate IT tools, namely that the estimated investment should be minimal in relation to the use
intensity of IT tools. For this, an evaluation scorecard can be used.
Focusing on IT tool selection within the software and application domain, several authors proposed
certain evaluation factors and criteria. Boutellier et al. (1998) mentioned one important criteria for
the evaluation of appropriate technologies and software, namely: suitability (not suitable – very
suitable). To determine best practices for decision making criteria for the selection of ERP systems,
Bernroider and Koch (2001) identified 12 different selection criteria that have a strong relationship to
organization size. Some highlights from this study are that customer and supplier needs and
guidelines from a controlling company are less relevant for the selection of ERP systems for both
SME’s and large companies. Small and medium size companies find selection criteria less important
for their software than large companies in general.
In an effort to identify and select appropriate software applications, Marr and Neely (2003) came up
with a decision framework for selecting Balanced Scorecard software. They state that because
organizations have an unique set of requirements for certain software applications, and because
organizations themselves differ in terms of size, IT infrastructure, communication style, required
security level, cash position, in house capabilities etc., a one size fit solution is not available. Also they
note that companies themselves should develop appropriate weight factors for selected criteria.
In a large scale meta-analysis and online survey of 358 respondents from German firms, Benlian and
Hess (2011) found out that a certain set of 7 criteria are important for the selection of enterprise
resource planning (ERP) software and Office applications, those are: support (1), ease of
implementation(2), cost(3), ease of customization(4), ease of use(5), f unctionality(6) and reliability(7).
They further make a distinction for selecting both proprietary- and open-source software. IS
managers attach more importance to reliability and functionality in proprietary ERP systems where
support, ease of implementation and cost are considered more important in open-source software.
For Office applications, the difference between importance of selection criteria between proprietary
and open-source software is minimal. Only significant differences include support, ease of
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implementation and cost. The main limitation of this study is that only software IT tools were
considered and not methods and techniques for example or IT tools in general.

2.4 Tool usage on NPD performance
The previous subchapter focused on IT tool selection and its importance. This subchapter first gives
definitions for NPD performance and speed, and includes success factors. Finally, the relationship
between IT/IT tools and NPD performance is examined.
2.4.1 NPD performance
NPD performance is often referred to as the extent to which a new product has achieved its expected
performance, including profit margin, return on assets and return on investment. (Lee, 2008)
However, NPD performance measurement is often skipped by companies as they find it rather
unimportant. (Kahn et al., 2012)
Performance measurement of NPD differs for companies/practitioners and academics. For example,
academics placed more emphasis on customer satisfaction whereas companies often concentrated
on time and costs. (Driva et al., 2000)
Past studies mostly investigated the relationships among market orientation, new product
performance and organizational performance in large firms. (Appiah-Adu and Singh; Blankson et al.;
Laforet, 2008) Because small companies are different in nature, Ledwith and O'Dwyer (2009)
investigated whether there were differences for these companies. They used the same measures for
New Product Performance as defined by Brown et al., (2004) and Langerak et al. (2004) which are:
market-level performance(1), financial performance(2), customer acceptance(3) and product-level
performance(4). In addition to these established measures, Ledwith and O'Dwyer (2009) includes
timing measures(5). They further divide timing into launch on time, time to market and break-even
time. Results from their study show that all measures have a significant impact on New Product
Performance. Product-level(4) and customer acceptance(3) measures have the highest contribution.
The inclusion of timing as an important measure for NPD performance is also used in the study by
Driva et al. (2001), they further include costs as a second category and number and nature of
engineering change requests per project as the third category.
Hong et al. (2004) reported two broad categories of integrated product development performance:
1. Process outcomes. Those look at the effectiveness of the process in terms of teamwork and
productivity.
2. Product outcomes. They look into how the products perform according to the firms
initiatives, such as value to the customer and time to market.
The study of Vinayak and Kodali (2014) uses the following three performance measures:
1. New product life cycle.
2. New product sales and profits
3. Time to market for new product
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2.4.2 Speeding up the NPD process
Griffin and Hauser (1996) stated the following regarding the essence of time: “The desired outcome
in any New Product Development project is the timely commercialization of a profitable product.” In
order to reach the desired outcome, acceleration of the process might be necessary. There are many
different terms for this concept. Kessler and Bierly (2002) used the term innovation speed. They see
innovation speed as the ability to move quickly from idea to actually selling the product. Cankurtaran
et al. (2013) stated that: “increased speed is achieved by decreasing development cycle time, the
elapsed time from the beginning of idea generation to market introduction. Time-to-market
(Tatikonda and Montoya-Weiss, 2001), product development time (Lilien and Yoon, 1989), innovation
time (Mansfield, 1988), lead time (Ulrich, Sartorius, Pearson, and Jakiela, 1993), project completion
time (Terwiesch and Loch, 1999), and total time (Griffin, 1993) are all similar concepts.” All these
different definitions and concepts are seen as NPD acceleration related principles.
2.4.3 Contribution of IT tools and best practices
Several studies tried to find out what the impact of IT/IT tools is on the organization. Some studies
focused on the relationship between NPD best practices and NPD performance in a more general and
broader picture, others determined the use of IT tools on NPD performance. However only a few of
them focused on the specific relationship between IT tools and speeding up the NPD process.
IT Tool benefits
In an explorative investigation of the awareness, use and effectiveness of different methods and IT
tools for NPD, performed by Nijssen and Lieshout (1995), results show that managers and engineers
primarily use IT tools to identify problems, improve the success rate and to support salesforce.
In a literature review conducted by Monteiro et al. (2010), IT tools can have six major outcomes.
First, some IT tools can speed up the Fuzzy Front End processes and reduce costs. Second,
communication and collaboration in the NPD team can be enhanced. Third, decision making quality
can be improved by utilizing institutionalized selection criteria. Fourth, IT tools can provide
knowledge management for the organization by storing R&D ideas and information. Fifth, creativity
enhancement can be accomplished by divergent and convergent thinking. Lastly and applicable to
patent and IP issues, IT tools can reduce the risk by eliminating the use of registered solutions and to
generate more ideas. Kleis et al. (2012) also acknowledges the knowledge management and
collaboration outcome of IT tool usage within NPD.
Computer aided innovation as well has some potential benefits. Hüsig and Kohn (2009) say the
following about that:
1. Efficiency enhancing. Software IT tools typically facilitate the integration, modification and
transfer of data and information.
2. Effectiveness enhancing. CAI can improve quality, accuracy and timeliness of the provided
information. It can help to better make decisions in the NPD process.
3. Competence enhancing. CAI software can support the transparency of the NPD process.
4. Creativity enhancing. Because creativity is key to innovation success, software supporting the
fuzzy front end enhances productivity and creativity.
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Relationship between best practices/IT/IT tools and NPD performance
Kleis et al. (2012) examined the relationship between IT, innovation activity and innovation output.
Indeed they indicate that IT and R&D both play positive and significant roles in innovation
production. In their panel they show that a 1% increase in IT capital services is associated with a
0.17% output in the number of patents.
In the study to determine the relationship between NPD best practices and NPD performance,
Vinayak and Kodali (2014) deployed a survey using a sample of 228 companies in Indian
manufacturing companies. NPD IT tools in this study were a subset of NPD best practices, along with
6 more variables. Multiple regression analysis shows that indeed using NPD IT tools have a significant
and positive effect on NPD performance. Furthermore, all other 6 best practices have also a
significant positive effect.
Durmusoglu et al. (2006) found out that the higher frequency of IT tools used in NPD activities does
not generally relate to better NPD outcomes. Particularly, frequent use of IT tools does not
contribute to high/low NPD cost, speed and flexibility. The only i llogical exception is that high IT use
results in low NPD quality. (Durmusoglu et al., 2006) In a follow up research by Durmuşoğlu and
Barczak (2011), they tested whether different IT tools differ for the three NPD phases and
performance measures. Results show that some IT tools indeed increase performance but not for all
phases of the NPD and that also not all performance measures were significant.
The study of Barczak et al. (2008) shows that the use of IT tooling on speed to market is only
significant in the Dutch sample, whilst the impact on market performance is significant in the United
States sample.
Relationship between particular subset of IT tools on NPD performance
Because virtual communication and collaboration IT tools are becoming popular, some recent
research focused on the use of these IT tools and the NPD outcome.
Focusing on Virtual Customer Environments (VCE’s) and the contribution to companies, Nambisan
and Baron (2010) show that when customers sense partnership with the company and their expertise
they are more likely to support product development. Self-image of customers has no influence on
the likelihood of supporting product development activities.
Because of the emerging trend of collaborative IT tools used by Marion et al. (2016) studied in detail
the relationship between these type of IT tools and the effect on NPD. They conclude that high
performing firms in terms of NPD performance make use of more collaborative IT tools. However,
results for large companies are not significant. Marion et al. (2016) posit that the complexity and size
of NPD projects in large firms overwhelm the impact of collaboration IT tools on NPD performance.
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2.5 Conclusion
Results from the literature review show that a formal and definite definition of IT tools is not given.
However, by combining the work of Barczak et al. (2009), Nambisan (2013) and Reid et al. (2016), the
following definition can be distillated:
IT tools are technological instruments that are used in the performance of an operation. It is used to
provide benefit in accomplishing a task. It distinguishes from methods and processes in the following
way:
Methods are a collection of practices, procedures and rules used by those who work in a discipline or
engage in an enquiry. (Business dictionary, 2017)
A process is a sequence of interdependent and linked procedures, which at every stage consume
resources to convert inputs into outputs. (Business dictionary, 2017)
Furthermore, results show that certain concepts within NPD are well researched. The relationship
between these concepts are shown in figure 3 below.

Figure 3: Conceptual model based on literature review

There is a broad literature base on available IT tools, antecedents that influence IT tools adoption
and NPD performance measures, including both effectiveness and efficiency measures. Some gaps
that are identified from the literature are the following:
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1) IT tools adoption is partly researched. There is a lot of information available on IT tools
themselves. However, best practices such as which IT tools to implement and when (where in
the NPD process) in organizations is lacking.
2) The selection of IT tools is partly-researched. Researchers have mostly focused on identifying
selection criteria for software IT tools and in particular for large ERP systems. Selection criteria
for IT tools that do not belong to this category are hardly researched.
3) There is no consensus between IT tools adoption and NPD performance. Some researchers
report positive effects whilst others found no effects. It is expected that contextual
contingencies either increase or decrease the positive relationship between IT tools adoption
and NPD performance.
Now, answers are given to research questions 1a, 1b, and 1c. These originate from paragraph 1.3.
1a) There is proliferation of IT tools available for companies to use. Most often, IT tools are
software based. IT tools can be categorized according to NPD stage or for different functional
usage, which can be seen in figure 3 above. Functional categorization includes project
management, process management, portfolio management, information and knowledge
management, communication and collaboration and eco-design.
1b) Several antecedents for the adoption of IT tools are found. They are split into organizational
and team/individual drivers. Figure 3 presents the complete list. Selection of IT tools can be
done by ranking and evaluating certain criteria. Examples are costs, ease of implementation
and process improvement. The remaining 12 selection criteria are shown in figure 3.
1c) There is no consensus on the relationship between IT tool usage and NPD performance. Some
researchers report positive effects whilst others found no effects.
The next chapter explains the research methodology that is used as the basis for the empirical
analysis, both addressing the gaps from the literature review and giving answers to the empirical
research questions 2 till 5.
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Chapter 3: Methods
In this chapter, the research methodology is presented. It includes the data sample and collection,
plan of approach including all the major activities that need to be executed in order to finish the
project and to give answers to the prior established research questions. Because the thesis project
uses a single case study, it is important to know which and how data will be collected before the
activities are explained. The chapter ends with a discussion of the quality of research.

3.1 Data sample
As explained in chapter 1, the empirical research will be conducted at DAF. Because the focus lies on
identifying and analyzing IT tools within NPD processes, the product development department is the
logical choice as the primary source of information.
The product development department within DAF consists of about 900 employees, which is
organized in a matrix structure. As can be seen in figure 4, the functional sub departments consists of
several product development groups, shown in green. One sub department, namely program
management is organized in a project based setting. IT has an important role for Product
Development as they develop, manage, support and integrate various IT tools.

Figure 4: Scoped organization chart of DAF Product Development

3.2 Data collection
According to Yin (2009), using multiple sources of evidence as a form of triangulation is important in
the data collection procedure. The methods that are used in this study are presented in table 3
below.
For the first source of evidence, documentation was used. This included internal records containing a
pre-made list of IT tools. Consulting this was necessary to become familiar with the material under
study. Furthermore, it acted as a reference for the empirical analysis specifically during the interview
sessions.
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Before the empirical analysis, desk research in the form of a literature study was conducted as
described in chapter 2 already. It provided answers to the first research question and acted as
further categorization of topics in the empirical analysis.
The empirical analysis primarily takes place at DAF because it is my commissioning company for my
thesis research. The primary source of information comes from semi -structured interviews. This type
of interview has an open setting, allowing for new ideas to be brought up during the interview but is
also structured in a way that certain important topics are discussed and prepared by the interviewer
upfront (Bernard, 1988). The main advantages of this approach are that topics and questions can be
prepared before the interview, informants can express their views in their own terms and interview
results can provide reliable and comparable qualitative data (Bernard, 1988). The main drawbacks
are that interview questions may become prescriptive or leading, preparation is resource int ensive
and open-ended questions are difficult to analyze (Cohen, 2006). In total, 13 interview sessions took
place within the Product Development department. Figure 4 above shows in green from which sub
department the interview respondents originate from. Details about the interview respondents
composition and the coding and analyzing procedure is shown in the next paragraph.
To get new insights and best practices, two partner companies were contacted from which a
benchmark was conducted. The source includes two semi-structured interviews with two partner
companies. Suitable partner companies were selected based on these main crite ria:




Same industry branch. This was to make sure that the same business context was kept.
Performs and maintains NPD. This was to increase the likelihood of comparing the results.
No competitor of DAF. This increased the chance of providing more and correct information.

Details about the interview procedure of these two external semi-structured interviews are shown in
the next paragraph. Due to confidentiality, company names and background information is not
discussed.
As the final source of evidence within the empirical analysis, a focus group sessions took place. It was
needed to discuss the findings of the empirical analysis with the company supervisors. This had a
twofold aim: first, to correct some mistakes or errors in the data analysis. Secondly, to announce a
change in the direction of the design solution. The reason being that tools themselves did not pose
major bottlenecks, but that contextual factors had to be solved in order to reap the benefits from IT
tools. This is explained in more detail in chapter 4.
For building the design solution, the results and conclusions of the empirical analysis and the
creativity of the researcher provided the first input. Further sources included the use of academic
journals on IT governance and business-IT alignment, as a more strategic direction was needed to
solve the problem. Also documentation in the form of a future vision ITD document was consulted to
find out how the design solution could fit in the company strategic roadmap. As a manner of
theoretically validating the design solution, an expert opinion took place with prof. Trienekens. This
provided more insights into the field of IT principles and the enterprise architecture. It was helpful in
framing the design solution from a theoretical perspective. As another form of empirical validation, a
second focus group session took place with the domain architect, information manager and company
supervisors. This was done in order to make sure that the design solution can be implemented within
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DAF, keeping an eye on the current way of working and possible challenges, and to further shape the
design solution.
Table 3: Data collection methods
Collection methods
Desk Research / Documentation

Interviews

Source
Internal record: Pre-made list of IT tools

Primary purpose
Supporting the orientation phase of the research

Academic journals

Conducting the literature review

Internal record: future vision ITD roadmap
Semi-structured interviews with 13 DAF PD
employees and 2 employees from 2 benchmark
companies
Focus group sessions with the DAF supervisors,
domain architect and information manager
Expert opinion of prof. Trienekens

Receiving inspiration for the design solution
Conducting empirical analysis including a
company benchmark
Receiving overall feedback & empirically
validating the design solution.
Receiving inspiration for the design solution +
theoretical validation

3.3 Plan of approach
The project is split into several phases and activities. An overview of this is given in figure 5 below.

Figure 5: Major overview of project phases and activities

The introduction phase has already been discussed in chapter 1. From this, a literature review was
conducted to find gaps based on a conceptual model. Three topics were further investigated in the
empirical analysis which are: IT tools adoption, including categorization and finding gaps(1), selection
of tools, including selection criteria(2) and the relationship between IT tools adoption and NPD
performance(3). To investigate these topics, the following actions took place:
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1) By conducting semi- structured interview sessions, the current situation regarding the IT
tools were investigated. The following criteria were used for the selection of interviewees:




Engineers and managers are included, operational workforce is left out. This is
because the chances that these stakeholders have worked with certain IT tools in the
past or they know how subordinates used them are high.
Covering multiple sub departments. The main reason is to receive a broad base of
information. Furthermore it reduces the chance of sampling bias by placing equal
weight on selection for each sub department.

Using these criteria for the selection procedure, 13 stakeholders were able to participate in
the interview sessions. The respondents had between 5-40 years’ experience within a
(product) development environment. Most of them had fulfilled various positions within the
company. The interviews lasted for about one hour each. Interview questions are primarily
based on identifying the IT tools, what their purpose is, where in the NPD process they are
utilized and how it is organized including selection. Also because the main research question
is aimed towards speeding up the NPD process, the extent to which the use of IT tools leads
to speeding up the NPD process will be investigated. The interview questions are shown in
appendix A.1. Furthermore, combining the results from the literature review and the current
situation gave insights into IT tool gaps and when filled in they could serve certain benefits.
Coding the interviews
To add structure to the interview data, coding is necessary (Saldana, 2015). It consists of a
three-step approach:
1. Open coding. Pieces of text from the interview transcript are given labels. These l abels
are based upon certain topics or themes.
2. Axial coding. Now, the labels belonging to certain text fragments are compared between
the interviews in order to find both similarities and differences. Hereby, an iterative
process is used to further optimize, split and find new coding.
3. Selective coding. The last step consists of finding consistency and patterns from the
coding results. It basically is the analysis of interview results which leads to forming
theory. Also, extremities are investigated to find out if the results deviate from the
established pattern.
Storing and coding interviews was done by using NViVo. This made the process of analyzing
results easier to accomplish.
2) External benchmark. To get new and fresh insights into best practices, a benchmark was held
between company 1,2 and DAF. The meetings with the external company representatives
were split into two parts. The first part was to give information that I already had collected in
the first phase of the empirical analysis. Here, the company representatives heard my story
which they could use for their own benefits. The second part was about asking which IT tools
the partner company has in place for their NPD efforts and what their motivation is to using
them. Also organizational aspects such as team set up and how they select their IT tools
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provided interesting information. A brainstorm session took place to identify best practices
on for example what things to keep in mind when implementing IT tools or certain other
actions. These meetings lasted about one hour each. The setup for the benchmark is shown
in appendix I.
3) Assessment/conclusions of the empirical analysis. The current situation at DAF was
presented in a focus group meeting. The meeting participants were my company supervisors.
This meeting had been held to provide the company information about the results of the
empirical analysis. Additionally, the company supervisors gave overall feedback in order to
correct mistakes and to give further suggestions. This also provided a major direction change
for the design solution as tools themselves are not so much considered bottlenecks, but the
context is more important.
For the design solution, two primary activities took place: building the design solution(1) and
validating the design solution(2). Those are now explained:
1)

Designing the solution. From the empirical analysis results and conclusions, a design could be
made. The following steps were followed to come up with a final design.
a)
b)
c)
d)
e)

Setting up design requirements.
Framing the design and establishing building blocks.
Acquiring feedback on the initial design.
Building the final design solution.
Giving company guidance.

