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The purpose of this Master thesis is to further develop the Customer-Centered ERP
Implementation (C-CEI) method such that it can be applied by small and
medium-sized enterprises (SMEs) to produce requirements for an Enterprise
Resource Planning (ERP) system. This entails developing a method that is less time
consuming and resource demanding than the original method. In order to evaluate the
feasibility of the developed method, a case study of an SME enterprise was executed.
The enterprise is Svenska infra och anläggningsbyggarna AB, SIAAB, a land and
construction enterprise in need of a new ERP system. By applying the concepts of
Rapid Contextual Design to the Contextual analysis phase of C-CEI, a team of two
individuals was able to produce ERP requirements using the further developed
method. The requirements were used to initiate the acquisition process of a new ERP
system for SIAAB, where three possible ERP vendors with three different ERP
systems were selected and evaluated. In the meetings with possible ERP vendors, the
requirements were proven to be valuable for SIAAB to select between potential ERP
systems. The conclusion of the evaluation is that the further developed method is
feasible and can be utilized by an SME, which generally lack resources to hire a full
Contextual Design team, for producing ERP requirements that can be used for
acquisition. In order to test generalizability of the developed method, further studies
of the application of the method are necessary.
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Populärvetenskaplig sammanfattning
När små- och medelstora företag ska införskaffa ett ERP-system så har de sällan
resurser nog att utveckla ett nytt system som är företagsspecifikt. ERP står för
Enterprise Resource Planning, vilket är en benämning på ett programpaket som
innefattar ett företags informationshantering till styrning och administration. Den
svenska översättningen på ERP är affärssystem. Små- och medelstora företag tvingas
ofta att införskaffa ett färdigpaketerat system som benämns som Commercial-off-theshelf (COTS). Dessa system levereras i standardutförande, vilket medför ett specifikt
och standardiserat arbetssätt för användarna av systemet. Detta arbetssätt skiljer sig
nästan alltid mot företagets nuvarande arbetssätt och rutiner. Med bakgrund av detta är
det viktigt att företaget vid valet av ERP väljer ett COTS ERP-system som på ett så bra
sätt som möjligt passar företagets arbetssätt och rutiner.
Customer-Centered ERP Implementation (C-CEI) är en metod som har utvecklats för att
ta fram krav för införskaffandet av ERP-system. Metoden innehåller tre analyser som
alla ger stöd till företag vid införskaffandet av ERP-system: operativ analys, kontextuell
analys och riskanalys. Tillsammans ger dessa tre analyser ett underlag för små- och
medelstora företag att välja ERP-system. Den kontextuella analysen baseras på den
användarcentrerade designtekniken Contextual Design (CD), vilken betonar vikten av
att införskaffa data från användarna av ett system vid vidareutveckling av systemstödet.
Denna metod är emellertid tids- och resurskrävande, vilket medför att många små- och
medelstora företag med begränsade resurser inte har möjlighet att ta användarnas krav i
beaktning vid införskaffandet av ERP-system.
Syftet med detta examensarbete är att vidareutveckla C-CEI så att den kan appliceras på
små- och medelstora företag, i syfte att ta fram krav för ERP-system. Detta medför att
utveckla en metod som är mindre tids- och resurskrävande än den ursprungliga
metoden. Den utvecklade metoden baseras på Rapid Contextual Design (Rapid CD),
som är en vidareutveckling av CD. Genom att använda Rapid CD kan den kontextuella
analysen i C-CEI genomföras av endast två personer inom ramen av veckor snarare än
månader. Rapid CD erbjuder ett mer praktiskt verktyg då det möjliggör att välja ut de
mest användbara teknikerna beroende på tillgång till resurser och omfattning av arbetet.
För att initialt utvärdera den vidareutvecklade metoden genomförs en fallstudie på
mark- och anläggningsföretaget Svenska infra och anläggningsbyggarna AB, SIAAB, i
Uppsala. SIAAB är i behov av ett nytt ERP-system och innefattas av definitionen av
små- och medelstora företag. Utifrån resultatet av fallstudien konstateras att den
vidareutvecklade metoden har varit användbar för SIAAB i valet av ERP-system och att
den har varit mindre resurskrävande jämfört med den ursprungliga C-CEI-metoden. Det
går inte att dra generella slutsatser kring den vidareutvecklade metodens användbarhet
för små- och medelstora företag. Emellertid kan studien bidra till vidare forskning på
dess tillämpbarhet inom området för små- och medelstora företag.
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Terms and abbreviations
C-CEI

Customer-Centered ERP Implementation

CD

Contextual Design

CI

Contextual Inquiry

COTS

Commercial-off-the-Shelf: a category of software that is
more or less pre-specified and ready to be installed and
implemented.

ERP

Enterprise Resource Planning: common name for business
management software that collect, store and manage data
from many or all business activities in a company.

SIAAB

Svenska infra och anläggningsbyggarna AB

SME

Small and medium-sized enterprise: an enterprise with a
headcount of annual workers between 10 and 250, an annual
turnover between 2 and 50 million euro and an annual
balance sheet total between 2 and 43 million euro.
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1. Introduction
During the last years, the market for Enterprise Resource Planning (ERP) systems has
undergone a significant change. Until recently, only large companies had adequate
resources to invest in ERP solutions and implement them in their businesses. Since ERP
systems are long-term solutions where benefits often are revealed long after the cost of
investment, companies tend to keep the ERP systems for a long time. Consequently, the
market for ERP solutions to large companies has become saturated. In order for ERP
vendors to continue their growth, the focus has changed from large companies to small
and medium-sized enterprises (SMEs). The increased number of industry specific ERP
vendors has increased the supply and lowered the price of ERP software, making them
affordable for SMEs to acquire. However, lack of resources characterizes SMEs, which
distinguishes them from large companies. Many SMEs have not invested in ERP
solutions because of concerns about price and ability to implement the ERP system in
the existing business processes. (Evogenic, 2015)
Many smaller enterprises use outdated solutions to run their business processes and to
coordinate critical resources. Investing in an ERP system is a potentially beneficial
activity, while the investment comprises a significant risk. ERP systems are strategic
tools that can contribute to streamline business processes and optimize the use of
resources; making operations less costly, more visible, more efficient and with less
errors. Since SMEs often lack resources for in-house development, they demand prespecified software rather than customized solutions that entail a high cost. ERP systems
are often too extensive, too complex and too sophisticated for smaller companies. They
are made for large complex businesses, which often have different requirements in
terms of scalability and complexity. Hence, the main challenge for small and mediumsized enterprises is to find standard software that perfectly fits their unique situation.
(Rolandberger, 2013)
Typically ERP implementation projects are comprehensive and involve risks, in
particular for SMEs with limited resources. It is critical to be aware of the requirements
early in the acquisition process in order to be able to select the ERP system that
provides the best fit to the SME’s own business processes. Standardized Commercialoff-the-shelf (COTS) systems support most standard business processes, however
exceptions in particular business processes can make the ERP system not fully utilized.
(Dwiwedi, 2007)
In order to take the uniqueness of every business into account, Inka Vilpola (2007)
introduces a method for enhancing the in-depth understanding of the processes of a
company and context of use during the ERP implementation process. The method is
called Customer-Centered ERP Implementation (C-CEI) method, and involves a
Contextual analysis that focuses on the individual users in addition to Operational
analysis and Risk analysis, which rather focus on stakeholders. The main advantage of
including users in the process is that company specific requirements are taken into
6

account. Also the Contextual analysis provides practical and detailed knowledge about
work, interactions and culture in a company, and can contribute to identify potential
risks related to the implementation phase. The Contextual analysis is made by using the
concept of Contextual Design (CD), which is a collection of user-centered techniques
and methods for integrated design. CD focuses on users by gathering contextual data
from them and using the data as the base criteria for deciding how a system should be
designed and structured for a specific work task (Beyer, 1998). The method is well
documented and is used frequently in the user-centered design domain. However, the
CD process can be time consuming and resource demanding, requiring a large CD team
and a significant amount of allocated time. SMEs that cannot afford a complete CD
team are left to use the less resource demanding activities, for example surveys and
focus groups. This drives the opposition to bring users into the center of the design
process (Holtzblatt, 2004).
Rapid Contextual Design (Rapid CD) is a developed version of Contextual Design that
provides a way to get contextual user data into a project while fitting the data into
existing habits, processes, job descriptions and schedules of a company in a way that
can be less time consuming and resource demanding. Using Rapid CD, a CD process
can be executed in weeks rather than months and only a two person core team is needed.
Hence, Rapid CD can be executed using limited resources and by projects with a short
time frame (Holtzblatt, 2004). In order to allow SMEs, with limited resources and
capability, to identify their ERP requirements early in the acquisition process, this thesis
introduces a further developed method for producing ERP requirements in a less time
consuming and resource demanding way. The method is based on the C-CEI method
made by Vilpola (2007) and the concept of Rapid Contextual Design.
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2. Purpose
The purpose of this Master thesis is to further develop the Customer-Centered ERP
Implementation (C-CEI) method such that it can be applied by small and medium-sized
enterprises to produce ERP requirements. This entails developing a method that is less
time consuming and resource demanding than the original method.

2.1 Limitations
In order to investigate if the further developed method can be applied by small and
medium-sized enterprises, a detailed case study of a medium-sized enterprise in need of
a new ERP system is executed. Therefore, the conclusions made in this thesis are
limited to the context of the case study and cannot be generalized to the entire
population of SMEs.

2.2 Disposition
Chapter 3 describes previous research about Enterprise Resource Planning (ERP)
systems, ERP systems for small and medium-sized enterprises (SMEs) and acquisition
of ERP systems.
Chapter 4 contains the theoretical framework of the thesis: Contextual Design (CD),
Customer-Centered ERP Implementation (C-CEI) method and acquisition of
requirements.
Chapter 5 introduces the design of study, which includes a theoretical analysis for
method development, the design of a case study and the strategy to evaluate the further
developed method.
Chapter 6 introduces the further developed C-CEI method. The chapter describes how
Rapid Contextual Design is applied to the original C-CEI method and the further
developed method will be used to produce ERP requirements.
Chapter 7 contains the case study of the thesis, which includes a description of the
subject of study and the execution of the case study: method, result and analysis.
Chapter 8 covers a general analysis and discussion of the study.
Chapter 9 presents the conclusions of the thesis and scope for further research.

8

3. Previous research
This section describes previous research about Enterprise Resource Planning systems,
ERP systems for small and medium-sized enterprises and acquisition of ERP systems.
The research topics have been reviewed during the literature study of this thesis.