As already pointed out in the previous paragraph, multiple sources were utilized to perform
the above steps. Mainly, the conclusions of the empirical analysis and the creativity of the
researcher provided primary input for building the design.
2)

Validating the design solution. To increase the quality of the design solution, both theoretical
and empirical validation took place. For this, prof. Trienekens was consulted who provided a
theoretical framework and further ideas for finalizing the design solution. Also a second focus
group meeting took place between the information manager, domain architect and company
supervisors who gave practical recommendations so that the design solution could be made
ready for implementation.

The final step was to provide conclusions and a discussion of the thesis research. The conclusion
gives a summary about the major findings of the research and gives an answer to the prior
established main research question. Then, both managerial implications are discussed to give
managers further insights and to provide learning points from this thesis research. Also theoretical
implications are discussed by comparing results with the literature review to find similarities and
differences. Finally, suggestions and limitations for further research are presented.

3.4 Research quality
The quality of empirical research is based on validity, reliability and controllability (van Aken et al.
2007). This subchapter first explains these concepts and then they are linked to this thesis project.
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Validity
This is defined as the manner in which the researcher is measuring what he/she wants to measure
correctly and adequately. Van Aken et al. (2007) further distinguishes three types of validity:
construct validity, internal and external validity.
Construct validity can be realized by operationalizing certain concepts under investigation, thereby
introducing certain measurements. Construct validity in this thesis project is achieved in two ways:
1) Through performing a literature review, whereby certain concepts are discovered from which
a conceptual model can be build.
2) By operationalizing IT tool selection through identification of selection criteria and Likert
Scale measurements. Also, operationalizing NPD Speed helps in improving construct validity.
Internal validity refers to the realization of causal relationships where certain conditions lead to
other conditions. Internal validity in this research is somewhat achieved. The relationships shown in
the conceptual model can be logically explained but because only a small sample from DAF is taken
(as interviewees) and because the interview sessions follow a semi -structured approach, full
quantitative validation of the established relationships is not possible.
External validity is the generalization of the study conclusion and results to other situations. Because
this thesis project uses a single case research method, generalization and cross validation is difficult.
However, the results of this study might be applicable to other companies who pursue NPD and
operate in the same business context.
Reliability
This is the extent to which a research method produces the same results each time it is applied to the
same study. It has to do with the quality of measurement. In order to optimize the reliability of this
research project, the following is done:
1) Reduce systematic error or bias by treating the respondents (interviewees) the same. All
interviewees receive the same email invitation and the interview questions according to the
interview protocol are asked every time.
2) Interviews are held with senior/experienced managers so that differences in personal
background are less of an issue.
3) Through setting up a plan of approach. This helps to identify necessary activities to complet e
the thesis project so that when the research is repeated, it can follow the same approach.
Controllability
This has to do with the possibility to control academic research. Controllability is also necessary to
determine the reliability of research. On a more abstract and general note, this is achieved by
following certain research methods that are already proven to work. For this thesis project,
controllability can be achieved by:
1) Formal and honest data collection. By making use of interview transcripts, coding procedures
and attaching certain observations, others can assess whether and to what extent the
information is true and valid.
2) As a researcher trying to be as objective and unprejudiced as possible.
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Chapter 4: Empirical analysis
This chapter consists of five paragraphs. The first paragraph explains the current situation at Product
Development of DAF regarding IT tools and categorization(4.1). The second paragraph explains the
selection of IT tools(4.2). Thirdly, the relationship of IT tools and NPD Speed is examined. The fourth
paragraph elaborates the identified IT tool gaps. From the previous results, results from the company
benchmark is discussed in paragraph 4.5.The benchmark setup is shown in appendix I and the
interviews with these company managers are shown in appendix J. Finally, the conclusions of the
empirical analysis are shown in paragraph 4.6 by integrating and interpreting information from
previous paragraphs. These conclusions form the bridge between the empirical analysis and the
design solution.
Because IT tools are considered within NPD processes, some background information is given about
two primary development processes that are used within DAF. See appendix A.2 for an overview.

4.1 Categorization of IT tools
IT tools can be categorized in certain ways. According to the literature review, functional
categorization is possible (4.1.2) as well as categorization according to the NPD phase (4.1.3). As their
names imply, categorization is done according to IT tool functionality and the latter in a process
based approach. In consultation with the company supervisors and my mentor, categorization
according to sub department is also useful (4.1.1) as it gives insights into differences and overlap in IT
tool usage per functional department.
Before jumping into the different categories, a high level overview is given. This gives some
preliminary insights into overall IT tool usage.
High level overview
Results of the 13 interview sessions show that the managers and their subordinates used a total of at
least 74 IT tools during the NPD process.
Two things are important to note:
1) The list of IT tools used by these managers and their subordinates is not exhaustive. Some
managers stated they/their subordinates used more IT tools which were in most cases
additions and extra functionalities (such as macro’s and scripts) to the used IT tools. Also the
interviews lasted one hour each which implied not all IT tools could be discussed.
2) Because interviewing is a human process, it could be that some IT tools are forgotten or
simply not mentioned because they are used so extensively that they are simply too obvious
for mentioning and discussion.
IT tools are used for various reasons. For example for testing purposes of the complete vehicle to
more detailed tests at the system level and at the component level. This is done in conjunction with
the V-cycle method which is a standard use at the product development department of DAF and was
explained in the beginning of chapter 4. But before testing can take place, designing activities have
to be done. For this, design IT tools are used such as NX and Creo which are essential CAD IT tools.
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Furthermore, each sub department has its own IT tool set for specific purposes such as performing in
depth technical and functional analysis. This is the majority of identified IT tools. Projects and
processes are also supported by some IT tools but are more at the management and controlling level
of the company. This is needed for creating work flow and are used to communicate management
information to other departments such as procurement, finance & control and marketing & sales.
This information is also used by the product development department itself to generate input about
the status of a project, possible budgeting overshoot and certain bottlenecks. This information is
primarily used by project managers who can then make certain decisions.
There are also some IT tools in place to stimulate team work and cooperation between the functional
departments. Most of these IT tools are aimed at the engineers and are used at the operational level
of the product development organization.
The frequency of IT tool usage is not the same across the NPD phases and per sub department. There
are some IT tools that are less mentioned such as GRPA (General Risk and Prediction Analysis) and
TES W. Others such as Mainframe, TRACKS, TRACE, FRACAS and CAD IT tools are most frequently
mentioned. These IT tools are used for multiple purposes, such as for designing (CAD), project
management (TRACKS, FRACAS) and generating information and content (Mainframe, TRACE).
As the goal of presenting the current situation in this report is not to give detailed information about
each IT tool at the operational level but to create overview and broader insights, the individual IT
tool list is shown in appendix B. It contains a short description of the primary goal of using the IT
tools. This does however not imply that the list is unimportant, as it acts as the basis and reference
for focus group sessions and brainstorm meetings and also for later input in the solution phase.
4.1.1 Categorization according to sub department
At the sub department level, the usage of IT tools varies for some departments. See figure 6 for an
overview.

Figure 6: Quantity IT tool usage at sub departmental level
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Globally, three groups can be distinguished according to quantity of usage and have a separate color.
The group with the least variation of IT tool usage are shown in blue and consists of six sub
departments in total. This group uses between 10-15 IT tools. The six departments (in blue) are
responsible for the hardware and software parts in a truck, quality and reliability of the truck and
supporting tasks.
Lowest users of IT tools (5-10 IT tools) are the cabin, program management running business, PD ITD
FAM and Component Testing departments. Because program management running business is
primarily responsible for activities after the NPD process, and manages the transition between
evaluation (which is after market introduction) and ‘running business’, they do not us e functional or
technical IT tools (Which is the bulk of identified IT tools). Respondent [10] made a specific comment
about IT tool usage: “Because we are primarily responsible for the interior design of the cabin for the
truck, we don’t use a lot of software IT tools.”
Highest IT tool users (green group, >15 IT tools) consists of the departments vehicle
electrics/electronics and engine test center. The presentation as given in figure 2 is however
distorted for the engine test center department (see *) as they use a lot of specific control software
for their machines for the test cells. These are according to the definition considered IT tools but It is
decided to leave them out of the scope because those are fundamental for the functioning of a
machine and not something managers or engineers can directly work with. The department vehicle
electrics/electronics uses a total of 25 different IT tools. Most of them have something to do with
integrating electrical systems at the ECU and component level.
In addition to figure 6, appendix C shows the specific IT tools used per sub department. Teamcenter
is frequently mentioned as a IT tool for communication between engineering teams. It goes along
with the Engineering Change Request. Furthermore, TRACKS, TRACE, GRPA and WPM are used
mostly in conjunction as the company assignments are given in TRACKS requests and reported in
TRACE reports. WPM provides workflow and process deliverables and GRPA is for risk analysis.
Facilitating IT tools such as Office are also frequently used by multiple departments, as well as
mainframe. Design IT tools such as CAD software and Matlab IT tools which are more technically
related are used broadly by half of all departments.
4.1.2 Categorization according to functional usage
Results of the literature review show that IT tools can be categorized according to their function. Six
of them are identified, those are: process management, project management, portf olio
management, information and knowledge management IT tools, collaboration and communication
and eco-design IT tools. Before the results of the interview sessions are shown, these categories are
briefly explained in table D.1, appendix D. These functional categories served as input for the
interview sessions as the goal was to find out what primary goal the IT tools served in the current
situation. This matching procedure is done for various reasons, namely to find out which IT tool
categories are well endowed or on the contrary: under-utilized and to what extent. Also it is done to
make reliable comparison possible for NPD Speed measurement (subchapter 4.3) and company
benchmarks (4.5).
Results of the matching procedure and the division of IT tools per category are shown in figure 7.
Interestingly, out of the 74 IT tools, no IT tools were mentioned for eco-design purposes.
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Because the product development department of DAF has specific development projects, each
functional department also has specific engineering IT tools for each project. As these engineering IT
tools are different than project management, two additional categories have been created: technical
& analysis IT tools and design IT tools. The distinction between these two is that the former IT tools
are able to perform in depth calculations, measurements and analysis of different engineering
systems. The design IT tools are used for building the architectural design and framework of the truck
(parts). Both IT tool categories represent around one third of all IT tools.
IT tools for the other 5 categories (process-, project-, portfolio, information and knowledgemanagement, and collaboration and communication) were present. Information and knowledge
management IT tools represent one third of all IT tools. Office packages and databases have a big
contributing factor to this. Project-, process- management and communication and collaboration
have somewhat equal IT tool quantity of between 8% and 12% each.
The product development department does not use a lot of design IT tools because the CAD
packages are sophisticated enough for most of the design purposes, as confirmed by most
respondents. They are also used on a daily basis. Finally, 1% of all IT tools have the function of
portfolio management. There is one mentioned system in place for portfolio management, namely
HPALM which is used by one sub department: vehicle testing.

Figure 7: Used IT tools categorized by functional usage

The complete list of used IT tools for each functional category are given in appendix D.
Interrelationship IT tools
As confirmed by the interview respondents, some IT tools have inter dependencies whilst others can
be used on their own. The fact that most IT tools are coupled implies that if an actor such as an
engineer or manager uses one IT tool, it affects the outcome of another. Also, if changes in the
functionality of a IT tool takes place, such as updates or revision, it is most likely that it effects the
functionality of another IT tool as well. This is confirmed by all 13 interview respondents.
Together with the interviewee, the interrelationship of IT tools was visualized. For this, the data flow
diagram approach has been used. The results are shown in appendix F. The diagrams are based upon
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information from 10 out of 13 interviews. The other 3 respondents did not provide information
because of either complexity or time constraints. Together with the company supervisors, the quality
of the data flow diagrams was further enhanced by filling in the missing links.
One of the 4 diagrams: IT tool categorization by function is shown in figure 8 below. This is used as
the basis for discussion. The lines shows the logical dependencies between them. As can be seen,
there are broadly three big clusters present:






Mainframe. This is the biggest cluster. As confirmed by respondents [1,2,3,4,6], mainframe is
a platform IT tool and many applications either run automatically on it or are coupled with
other IT tools which require manual feedback. An example is that the VOG database, as
mentioned by respondent [1] requires manual input from mainframe to get the required
construction drawings.
Windows/client based project management IT tools. This cluster is focused around eWarp,
Teamcenter (primarily for communication & collaboration, but also for project
management), FRACAS, TRACKS, ProRegis, TRACE (primarily for information and knowledge
mgmt. but also for project management), GRPA and CMP. These IT tools are closely related
because they are used for acquiring project assignments, including cost saving projects,
analysis of problems, building solutions and communicating and reporting results.
Office centered. Some IT tools such as Matlab, Rhapsody, Jenkins, Doors, Davob and HPALM
involve the use of Office packages primarily for building documents, requirement
management and version management. These IT tools primarily make use of Word, Excel,
Sharepoint and Powerpoint. Also FRACAS and TRACKS (as project management IT tools)
make use of the Office packages.

The 3 presented clusters are not mutually exclusive. This means that the Mainframe cluster has some
overlap with the Windows/client based project management IT tools. The Office centered IT tools
have minor overlap with the other two clusters. By considering the information from appendix F,
some more insights can be found.



Purchased IT tools are often technical & analysis based. Most of them are resided around/at
the edges of other IT tools.
Most IT tools that are used by multiple departments and by multiple phases of the NPD
process are project management IT tools. Some IT tools are used at all phases of the NPD
process.
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Figure 8: Data Flow Diagram of interrelationship IT tools by functional category

Now that functional categorization was discussed, the next sub chapter focuses on the categorization
according to the NPD process.
4.1.3 Categorization according to NPD process phase
The last type of categorization, which according to the literature review has also been used by
researchers frequently is the use of IT tools for each NPD phase. This type of categorization points
out whether and to what extent business processes and activities in the more early or later stages of
product development are supported by IT tools.
Product development of DAF uses the NPD process model. As shown in Appendix A.2, it is built from
the Stage-Gate® model. Differences are shown in figure 9 below.
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Figure 9: Formal Stage-Gate® model compared to NPD process model

As can be seen, the NPD process model does not have an idea generation phase and therefore also
does not have a gate for the initial screen of ideas, early in the Fuzzy Front End. The terminology of
the stages are different but the activities are similar in general. In addition, the phases development
and testing & validation are bundled into an ‘engineering’ phase. From the V -cycle model, a lot of
interaction and feedback loops are in place to support this phase and most interview respondents
also acknowledged that they consider this phase to be the most extensive one.
High level overview IT tool usage
The identified IT tools have been categorized according to the NPD process model because the
interview respondents are familiar with that. By knowing for each IT tool in which phases they are
utilized, the total usage of IT tools (in %) per phase can be calculated. Taken into account is also the
fraction of usage per sub department, because not all IT tools are used by every sub department. See
corresponding figure 10 below.

Figure 10: IT tool usage per phase
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The shape of the figure looks a bit like a bell shaped normal -curve. Most of the IT tools are used
during the engineering phase (≈13%), followed by the concept phase (≈9%), volume validation (≈8%),
evaluation (≈6%) and the least amount of usage is in the beginning of the Fuzzy Front End, in the
definition phase (≈4%). As stated explicitly by respondents [1,3,11], product development does not
make so much use of IT tools early on as there are not so many activities that are supported by IT
tools. Respondent [11] mentioned the following: “Because we are responsible for testing the
complete vehicle, a lot of design and engineering work has already been done. There are a few
simulation programs that we use and IT tools for project management.” Developing a truck gets more
body in the engineering phase where software, hardware and mechatronics systems are developed,
integrated and tested by engineers. After engineering, projects are still monitored and updated, but
require less resources. IT tools in the volume validation and evaluation phase therefore have the role
of further supporting projects and processes, till commercialization of the truck takes place.
Specific IT tool usage
The situation is even more complex as a certain IT tool is for example used for the engineering phase
by one sub department whilst another department uses the IT tool for the concept and engineering
phase. Hence, there is variation of IT tool usage not only per sub department but also per phase. This
is a rule rather than an exception. Appendix E shows the list of IT tools categorized by NPD process
model phases. As can be seen, most of the technical and analysis IT tools (from subchapter 4.1.2) are
used in the engineering phase and process- and project- management IT tools are used in many
phases, also at the beginning and end of the NPD process model.
Now that all three types of categorization results were di scussed, the next sub chapter focuses on
the selection of IT tools. As shown by the literature review, a certain set of aspects can be used to
evaluate and decide on IT tools when implementing them.