3.1 Enterprise Resource Planning systems
The term Enterprise Resource Planning (ERP) is the common name for business
management software that collect, store and manage data from many or all business
activates in a company (Hederstierna Montén, 2003). Dwivedi (2007) defines an ERP
system as follow: “ERP software is a strategic tool that unifies and manages the core
process of a business to improve client and supplier interactions as well as equipping
the business with well-defined and controlled processes.”
Enterprise Resource Planning (ERP) systems are standardized information technology
support systems with the general purpose to enable efficient management of information
and make business processes more efficient. The systems are company-wide; they
provide an overview and management of all data of a company. ERP systems enable
transparency and control of the whole business, which facilitates rational control and
quality of decisions. ERP systems are characterized by centralization of data storage and
applications. The business activities are connected to a central database, providing a
global structure and definitions. The purpose of ERP systems is to promote reliability
and real time data about the business activities and to coordinate information in a
geographically global environment. Another aim of using ERP systems is to minimize
operational and maintenance costs. (Magnusson, 2008)
The majority of ERP systems are module based, where each module represents
functionality that is intended to satisfy a specific operational need. Typically ERP
systems provide separate modules for financial management, accounting, human
resources, manufacturing, order processing, supply chain management, project
management and customer relationship management. Functionality through modules
facilitates transparency and enables changes in parts of the system without having to
change the entire structure of the system. It also supports expansion of activities since
modules and functionality can be added progressively. Furthermore, ERP systems are
characterized by a client-server architecture, in order to centralize the storage of
applications and computations and to decentralize the presentation. (Magnusson, 2008)
ERP systems can improve the quality of decisions and streamline existing business
processes in a company. Real time monitoring and access to information about the
business processes provide decision makers with information that facilitates rational
decisions. In order to optimize existing processes within a company, the ERP system
must fit within the existing business process. Hence, either the ERP system or the
existing business processes need to be adapted. (Light and Papazafeiropolou, 2004)
9

3.2 ERP systems for small and medium-sized enterprises
European Commission (2005) defines small and medium-sized enterprises (SMEs) as
enterprises with a headcount of annual workers between 10 and 250, an annual turnover
between 2 and 50 million euro and an annual balance sheet total between 2 and 43
million euro.
The selection and acquisition process of ERP systems are particularly critical for SMEs.
Selecting an ERP system to be acquired is an extraordinarily decision that will remain
for 10-15 years in average. The decision entails a long term impact on the organization
and the risks associated with acquisition and implementations of ERP systems are
usually higher for SMEs than for large enterprises. SMEs often lack essential human,
technical and economic capabilities and resources, which inhibits the selection and
implementation of ERP systems. This causes some SMEs to use unprofessional sources,
for example inputs from friends, customers and suppliers as basis for decision making.
At the end of 2009, over 30 percent of the medium-sized companies were operating
without proper ERP systems. (Van der Vorst, 2012)
If a complete match between the functionality of an ERP system and the business
processes of an SME cannot be achieved, either the ERP system or the business
processes needs to be modified (Ojala, 2006). Van Stijn and Wensley (2005) conclude
that the need for change in either the business processes or in the ERP system
functionality during the implementation of an ERP system is underestimated. The ERP
selection process entails a compromise between the current business processes of an
SME and standard procedures of an ERP system. Since SMEs often lack resources for
in-house development they are forced to select and implement a commercial-off-theshelf (COTS) ERP system that supports the current business processes in the most
accurate way possible. COTS is a category of software that is more or less pre-specified
and ready to be installed and implemented. For an SME to find the most accurate COTS
ERP system, an in-depth analysis of the existing business processes and procedures in
the company is critical (Van Stijn and Wensley, 2005).
Olhager and Selldin (2003) claim that ERP projects are costly and should be considered
as a high risk investment for SMEs that often lacks critical human, technical and
economic capabilities. Investment in an ERP system is significantly higher for SMEs
compared to large companies in terms of share of turnover (Van der Vorst, 2012). Even
if ERP acquisition entails high risks and costs, SME managers tend to be aware of their
dependency on powerful IT solutions and that an ERP system is critical for the success
of the company. Furthermore, there is a significant rise in demand for ERP systems in
the SME segment due to the fact that the majority of large companies already have
adapted to ERP systems. Many developers of ERP systems have started to search for
new customers in the SME segment (Caruso, 2005).
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3.3 Acquisition of ERP systems
Acquisition is a process initiated by a company in order to acquire a product or a service
from one or several external suppliers. It involves feasibility studies and establishing of
user requirements. The requirements are communicated to an external part; a possible
vendor, and negotiation is established (Verville, 2002). Light and Papazafeiropolou
(2004) highlight the most common motives for acquiring new ERP systems:
Strive for standardization
To manage problems with current system
To avoid high costs related to in-house development
To acquire a system that is tested and ready for delivery
To access deeper knowledge and experience
To disembarrass integrated solutions
To achieve best practice
Focusing on the acquisition process before making a significant investment can reduce
the associated financial risk and optimize the benefits of the new ERP system.
According to Verville (2003) the acquisition process of an ERP system can be divided
into six phases: planning, information search, selection, evaluations, choices and
negotiation. The six phases are illustrated in Figure 1. When an enterprise has detected a
possible need of change, a planning process with the purpose to create a basis for
decision making is initiated. The planning phase involves a review of the current
situation and establishment of a desired target to work against. The intention is to create
a knowledge base that can be used to make informed decisions regarding control of
operations in the company. Therefore it is important to make an adequate assessment
regarding the need of change before choosing a particular solution. The key is to
investigate the requirements for change and then proceed to try to find solutions.

Figure 1. The acquisition process of an ERP system.
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The planning phase is iterative and recurs consistently throughout the acquisition
process. It is accompanied by the information search phase, where organizational
requirements are determined, specified and clarified. The requirements are summarized
in a list, providing an overview of information regarding existing business processes.
Also, the information search phase comprises a search for potential ERP vendors that
can provide a solution to the need of change. A request for proposal is sent to the
selected vendors. Based on the answers to the request for proposal that the company
receives, the potential vendors are evaluated and discarded until only one is left.
(Verville, 2003)
Since the relation to ERP vendors more similar to a partnership rather than a buyerseller situation, it is important for an enterprise to select a vendor with long term
intentions and an understanding of the requirements of the enterprise. Because of the
lock in effects and dependence that characterizes the acquisition of an ERP system the
size and financial status of ERP vendors are also essential selection criteria. A relation
with the vendor and proper selection management can contribute to a successful
negotiation phase, in order to optimize the implementation of the ERP system.
(Verville, 2003)
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4. Theoretical framework
This chapter presents the theoretical framework of the thesis, which includes Contextual
Design, Customer-Centered ERP Implementation (C-CEI) method and acquisition of
requirements.

4.1 Contextual Design
Contextual Design (CD) is a collection of user-centered techniques and methods for
integrated design (Beyer, 1998). CD emphasizes contextual data gathering from users as
the base criteria for deciding how a system should be structured for a specific work task.
The concept of CD focuses on users and their work and the future work is considered
the core design problem. The method is well documented and used frequently in the
user-centered design domain. CD includes techniques for the design team to gather data
and learn about the work of users in their natural work contexts. The technique for
gathering user data in CD is called Contextual Inquiry (CI), a field data collection
technique, described in the section below. CD includes five different work models that
use the collection of contextual data to model the details of work tasks. (Beyer, 1998)
CD offers some advantages over other customer research methods. The data that is
produced by CD is more reliable and detailed compared to data from surveys or
questionnaires. Information that has been traditionally difficult to find, for example
work processes that the user is not consciously aware of, can be revealed by using CD.
The method can also manage complex and large amount of user data without losing
individual details by providing the design team with an understanding of common
structures and patterns. (Beyer, 1998)

4.1.1 Contextual Inquiry
Contextual Design starts with Contextual Inquiry (CI), which is a combination of
focused interviews and observations with users. CI consists of techniques that will help
the researcher to gain a better understanding of the working environment of users and
their needs. The techniques are supposed to be used in the master/apprentice model
where the researcher is supposed to take an apprentice role in the interview and learn
the way users process their work tasks. This creates an optimal situation for the
researcher to learn about work routines and common problems of users. CI has four
techniques for conducting a successful interview: context, partnership, interpretation
and focus, which are described below. (Beyer, 1998)
The context aspect of CI is to execute interviews in the natural work environment of the
users and investigate how work is carried out in their natural contexts. The technique
provides the researchers with individual user data instead of a generalized summary of
how a work task is carried out. The aim is to enhance the memory thus preventing
interviewees from forgetting important details, which can occur if the interview is
13

conducted outside the work environment. The partnership technique is intended to
create collaboration between the researcher and the interviewees. The user provides
knowledge about their work processes and the researcher captures patterns and structure
in the work. If a redesign idea occurs, they can be discussed immediately during the
meetings. This will help the researcher to reveal unspoken knowledge and intents of
users. The interpretation technique emphasizes that the collected data from interviews
need to be interpreted by the researcher in order to ensure the data is correctly
understood. The focus technique highlights the need of focus for the collection of data.
During the interviews, the researcher needs to steer the interviewee to a specific work
task and avoid that the user diverts from the focus. (Beyer, 1998)

4.1.2 Interpretation session
In an interpretation session the researcher processes the data from a single interview
with the design team in order to develop a shared understanding of the user. The session
is an efficient way to achieve a shared perspective on the design problem from multiple
perspectives. It also provides a way to involve all team members into the data
processing. An interpretation session starts with a review of the interview, where the
design team can ask question, and record issues and design ideas. By developing a
shared understanding of the data within the design team many desirable benefits can be
achieved. For example the data becomes more detailed when the researchers have to
recall their memories to answer questions regarding the interview. Furthermore, the
session provides a multiple perspective on the design problem since all team members
contribute to the understanding of the user. During the interpretation sessions, work
models, based on the gathered contextual user data, is produced. The work models of
CD are described in the section below. (Beyer, 1998)

4.1.3 Work models
CD covers five different types of work models that can be seen as a graphical
representation of key work practices that provides a coherent understanding. Each
model has its own concept of representing aspects of the work of users. The work
models are produced in order to describe the work of users in a coherent diagram. The
models represent the most important aspects of work that are critical for the design
team. They also provide a visual representation of the common understanding of the
gathered user data that can be shared in the design team. The five types of work models
are flow model, sequence model, artifact model, cultural model and physical model. The
models are described in the section below. (Beyer, 1998)
Flow models represent all communication and coordination of users necessary to
accomplish work tasks. It takes the point of view of a particular user into account and
the key issue is to define work roles and to identify the communication between roles
that is needed to complete the work tasks. Coordination, strategy, roles and informal
structure are key findings in a flow model.
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Sequence models represent the sequence of actions that users perform to complete their
work. The purpose is to understand the intents of users in order to propose an
improvement of work practices. The actions can be changed and work can be made
more efficient as long as the underlying intents are fulfilled. Sequence model contain
overall intents of sequences and triggers than initiate the sequence and the steps needed
to finish it. The sequences can be studied at different levels of detail.
Artifact models are drawings or photocopies of tangible objects that are used by users in
order to complete their work tasks. The artifact models can reveal assumptions,
concepts, strategies and intents that guide the users in their work. Artifacts are
manipulated in the sequence model and passed between people in the flow model. The
structure of the artifacts; how they are arranged into parts and how parts interact, shows
the conceptual distinction of the work.
Cultural models are based on the idea that work takes place in a cultural context which
entails expectations of users and organizational policies and values that affect the
approach to the work by users. They are essential to consider when designing systems
that are intended to support work in a cultural context.
Physical models describe the physical environment that either supports or prevents the
work of users. By modeling the place where work occurs, the researcher is able to
identify structures and artifacts that influence work. The impact of the physical
environment on work can then be analyzed to show why a work task is carried out in a
particular way. (Beyer, 1998)