4.2 Selection of IT tools
Interview respondents have been asked to what extent they find certain aspects important according
to the findings in the literature. Thereafter, additional aspects were identified as best practices for IT
tool selection.
4.2.1 Basic aspects and importance
From the work of Bernroider & Koch (2001), Marr & Neely (2003) and Benlian & Hess (2011), and
their meta-analyses, fifteen aspects have been found which can be used as relevant selection criteria
for IT tools. The corresponding list and short descriptions are shown in table 4 below.
Table 4: Basic aspects for the selection of IT tools
Aspects
Operating system independency
Process improvement
Market position of the vendor
Customer and supplier needs
International applicability
Increased organizational flexibility
Increased customer satisfaction
Guidelines from a controlling firm
Adaptability and flexibility
Short implementation time

Description
Whether the IT tools can be used on multiple operating systems.
To what extent IT tools benefit the improvement of business processes.
When buying IT tools from a vendor, whether market position (niche vs. global player) plays a
role.
Whether the IT tools used by the focal firm also delivers value for the customer and supplier.
Whether IT tools can also be implemented and used globally.
To what extent IT tools can help to enhance the organizations flexibility in terms of work and
human resources.
Whether IT tools can indirectly help to achieve a higher customer satisfaction rate.
To what extent guidelines and rules from a controlling and/or parent company influence the
selection of appropriate IT tools for the focal firm.
Whether IT tools aid in general adaptability and flexibility of the organization
To what extent it is important that the IT tools can be implemented in a short period of time.

29

Good support
Costs
Functionality
Reliability
Ease of use

Whether it is important that there is good external support available when IT tool users have
difficulties or problems.
All costs involved when implementing and running the IT tool (e.g. purchase costs, maintenance,
revision, consultation)
The ability of the IT tool to perform according to a specifically defined set of parameters
The ability of the IT tool to perform consistently, without degradation or failure.
The extent to which a IT tool can be learned fast and is user friendly.

The ‘basic’ aspects above are rated by all 13 respondents on the basis of importance. As is also found
out from the literature review, rating these aspects is somewhat subjective. To increase the quality
of the findings, rating is done by using a Constant Sum approach (100 points to be divided). The raw
data is shown in appendix G. Also, the motivation why certain aspects are more important than
others were asked. The resulting graph is shown in figure 11.
The highest scoring 5 out of 15 aspects make up for roughly half of the circle. Interestingly, increased
customer satisfaction (10%) is found more important than customer and supplier needs (4%).
Fulfilling the needs and wishes of the supplier receives less attention. Respondent [2] stated: “We
have a habit of letting suppliers work with our software”. Respondent [1] stated something along the
same line: “We look especially to our own needs”. On the customers side, respondent [4] said:
“Customer satisfaction is extremely important, especially since this is not always strived for”.

Figure 11: Basic aspects rated by importance

Tool reliability is found to be very important as is stated by respondent [2,3,4,13]. It is found
moderately important by respondents [1,5,11]. Respondent [3] noted: “Software should provide
what it needs to deliver. In that case, you have less worries and maintenance. In the past, we’ve had
some applications from which all kinds of interpretation errors resulted. That is not desirable and
distorts reality.” Respondent [13] said: “The application should not freeze all the time.” Reliability is
found out to be more important than functionality overall. Seemingly, respondents find it generally
30

more important that they can use the IT tool without failure and on the basis of an availability
perspective and not so much that the IT tool delivers the promised options in terms of functions.
Interestingly, as for the goal of this thesis project and thereby NPD Speed as the critical performance
indicator, process improvement is also found to be important by most respondents. For example,
respondent [5] replied: “For me, this is the primary reason why you should use a IT tool in the first
place.” From a quality perspective, respondent [6] noted: “We want continuous improvement.
Something that is sufficient today, does not necessarily have to be so in the future. The organization
strives for better products, quicker deliveries and higher quality.”
As the engineers work with a lot of highly technical and complex IT tools, their supervisors find it
relatively important that they can easily work with them. This importance is emphasized by
respondent [10]: “We have an experienced team but it is not desirable that they not only get
comprehensive training to use the software. Intuitive usage is also important.”
Less important are costs involved with IT tool use, market position of the vendor who sells software
and operating system independency. For the costs, some respondents noted that they are totally
irrelevant as they are not responsible for budgeting decisions. Others noted that costs are not so
important in general, as IT tool value for the business is something one wants to achieve. Some also
said that it’s a business case and ROI issue. Respondent [10] replied: “I find it more important that I
have the right software available for use, which may come with a price.”
For market position of the vendor, most respondents found it less important when externally buying
IT tools. However, there were some nuances.
Respondent [5] made a nuance and said: “Naturally, if you are going to deliver a big software
package such as ‘Doors’, you would like to see that multiple partners deliver such a system. On the
other hand, if you want specific applications such as ‘CAN tools’, then market position of the vendor is
less important.”
Lastly, the aspect with the lowest importance is operating system independency. Respondent [6]
noted: “For me as a user, this is something what happens behind the scenes.” Most other
respondents noted that it was not interesting to them while they had primarily Windows to work
with.
4.2.2 Additional aspects
Out of the total 13 interview sample, five respondents mentioned some additional aspects when
deciding upon IT tool selection. Six additional aspects were mentioned and the corresponding results
are shown in table 5 below.
Table 5: Additional identified aspects by interviewees
Additional aspects
Openness of systems

Internal/external IT tool mix

Description
As is mentioned by respondent [2], systems should be open, it is a necessary requisite for
integration. Software that are open source for example, have free access to the source code
from where different development opportunities can take place.
Denoted by respondent [3], it is important that the business can be followed. On the one hand,
if I visit the market and buy a IT tool from a supplier I have a business relationship with them.
This entails that the corresponding partner needs to perform maintenance. But the biggest
obstacle is that knowledge about a certain IT tool is not present when going to an external
supplier. We then lose knowledge potential. On the other hand, sophistication of functionality
and versatility of IT tools bought from suppliers is often greater. This is because it is the software
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Total solution

Continuous Quality

builders primary source of income and they have the c apacity available for this.
Mentioned by respondent [4], IT tools should provide a total solution. At this moment,
administration is done using a four-layered approach. We have to administer everything into
‘mainframe’, a ‘webserver’, an ‘Access’ file and an ‘Excel’ file. This is overdone to me. I would
like to have external software from which I can do these things all at once. You can earn so much
money and create ‘goodwill’ by doing so. An intelligent solution would be suitable.
Respondent [5] mentioned that a IT tool should enhance quality in terms of consistency,
manageability and control.

Traceability

For the development process, respondent [5] denoted that because they have to follow the
SPICE (Software Process Improvement and Capability Determination) standards, which has to do
with ISO certification, traceability is important.

Good (global) integration

Respondent [5] noted that new software should fit within the IT tool suite. Respondent [8] said
that it is important to look at the long term strategy concerning IT tools and systems. Hence, it is
important to discuss this with both DAF and PACCAR. Our goal is to have one sole platform from
which different sub systems and IT tools can run on. One can then set up a matching procedure
between the IT tools of DAF and PACCAR to find out which IT tools to keep.

Now that it is known what elements respondents find important when they select appropriate IT
tools for their benefit and uses, requirements can be set up which is part of the
solution/recommendation phase. It results in a more substantial approach of selecting the right IT
tools, keeping in mind the fact that managers place a certain amount of value to each aspect.

4.3 IT tools and NPD Speed
This paragraph gives insights into the contribution of IT tools on NPD Speed. The definition from
Griffin & Hauser (1996) is used, which is: “The desired outcome in any New Product Development
project is the timely commercialization of a profitable product.” Because NPD Speed is a variable, it is
measured using a Likert-Scale. Interviewees are asked to what extent IT tools help to Speed up the
NPD process in general and specifically for each individual IT tool.
4.3.1 General contribution IT tools
Interviewees were asked the following question: “To what extent do you think that IT tools contribute
to speeding up the NPD process in general?”. Results show that IT tools in general are likely to speed
up the NPD process. Product Development managers and their subordinates most often stated that
certain development activities are impossible without the help of software IT tools and are therefore
vital. For example, respondent [2] mentioned: “I think that it is impossible to develop without IT tools.
If you don’t have a CAD system for example, then you can’t design. If we don’t have a Model Unit
Index anymore, then we are not able to direct Sales. We then produce two different trucks for the
same model, instead of 200 identical ones.”
Some others mentioned that it depends on the context and the manner in which IT tools are used.
Respondent [1] stated the following: “When working in a multidisciplinary team, IT tools can help to
increase cooperation, thereby reducing uncertainty and fuzziness. However, one can also develop ‘een
draak van een ding’ which requires employees to fill in certain agreements. When on holiday it makes
things even worse. The more complex the IT tool, the more bureaucracy it generates.”
Respondent [12] said: “IT tools are certainly valuable for a company, what matters is how efficient
employees make use of it. Some IT tools are essential for development.”
Figure 12 below shows the histogram for each of the Likert-Scale values and the corresponding
frequency. A Likert-Scale value of 1 means that IT tools in general are unlikely to speed up the NPD
process, while a value of 5 means that it is highly likely. A 3 means a neutral effect. Figure 12 shows
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that respondents most often stated that IT tools in general are likely to speed up the NPD process,
which is also close to the average value and the mode.

Figure 12: NPD Speed for IT tools in general

Then, respondents were asked the following question: “To what extent do you think that IT tools at
DAF contributes to speeding up the NPD process?” Overall, respondents found that the IT tools at
DAF do not speed up, nor decelerate the NPD process. In other words, IT tools are most likely to have
a neutral effect on NPD Speed.
Respondent [8] mentioned the following: “For the complete Product Creation Process, we have IT
tools in place which are all used. Not every one of them works efficient. It is not unworkable or
chaotic but some IT tools work better than others. Some respondents stated something about the
organization of IT tools. Respondent [10] mentioned: “We need a better structure about how to use
certain IT tools for development. We overall have good systems in place, but they are not always
applied in a correct manner.” Along the same lines, respondent [9] stated: “In general we are not
happy about the mutual coordination of how IT tools are used.” The manager is also not so happy
about the IT tools themselves, which is in contrast with what respondent [10] said.
Figure 13 below shows the histogram. As can be seen, the average value is a bit higher than the
median.

Figure 13: NPD Speed for IT tools at DAF Product Development

To find out whether the underlying data from figure 12 and figure 13 are statistically different, a
statistical procedure has been carried out. Because data are measured on an ordinal scale, the
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median Likert-Scale value is compared. For the statistical procedure, the Mann-Whitney test is used
(this is the non-parametric counterpart of the t-test). Testing is done by using SPSS. The output data
is shown in appendix H1. Results show that the null hypothesis is not rejected, U(9)=32.5, p>0.05.
This implies that there is no significant difference between IT tools in general and IT tools at DAF PD
based on median NPD Speed.
4.3.2 Functional IT tool categories
To find out whether there are differences for NPD Speed medians between the functional categories,
a Kruskal-Wallis test is used. This procedure tests whether there are significant differences between
the categories based on NPD Speed ranks.
The procedure is carried out using SPSS and the output data is given in appendix H2. Results show
that the null hypothesis is not rejected, H(6) = 7.06, p>0.05. This implies that there is indeed no
statistically significant difference for median NPD Speed between the functional categories. This also
means that there is no statistical significant difference between two groups. So, for example, the two
categories technical & analysis IT tools and project management IT tools do not differ statistically in
terms of NPD Speed. Post-hoc tests are therefore not needed.
4.3.3 Individual IT tools contribution PD DAF
Respondents have also been asked whether each of the individual IT tools speed up the NPD process.
Out of the 74 identified IT tools, 47 IT tools were discussed. Due to practical reasons, the remaining
IT tools were not discussed. The result is shown in figure 14.

Figure 14: NPD Speed for individual IT tools at DAF Product Development

Respondents noted that the reasons why certain IT tools do or do not speed up the NPD process are
sometimes based on the IT tools themselves but mostly have to do with the context of usage. A few
IT tools have both context and IT tool related reasons. Corresponding Likert-Scale values are as
follows: 1=strongly disagree, 3=neutral, 5=strongly agree.
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From this, frequently mentioned issues and primary reasons why certain IT tools either speed up or
slow down the NPD process are extracted which will now be discussed.
Primary reasons based on IT tools themselves
Some interviewees stated that the IT tools themselves have some issues, resulting in inefficient use
and thereby not contributing to speeding up the NPD process or even slowing it down.
User interface
Two respondents mentioned something about the user interface of some IT tools. Respondent [6]
stated: “Teamcenter is not user friendly. We need to use it for the Engineering Change Requests but it
is really a bottleneck to work with it.”
Along the same lines, respondent [7] noted: “Some IT tools like TRACE, FRACAS and TRACKS have a
bad user interface. It is sometimes cumbersome for engineers to work with them.”
Functionality
Three respondents stated something about the functionality of the IT tools.
Respondent [3]: “Some in-house developed IT tools such as COC require a lot of maintenance work.
Within the DAF environment, other IT tools are coupled with it, like the Model Unit Index (MUI) and
data required for aftersales and order processing. In addition, LLOS is old technology which should be
replaced. Therefore, they do not speed up the processes.”
Respondent [1] said: “Looking at mainframe for example, it is just an old system where a lot of other
IT tools run on. However, from time to time, the system gets patched up. I find that users after some
time are able to work with it, but it certainly does not speed up work processes.”
Reliability
Respondent[8] said something about the reliability of the analysis results of a certain IT tool. This is
the following: “The Decision Matrix (DM) IT tool is important for us to make informed choices about
certain customer quality aspects in the concept and design phases. However, the IT tool itself gives a
bit biased results because the choices are sometimes unfair and ungrounded.” The reason why this
hampers NPD Speed is because follow up meetings are then required to discuss further det ails to
come up with a better solution. These additional meetings require extra time.
Sub optimization
Some in-house developed IT tools were built with sub optimization. Respondent [2] told: “TES W is
built purely to speed up the processes. Because the software itself is developed as ‘spaghetti’, every
change is expressed as resistance. I compare it with ‘legacy’.”
Administration
Some respondents noted that there are some obstacles when it comes to administering results on
both the IT tool and process side.
Respondent [1] noted: “We use Teamcenter because it is part of the workflow. However, this
workflow requires a lot of administrative procedures which have to be performed in Teamcenter.
Because the workflow is so slow, we cannot reap the benefits from the IT tool anymore.”
Based on relations management and necessary administration, respondent [9] said: “Some IT tools
such as FRACAS are too bureaucratic and the corresponding process is too slow. It makes relationship
management almost impossible.”
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Primary reasons based on context
Most of the interviewees however stated that the IT tool themselves are not bottlenecks for NPD
Speed. Based on the context about how IT tools are used, the organization and other factors
determine for a large part the (in)efficiency and (in)effectivities. The following part gives these
results.
Right IT tool choices
Some interviewees mentioned the fact that there are some IT tools that are better suited than
currently used IT tools when fulfilling the same purpose.
Respondent [7]: “Now we use Office for reporting results and meeting minutes, I believe that there
are other IT tools available in the market that can do these things much better.”
Resources and IT capacity
Some IT tools fulfill their purpose but lack the amount of resources in order to speed up the NPD
process. Interviewees mentioned the following:
Respondent [3]: “Ultimately it is about weighing the costs versus the benefits when purchasing
software from suppliers. It is about the amount of money and employees that you have available
when internally developing or externally buying IT tools. The biggest advantage is of in-house
development is that you can implement your own wishes.
Respondent [8]: “IT tools for Finite Element Methods (FEM) such as Abaqus and Computation Fluid
Dynamics (CFD) such as STAR CCM+ are good software packages for in -depth analysis of certain
system components. The problem is that our department does not get enough resources in terms of
employee FTE, computing clusters and licenses.
Respondent [12]: “We work a lot with Mainframe. When we have some issues with this IT tool and
we require support from ITD (Information Technology Department), then we get too little resources to
solve problems. This is because some IT tools get less budget from IT. This is far too little and because
of that, some engineers of our own team try to fix problems related to mainframe and other software
whilst it is not our job. Overall I believe that there is not enough capacity and budget available to
support and maintain certain IT tools.”
Specialized knowledge and education
Some respondents mentioned the lacking amount of specialized knowledge and education about
properly using the IT tools. Respondent [8] mentioned: “Users often lack the amount of necessary
skills and education about specific IT tools to capture full scale functionalities and usage associated
with it. A good example is with CAD systems, in itself the IT tool can deliver high quality drawings with
detailed information. However, the users often have basic knowledge thereby not capturing the full
potential.”
Respondent [2] also believes that this is true and finds that the CAD IT tools themselves are good
enough for their purpose being.
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Configuration
One interviewee mentioned something about the right configuration of IT tools so that alignment
with the business can be achieved. Respondent [3]: “Some IT tools that we have developed in-house
require the right configuration so that business value is achieved. This is a long process which requires
good coordination between the users, the requirements for the IT tool and IT supply.”
Integration and communication
Some people found that some IT tools lack integration and smart communication between IT tools
themselves.
Respondent [3] noted: “Individual IT tools themselves deliver some value in terms of process speed.
But in a standalone setting, they do not acquire their full potential. When merging FRACAS, GRPA and
eWarp for example, one can achieve much better results.”
Respondent [7]: “Because FRACAS, eWarp and TRACKS IT tools do not mutually communicate, we
have to do manual test assingments. This takes a lot of effort and burdens our workload.”
Respondent [8]: “The FRACAS system works fine within the European DAF environment. However, it
has not been implemented well in the American PACCAR environment. I see lot of improvement
potential. The integration of the DAF and PACCAR systems is bad at the moment of speaking. We
experience problems when sharing the results with and between our parent company.”
Information sharing
Dynamic information flow between different departments and within a department is found to be
valuable as in the current situation, this is done insufficiently.
Respondent [7]: “With all these IT tools and especially IT tools for project management, it is
extremely important that we can share information with all sub departments of product
development. This improves team work and reduces the amount of mistakes. Furthermore, there are
all sorts of relationships between the various engineering departments and the groups who manage
the budget.”
Respondent [12]: “I ascertain that we did not have to do a lot of tests when information had become
available at the right time and place.”
Training
Some interviewees stated something about the training they received for using the IT tools. Training
is based on internal consulting from ITD members.
Respondent [7] replied: “We do not get enough functional training for Office for example, this is
because it is not a primary agenda point.”
Respondent [13]: “We often get training for DFSS (Design for Six Sigma). However, where you need to
fill in something is often unclear. It is now more about the motivation about using certain IT tools
rather than receiving functional training.”
The next subchapter explains the two primary product development processes that DAF uses. Those
are explained because direct or indirect IT tool usage helps to speed up these processes.
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4.4 Identified IT tool gaps
From the analysis of the interview sessions and results from the literature review, IT tool gaps can be
identified. Those are identified by looking at two categorization manners: functional and by NPD
process phases. When comparing these categorization manners between the literature and DAF,
several gaps were found. When these gaps are filled in, it has the potential of speeding up the NPD
process. For this a literature proof is given. Also, company comments are given. The resulting table 6
is shown below.
Table 6: Tool gaps list
Identified Gap
Idea
generation in
FFE
Idea selection
in FFE

Ecodesign

Speeds up NPD?
Yes, Hüsig & Kohn
(2009), Rangaswamy
&
Lilien (1997),
Monteiro et al. (2010)
Yes, (Hüsig, Kohn
2009)
Monteiro et al. (2010)

General comments
Can be used for idea generation and analysis

Company comments
“I know that some employees make use of
‘mindmap’ for drawing and creating ideas.
I however think that it is used too little.”