4.1.4 Building an Affinity diagram
An Affinity diagram brings together data from individual users into common patterns
and structures related to work practices. It gives designers a feeling for common
approaches to work tasks by the interviewees. The aim is to give an insight from all
users without losing individual varieties. An Affinity diagram is produced from post it
notes, representing individual findings that were captured during the interpretation
sessions. The post it notes contain common issues and key elements in work practice
that are relevant for the design process. The accumulated post it notes are put on a wall
and organized in groups according to similar issues. The groups reveal themes in the
data. A hierarchical color scheme is used, where green labels represent a whole area of
concern, pink labels represent issues that define the area of concern and blue labels
describe a specific aspect of the issue. The hierarchical structure of the Affinity diagram
helps the design team to identify similar primary data that corresponds to a specific
issue in work practices. The Affinity diagram provides an overall picture of the design
problem. By reading the diagram designers will identify key issues in the design process
while the diagram reveals primary data that contributed to the findings. (Beyer, 1998)
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4.1.5 Walking of the Affinity diagram
Walking of the Affinity diagram is a process that takes place when the Affinity diagram
has been produced. The idea is that the design team will explore the data in detail, in
order to become familiar with it and to think of different ways to respond to it. When
the design team has understood the data it will start to find solutions to the problems
that are raised in the data. By reviewing ideas of the team members and how they react
to the data in the Affinity diagram, the team will start to build a shared sense of how to
respond to the problems. The team will be able to generate a set of goals by making a
list of the most important issues. The list is used in the subsequent activity: visioning,
which is described in the section below. (Beyer, 1998)

4.1.6 Visioning
A vision is a representation of how new concepts can better support work practices of
users. The vision describes the new work practices from a user point of view. It includes
possible changes in technology, underlying business roles and processes. The vision
should represent the big picture of what the system could do to. The design team starts
by reviewing the data in order to identify key issues and opportunities. Then a group
session is held, where the members of the design team incorporates their individual
ideas into a coherent story of a redesigned system. The vision shows how users
accomplish their work tasks and the communication between them. (Beyer, 1998)

4.2 Customer-Centered ERP Implementation method
The Customer-Centered ERP Implementation method (C-CEI) is a multidisciplinary
method for requirement engineering that focuses on defining the most important system
requirements and process change areas by an extensive analysis of processes. The
method is developed for SMEs to provide an in-depth understanding of their business
processes and context of use, in order to be able to select and implement an appropriate
ERP system and to improve the system acceptance by employees. C-CEI consists of
three phases: Operational analysis, Contextual analysis and Risk analysis. Each analysis
phase produces a document that can be exploited when an ERP system is selected,
implemented and used. The first analysis phase is Operational analysis, which seeks the
most important ERP system requirements by collecting background information
regarding strategies and business goals of a company. The information can be both
qualitative and quantitative, for example requirements of processes can be described in
terms of volumes and frequencies. The second phase is Contextual analysis, which
focuses on the context of use. It is based on Contextual Design, described in the
previous section. The last analysis phase is Risk analysis, which defines the most
essential risks for the ERP project. The risks are analyzed systematically according to
their probability and consequence. The three analysis phases of C-CEI are illustrated in
Figure 2. (Vilpola, 2007)
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Figure 2. Customer-Centered ERP Implementation (C-CEI) method.

4.2.1 Operational analysis
Operational analysis focuses on the current operations of a company. The purpose is to
find critical activities and deviating practices that have a significant impact on the
selection of ERP systems and to emphasize requirements engineering. Since most ERP
systems have common functionality for routine operations, the targeted activities and
operations are considered more critical than routine functionality. The critical activities
and deviating practices are analyzed in detail in the Contextual analysis. Operational
analysis describes the current business processes (As-Is model), with respect to related
problems and development needs. Moreover, it defines future business processes (ToBe model) which are the most important changes that are intended to be made in
company processes and information management. An Operational analysis is performed
by arranged group interviews and iterative evaluation of ERP system requirements. It
begins with collection of background information: company strategy, business goals,
operations and capability development. Interviews with board of executive officers are
carried out, with the purpose to reveal business needs and targeted operations that need
to be developed. (Vilpola, 2008)
The interviews with representatives from the board of executive officers cover basic
process information and quantitative information; volumes and frequencies, for example
number of personnel, working hours, amount of purchases and material usage. The
descriptions of the processes that are revealed during the interviews are compared with
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the functionality of ERP systems in order to find processes and information processing
requirements that deviate from the standard functionality of the ERP systems. The core
question is whether a company adapts to the requirements caused by the operational
model of the ERP system or if the company keeps its current operational model and
require an ERP system to adapt to it. The areas where the company wants to keep their
practices and processes are considered prioritized ERP systems requirements. The result
of the Operational analysis is a document with business objectives, current business
model, operations, personnel and prioritized ERP system requirements. The document
can be send over to potential ERP vendors. Critical activities and deviating practices
that were identified in the Operational analysis are investigated in Contextual analysis,
described in the section below. (Vilpola, 2007)

4.2.2 Contextual analysis
In order to reach a complete understanding of the operational model, the interviewees
need to be objectively observed while they carry out their work tasks. By applying
Contextual Design, a deep understanding of the context of use can be achieved. Users,
work tasks, devices, physical and social environment and culture and organization of a
company affect the implementation of an ERP system. In order to conduct a Contextual
analysis, a focus and target users are needed. Typically the focus is the critical activities
and deviating practices that were identified in the Operational analysis. In the
Contextual Inquiry process, target users are observed and interviewed in their real
working environment, with respect to the focused task, sequence or process. The
information collected by the Contextual Inquiry is analyzed by producing five work
models: flow model, sequence model, artifact model, cultural model and physical
model. The models highlight different aspects of work, and the knowledge gained from
them need to be consolidated and transferred from individual to organizational level,
one by one. The observations from the Contextual inquiries are written down on
separate post-it notes, which are grouped in an Affinity diagram in a group work session
with stakeholders. The groups of notes are formed in clusters with different headings,
which show the different challenges of the context affecting the selection of ERP
system. The result of the Contextual analysis is requirements of the context for ERP
system implementation process, and development ideas that should be implemented by
the organization. (Vilpola, 2005)

4.2.3 Risk analysis
Risk analysis in C-CEI includes four phases: identification of risks, categorization of
risks, assessing risks and planning risk management operations. Identification of risks is
made in the Operational analysis and the Contextual analysis phases. The risks are
categorized with respect to their occurrence in certain phases of the implementation:
selection, implementation and usage. The assessment of risks is made in a group
workshop, where different interpretations of the risks are discussed and probability and
consequence of each risk is assessed on a scale from one to five. The probability and
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consequence are multiplied into a risk value, which is a quantitative measure of a
certain risk. Planning risk management operations decide what risks must be actively
prevented from occurring and the risks should be re-evaluated during the ERP project.
The key is to make a complete analysis without neglecting company specific details.
The Risk analysis document should be comprehensible enough to enable evaluation of
the analysis at every stage of the implementation. (Vilpola, 2008)
Implementation, maintenance and development are essential when considering a
selection between potential ERP systems. The risk management process should start
early in the project and should be based on information from several departments. The
risk management should be seen as a continuous process through the whole project.
(Ojala, 2006)
Sumner (2000) identifies failing to redesign business processes and insufficient training
as the most common risk factors associated with implementing an ERP system.
Insufficient internal expertise to manage the ERP system and lack of senior
management support are also common risk factors related to management structure and
strategy. Ineffective communications and lack of sensitivity to user resistance are
common risk factors related to user involvement and training. In terms of software
system design, failure to adhere to standardized specification which the software
supports and lack of integration are considered the most common risk factors.

4.3 Requirements
A requirement is defined by IEEE (1998) as “a statement that identifies a product or
process operational, functional, or design characteristics or constraint, which is
unambiguous, testable or measurable, and necessary for product or process acceptability
(by consumers or internal quality assurance guidelines).” The requirements should be
traceable, manageable, and should have a clear, single understanding, common to all
parties involved. A requirement can both define the product that is built in response to
the requirements and the processes for using the things that are built (IEEE, 1998).

4.3.1 Types of requirements
Requirements can be divided into functional and non-functional requirements, design
restrictions and normal, expected and sensational requirements. Functional requirements
state what the system should do, often described by the functions that the system should
perform. A common way to express a functional requirement is to specify input and
expected output. Non-functional requirements describe how the system should work.
The non-functional requirements complement the functional requirements by describing
the quality attributes of the system; usability and performance. Design restrictions are
guidelines for development that need to be fulfilled by the vendor since they are decided
by the customer. A typical design restriction is for example a specific programming
language. Normal requirements are pronounced and commonly made by users. If
normal requirements are fulfilled, the user is satisfied, otherwise unsatisfied. Expected
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requirements are so obvious for the customer that they are never mentioned. They are
often trivial and since they need to be interpreted, there is a risk they are missed by the
requirement engineer. Sensational requirements are most difficult since they are neither
pronounced nor expected. Yet, the user is satisfied if they are fulfilled. A sensational
requirement is often a function or benefit that the customer did not know was possible
(Eriksson, 2008).

4.3.2 Prioritization of requirements
The purpose of prioritizing is to find the most significant requirements. The
prioritization should be based on the value it creates for the organization or for the
users. There are several reasons to why it is important to make the right priorities.
(Eriksson, 2008)
For project management, prioritizing is a valuable help in the planning of what
functions should be delivered in what version of the system. The requirements that give
the most value for the money are important to identify since there is never enough time
to meet all requirements. Important requirements can be implemented early and other
can and should be postponed to the future. A systematic prioritization makes it easier
for the project manager to assign the right amount of resources to the requirements. An
important requirement can be given more resources, though only if it is a definite
requirement. (Eriksson, 2008)
For developers and vendors, the prioritization indicates what is most important for the
customer. This increases understanding and ensures that the developer spends time on
the prioritized functions and avoids spending time on less important requirements. If the
system is to have many users it entails a risk of poor performance. If the system is
developed with new technology it entails a risk of many bugs. In many developing
methods, the value of solving the biggest risks early is emphasized. If the risks are
discovered too late, they may be impossible to solve. By prioritizing each individual
requirement, it is possible to identify the expected requirements that are not specified by
the client. (Eriksson, 2008)
When prioritizing requirements, conflicting priorities can occur. A way to solve the
problem of conflicting priorities is structured prioritization. Good prioritization
techniques facilitate the understanding between different roles in the company. This
reduces the risk of conflict. By prioritizing what functions to be implemented, and in
what order, facilitates testing. If the tests are not taken into account in the prioritization,
it might be difficult to test the system until it is complete. When errors are detected too
late, they lead to unnecessary costs. The prioritization of requirements can be made by
using a value scale. One way to approach the prioritization process is to go through all
requirements one by one and state the priority for each. The most common prioritization
is the three-point scale: must, should and could. Each requirement is defined depending
if it is absolutely necessary, if it should exist or if is a requirement that is good to have.
(Eriksson, 2008)
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5. Design of study
This chapter presents the design of the study, which includes two parts:
A theoretical analysis that gives incentives to propose a further developed
method that can be used by an SME to produce ERP requirements.
An initial evaluation of the feasibility of the developed method by executing a
case study.