Can be used for idea collection, classification,
portfolio and analysis.

Yes,
Byggeth
&
Hochschorner (2006)

Can be used to estimate a product’s potential
for
improvements
in environmental
performance. Each life cycle is evaluated on a
set of different criteria. Evaluation can be
quantitative or qualitative.

“A good system of first selecting promising
ideas and then further developing them
certainly can help us to make better
designs.”
“At the moment eco-design is seen as a
mandatory and cumbersome element of
the design and engineering tasks. It is not
part of the mindset of the employees at
the moment.”

Certain gaps in IT tooling have been identified. Currently, no IT tools fulfill the purpose of ideageneration or selection, or in general idea management. From the literature review, work from
Achiche et al. (2013), Gordon et al. (2008), Hüsig & Kohn (2009), Monteiro et al. (2010) and
Rangaswamy & Lilien (1997) show that IT tools can also be used in the Fuzzy Front End to promote
better idea generation, idea screening and team work.
As found out from the interview sessions additionally, most IT tools do not fulfil an eco-design
purpose. The way Product Development of DAF handles environmental issues is twofold; first it is
pre-set in the technical and design requirements, and secondly by testing, several environmental
parameters are tested. There are however no IT tools that have eco-design functionality embedded.
As found out by the work of Byggeth & Hochschorner (2006), eco-desing IT tools can manage tradeoff situations and often include a lifecycle approach. Examples are for material – material, material –
energy and material – cost situations. All of these combinations can be tested by making use of
predefined and/or user defined criteria.
Multiple managers found out that their team had trouble effectively and efficiently sharing ideas,
concepts and other relevant data, thereby including changes in the design and feedback loops.
Currently, Teamcenter is supposed to fulfill these needs. However it is not capable of doing it
because of lack of user friendliness and user interface and misses other functionaliti es. Proper team
collaboration is essential as is also confirmed by Reid et al. (2016). Now that IT tool gaps are
identified, the following paragraph provides the external company benchmark results.
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4.5 External company benchmark
A benchmark study has been performed to identify best practices based on the gaps between the
Product Development organization of DAF and two external benchmark partners. Appendix I explains
the setup of the benchmark. The results of the benchmark analysis, focusing on similarities and
differences is based upon the external company interviews. This information is shown in appendix J.
4.5.1 Benchmark analysis
Analysis of the benchmark results is done by looking at the three primary elements: the o rganization,
development processes and IT tooling which are summarized in table 7 below. Similarities and
differences are now discussed.
Table 7: Comparison of benchmark data
Elements
1: Organization
CSF
KPI
Structure
IT Governance
-Authority

Company 1
R&D
High NPD Speed
Process throughput time,
iteration loops cycle time
Matrix
Strong influence
IT has formal authority

-Budget

R&D Department asks for IT budget

company 2
Technology & Development
High Quality, low Costs
Customer Service Ratings, Costs
of active stopped process
Matrix
Moderate influence
IT has strong position in steering
committee, business ultimately
decides
T&D gets IT budget

2:
Primary
development
processes
Supported by IT tools

Stage-Gate® approach
V-Cycle

PGP (based on Stag-Gate)
V-Cycle

SAP system
MES

PRINCE2

User groups, external consultants,
steering committee
-No formal selection criteria
IT tools substantially speed up NPD
process in general
Sufficient.
Primarily functional training
Primarily external consulting
Consistent.
Structure and coordination due to
strong influence IT governance.

Steering committee, gets input
from users
-No formal selection criteria
IT tools do speed up NPD process
in general
Sufficient.
Primarily functional training
Primarily internal consulting
Consistent.
Mutual coordination

User requirements, domain
landscape
-No formal selection criteria
IT tools do not speed up NPD
process in general
Insufficient.
Primarily background information
Primarily internal consulting
Inconsistent.
No coordination
No structure

Portfolio management

PLM (product level)

Project management
Other IT tools

One software package
CAD (Design)
CAE (Engineering)
Wiki’s
(communication+collaborate)
Sharepoint +
Office (information sharing)

Excel based, to be replaced by
other software.
PRINCE2
CAD (Design)
CAE (Engineering)
Teamcenter
(communication+collaboration)
Office (information sharing)

HPALM (application level)
Flightmap* (project level)
Multiple (see appendix E)
CAD + TIS (Design)
Multiple Engineering IT tools (see
appendix E)
Multiple
communication
+
collaboration and information and
knowledge management IT tools
(see appendix E)

3: Tooling
Selection

Performance
Training

Usage
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DAF
Product Development
High Quality, low Costs
License costs, perceived customer
quality
Matrix
Weak influence
PD has formal authority

NPD process model (based on
Stage-Gate®)
V-Cycle
Doors (still in development)
TES W
HPQC
WIS
WPM

Product Development gets IT
budget

4.5.1.1 Organization
All organizations (from Company 1, company 2 and DAF) are organized in a matrix structure. This
means that the projects/programs require people from different disciplines to work together,
resulting in pooled assignments. All organization have different success factors defined from which
business targets can be monitored. Interestingly, Company 1 places high interest in NPD Speed,
thereby trying to decrease process throughput time and measuring the time it takes to effectively go
through an iteration update loop. It is interesting because this thesis research also focuses on NPD
Speed. From stakeholder meetings with the quality and IT managers from DAF it is known that PD
focuses primarily on quality enhancement, for this they set up one sub department Quality & Six
Sigma. Lowering the costs not only entails the embedded truck design but also lowering license and
maintenance costs for IT tooling. In a similar fashion, company 2 focuses on the same CSF’s but has
some other KPI’s defined.
Further differences have to do with the power and authority structure of the IT departments. In all
organizations, IT delivers appropriate IT tooling for the business. However, IT governance differs
substantially. For IT related issues, including IT tooling, infrastructure and so on, the IT department
from Company 1 keeps formal authority over key decisions. They set up a steering committee in
combination with user groups, a formal 3 year future roadmap and invite external consultants when
certain decisions have to be made. They do this to increase IT and business alignment but with the
decision authority still within IT hands. company 2 uses a leaner version of the governance structure
which is project based. Still, the business and IT requirements are taken into consideration, but there
is no formal alignment mechanism in place as the business ultimately decides on IT tooling decisions.
This is different for DAF PD as they primarily give their input and have authority over IT decisions
when they influence business operations. In a similar fashion as Company 1’s roadmap, the IT
department of DAF defines a domain landscape of future opportunities. The difference is that the
user requirements are primarily driven from the business side and less from the IT side in the case of
DAF, whilst Company 1 balances both sides evenly.
For budgeting decisions about IT related issues, the IT department of Company 1 is primarily
responsible. This has an important implication, namely that R&D has to ask for budget when they
want to train their employees for example, or when they acquire further support. In the case of DAF,
PD automatically receives budget when it is important for the business, this also includes training.
For company 2 it is primarily a priority issue. When the steering committees finds it more important
that employees at a certain time receive proper training than for example doing maintenance work
of the IT tools, it means that training gets first priority.
4.5.1.2 Primary development processes
For the primary development processes, there are not so much differences. All three organizations
use the V-cycle as their model for defining project and product requirements, after some steps
turning this into physical component parts. Testing and validation is done in the same manner. A
small difference is that Company 1 has defined certain iteration loops upfront. For example, for their
CAE activities, they know that some rework and update loops are inevitable. Therefore, they have
included these loops as part of their processes. All partners use some sort of a Stage-Gate® approach
for the development processes. company 2 has 7 major phases, which are 2 extra (feasibility study
and customer quality sign-off).
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The primary development processes are in all organizations supported by IT tools. For Company 1,
this is more indirect in the form of resource- and line- management. For this they use a SAP system
to manage company resources, including R&D. The transition and transfer of work between R&D and
operations is managed by the MES (Manufacturing Execution System). company 2 uses PRINCE2 to
get an overview of the running processes. DAF PD has five IT tools in place to support process
management, namely: Doors (for requirements management, this IT tool is still in development), TES
W (for managing construction groups), HPQC (for IT quality and system management), WIS (for
managing engine test center) and WPM (as detailed work deliverables according to the NPD process
model). Three IT tools are directly for the business (TES W, WIS, WPM) and two IT tools for IT (Doors,
HPQC).
4.5.1.3 IT tools
For project management, Company 1 uses one software IT tool for setting up a project team,
dedicating the right amount of resources and planning and timing of project duration with start and
finish dates. DAF PD uses multiple project management IT tools, some specifically aimed towards
project content: managing failure risks and finding solutions for example (e.g. FRACAS, eWarp, GRPA,
Creta) and project management at the higher level (e.g. ProRegis, TRACKS) for regi stration of project
hours and managing project assignments. company 2 uses PRINCE2 for all these activities. For
portfolio management, all companies have IT tools in place. company 2 manages resources in a basic
way using Excel, however they would like to purchase more advanced software for this in the near
future. Company 1 uses the PLM(Product Lifecycle Management) system. DAF PD also has a portfolio
management system for their projects, namely: Flightmap. This IT tool was additionally discovered in
discussion with the company supervisors. Additionally for managing the IT tool portfolio, DAF PD
uses HPALM. Company 1 and company 2 do not manage these with a IT tool as they acknowledged
that they do not have so many IT tools in their portfolio.
Zooming in towards design IT tools, all companies use CAD software packages. Because the
engineering IT tools (category: technical & analysis) are company and product specific, they have not
been further investigated. Interesting to note is that for communication & collaboration, Company 1
uses only one system: namely Wiki’s. This is their standard platform for uploading engineering
designs and also for management of engineering changes. It furthermore is used for discussing work
in relation to the project progress. DAF PD uses multiple IT tools for communication & collaboration,
but closest to the just mentioned purpose, Teamcenter is used. company 2 also uses Teamcenter but
also uses this for storing and sharing designs, and for guiding manufacturing. For company wide
information sharing and project (updates), all companies use Sharepoint and Office packages.
Selection and implementation of IT tools at Company 1 is done according to each five major IT focus
areas with corresponding IT governance structure and policy. This means that both the business and
IT requirements are taken into consideration, but that the decisional authority about IT tooling is in
hands of IT. company 2 has a similar structure, but decision authority is different. Tool selection is
done in a project based setting, whereby the business decides. For DAF PD it works different. The
business primarily requests certain IT tooling for which IT has to find appropriate solutions, within
the boundaries and capabilities of the IT organization. All companies do not have formal decision
criteria for IT tool selection.
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The usage of IT tools of DAF PD is not structured. It is not formalized in a way that the team
managers and their subordinates are given instructions about when to use certain IT tools and that
they stick to it in a consistent manner. Company 1’s policy based on the IT governance structure
makes sure that only one IT tool is used for a specific purpose and that new IT tool requests are first
studied before software build or buy decisions are made. Keeping this authority structure, engineers
are not allowed to in-house build certain applications without investigation of the user groups,
consultants and indirectly the steering committee. company 2 IT tool usage is somewhat formalized.
Tool build or buy decisions are made by the steering committee, and they recommend certain IT
tooling within projects. However, instructions about who may use certain IT tools in what way is not
formalized.
Because Company 1’s IT tools are primarily bought from software suppliers, they also get the
functional training associated with it. The R&D department pays consultation and training hours. The
situation for company 2 is mostly similar. The only difference is that consultation and training is
primarily done from internal IT employees. Because more IT tools are in-house developed at DAF,
and the knowledge about certain IT tools are in the heads of engineers who are not always available,
there is a lack of functional and intuitive training. Most training is theref ore based on background
information.
In general, the IT tools at Company 1’s R&D department do speed up its NPD process. The domain
lead manager explained that it partly had to do with senior management support for this business
goal and the setup of appropriate KPI’s as well as placing enough resources on IT tools that
underperform and require attention. company 2 does not focus on NPD Speed because they find
quality more important. However, the R&D manager still thinks that the IT tools, especially PRINCE2
do speed up the NPD process because a clear overview of the projects are given, whereby certain
underperforming ones can be directly addressed. Also, employees are properly trained. As seen from
chapter 1, the IT tools from DAF PD in general do not speed up the NPD process. (median value = 3)
This had various reasons and most were related to the IT tool context and not IT tools themselves.

4.6 Conclusions of empirical analysis
This chapter presents the main conclusions of the empirical analysis.


IT Tool usage
There are many IT tools available that the Product Development organization can use, some
fulfilling the same purpose. Five of the functional categories (process-, project-, portfolio-,
information & knowledge management and communication & collaboration) contained IT
tools. For each of these categories, the benchmarking partners also had IT tools in place, but
far less. Because all these partners including DAF are roughly using the same development
processes it means that DAF has a proliferation of IT tools for these categories available. This
can also be seen in the interrelationship diagram where there are a many linkages shown,
especially for the three big clusters. Also, usage is nonlinear.



IT Tool selection
For the selection of IT tools, certain stakeholders are involved which give their opinion and
make decisions, however none of the benchmarking companies (including DAF) make use of
formal selection criteria. This leads to a less substantiated approach for correct selection.
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IT Tool gaps
Some gaps in IT tooling have been identified which are for idea management, eco-design and
proper team collaboration & communication. Literature review shows that IT tools can be
used to fill in these gaps and contribute to speed up the NPD process.



Organization of IT tools
When organizing IT tools, company 2 and especially company 1 makes use of a more
centralized approach for their coordination efforts between the business and IT than DAF PD
does. They have a governance structure in place for this which al so includes IT tooling
decisions.

The most important conclusion of the empirical analysis is that the used IT tools within DAF PD do
not speed up the NPD process. IT tools themselves do not pose major issues, but several contextual
factors as mentioned before cause problems. Many of the reasons can be traced back to the lack of a
proper structure and coordination of organizing and using IT tools. This has two primary implications:
1) When new IT tools are selected and implemented, it is expected that they can only speed up
the NPD process when the companies’ context related issues are solved in the first place.
2) Building a design solution that has an operational aim towards changing and/or improving IT
tools does not solve the problem. Moreover, no improvement i n NPD Speed can be realized
by doing so. For that reason, the design solution requires a more strategic focus. The next
chapter covers that.

43

Chapter 5: Design
Several methods exists for building the solution. Barab & Squire (2004) posit that the design-based
research has some advantages that more traditional methods such as the psychological
experimentation does not have. Central to this is that design-based research focuses on
understanding real world practice including context. Further, it allows for flexible design revisions,
multiple dependent variables, and capturing social interaction. Participants are treated as co participants and not subjects in creating the solution. Lastly, the design based method allows for
developing a profile that characterizes the design in practice, as opposed to simply testing
hypothesis. (Barab & Squire, 2004)
This chapter therefore focuses on the design solution of the thesis project. It consists of four
paragraphs. In the first paragraph, the design requirements are set up. The second paragraph
contains the design method which contains the steps and building blocks of the design solution. The
third paragraph contains the actual integrated design solution. First an initial design solution is
proposed, thereafter the solution is updated by incorporating feedback from experts. It also contains
a business case and roadmap. The fourth paragraph states the conclusions.

5.1 Design requirements
Based upon the conclusions of the previous chapter, a design can be created for future use. To
provide guidelines for shaping the design, requirements are set up. These requirements originate
from the discussions with the company supervisors. Three requirements are set up according to the
design principles of van Aken et al. (2007). It is shown in table 8 below.
Table 8: Design requirements
1. User requirements
•It should make the work for the stakeholders more efficient.
2. Functional requirements
•Providing a means for speeding up the NPD process.
•It should contain elements that can be implemented in the short term and covers long term suggestions fo r improvement.
3. Boundary conditions
•The solution should be feasible.

5.2 Design elements
This chapter contains all the building blocks of the design solution. Combining the insights from the
findings and conclusions of chapter 4 and using the creativity of the researcher and literature
insights, the primary building blocks are created. First a solution framework is presented.
Solution framework
Because the primary conclusion of chapter 4 shows that there is lack of a proper structure of
organizing and coordinating IT tools within the organization, the literature is consulted to find
suitable frameworks for building the design solution. Magoulas et al. (2012) compared four
frameworks for alignment in enterprises, namely Zachman, TOGAF, GERAM and E2AF. Based on their
results, TOGAF is chosen. The primary reasons why this framework is chosen is because it contains
clear functional, structural and contextual alignment elements. It gives a broad picture for developing
the enterprise architecture. Furthermore as Trienekens (2017) pointed out, TOGAF gives adequate
practical guidelines on information requirements, necessary process steps and repository content.
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TOGAF is the standard for the development of the enterprise-architecture. Architecture is defined as:
The structure of components, their inter-relationships, and the principles and guidelines governing
their design and evolution over time. (The Open Group, 2017) The general framework, which is called
the architecture capability is shown in figure 15 below.