5.1 Theoretical analysis for method development
Previous research about Enterprise Resource Planning (ERP) systems and small and
medium-sized enterprises (SMEs), which was presented in Chapter 3, shows that SMEs
often lack the competences and resources for in-house development of ERP system.
Most often they have to acquire a standardized ERP system that is Commercial-off-theshelf (COTS). The problem with COTS ERP systems is that they have standard
solutions that might not fit the current business processes of a company. The selection
of a COTS ERP system is almost always a compromise between the current business
processes of the SME and standard procedures that characterize the ERP system. The
main goal for a SME is to make this compromise as small as possible, which means
selecting the ERP system that best matches its own needs. A way to identify and
document the needs is to produce an ERP requirements specification.
The Customer-Centered ERP Implementation (C-CEI) method, introduced in Chapter 4,
is a multi-disciplinary method for selection and implementation of ERP systems, which
includes specifying ERP requirements. The three analysis phases: Operational analysis,
Contextual analysis and Risk analysis give an in-depth description of critical business
processes and requirements that an SME has on an ERP system. By using the method
the requirements are built up with a broad spectrum of inputs that reaches from the top
to the bottom of the organization hierarchy. The purpose of the method is to prepare an
SME for selection and implementation of an ERP system.
A potential problem with the Contextual analysis in C-CEI is the Contextual Design
process that can be considerably time consuming and resource demanding (Holtzblatt,
2004). For an SME with limited resources, this can be an argument against taking
contextual requirements of employees into account. A method that enables a smaller
team, working on a narrower time span would make the Contextual analysis more time
efficient and less resource demanding for an SME. This would remove the argument
against performing a Contextual analysis since it enables an SME with little resources to
produce contextual ERP requirements. In order to compensate for the deficiencies of
Contextual Design, this thesis will propose a further development of the C-CEI method.
The proposed method is described in detail in Chapter 6.
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5.2 Evaluation of the further developed method
In order to evaluate the feasibility of the further developed C-CEI method, a case study
of an SME in need of producing ERP requirements for a new ERP system will be
executed. The aim is to investigate whether the developed method can be applied by an
SME to produce ERP requirements that can be used by the studied organization in the
acquisition process of an ERP system. The acquisition will be imitated by selecting
potential ERP vendors based on the ERP requirements produced by the further
developed method. Case studies can be defined as “a strategy for doing research which
involves an empirical investigation of a particular contemporary phenomenon within its
real life context using multiple sources of evidence” (Robson, 2002). In a case study,
the boundaries between the phenomenon being studied and the context within which it
is being studied are not obvious (Backman, 1998). In contrast to statistical methods,
which study a few aspects in many objects, case studies examine a few objects in a
variety of aspects (Yin, 2003). Case studies have the ability to answer “why”, “what”
and “how” questions, hence case studies are typically used in explanatory and
exploratory research. Data is gathered from various techniques: observation,
documentary analysis and questionnaires, and they are often combined (Saunders,
2009). The acquisition process of an ERP system is a considerably complex process
involving many immeasurable factors and the conditions for evaluating the ERP
requirements are difficult to define. A case study offers a way to initially evaluate the
further developed method in several aspects within the time frame of this thesis and to
describe how the method can be used.
Case studies usually involve real people in a real world situation, which facilitate the
communicating of findings that might otherwise be abstract and impersonalized. They
can provide a valuable way of investigating and challenging existing theory and
enhance new research questions (Eriksson and Wiedersheim-Paul, 2006). The further
developed method is proposed as an alternative to the existing C-CEI method and the
findings from the evaluation of the further developed method can be communicated by a
case study. They can also create incentives for further research questions in the field of
SMEs. Furthermore Bryman (2011) argues that the results that are produced in a case
study can provide incentives for further research in the field or connections with past
results. This is seen as strength since the case study can provide scope for further
research.
On the other hand, case studies require access to multifaceted and detailed information
about the process being studied. This can lead to access problems, where an investigator
with little experience of the area of subject have difficulties in deciding what
information is important, how data will be collected, which persons can provide
important information and how the collected data should be interpreted. In other words,
access to several key personnel and thorough knowledge about the organization being
studied are critical for the reliability of a case study. (Eriksson and Wiedersheim-Paul,
2006)
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Case studies can be strategically distinguished in single case or multiple case and
holistic case or embedded case. A single case strategy is used for critical, extreme or
unique cases, where few have considered the phenomenon before. The multiple case
strategy aims to determine whether the findings of the first case occur in other cases and
if a generalization is needed. A holistic case study treats the organization as a whole
while an embedded case study examines sub-units within the organization (Yin, 2003).
With respect to the time frame of this thesis, a single case strategy is chosen. Choosing
a single case strategy is at the expense of generalizability. Bryman (2011) claims that if
a case study is not selected randomly, a generalization will be difficult as a
consequence. On the other hand, a single case strategy offers an in-depth analysis in
order to provide an understanding of how the further developed method can be used by
an SME. The in-depth analysis can also create scope for further research in order to
adjust or modify the method. The case study is described in Chapter 7.
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6. Further development of the C-CEI method
In order to further develop the C-CEI method in accordance to the discussion in Chapter
5, a proposal from the authors is to replace the Contextual Design process in C-CEI
with Rapid Contextual Design in the Contextual analysis phase. Rapid Contextual
Design is an attempt to make Contextual Design process less resource demanding and
more customizable. Rapid CD offers a way for the design team to focus on the most
efficient CD processes and to skip some steps that are considered less important
considering the particular design process and limitations of time and resources
(Holtzblatt, 2004). This chapter will propose how a further development of the C-CEI
method can be accomplished by applying Rapid CD and how the developed method can
be used by an SME to produce ERP requirements. The further developed method is
illustrated in Figure 3.

Figure 3. The further developed C-CEI method.