Figure 15: TOGAF Architecture Capability Overview, (The Open Group, 2017)

From all combined insights, three building blocks for the design solution are created: standardized
business process, IT governance structure & mechanisms and roles & responsibilities. The reason
why these building blocks are chosen is because these elements are essential in developing a proper
way of managing IT tools within the enterprise and can enhance the organizational capability. In
addition, the results and conclusions from chapter 4 also points out that a more strategical and
tactical direction is needed in solving the contextual issues.
5.2.1 Standardized business process
Inquiring the company supervisors, there is no standardized process in place for managing IT tools
within the organization, rather decisions are more ad hoc based. From the research of Barczak et al.
(2009) and Trkman (2010), standardizing business processes is beneficial as it maximizes
compatibility, repeatability, quality and creates better structure. NPD Speed can also be enhanced as
long as the process is not over-standardized by creating rigid rules and bureaucratic structures.
Keeping this in mind, the creation of a minimum standardized process is best.
The process is build using the Business Process Model and Notation (BPMN) language using Signavio.
For this, the symbols are used as is shown in Appendix K. The resulting process which is called: IT tool
management process is shown in figure 16 below. The process elements are now explained.
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Figure 16: First version IT tool management process

5.2.1.1 Starting Trigger
The starting trigger can be time, ad hoc or event based. Time based is for example a yearly review of
the process which starts with identifying business application needs. The main advantage is that it
improves transparency because the stakeholders know when the process is started. However, this
method has some major drawbacks. First it is expected that it impedes the innovation power
because new and spontaneous ideas for business application needs are not being treated when they
occur. Secondly, it reduces flexibility because stakeholders have to wait a full cycle before starting
the process again. Another option is an ad hoc trigger. However, this is not recommended as this
destroys the purpose of standardizing the process. Therefore, it is decided that the starting trigger is
event based. This event is determined by the stakeholders identifying business application needs.
Paragraph 5.2.3 further explains who the stakeholders are including their roles and responsibilities.
5.2.1.2 Identify business application needs
Business application needs is defined as follows: Specifying the business need for purchased or
internally developed IT applications (Weill & Ross, 2004). Following the logic of Rao (2000),
identifying business application needs is an important step as the customers wishes and needs as
well as the capabilities within the organization have important implications and give guidance to
further actions and decisions. The business application needs do not necessarily have to evolve into
IT tools requests as there could be other needs that the business requires. It is recommended to not
scope down early on but to keep a holistic view of all the involved stakeholders input and
requirements. The input can come in different ways and some activities that can be performed to
guide the process are shown in table 9 below.
Table 9: Input for identifying business application needs
Activity
Determine vision
Setup project repository
Setup
early
work
description
Determine capability level
Determine
communications plan
Setup architecture

Description
Establishing a common vision helps to provide key stakeholders with a formally agreed outcome.
Moreover, it enhances the feasibility and success rate of the project.
The repository acts as a reference and holding area for managing project deliverables, locating assets and
publishing output to stakeholders
This document describes the scope and approach of the project. It also consists of a contractual agreement
between the business units and IT
A short assessment can pinpoint whether the business and IT are capable of delivering the business
application needs. This may include a maturity assessment.
In order to deliver the right information at the right time to corresponding stakeholders, a communications
plan can be set up. This includes platforms such as meetings, newsletters, repositories etc.
This includes a definition of the formal architecture artifacts. An important element is the architecture
landscape, the baseline and goal architectural requirements and principles. A roadmap defines the goal
and timeline for successful completion of architectural work packages.
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From the inputs, identifying business application needs becomes easier. When the stakeholders have
identified the business application needs, for example through meetings and brainstorming sessions,
further steps can be taken. Three important steps that are recommended are to de termine budget
requirements, resource needs and priority. These are now briefly discussed.
Determine budget requirements
When it is known, what needs are to be fulfilled within the company, the budget requirements can
be determined. This can be done in multiple ways such as calculating the needed investment, doing
historical analysis and using expert opinions. It also leads to a request for proper budgeting.
Determine resource needs
The resources include the selection of an optimal amount and composition of employees, the right
physical and financial attributes and required knowledge. When the current resource pool is
insufficient, it can be decided for example to acquire extra resources, both from within - or outside
the organization.
Determine priority
Based upon an analysis of which business needs require the most attention, an agenda priority list
can be created. The list acts as a basis for project management and can be updated as soon as the
needs change.
5.2.1.3 Decide on plan of action
This step in the process is about deciding on the business application needs. Based upon a list of
which needs are important to fulfill, what resources are required and the budgetary requirements,
senior executives can decide on the plan also taking into account the IT strategy of the company. An
important step is to check the IT tool portfolio. The reason is that there may be some needs within
the business for which current available IT tools can be utilized. Instead of building new IT tools, new
functionalities can be added to existing ones for example. This minimizes the chance of getting IT tool
duplicates. In the end, the researcher also expects that the size of the IT tool portfolio can be
reduced because of a more centralized and bundled approach of IT tools fulfilling business needs. If
there are needs that cannot be fulfilled by the current IT toolset, then selecting and implementing
new IT tools is a viable option. For this, a vendor analysis and search for possible IT tool candidates
can be done. When green light is given, the plan can be turned into actions for which middle
management is responsible. Some concrete/operational actions which can follow are now elaborated
upon.
Update IT tools
When stakeholders from the product development department require e xtra functionalities for the
IT tools that they are using for example or when they state that they are using multiple IT tools for
roughly the same purpose, whereby IT tool merging becomes a viable option, this can lead to an
update IT tool action.
Select & implement new IT tools
When senior executives decided that new IT tools are required for the business, it is first important
to select which departments can use the new IT tool. If it is a IT tool that is generic in use such as for
project management or portfolio management, the requirements of multiple departments are
spanned. Implementing the new IT tools require a close collaboration between multiple stakeholders
with many iteration loops.
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Phase-out IT tools
Another possibility is that some business needs to do not have to be fulfilled anymore. This can be
for example due to product innovations that result in some technologies becoming outdated. Or,
there could be current available IT tools that fulfill the same purpose in a better way. The easiest way
of phasing out IT tools is to simply delete the IT tool and scrap it from the agenda. However it is
expected that some IT tools have some important information tied to them. In that case a scheduled
and more gradual phase-out procedure is recommended in where information mitigation is needed.
Provide user training
Updating current IT tools or implementing new ones often result in a change for the IT tool users. It is
advised to provide user training in those cases. As found out from the interview sessio ns, users do
often get background information about the IT tool but not functional training. To increase the
efficiency of the IT tool users, training can be given by the stakeholders that have updated or
provided new IT tools. For phasing out IT tools, user training is not needed.
Communicate changes to stakeholders
Effective communication throughout the organization helps to increase coordination. Especially
frequent informal communication aids in creating mutual understanding, rely on joint work and
forges better expectations (Kraut et al. 2002). For DAF, and especially when it influences the work of
certain stakeholders, informal communication about changes is of paramount importance. This
includes updating IT tools, selecting and implementing new ones and phasing-out IT tools.
Update IT tool portfolio
For the above-mentioned actions, it is important to keep the IT tool portfolio updated. New requests
for business application needs can only be done correctly when information about the current IT tool
portfolio is maintained and contains reliable and up to date information. It also acts as a repository
for the changes that took place so that stakeholders can keep track of it. Furthermore, it enhances
the overview which is beneficial for project managers who can better guide the (IT) project s.
5.2.1.4 Ending the process
Determining what ends the process is a bit tricky because it is expected that changing business needs
lead to a continuous loop of making improvements to the IT tools. Ending the process is therefore
also event based. When there are really no more business application needs (which is highly
unlikely), then the process is formally stopped.
5.2.2 IT governance structure & mechanisms
Organizing business application needs or IT tools not only rely on following a standardized process
with certain activities and deliverables, but also require a proper IT governance structure. IT
governance is defined as follows: “Specifying the decision rights and accountability framework to
encourage desirable behavior in the use of IT.” (Weill & Ross, 2004)
IT governance encompasses five different domains, namely: IT principles, IT architecture, IT
infrastructure strategies, business application needs and IT investment. Because this thesis focuses
on IT tools/business applications, the other four domains are not further covered. The five domains
(including business application needs) can be governed using six different styles: business monarchy,
IT monarchy, feudal, federal, duopoly and anarchy. A description of the six different governance
styles are given in table 10 below. They are ordered from central to decentral bodies of governance.
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Table 10: Governance Styles (Weill & Ross, 2004)
Governance Styles
Business monarchy
IT monarchy
Feudal
Federal

Duopoly
Anarchy

Description
A group of business executives or individual executives (CxOs). Includes committees of senior
business executives (may include CIO). Excludes IT executives acting independe ntly.
Individuals or groups of IT executives
Business unit leaders, key process owners or their delegates
C-level executives and business groups (e.g. business units or processes); may also include IT
executives as additional participants. Equivalent of the central and state governments working
together.
IT executives and one other group (e.g. CxO or business unit or process leaders)
Each individual user or small groups

In order to determine if IT governance can be improved, first the current situation at DAF on IT
governance needs to be known. From the feedback of the company supervisors and from the
interview sessions, it is clear that DAF primarily utilizes a decentralized approach based on the
anarchy governance style. This local form of governance implies that the business application needs
of individual users or sub departments within DAF are covered and that the decision authority lies
there as well. Decisions for applications which require more resources are sometimes governed by a
feudal mode. Basically, the business unit leader/CTO decides what IT tools are to be implemented.
Research done by Gartner, CISR and Fortune 100 firms, bundled into a meta-study by Weill & Ross
(2004) including more than 300 firms globally, showed that top firms govern IT differently than worst
performing firms. Specifically, top performing firms have dif ferent governance styles and
mechanisms in place for each of the five IT domains.
For business application needs, top firms use either duopoly or federal arrangements even when
taking different context variables into account such as the type and size of the organization, and the
specific needs (Weill & Ross, 2004). For business application needs, two things are important: who
gives input and who makes decisions. For input, it is recommended to use a federal arrangement and
for decisions, the duopoly governance style works best. The reason is that the federal mode provides
a broad-based structure of involving many stakeholders, but also manages the tradeoff between
local and corporate needs. The duopoly governance mode does not work for giving input because it
does not include a holistic view of many stakeholders including users. For decision making on the
other hand, the federal mode does not work because it lacks the necessary speed and because there
is lack of agreement on decision objectives. It is recommended to use the duopoly governance mode
instead. The reason is that it relies on joint decision making, including both business leaders and IT
professionals, thereby creating synergy. It allows for creative business solutions with agreed
constraints but remain focused on the particular local business issue at hand. Furthermore, decisions
can be made faster because less people (such as users) are required.
To effectively put these governance configurations into practice it requires setting up a proper
organizational structure for this and certain mechanisms for management.
5.2.2.1 Setting up the right organizational structure
Because DAF PD has a matrix structure in place for managing the functional departments and
projects, employees are already familiar with working in multiple settings, often having more than
one boss and various work tasks. This is a good thing since the stakeholders having different
disciplines in a duopoly and federal governance have to work together closely.
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The proposed organizational structure for managing business applications/IT tools is shown in figure
17 below.

Figure 17: Organizational structure including committees

The elements in orange are the functional sub departments from the Product Development
department. The blue rectangles represent the structure for setting up the IT body and the green
circle represents the business/IT alignment element. The reason why this is included is explained in
paragraph 5.2.2.2. The IT body consists of an executive committee who advises the CEO of the
company and who decides on business application needs. It receives input from the IT steering
committee to make better decisions. The IT steering committee in turn receives indirect input from
the business (=sub departments Product Development) via a business/IT body. The IT steering
committee then decides on the plan of action based on the needs of the business and can than
formulate IT projects based on certain criteria such as the priority and available resources. As van
Grembergen (2004) points out, it is important to create a balanced mix of both IT
executives/professionals and business members to make sure that the business and IT requirements
and goals are properly aligned. For the executive committee, it is therefore recommended to put in
both the CTO and CIO of the company for joint decision making. The IT steering committee in cludes
the information manager, a project manager, a business IT/alignment manager and may include one
or more of the following stakeholders: domain architecture, information analysis, TAM (Technical
Application Manager), FAM (Functional Application Manager) and other key advisors such as legal,
finance, audit and possibly HR. These additional stakeholders come into play for certain activities.
More on that is explained in paragraph 5.2.3. The orange units (functional departments of Product
Development) have each one representative who communicates the business (application) needs to
the business/IT unit.
5.2.2.2 Setting up mechanisms
Governance mechanisms are required for effectively managing the organization(structure).
Particularly it is important to create business and IT alignment. It has the following definition: “the
process and goal of achieving competitive advantage through developing and sustaining a symbiotic
relationship between business and IT.” (Duffy, 2002)
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There are certain enablers and inhibitors for the alignment to be successful which are identified by
Luftman & Brier (1999). It is advised to keep an eye on these factors when trying to implement and
manage the alignment. See table 11 below.
Table 11: Enablers and inhibitors for business-IT alignment (Luftman & Brier, 1999)
Enablers
Senior executive support for IT
IT involved in strategy development
IT understands the business
Business-IT partnerships
Well-prioritized IT projects
IT demonstrates leadership

Inhibitors
IT/business lack close relationships
IT does not prioritize well
IT fails to meet commitments
IT does not understand the business
Senior executives do not support IT
IT management lack leadership

There are some governance mechanisms which can be used and are divided into three categories:
decision making structures, alignment processes and communication approaches. (Weill & Ross,
2005) For the suggested federal and duopoly governance style, there are four major mechanisms for
management. Those are: business/IT relationship manager, process teams with IT members, SLA and
chargeback and IT leadership decision making body. See figure 18 below. These are now elaborated.

Figure 18: Top performing firms for IT governance (Weill & Ross, 2005)

Business/IT relationship manager
As described already in paragraph 5.2.2.1, the business/IT body forms the link between the IT
steering committee and the functional departments from DAF product development. Managing all
communication lines for business application needs becomes diffi cult and chaotic when employees
including users give input to the IT steering committee directly. To properly manage it, each
representative of the functional departments (most likely supervisors) collects information from IT
tool users about issues, requests/needs and also ideas for improvement. Then it is advised to employ
a business/IT relationship manager who then collects the feedback from these representatives,
analyzes it and then communicates it with the IT steering committee. The reason why the
information is send back to the IT steering committee and not for example to the IT projects
(operational level) is because there still needs to be decided on the plan of action. It is possible that
the IT projects later on involve close collaboration with IT tool end users for training purposes, but it
has to be decided by the IT steering committee first.
There are important must meet competencies that a business/IT relationship manager should have:
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True hybrid – comfortable discussing business issues and technical issues.
Acting independently. He/she should not act in favor of the business or IT.

Process teams with IT members
Increasing emphasis on cross functional business processes led many firms to focus on process
governance. (Cooper, 2014) Because these business processes always go along with IT infrastructure
and sometimes also include issues on business applications, process teams with IT members are an
effective way of management. The process owner as the key figure of the process team has five
important roles for effectively managing the process:







Process expert. The process owner should stay on top of the processes and makes sure that
there is progress. He/she can also form project teams for the purpose of making process
improvements.
Educator. The process owner needs to educate the stakeholders on what their roles and
responsibilities are and what the purpose and added value of the process steps are.
Scorekeeper. The purpose of this is to know if the process runs smoothly by assessing
performance measurements such as defined KPI’s.
Facilitator. When the process has formal decision gates, the process owner can guide the
gate meetings and give input based on their expert opinion.
Interpreter. Communication is an important aspect in project settings. It is required to
effectively guide projects and to give important updates to senior management.

The IT members within the process teams are responsible for solving issues concerning IT, including
business applications. These IT members can be both managers or engineers depending on the issue
at hand.
SLA and chargeback
A SLA (Service Level Agreement) is a formal agreement about the expected service delivery . (van
Grembergen, 2004) It has two major functions: to define what levels of service is acceptable for the
users (1) and the definition of mutually acceptable quality of service. (2) By setting up such an
agreement between the IT and business unit, two benefits can be realized according to Weill & Ross,
(2004).:



It encourages comparisons with external providers. It either results in cost-effective internal
service provisioning or outsourcing of some service.
It encourages business units and departments to be conscientious in their IT requests.

A chargeback is primarily an accounting mechanism for allocating central IT costs to business units.
(Weill & Ross, 2004) The purpose of this is to allocate costs so that business unit IT costs reflect use
of shared services while the shared service unit matches its cost with the business it supports.
Because traditional ways of IT accounting often have a centralized department who bears over costs
of IT, it is often regarded as corporate overhead. IT chargeback changes this by allocating the costs to
the business unit itself. For DAF this is the Product Development department. The big advantage is
that the users of IT (from PD), including business applications have to pay for the service of IT
department, thereby encouraging moderate use of the assets.
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IT leadership decision-making body
As already explained briefly in paragraph 5.2.2.1, a mix of both IT and business professionals creates
a better synergy for decision making. The decision-making authority is situated in the executive
committee. However, one question arises of what to do at the operational level in case the project
teams struggle or there are tensions because of disagreement of what IT can deliver and what the
business wants. One possible solution is to also put a business/IT relationship manager in place for
these projects. The researcher expects that this is not the best solution because a business/IT
relationship manager is a generalist and not a specialist. Therefore, details within each project
cannot be overseen by such a manager. Another solution is to selectively include an EHP (Exception
Handling Process. (Weill & Ross, 2005) The goal is to follow an alternative process path in the event
something cannot be handled by the primary process. To facilitate an EHP, a domain architect can be
set in. This person can clarify standards and eliminate minor debates.
There are some primary advantages when building in EHP’s into core processes of a company:





Increased flexibility. Because sometimes there are occurrences/events which cannot be
managed by following a rigid process or structure, the EHP allows for quick solving of issues
which can otherwise escalate or lead into mistakes later on.
Organizational learning. Meeting unique business needs and to gauge when existing
standards are becoming obsolete leads to better learning potential.
Decreases pressure. Following rigid rules and structures can lead to a buildup of pressure
because there are sometimes conflicts of interests. Exceptions can release pressure by giving
stakeholders an opportunity to first solve the conflict before continuing daily work.

There is also one major drawback which is that the EHP requires justification and authorization. Two
important questions become: who is accountable for this decision (1) and when is the EHP allowed
to escalate? (2) The researcher expects that it depends on where the EHP is situated and which
stakeholders are involved. For example, when the EHP is situated in the beginning of the process
model as shown in 5.2.1, it includes changes starting at a more strategic level whilst at the end of the
process, the EHP triggers a more operational change.
Now that it is discussed how the proposed IT governance configuration can be managed, the next
paragraph explains the roles & responsibilities of the stakeholders.
5.2.3 Roles & Responsibilities
Combined insights from previous work, best practices from the literature and consultation with the
company supervisors lead to the set-up of roles & responsibilities for the stakeholders who either
work with the design solution or are indirectly involved or informed. A way of visualizing this is by
setting up a RACI matrix. (Haughey) This results in three matrices which represents three
organizational levels: strategic, operational and tactical. It is shown in Appendix L. Note that the
alignment manager is currently not employed by DAF but as part of the design mechanism as shown
in 5.2.2.2, it is highly recommended to employ such a role within DAF. Without going into detail
about each actors’ tasks and responsibilities, some primary insights are given and are categorized at
the three organizational levels.
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5.2.3.1 Strategic level
Business application needs is according to van Grembergen, (2004) and Weill & Ross (2005) also a
strategic effort. But before decisions are made for business applications, an IT strategy has to be
formed. The CIO has to be both accountable and responsible for this. It is advised that the CTO gives
input as well. The board, which includes the CEO is advised on the IT strategy. Based on the IT
strategy, shared goals can be developed for which both the CEO and CTO are responsible. It is
recommended to include the opinion of the steering committee, especially from the alignment
manager, as this stakeholder has a broad vision of both IT and business requirements.
As stated before, deciding on business application needs is best managed by a joint decision effort
including both the CTO and CIO of DAF. However as expected by the company supervisors, having
more than one person accountable for this task can lead to authority struggles. However, empirical
research done by Weill & Ross (2004) show that this is rare. Might this happen, then it is advised to
escalate to the CEO of the company. To make better informed decisions by the executive committee,
the project manager, information manager and alignment manager is consulted.
5.2.3.2 Tactical level
At the tactical level, the foremost important activity is to identify the business application needs.
Receiving feedback based on a holistic view of many stakeholders is advised. Not only IT tool users
are important for collecting feedback, also information analysts, a domain architect, TAM’ers,
FAM’ers and HR are included. HR for example has to know which competencies are required for
fulfilling these needs. The CTO and CIO can also be consulted based on more high-level requirements.
The steering committee is responsible for carrying out this task and the alignment manager serves as
a spider in the web between business and IT and is therefore primarily responsible for collecting all
the needs from the functional department. It passes all the information to the steering committee
who can then decide on the plan of action. Before this plan of action is finally decided upon, budget
requirements, resource needs and the priority need to be known. This is also a joint effort but is
decided by the information manager inside the steering committee. Here it is known for example
that the IT department needs to hire additional workforce for executing the action plan.
5.2.3.3 Operational level
Operational actions include updating IT tools, selecting & implementing new IT tools, phase-out IT
tools, providing user training. Note that in this phase, selecting & implementing IT tools is already
decided on, therefore it is included at the operational level. Concerning which IT tools need change,
either the domain architect, TAM, FAM or information analysis is responsible or consulted. Giving
users training for the IT tools is an effort that is best done by stakeholders that work a lot with these
IT tools and make updates to them, so HR is not the primary actor here. When changes to IT tools are
made, the IT tool portfolio is updated by the information analyst or domain architect. The project
manager manages the IT tool portfolio and is accountable. The changes are communicated/informed
to the stakeholders. This is best done by a stakeholder that links business and IT: therefore, the
alignment managers’ role is best for this.

5.3 Integrated solution
In order to solve a complex problem, dividing them into smaller pieces and then solving them
separately does not always solve the complete problem. (Peterson, 2003) A holistic approach in
which different interdependent subsystems are integrated into a whole creates a more powerful
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solution. Keeping this in mind, an integrated solution is made. But first, feedback is needed on the
design elements.
5.3.1 Incorporating feedback
According to van Aken et al. (2007), it is wise to validate the solution. For this, the company
supervisors, the information manager and the domain architect of DAF was consulted. This lead to
the following points for improvements.
Changing resources
The process of implementing new IT tools also includes trial-and-error. When there are more
obstacles on the road than was expected, the project could require more resources. The opposite
can also be true, although less likely, that the project requires less resources. Both cases lead to a
request for changing the amount of resources. After agreement, the project composition such as the
amount of FTE, time schedule and project team members are adapted.
Separating select & implement new IT tools
Selecting and implementing IT tools are considered two separate, though linear connected
processes. The selection of new IT tools involves strategic and tactical decision making such as
whether IT tools are developed in-house or are externally bought, including the selection process.
The implementation process includes tactical and operational decision making because the IT tools
have already been selected and a plan of action has to be decided upon. After that, projects can be
setup which are executed at the operational level.
Decision split for changing conditions
Because the selection process for new IT tools takes a certain amount of time, based on the extent to
which stakeholders are involved, the amount of resources required and organizational im pact, a
decision split for changing conditions is included. This implies that all three preliminary tasks:
determine budget- requirements, priority- and resources- have to be done again.
Decision split for training
The IT tool management process as shown in paragraph 5.2.1 activates both communicate changes
to stakeholders(1) and update IT tool portfolio(2). As suggested by the feedback team, when only
users are trained, updating the IT tool portfolio(2) is not necessary. Training does not lead to changes
of the IT tools but to changes into the skills and capabilities of the users.
5.3.2 Final solution
Incorporating the feedback from the company and integrating all the design elements, the final
solution is build. It is shown in figure 19. As can be seen, the design solution contains an updated
version of the standardized process from paragraph 5.2.1. Also, the EHP (Exception Handling Process)
is included when the amount of resources for the project changes. The process is governed by a
federal and duopoly configuration which leads to a specific setup of the organization structure,
including committees to make better decisions on business applications/ IT tools. For this,
stakeholders require specific tasks and have several responsibilities within the process . This happens
at all three organizational levels: strategic, tactical and operational. To make sure that the process is
properly managed and to deliver both business and IT value, several mechanisms can be employed.
These are: business/IT relationship manager, process teams with IT members, SLA/chargeback and IT
leadership decision making body.
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Figure 19: Final design solution

5.3.3 Directions
In order to guide the company into using the design solution, an implementation plan is discussed.
Thereafter a business case is setup. Finally, a roadmap shows how the activities are linked towards
each other including time estimates.
5.3.3.1 Implementation plan
Following the insights of Kotter (1995), company improvement efforts are often not very successful.
Some of them even resulted in complete failures. The most general lesson is that the change process
goes through a series of phases which require attention and deliberate length of time. To make the
change process more transparent, Kotter (1995) formulated a 8-step change plan. It is shown in table
12 below.
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Table 12: Steps of the change plan (Kotter, 1995)
Implementation steps
Step 1: Establishing a sense
of urgency
Step 2: Forming a powerful
guiding coalition

Step 3: Creating a vision

Step 4: Communicating the
vision

Step 5: Empowering others
to act on the vision

Step 6: Planning for and
creating short-term wins

Step 7: Consolidating
improvements
and
producing still more change
Step 8: Institutionalizing
new approaches

Description
To receive support from company employees/stakeholders when implementing the solution, first they
have to be convinced that the solution is really worthwhile and necessary. This starts with giving
company presentations about the benefits of the design solution, using the thesis report as backup.
The next step is to create a team who will initiate and is responsible for the implementation. It is
important to create a body of trust and close team collaboration (Kotter, 1995). Because the solution
design primarily is targeted towards (senior) management, but users/engineers ultimately have to
benefit from the solution, a mixed project team is best. Specifically, a team with some engineers and
managers creates a broader understanding of the difficulties and challenges involved when implementing
the solution.
A vision helps to direct the change effort and to develop strategies for achieving the vision. Because the
design solution is useful for the long term, it is recommended to explicitly state th e vision of what it
means for the company in the future. A common understanding by the involved parties help to keep the
project on track.
It is recommended to communicate the vision to the stakeholders, outside the projec t team. This can for
example be done by mail or by a company brochure which is already been distributed amongst
companies’ employees every month. Some highlights of the project can be communicated in that manner
and what it means for the stakeholders.
As Kotter (1995) denotes, clearing obstacles during the implementation process is also important. Often
employees understand the new vision but something blocks the path. For this it is recommended that the
stakeholders can also give their opinion into shaping the vision. For the proposed design solution, there
are however some important building blocks that are necessary for the solution to be successful.
Destroying one block leads to a house becoming not stable or even collapsing. Therefore, the vison can
only be shaped in a way that the general structure of the house stays intact.
It is necessary to build in short-term wins for the project to be successful. People want to see that the
journey is producing positive results, otherwise they give up or they become elephants blocking the path.
(Kotter, 1995) One way of measuring success is by keeping a close eye on the expected benefits of the
design solution. One short term benefit is that the design solution allows people from both business and
IT to work more closely together, thereby spending time on both needs and wishes. This most likely leads
to better team work and more trust.
After the design solution is implemented, the change effort is not finished yet. Companies often have a
tendency to fall back into old fashions or habits. As a remedy to this, some members of the project team
can be made responsible for checking the status of the design solution. This can be done in the form of
an audit for example once or twice a year.
To make sure that the solution really is integrated into the way of working and company culture, two
factors are important: showing people that the new solution has worked and what benefits were realized
(1) and taking sufficient time to make sure that top management does personify the new approach (2).
This last step is not easy as company culture is not something that changes quickly. With enough effort, it
makes this last step easier to achieve nonetheless.

5.3.3.2 Business case
Implementing the design solution has both benefits and costs involved. Because the design solution
is primarily a strategic/tactical solution it is difficult to quantify these costs and benefits. For that
reason, most measures are qualitative. However, strong evidence in the academic literature and the
empirical research on top performing firms can pinpoint the added value of implementing the
solution elements. Also, the conducted benchmark includes best practices. See table 13 below.
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Table 13: Business case for proposed activities
Activity
A. Implementing the
complete design solution

Costs
See A.1 – A.4

A.1
Informing
and
educating stakeholders
A.2 Creating task force

~€1.500 of FTE resources

A.3 Setting up committees
including
roles
&
responsibilities

A.4 Setting up mechanisms
A.4.1
Recruiting
Business/IT relationship
manager
A.4.2 Process teams with
IT members
Optional:
recruiting
process manager
A.4.3 SLA/Chargeback

A.4.4 IT leadership decision
making body

Benefits
0-20% higher ROA
Better business-IT alignment
Indirectly higher NPD Speed
Better sharing of IT resources
Establish sense of urgency
Receive company support
Solve challenges and difficulties faster

Source
(Weill & Ross, 2005)
(van Grembergen, 2004)
Own insight

More centralized IT decision making and
holistic view of stakeholders input

(Weill & Ross, 2005)
(Haughey)
(van Grembergen, 2004)
Benchmark results

~€80k/year based on 1 FTE

Better business-IT alignment
Solves conflicts of interest

Depends on team composition
and occupancy rate of projects
within the process
~€70k/year based on 1 FTE

Faster issue solving of IT related problems
within business process

(Weill & Ross, 2005)
(Payscale, 2016)
Benchmark results
(Weill & Ross, 2005)
(Payscale, 2016)

Depends on how fast business
and IT agrees on the service
and who signs the contract
See costs A.3

Stimulates moderate use of IT assets
Gives more transparency to what IT is
capable of delivering
Combined with EHP gives more flexibility,
stimulates organizational learning, decreases
pressure and overall promotes better
decision making

Depends on team composition
and duration of the project
Depends on team composition
and learning potential

(Kotter, 1995)
(Kotter, 1995)

(Weill & Ross, 2005)

(Weill & Ross, 2005)

Important to note is that not all of the suggested mechanisms (A4.1 – A.4.4) have to be implemented
for the solution to work, but at least one is recommended. Based on the companies’ practical
considerations, it can choose which mechanisms suits best. The cost calculation of activity A.1:
Informing stakeholders is based upon 10 employee FTE and 5 hours of education. The salaries of the
suggested manager (functions) are median values. Those are all mid-senior level.
5.3.3.3 Roadmap
In order to provide DAF with an overview of the implementation steps/activities and linkages and to
provide time estimations, a roadmap has been created. See figure 20 for this overview. The first
three steps have a linear progression and are necessary tasks. The fourth task is also necessary, but it
includes choices for choosing appropriate mechanisms. Informing and educating stakeholders
through means of presentations and group sessions for example can be accomplished in 1 month.
Creating the task force with a proper setup of goal s, a vision, the right project composition and
communication principles is expected to take 2 months. After that, the core of the design solution
can be implemented. The primary task is to educate the stakeholders about the use of the IT tool
management process, why and how the committees are formed and what the roles & responsibilities
are for effective governance. By collecting feedback from stakeholders, effective mechanisms can be
chosen afterwards. All together the implementation duration is expected to be approximately 1 year.
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Figure 20: Roadmap for implementing design solution

5.4 Conclusion of design
Based upon the primary conclusions of the analysis phase of the thesis research, a design solution
was created. IT tools not speeding up the NPD process was primarily related to the context about
how IT tools are organized and used within the company. For this reason, a more strategic/tactical
approach was chosen for creating the design solution.
The design solution is an integration of:





A (minimum) standardized process
It uses a federal governance body for input and duopoly style for decisions which can be
directed through the organizational structure and committees including roles &
responsibilities.
Various mechanisms of managing both the process and organizational committees

Implementing the design solution has many benefits for the company:






First identifying the needs of users helps to analyze and prioritize projects and to build/buy IT
tools that can be used for multiple departments fulfilling the same purpose. In turn this helps
to reduce the number of IT tools in the portfolio because the IT tools can be shared amongst
many users and duplicates are not created. Combined with a more central decision
governance it stimulates the sharing of IT assets which increases the ROA (Return on Assets).
Including the input of multiple stakeholders for business application/IT tool needs creates a
more holistic view of both local and corporate needs. Furthermore, it helps to create
commitment.
It creates a better overview for the stakeholders because they know what tasks are needed
to successfully manage IT tools within the company. Keeping the IT tool portfolio updated is
a premise for this.
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The mechanisms help to create better business-IT alignment because
information/communication streams are better coordinated, the requirements and needs of
both the business (product development dpt.) and IT is aligned. This results in better mutual
understanding and builds trust.
Better organizing IT tools (usage), can lead to speeding up the NPD process because of a
more standardized process approach in which problems can be solved faster. Also, by giving
IT tool users appropriate training they become more proficient with it, which is expected to
speed up the NPD process.

There are some costs involved when implementing the solution:



Educating and informing the stakeholders and setting up/running a task force takes time
which results in labor/FTE costs.
Proper governance relies on certain mechanisms for management. Recruiting or hiring new
employees results in labor/FTE costs as well.

The following and last chapter of this research synthesizes previous results and discusses both
theoretical and managerial implications.
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Chapter 6: Conclusion & Discussion
This final chapter presents the conclusion and discussion of the thesis project. The first paragraph
gives a brief reflection of the introduction of the thesis project and provides an answer to the prior
established research question. The second paragraph contains a discussion of both theoretical and
managerial implications. Finally, the third paragraph discusses the study limitations and suggestions
for future research.

6.1 Conclusion
As apparent from the start of the thesis project, several problems were mentioned by the
management of DAF that were related to the use of IT tools within product development. There was
no clear overview about which IT tools are used by which sub department and time -wise: in the NPD
process. Therefore no clear assessment about the value in terms of NPD speed could be made.
Furthermore, DAF stated that it had difficulties in correctly selecting its IT tools. Finally, because
management believes that the IT toolset is becoming outdated, future developments cannot be fully
captured and supported anymore. From an academic perspective, the relationship between IT tools
adoption and performance, specifically NPD Speed, is considered causal without looking at possible
moderators or digging deeper into the manner how companies utilize various IT tools. Further
investigation was needed.
Therefore, the following research question was set up at the start of this project:
‘How can DAF best employ IT tools to speed up its NPD process?’
After performing the empirical research, the following answer is given: at the moment it is not
possible to achieve the desired performance increase by use of IT tools. There are certain contextual
factors that limit the value that the IT tools have in terms of NPD Speed. These are (in arbitrary
order) a lack of – information sharing(1), configuration(2), training(3), specialized knowledge(4),
integration & communication(5), resources & IT capacity(6) and correct choice of IT tools(7). DAF can
improve the situation by implementing the design solution which addresses these issues looking at
the needs and desires that the product development department has prior to deciding on the action
plan. For collecting this information, a federal IT governance mode works best. For decision -making
including selection and the organization of IT tools, a centralized (duopoly) governance mode works
best. The design solution in its basic form is a standardized business process which DAF can use to
manage the organizational part of IT tool employment. Furthermore, making use of organizational
committees, roles & responsibilities and mechanisms help to steer these efforts.
By implementing the integrated design solution, synergy advantages can be realized . By making
better use of IT assets and resources, companies have reported up to 20% increase of ROA (Weill &
Ross, 2005; van Grembergen, 2004). It is also expected to indirectly speed up the NPD process
because when the root causes are (partly) solved and attention is paid to identifying and analyzing
the needs, users become more proficient with the use of IT tools (through training) and can be better
served when issues occur. Also, a more centralized approach can reduce the amount of needed IT
tools so that more users work with the same IT tool, which is expected to increase information
sharing and better communication between sub departments. This is expected to increase the
efficiency of development activities further.
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If however the current IT toolset is insufficient and new IT tools need to be implemented, DAF can
make use of formal selection criteria (besides intuition) because they show what aspects
stakeholders find important. This has two primary advantages: first, it gives a global view of the
needs of the product development department making it possible to target resources more
efficiently. Secondly, it helps with the selection procedure of IT tools itself. When performin g a
market scan, DAF can consider these selection criteria before making a final decision.

6.2 Implications
This paragraph first gives the theoretical implications, focusing on the similarities and differences
found between this thesis project and the literature manifest. Then, managerial implications are
given which exceed the boundaries of this research.
6.2.1 Theoretical implications
Past research mostly focused on finding out how the use of IT tools relate to NPD performance.
Nijssen & Lieshout (1995) found out that because IT tool penetration is still limited, companies
should utilize more IT tools to facilitate the NPD process. Research from Monteiro et al. (2010); Kleis
et al. (2012); Hüsig & Kohn (2009) and Vinayak & Kodali (2014) in general found out that the use of IT
tools do lead to NPD performance improvement. Other researchers such as Barczak et al. (2009)
found out that the positive effect is only significant for small Dutch NPD teams because the IT tools
then increase cooperation, indirectly improving NDP performance. Marion et al. (2016) showed that
collaborative IT tools in general lead to higher NPD performance but the results is only significant for
SME’s. No research has reported negative effects on the use of IT tools and NPD performance,
including Speed.
This research showed that IT tools do neither increase or decrease NPD Speed, thereby confirming
the results of Barczak et al. (2008); Durmusoglu et al. (2006) and Marion et al. (2016). It extends
previous research by providing insights into contingencies that moderate and hamper the
relationship between IT tools adoption and NPD Speed. Specific contingencies that are found are:
making adequate IT tool choices, amount of resources & capacity for maintaining IT tools, receiving
specialized knowledge & training, configuration, integration & communication and information
sharing. Lack of these fore mentioned elements negatively impacts the relationship between IT tool
usage and NPD Speed.
Furthermore, this research shows that IT tools most often are used in the engineering phase,
followed by the concept, volume validation, evaluation and definition phases. Because the case
company is characterized as high tech and the product contains a lot of engineering parts, the
engineering phase also has more IT tools in place for the NPD activities. Interestingly, the fuzzy front
end does not make use of many IT tools because the case company does not see fit. This is in line
with research of Achiche et al. (2013); Barczak et al. (2009); Gordon et al. (2008), where they found
out that companies do not make frequent use of IT tools early in the NPD process. However, they
posit that IT tools in the FFE can certainly help to make progress in the NPD by reducing fuzziness and
providing more structure.
Research from Achiche et al. (2013), who showed that companies select IT tools mostly in a heuristic
manner is also confirmed by this research. Formal selection criteria were not applied by company 1,2
and DAF. This could be due to the fact that some IT tools require less amount of resources whereby a
full scale selection process is not pursued. It could also be that company stakeholders are simply not
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aware of the aspects that are important for the selection and use more of an intuition based
approach. Nonetheless, extending the work from Benlian & Hess (2011) and Bernroider & Koch
(2001), additional aspects for the selection of IT tools have been found. Those are: openness of
systems, maintaining a healthy internal/external IT tool mix, providing a total solution, achieving
continuous quality, providing traceability and providing means for global integration of systems.
Based upon the standard selection criteria list and importance ratings from subchapter 4.1.2, there
are some differences found between this study and the work of Benlian & Hess (2011) and
Bernroider & Koch (2001). First, costs for implementing a IT tool received lower importance in this
study. This is likely due to the fact that DAF is a relatively wealthy organization and costs are less of
an issue. This plays more of a role in SME’s nonetheless. Secondly, international applicability and
increased customer satisfaction received lower importance by the study of Benlian & Hess (2011) and
Bernroider & Koch (2001). This is surprising as supply chains are becoming more international
nowadays because of globalization and more attention is paid to satisfying customers. A possible
explanation for this difference is that some organizations might be using IT tools still for their own
purpose and think that value from IT outside the boundaries of the focal organization can either not
be achieved or is not the general purpose. Finally, reliability and good support are foremost
important aspects in this study, as IT tools in the past had some issues concerning these aspects.
6.2.2 Managerial implications
This study has three important implications for other organizations. In a more general sense, the
research method allowed for an in-depth analysis of the problems/issues within the case company to
find root causes of IT tools not speeding up the NPD process.
The first implication is that having many IT tools in place to support NPD activities is not enough.
There are certain antecedents and context related factors that come into play when using IT tools.
This study gave insights into contextual contingencies that limited the relationship between IT tools
and NPD speed. Furthermore, managers should understand that the manner in which IT tools are
organized and coordinated determines the effectiveness of IT tools. The proposed design solution,
whilst constituted for DAF, can also be used by other companies to find out whether governance can
be improved.
Secondly, managing IT tools can be done using a standardized business process. While dependent on
the business context, companies still can apply the logical thinking and reflect on their own processes
when managing IT tools, certain roles and responsibilities can support these efforts.
Finally, a more formal selection procedure consisting of selection criteria (besides intuition) can help
organizations in making correct choices for (new) IT tools. The additional aspects that have been
found in this study constitutes to the international character the company has and the necessity of
connecting and integrating IT tools and systems to the parent company. Other managers can think of
these when deciding on implementing new IT tools.
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6.3 Limitations & future research
This study has some limitations regarding the research design and practical factors within both the
empirical analysis and design solution. Also, suggestions are given for future research.
The first limitation is related to the generalizability of the research. Because the study was co nducted
at DAF product development, which is basically a case study method, the results and
recommendations are context dependent. To find out whether the contextual contingencies exists
for more companies, and moderate the relationship between IT tools adoption and NPD Speed, data
from multiple companies has to be collected. Also, the type of industry and company size can be
taken into account. The design solution is also not entirely generalizable. However, because it
contains elements from grounded theory on enterprise architecture, alignment processes and
governance, the framework and building blocks are in part generalized.
Secondly, due the explorative nature of this research, qualitative interviews have been conducted.
Although in-depth, results could be influenced by response bias. This could be due to the presence of
the researcher as well as the tendency of giving socially desirable answers.
Furthermore, due to time restrictions, not all IT tools could be identified. As a remedy to this, internal
company documentation was utilized and reviewed to find additional IT tools. This improved the
richness of information.
Finally, and due to the explorative research nature, this study is more based upon opinion and
judgement from both the researcher and its information sources. To make the results more reliable,
a coding procedure for the interviews have been used, as well as a combination of utilizing both
quantitative and qualitative data. Also, multiple sources of evidence have been used, including
interviews, opinions from experts, documentation and desk research for the literature search.
Another suggestion for future research is to find out which moderators positively influence the
relationship between IT tool usage and NPD Speed. For this, a best practices study can be done on
top performing firms. From this, more generalizable insights can be created which can help firms to
further speed up NPD processes by employing certain IT tools.
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Appendix A.1: Interview protocol
Material Requirements
-Printed interview protocol
-Writing pad
-Audio recording device: smartphone
Interview format
Interview questions are typed in green.
Personal introduction (2 minutes)
Goal interview (1 minute)
-To get insights into IT tools & applications that you (and your team) is using/has used.
-Why and where these IT tools are/were used.
-Whether you think and to what extent it contributes to decreasing lead time of development
activities.
-How IT tools can be selected and what aspects you find important.
Audio recording (1 minute)
-Explain that anonymity and confidentiality of this interview is guaranteed.
-Do you allow me to record this conversation?
Introduction interviewee (5 minutes)
1. What function do you perform within DAF and what are your responsibilities?
2. What experience have you gained within the Product Development department of DAF?
IT tools and NPD processes (30 minutes)
- Explain what IT tools and applications are. Give some practical examples.
- Explain NPD, their phases and the processes. Relate this to the processes within DAF.
To make sure that interviewees better can relate to/imagine the IT tools that they are/were using and
to get correct answers, they should keep in mind a recent finished project. If this is not possible, they
can also think about a project that is still in the pipeline.
3. Which IT tools and applications are you (and your team) using?
-Result is an overview of IT tools.
4. Are they used forA: Managing processes?
B: Managing projects?
C: Managing the portfolio of projects?
D: Managing information and knowledge?
E: Better team collaboration and communication?
F: Eco-design purposes?
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5. Why do you (and your team) use [IT tool x] and what is the primary goal?
-Result is an overview of the function of the IT tools
6. Where in the NPD processes are the IT tools employed? (Fuzzy Front End, Product Development,
Commercialization) Are they used frequently?
-Result is an overview of IT tools attached to the NPD phase and processes.
7. What is the connection between using these IT tools in relation to each other?
-Result is a relationship diagram
IT tools and NPD Speed (5 minutes)
-Explain NPD Speed
9. To what extent do you think that IT tools contribute to speeding up the NPD process in general?
(Likert Scale, 1=strongly disagree, 5=strongly agree)
10a. To what extent do you think that IT tools at DAF contributes to speeding up the NPD process?
(Likert Scale, 1=strongly disagree, 5=strongly agree)
10b. To what extent do you think that [tool x] at DAF contributes to speeding up the NPD process?
(Likert Scale, 1=strongly disagree, 5=strongly agree)
Selection criteria (15 minutes)
Explain that from the literature, I identified some selection criteria for choosing IT tools. Those are
primarily based upon selecting software IT tools. Other selection criteria are not identified yet. In this
step I would like to find out additional ones, which you find important.
11. How important are the following criteria for selecting software and applications?
-Support



Likert Scale, 1=not important at all, 5=very important
Why?

-Ease of implementation(time)



Likert Scale, 1=not important at all, 5=very important
Why?

-Adaptability and flexibility of software



Likert Scale, 1=not important at all, 5=very important
Why?

-Costs


Likert Scale, 1=not important at all, 5=very important
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Why?

-Ease of use



Likert Scale, 1=not important at all, 5=very important
Why?

- Functionality



Likert Scale, 1=not important at all, 5=very important
Why?

- Reliability



Likert Scale, 1=not important at all, 5=very important
Why?

-Operating system independency



Likert Scale, 1=not important at all, 5=very important
Why?

-Process improvement



Likert Scale, 1=not important at all, 5=very important
Why?

-Market position of vendor



Likert Scale, 1=not important at all, 5=very important
Why?

-Customer and supplier needs



Likert Scale, 1=not important at all, 5=very important
Why?

-Internationality of software



Likert Scale, 1=not important at all, 5=very important
Why?

-Increased organizational flexibility



Likert Scale, 1=not important at all, 5=very important
Why?

-Increased customer satisfaction



Likert Scale, 1=not important at all, 5=very important
Why?
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-Guidelines from a controlling company



Likert Scale, 1=not important at all, 5=very important
Why?

12. Which additional criteria can you think of when choosing those IT tools?




Overview of additional criteria
How important are these additional criteria for selecting IT tools and applications? (Likert
Scale, 1=not important at all, 5=very important)
Why?

Interview closing (2 minutes)
13. Are there other managers or engineers within the Product Development department of DAF
whereby a conversation is useful?
14. Do you have questions or other suggestions?
Acknowledgements (1 minute)
(Total duration: 62 minutes)
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Appendix A.2: Primary NPD processes
DAF Product Development makes use of two primary development processes. These are now
explained.
V-cycle
The V-cycle model originates from software development and is depicted in figure A below. It
consists of three aggregate levels. The highest level is concept of operations. Here, the business plan
is build which represents the customers’ expectations and wishes (The customers in this sense are
people who buy a DAF truck). From this, the business- and functional requirements are set up at the
architectural level. Finally the design is made at the system, integrated and component levels. All
three levels are implemented and afterwards tested. Because one of the stakeholders in the focus
group meeting mentioned the tremendous amount of resources it takes to fully test all parts of the
V-cycle (on the left hand side of figure A), DAF adapted the model. Instead of making one big
iteration after verification and validation takes place, multiple iterations are set up horizontally (so
for example between system/architecture level and the corresponding test) and vertically (between
requirements and detailed design for example). Advantage is that early problems can be identified
and solved quicker due to better information sharing and less resources are spent on testing.

Figure A: Generic V-cycle process model

NPD process model
The product development department makes use of a NPD process model. It is based upon the
Stage-Gate® model. It is basically a linear process model with detailed activities per phase so that
managers and engineers know what they need to do and when it needs to be fulfilled. Al so other
departments are involved such as procurement, operations and logistics and marketing & sales.
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Appendix B: Currently used IT tools within Product
Development
# Tool name
1 3D database
2 Abaqus
3 Access (Office)
4 Ati Vision
5 B82 Rel Des
6 Cameo
7 CANAPE
8 CANnalizers
9 CANOE
10 CANscope
11 CertiCalc
12 CMP
13 COC
14 CoCo database
15 Concerto
16 Creo (CAD)
17 Creta
18 Cruise M
19 D Space + Labview
20 DAVOB
21 Diadem
22 DM
23 Doors
24 Drive
25 EmiCalc
26 EML
27 Engine database
28 eWarp
29 Excel (Office)
30 FRACAS
31 GRPA
32 HPALM
33 HPQC
34 IPEmotion
35 Jenkins
36 LLOS
37 Mainframe
38 Matlab Simulink
39 Matlab Subversion
40 MiniTab
41 Motorlab
42 MUI
43 Nastran
44 NX (CAD)
45 OneNote (Office)
46 OpenMDM
47 Outlook (Office)
48 PBMS
49 POM database
50 Powerpoint (Office)
51 Project (Office)
52 ProRegis
53 Puma
54 RDB database
55 Rhapsody
56 ROSI
57 Saber
58 Saber macro
59 Sharepoint (Office)
60 STAR CCM+
61 Tableau
62 Teamcenter
63 TES W
64 Testing database
65 TIS
66 TRACE
67 TRACKS
68 Visio (Office)
69 VMCT
70 VOG
71 W elektro directory
72 WIS
73 Word (Office)
74 WPM

Primary goal
unknown
simulate design attributes
building status reports
data acquisition + measurement
design release
managing calibration process
ECU (electrics) research
ECU (electrics) research
ECU (electrics) research
ECU (electrics) research
legislation and certification testing
manages cost savings
providing certification
archiving electrics/electronics data
data processing
overall design of vehicle
managing calibration
create test environment
specific and functional testing
displaying log information
functional measurement and testing
making design choices
requirements management
measure and test 'driveability'
calculates emission data
data logging
archiving engine test data
managing customer problems
calculation and scheduling
managing testing problems
risk analysis
manage system portfolio
process support
data measurement and analysis
scripting and version management
functional hole design
tool platform + release
model building and testing
archiving + checking models
statistical analysis
archiving engineering info
managing product features
perform various structural analysis
overall design of vehicle
taking meeting minutes
test data management
managing mails
status report projects
archiving workforce info
building presentations
building project plannings
managing projects
measurement and control testing
archiving + analyzing warranty claims
systems management
component durability testing
technical testing
technical testing
managing company info
analyzing technical data
analysis of test cells
engineers communication
process support
unknown
hardware design
creating test reports
project assignment startup
data visualization
environment testing
checking construction drawings
saving data
process support
reporting
process support
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Appendix C: Used IT tools per sub department
Vehicle
Electrics/Electronics
B82 (Rel Des)
CANAPE
CANnalizers
CANOE
CanScope
CoCo database
Doors
eWarp
FRACAS
HPQC
Mainframe
Matlab Simulink
Office
Saber
Saber macro
Sharepoint
Teamcenter
TRACE
TRACKS
VOG
W/elektro directory
WPM

Engine Test
Center
Acces Database
Ati Vision
CAD (NX)
Cameo
CertiCalc
Concerto
Creta
Cruise M
Diadem
EmiCalc
EML
Ipe motion
Matlab Simulink
open MDM
POM database
Puma host
Tableau

Software
Engineering
CanTools
FRACAS
GRPA
Jenkins
Matlab Simulink
Matlab Subversion
Office
Rhapsody
Sharepoint
Teamcenter
Trace
TRACKS

PD ITD Domain
Architecture
CAD(NX+Creo)
Doors
FRACAS
Mainframe
Matlab Simulink
Office
RDB
Rhapsody
TES W
Testing Database
WIS

Component Testing
Drive
FRACAS
GRPA
Matlab Simulink
Matlab Subversion
Office
ROSI
TRACKS
VMCT

Program
Management
Running Business
CMP
eWarp
FRACAS
Mainframe
Office
Team Center

Vehicle Testing
Ati Vision
CanTools
D Space/Labview
Davob
Diadem
FRACAS
HPALM
Matlab Simulink
Office
ProRegis
Team Center
Trace
TRACKS

EAS hardware
Abaqus
CAD (NX)
DM
eWarp
FRACAS
GRPA
Mainframe
Office
Star CCM+
Trace
TRACKS

Cabin
CAD (NX+Creo)
FRACAS
GRPA
Mainframe
Office
PBMS
Team Center
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PD ITD Information
Analysis
CMP
COC
eWarp
FRACAS
GRPA
LLOS
RDB
Teamcenter ECR
Trace
TRACKS
VOG database
WPM

Engine Development
Hardware & Design
CAD (NX + Creo)
Doors
Engine Database
eWarp
FRACAS
Matlab Simulink
Office
Teamcenter
TRACKS

PD ITD FAM
Mainframe
MUI
TES
TIS
WIS

Quality Management +
Reliability
3D database
CAD (NX+Creo)
FRACAS
mainframe
Minitab
Office
PBMS
Sharepoint
Trace
TRACKS
VOG database
WPM

Appendix D: Used IT tools for each functional
category
Table D.1: Functional IT tool categories, Asdemir et al. (2006), Byggeth & Hochschorner (2006) and Nambisan (2010)
Process management
IT tools within this category support process management by either prescribing a comprehensive process (model) or enable firms to
adopt a flexible process framework to configure their own unique processes.
Project management
The focus of IT tools in this category are related to task coordination, scheduling and resource management of new product development
projects.
Portfolio management
IT tools in this category are able to manage aggregate project portfolios and to implement cross-project resource management strategies
based on real-time project data. They are also aimed towards life cycle implementation and evaluation of projects.
Information and knowledge management
These are IT tools which enable data support and information sharing with multiple entities in a network. They incorporate emerging
data standards, database, and visualization technologies that can handle different types of information.
Collaboration and communication
IT tools in this category are aimed towards both internal communication and collaboration within a company as well as externally with
the customer. They promote team work, task efficienc y but also can aid in creating customer co-creation as a means of product
innovation.
Eco-design
These IT tools have a special function as they are aimed towards one goal: creating environmental friendly products. These IT tools aid in
managing trade-off situations such as costs, quality and environmental impact.

Information and
knowledge mgmt.
3D Database
Access (Office)
CoCo database
DAVOB
EML
Engine database
Excel (Office)
Jenkins
Mainframe
Motorlab
OneNote (Office)
OpenMDM
Outlook (Office)
POM database
Powerpoint (Office)
Project (Office)
RDB database
Sharepoint (Office)
Testing database
TRACE
Visio (Office)
VOG database
W elektro directory
Word (Office)

Communication &
Technical & analysis collaboration
Ati Vision
CertiCalc
Abaqus
COC
Cameo
Cruise M
CANOE
DM
CANAPE
D Space
CANnalizers
EmiCalc
CANscope
Labview
Concerto
Rhapsody
Diadem
Teamcenter
Drive
IPEmotion
Matlab Simulink
Matlab Subversion
MiniTab
Nastran
Puma
ROSI
Saber
Saber macro
STAR CCM+
Tableau
VMCT

Project
management
CMP
Creta
eWarp
FRACAS
GRPA
PBMS
ProRegis
TRACKS
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Proces
management
B82 Rel Des
Doors
HPQC
TES W
WIS
WPM

Design
Creo (CAD)
LLOS
NX (CAD)
TIS

Portfolio
management
HPALM

Appendix E: Used IT tools according to NPD process
model phases
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Deviations
*1: CAD(NX+Creo) is always used in engineering, moderately in definition and evaluation, more
frequent in concept and volume validation.
*2 Mainframe is used diversely but most frequent in engineering, concept, volume validation,
evaluation and less frequent in definition.
*3 Matlab Simulink is used most frequently in concept and engineering, less frequent i n definition
and volume validation and sometimes in evaluation.
*4 Teamcenter is used most often during engineering, volume validation and evaluation and less in
definition and concept phases.
*5 TRACKS is always used in engineering, often in concept and volume validation and less frequently
in definition and evaluation.
*6 WPM is always used in the definition, concept, engineering and volume validation phases and
almost always in evaluation.
*7 FRACAS is most frequently used in engineering, almost never in definition and concept, quite
often in volume validation and moderately during evaluation.
*8 MUI is used most often in concept phase.
*9 GRPA is always used during engineering, often for concept, less frequent in definition and volume
validation and never for evaluation.
*10 Rhapsody is used most often in the engineering phase.
*11 CAN tools are primarily used for engineering purposes and include CANOE, CANAPE, Cannalizers
en Canscope.
*12 TES W is used most often in concept phase.
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Appendix F: Inter Relationship diagrams of IT tools
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Appendix G: Importance ratings for IT tool selection
aspects
Respondent V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15
1 4 7 5 0 10 10 7 2 15 2 5
5 8 15 5
2 0 0 0 0 10 0 20 0 0 0 0 30 0 10 0
3 13 7 1 0 1 6 22 0 6 0 1
9 12 9 1
4 20 0 0 0 20 0 20 0 15 0 0
0 0 25 0
5 9 3 9 5 5 9 7 0 9 2 5
1 5 9 3
6 11 2 6 6 11 8 10 0 7 6 10
7 6 8 2
7 9 4 7 7 9 9 9 7 7 7 4
7 7
7
8 10 1 3 3 10 5 10 1 5 1 5 10 5 3 10
9 8,2 5 7 5 7 8 8 3 7 5 7
8 8 8 7
10 9 11 0 5 11 11 9 2 7 5 2 11 5 7 5
11 9 9 7 5 9 9 7 5 9 5 4
5 5 5 4
12 4 2 7 6 6 9 9 2 9 7 7
6 9 9 7
13 20 0 2 0 12 10 16 2 10 0 0
4 10 10 2
TOTAL
Percentage

126 51 54 41 121 95 155 25 106 40 50 104 81 119 52
10 4,2 4,4 3,4 9,9 7,8 13 2 8,7 3,3 4,1 8,49 6,6 9,7 4,3

1221
100

The percentage of each aspect is calculated by summing up the value of all 13 respondents for one
aspect (𝑉𝑖 ) which is the total. Then, that total is divided by the total sum of all aspects (which is
1221).
So, in mathematical notation:
𝑝𝑉𝑖 = ∑13
𝑛=1

𝑉𝑛,𝑖
1221

Where:
𝑝𝑉𝑖 = 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑉𝑖
𝑉𝑖 = 𝑎𝑠𝑝𝑒𝑐𝑡 𝑖
𝑛 = 𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑒𝑛𝑡 𝑛[1..13]
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Appendix H1: Mann-Whitney test results

Appendix H2: Kruskal Wallis test results
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Appendix I: Benchmark setup
In order to correctly perform a benchmark, the approach from Bhutta (1999) is used. It consists of
five sequential steps which is named the benchmarking wheel. See figure I.1 below.

Figure I.1: Benchmark wheel, Bhutta (1999)

These steps are now explained:
1) Determine what to benchmark
The driving force of what a company wants to benchmark Is determined on the ‘critical success
factors’ in accordance with the company’s strategic direction. There are seven types of benchmarking
available and in certain combinations, they provide better results. Those are presented in table I.1
and figure I.2 below.
Table I.1: Benchmarking types, Bhutta (1999)
Types
Performance benchmarking
Process benchmarking
Strategic benchmarking
Internal benchmarking
Competitive benchmarking
Functional benchmarking

Generic benchmarking

Description
It is the comparison of performance measures for the purpose of determining how good the
focal company is compared to others.
Methods and processes are compared in an effort to improve the processes in the focal
company.
The study is undertaken when an attempt is being made to change the strategic direction of the
company and the comparison with one’s competition in terms of strategy is made
When comparisons are made between departments/divisions of the same company or
organization.
Is performed against ‘best’ competition to compare performance and results
A benchmarking study to compare the te chnology/process in one's own industry or
technological area. The purpose of this type of benchmarking to become the best in that
technology/ process.
Comparison of processes against best process operators regardless of industry .
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Figure I.2: Combined value of benchmark types, Bhutta (1999)

In consultation with the company supervisors, it is interesting to know what IT tools are used for
some of the functional categories and what their purpose is. For this, either performance
benchmarking or functional benchmarking is suitable. Because there is mostly qualitative data
available and to a lesser extent quantitative data, performance benchmarking becomes difficult.
Therefore, functional benchmarking is the best option. Because results from chapter 1 showed that
the usage of IT tools and NPD Speed as an outcome is largely affected by the context and not the IT
tools themselves, it is worthwhile further investigating this as part of the benchmark study. Also,
because the company supervisors would like to know how the organization can improve their IT
tooling in the future, it becomes relevant to also incorporate some organizational aspects. Because
the organizational aspects as well as IT tooling is closely related to the company processes, the
product development processes (from 4.1) are incorporated as well which makes process
benchmarking a relevant approach. Combining the functional benchmark and the process
benchmark provides high value as can be seen in figure I.1. The three primary elements for
benchmarking are therefore organizational aspects, product development processes and IT tooling.
2) Form a benchmarking team
This step is not further explained because the researcher is responsible for the benchmark process.
3) Identify benchmarking partner(s)
Selecting the right benchmark partners is done according to the following set of criteria:
a) Organization performs certain NPD activities thereby having some form of processes/models
in place.
b) The benchmark partner should come from a similar (high) tech industry.
c) The organization is no competitor of DAF. This is to increase the likelihood of receiving
reliable information.
d) The order of magnitude for employees FTE within R&D should be roughly equal.
Based on this list, four companies were contacted of which two of them: company 1 and company 2
were willing to cooperate.
4) Collect and analyze information
This step is aimed towards understanding the ‘enablers’ of performance, based on the performance
gaps between the own company and the benchmark partners. The results of the data collection is
shown in appendix J and the benchmark analysis is done in subchapter 4.2.
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5) Adapt and improve
The final step is to actually improve the companies’ performance based on the benchmark results.
Action planning or goal setting are appropriate approaches for this. This analysis report does not
include the final step, but it is incorporated in the solutions/recommendations later on.
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Appendix J: External company interview results
Best practices company 1
The interview took place with the domain lead manager PLM applications of Company 1, who has
17+ years’ experience in the field of IT and applications within R&D. Three major topics where
discussed which include the R&D organization in relation to the IT department, the development
processes and IT tooling.
Organization
The R&D department of Company 1, which has a capacity of approximately 300 FTE, is responsible
for the development of the printing systems. Canon is since 2012 the parent company of Company 1
and sells and services these printing systems. The IT department basically is organized in a matrix
structure, is independent from R&D and has its own strategic policy and business operations. It has
approximately 30 FTE employees stationed at R&D for generic and infrastructure related issues.
New Product Development Success
Company 1 has defined two important CSF’s (critical success factors) which are proper alignment
between IT and business. Here, the product development organization of Company 1 is part of the
business. The domain lead manager PLM applications explained that in order to make this alignment
work, they have a certain organizational setup based on the requirements and wishes from the
business and what IT can deliver. This is further explained in paragraph 2.2.1.3. The second CSF is
NPD speed. This is because the business expects faster deliveries of new products to keep up with
competition and to fulfil market needs. As the domain lead manager explained, NPD speed does not
need to interfere with the innovation and sustainability rate of the company.
Company 1 measures new product development success on the basis of one KPI (Key Performance
Indicator) which is the throughput time of the NPD process. Within this KPI they have form ulated one
sub indicator which is the throughput time of iteration loops. This is measured to know how long a
change in the design of the product takes for example.
IT focus areas
The IT organization of Company 1 supports the business by focusing on five major areas. In arbitrary
order: generic, ERP, infrastructure, service and PLM & design.







Generic is responsible for the daily operational activities such as data storage, printing, office
automation and IT support.
ERP is occupied with the task of maintaining the SAP system that the company has in place.
Infrastructure consists of all activities related to the proper functioning of hardware,
software and the network environment of the company. This includes for example Wifi, LAN,
WAN and Voice over IP.
Service includes high level architecture of systems as well as knowledge management and
information sharing.
The fifth area is that of PLM & Design. This is the most resource intensive part which includes
IT tools for design activities and also for managing the lifecycle of projects.

IT governance
The IT governance structure of Company 1 is shown in figure J.1.
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Figure J.1: IT governance structure at company 1

Company 1 has aligned IT and the business by making use of steering committees. Within the
steering committees, managers from both the business and IT are included. At high level, they
provide expert knowledge and guidance on the portfolio of projects. They get input from a multi -year
plan which covers a 3-year period of IT innovations. Furthermore, they consider IT- and business
requirements. Each project has its own IT- and business requirements which are more operational.
To get the project requirements aligned, internal user groups are asked for feedback. Additionally,
Company 1 asks external consultants to facilitate the process.
Process management
For the product development processes, Company 1 uses the V-cycle model for developing new
products. For the timing of certain development activities, they use their own type of Stage-Gate®
model. Company 1 has two concrete IT tools in place for managing processes: SAP and MES. At the
highest level, SAP (which is an ERP system) manages the company resources for the several
departments, including marketing, finance, operations, procurement and R&D. MES (Manufacturing
Execution System) is used to manage and control the production processes for the operations
department. Product development gives input to this system by delivering BOM’s (Bill of Materials)
and scheduling requests.
Tooling
The IT governance structure is also in place to provide structure and coordination for IT tooling. This
has the following practical implications:
1) No R&D employees are allowed to develop IT tools themselves, without request.
2) When new business requirements emerge, the current IT toolset is evaluated. If the current
IT toolset is sufficient to provide the business, then IT advises which IT tools to use. If
insufficient, then together with user groups, external consults and guidance from the
steering committee, new IT tools are acquired which are most of the time externally bought
software packages. There are no selection criteria in place to aid this procedure.
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3) Budget for IT tooling and other infrastructure related issues is managed by the IT department
itself.
4) Coordination of which IT tools R&D uses, by who, when and how is known upfront. Also,
department supervisors within R&D are most of the time part of the user group. This further
enhances IT tool coordination for the engineers.
5) IT tools generally aid in speeding up the NPD process. This is because of two reasons. F irst
the business places high value in reducing development throughput time. The steering
committee then guides the process of selecting highly efficient IT tools. Second, because of
adequate training, users are better able to work with certain IT tools. This is now further
explained.
Training
The IT department of Company 1 places high priority into training the users to optimally use IT tools.
Because most IT tools are bought from an external supplier (as software), those companies provide
functional training sessions because they have expert knowledge. The IT’s primary role is to give
background information to the users about the IT tools and to facilitate the process of acquiring
external consulting time. The training budget is paid by the R&D departments, this is after IT gives
approval.
The R&D department of Company 1 furthermore uses IT tools for project management, portfolio
management and others which are now discussed.
Project management
Because of the matrix structure of Company 1, the development activities are project based. Projects
are set up for design and R&D activities. Project teams are formed based on available resources and
the required project members from different departments. There is at least one project leader, some
people from functional departments and always one or more persons who are responsible for the
overall quality. Company 1 has a IT tool in place for this project team formation.
Portfolio management
For portfolio management, Company 1 uses the PLM software IT tool from Siemens. This is used to
manage the complete lifecycle of products from product specifications to the outfitting and
discontinuing of products. The domain lead manager from Company 1 is primarily occupied with this
PLM system and has the role of coach.
Other IT tools
For product design, Company 1 uses CAD (Computer Aided Design) IT tools. They have one software
package available for this. A recent implemented IT project is that of CAE. (Computer Aided
Engineering) The goal is to aid engineering into doing better analysis, simulation and testing thereby
greatly decreasing the amount of build physical prototypes and development time.
For engineering collaboration and communication, Company 1 uses Wiki’s. This IT tool has been
purchased from a software supplier and is modified for the needs of Company 1. Within the IT tool,
engineers can share all sorts of information about their development projects. Users can give each
other feedback and it can be accessed at all times (virtual access).
Company information, including meeting (minutes), current projects and products are shown in
Sharepoint. There is no other means of sharing information for this purpose.
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Best practices company 2
This interview took place with the R&D manager of company 2, who has 20+ years’ experience in
managing several Business Units within R&D organizations. The three topics, also discussed at
Company 1 are now elaborated.
Organization
The Technology and Development (T&D) organization of company 2 is responsible for the
development of high tech mechatronic systems/components and further optimization of the
production processes within company 2. T&D has a capacity of about 200 FTE. There is also an IT
department which gives support for IT tool related issues, which has the size of 10 FTE.
New Product Development Success
company 2 focuses on two primary CSF’s which are cost and quality. Because company 2 does project
based customer requests, and the products are very often high tech and complex, they find it
important that the quality is optimal so that the customer is satisfied. To manage it, customer service
ratings are used as KPI. Furthermore, costs also play an important role as the projects differ from one
another and are often small, therefore some little mistakes can even lead to high costs which is not
desirable. One way of managing this is by keeping an eye on the cost of stopped active process. This
is for example when a machine is broken.
IT organization
The IT organization supports T&D by providing training, troubleshooting and gives opinions when
certain decisions need to be made for IT tooling. There are two primary focus areas:



CAD. This team is responsible for all issues related to the design IT tools. Most of the
resources from IT is spent on maintaining and solving i ssues for NX.
CAM. This team is responsible for maintaining and updating software for controlling
machines in the plants.

IT Governance
company 2 has an IT governance structure in place which is shown in figure J.2.

Figure J.2: IT governance structure company 2

As can be seen, steering committees are organized in a project based manner. The steering
committees always include the following stakeholders: CTO (Chief Technology Officer), a project
leader, a system architect, a competency manager and one plant manager. There is only one CTO,
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system architect and competency manager, and there are multiple project leaders and plant
managers. Because projects differ in terms of product content and in which plant manufacturing
takes place, the project leaders and plant managers differ per project. The system architect is
responsible for the IT requirements and also gives input for what IT tooling can be used. The
competency manager is responsible for creating an optimal mix of engineers and supervisors for
each project, taking into consideration the skill set, motivation and whether resources are properly
allocated.
Process & project management
company 2 uses the V-cycle model for product development. For each of their projects, they follow
their so-called PGP (Plan General Project). Basically, this is also a type of Stage-Gate® model. It
consists of 7 stages, where a feasibility study is conducted first. The feasibility study includes
marketing, technical and also strategical aspects such that the new project fi ts the business.
For supporting the processes and managing projects, company 2 uses PRINCE2. Processes are
supported by getting an overview of the required workflow, feedback on gate decisions by
corresponding CTO and current status. Projects are supported by getting an overview of the amount
of time spent by each project member, certain bottlenecks and problems encountered, and the
remaining work and due date of the project.
Tooling
For managing team work and collaboration, and for sharing information, company 2 uses
Teamcenter. In addition, they also use it as a database for storing design files in the so-called Design
Master Repository. From this database, factory items are created. These are factory unique and can
be modified by work planners, for later input by CAM software. Design is primarily done using NX
software.
Portfolio management currently is done by using Excel. However, the R&D manager explained that
they are buying new software for that in the near future because Excel gives too many errors.
For organizing IT tooling, the governance structure regulates the following:
1) The system architect gives an opinion on the recommended engineering IT tooling for each
project. The system architect collects feedback from users as well. For other IT tooling, such
as project management, there is nothing decided because there is only one IT tool: PRINCE2.
2) Budget for IT tooling is managed by the T&D department, other aspects are managed by IT.
3) IT tools generally aid in speeding up the NPD process. This is because the competency
manager in the steering group can detect deficiencies in the skills of engineers using various
IT tools. The competency manager can then recommend training for example or decide to
put other engineers on the project.
4) Ultimately it is still the business who decides whether and which new IT tools are purchased.
Training
IT manages the training programs for IT tooling. They get budget from T&D when it is decided by the
steering committee. When functional updates take place, the employees are properly trained, but
also for general training purposes, IT is available.
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Appendix K: BPMN 2.0 Poster Chart
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Appendix L: RACI charts
The RACI matrices give an overview of the roles and responsibilities of all actors or groups in volved in
a process. (Haughey) A RACI matrix consists of four categories:





Responsible. This is the actor that does the work/performs the task or has the responsibility
for the decisions.
Accountable. This actor is accountable/end responsible for the correct and thorough
completion of a task.
Consulted. This party provides information for the project using two-way communication. In
practical setting, experts are asked for advice.
Informed. These stakeholders are kept up to date about process progress. It is often one -way
communication and does not influence the outcome of a task or activity.

The resulting matrices are created for strategic, tactical and operational actions.

CTO

CIO

Allignment
manager

Information
manager

Project
manager

1.1 Formulate IT strategy

C

R/A

1.2 Give advice to the board for IT
strategy

R

R/A

x

I

x

x

x

1.3 Building shared goals and
understandings based on IT strategy

x

R

1.4 Deciding on business application
needs

R/A

R/A

C

C

C

R/A

C

C

C

CTO

CIO

Allignment
manager

Information
manager

Information
analist

Domain
architect

TAM

FAM

Project
manager

HR

Tool users

2.1 Identifying business (application)
needs

C

C

R/A

R

C

C

C

C

R

C

C

2.2 Determine budget requirements

C

C

C

R/A

x

x

x

x

C

x

x

2.3 Determine resource needs

C

C

C

R/A

x

x

x

x

C

C

x

2.4 Determine priority

C

C

C

R/A

x

x

x

x

C

x

x

2.5 Manage tool portfolio

I

I

I

C

R

R

x

x

R/A

x

x

2.6 Decide on plan of action

I

I

R/A

R/A

C

C

C

C

R

x

x

CTO

CIO

Allignment
manager

Information
manager

Information
analist

Domain
architect

TAM

FAM

Project
manager

HR

Tool users

3.1 Update tools

x

x

C

C

R

x

R

R

A

x

C

3.2 Select & implement new tools

x

x

C

R/A

R/C

R/C

R/C

R/C

C

x

C

3.3 Phase-out tools

x

x

C

C

R

C

R/C

R/C

A

x

C

3.4 Provide user training

x

x

A

C

R/C

x

R/C

R/C

C

I

R

3.5 Communicate changes

I

I

R/A

I

I

I

I

I

I

I

I

3.6 Update tool portfolio

x

x

I

I

R

R

x

x

R/A

x

x

1. Strategic actions

2. Tactical actions

3. Operational actions
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