6.1 Rapid Contextual Design
Rapid Contextual Design is a practical and fast-paced framework for the Contextual
Design process, modified to work on a project with a tight time schedule. Rather than
just offering a shorter and faster version of CD, the Rapid CD processes focuses on how
user data can fit into existing habits, processes, job descriptions and schedules of a
company. User-centered design is considered rapid if it can be fitted within existing
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structures, expectations and development processes of the designers of the system.
Rapid CD can be seen as a how-to companion of the original CD methodology. It helps
the design team to choose the most valuable techniques from the customer-centered
design process depending on the available resources and goals with the project.
Depending on the scope and characteristics of the project, different Rapid CD processes
can be applied. The core process is divided into three configurations, which are
described in the section below. (Holtzblatt, 2004)

6.1.1 Design processes
Requirements gathering and design processes take time, which have been a driving
force in system design. Even if companies want to include users in their design
processes they do not want to add significant time on the process. Organizations also
want to use their existing methodologies and practices and the key question is how a
user-centered design technique can be included within these processes. Rapid CD
contains three different design processes for gathering user data: Lightning Fast,
Lightning Fast Plus and Focused Rapid CD, which can be selected depending on the
type of project. The time frame of a Rapid CD process depends on the number of
Contextual inquiries, people working simultaneously on the project and size of the
project. If a project involves particularly complex business processes, it will take longer
time to redesign systems to support them. Also the number of stakeholders that the
design team needs to communicate with affects the time frame of a Rapid CD process.
Lightning Fast is the Rapid CD process that offers the shortest time frame. It takes one
to four weeks to conduct depending on how many interviews that are needed. Between
four and twelve interviews is a reasonable number within the given time frame. These
strategies will include Contextual Inquiry with interpretation, building and walking of
Affinity diagram and visioning from the original CD concept. The methods will
characterize the projects user population and vision a solution. It is customized for a
project that is interested in identifying the key issues of a system in a rapid manner.
Lightning Fast does not include any work models, as the other two Rapid CD processes,
entailing that no new design will be developed. Hence, time consuming activities:
storyboarding and paper mock-up interviews with interpretation are not necessary
during the process. Personas, which are not included in the original CD, can be
produced in the process, however they can extend the time frame of the project.
The second process of Rapid CD is Lightning Fast Plus, which takes four to eight weeks
to conduct and is suitable for six to twelve interviews. This Rapid CD process extends
Lightning Fast by adding paper mock-up interviews with interpretation, which includes
producing a paper prototype of the proposed system and testing it with users. This
process is suited for design projects that are straightforward with simple fixes and not
highly task focused. Web pages and reporting interfaces are examples of where
development of interfaces can be done without the need of a storyboarding, which is a
process that is not included in Lightning Fast Plus.
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Focused Rapid CD is the most profound process of Rapid CD. It takes six to ten weeks
and is suitable for eight to twelve interviews or more. Focused Rapid CD includes all
the processes of Lightning Fast Plus and adds sequence models with consolidation and
storyboarding. Sequence models provide a comprehensive task analysis and
storyboarding contributes to the design work. Work models: physical model and artifact
model can also be captured during the interviews, however the key model is the
sequence model that will capture the task representation of the user. Key concepts that
the Rapid methodology finds important to find during an interview is breakdowns,
triggers, and intents Breakdowns are events that prevent users from accomplishing their
tasks. Triggers are events that prompt users to start a new task and the underlying
purposes of the work are the intents of the user. The big picture models: flow model and
cultural model from the original CD are not included in Rapid CD since they are
considered time consuming. Sequence models are considered preferable since they
provide detailed descriptions of a work task that can drive the Focused Rapid CD
process. Focused Rapid CD is the most suitable process for developing and designing
new features in systems. A summary of the three Rapid CD process is presented in
Table 1. (Holtzblatt, 2004)
Table 1. Summary of the Rapid CD processes.

Rapid CD Process
Contextual inquiries with
interpretation
Sequence models with
consolidation
Affinity diagram
Walking of the Affinity
diagram and visioning
Storyboarding
Paper mock-up interviews
with interpretation

Lightning Fast
(1-4 weeks)
4-12 users

Lightning Fast
Plus (4-8 weeks)
6-12 users

Focused Rapid
CD (6-10 weeks)
8-12 users

Not included

Not included

Included

Included
Included

Included
Included

Included
Included

Not included
Not included

Not included
Included

Included
Included

6.1.2 Personas
In addition to the basic Contextual Design, Rapid CD use the technique personas
popularized by Alan Cooper (1998) to describe typical users of the system. A Persona is
a short textual description of a typical user of the system and is built by elements from
several users who share a common work tasks. The Personas is a good way to
communicate and share an understanding of a user group during the CD process. By
giving the Persona a real name and a photo that describes the characteristics of the user,
the team can communicate the needs of the users as if they were real persons. This helps
developer and designers that are not involved in the data collection, to focus on the
needs and characteristics of the users of the future system. Personas can be used in any
of the three Rapid CD processes. (Holtzblatt, 2004)
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6.1.3 Advantages with applying Rapid CD to the C-CEI method
In chapter 5 a further development of the C-CEI was discussed in order to solve
potential problems with the time consuming and resource demanding CD process which
may not fit an SME with limited resources to spend on producing ERP requirement. In
order to further develop the C-CEI method such that it can be applied by small and
medium-sized enterprises, a proposal is to replace Contextual Design with Rapid
Contextual Design in the Contextual analysis phase. As described in the section above
Rapid CD offers a faster and less resource demanding way to produce contextual
requirements than CD by decreasing the amount of work models and processes, which
allows a smaller team to work within a tight project scope and narrow time frame. The
characteristics of Rapid CD make it a good match with the needs of an SME, providing
a less resource and time demanding method to produce ERP requirements.

6.1.4 Selection of Rapid Contextual Design process
As shown in previous section, Rapid Contextual Design contains six main phases:
Contextual inquiries with interpretation, sequence models with consolidation, Affinity
diagram, Walking of the Affinity diagram, visioning, storyboarding and paper mock-up
interviews with interpretation. In Rapid CD, sequence models with consolidation,
storyboarding and paper mock-up interviews are not mandatory activities, while
performing Contextual inquiries, building an Affinity diagram, performing a Walking of
the Affinity diagram and visioning are essential. Since this method is constructed in
order to encourage design thinking rather than producing an ERP requirements
specification some steps can be skipped or modified in order to make the process even
more efficient and less resources consuming for SMEs. The Contextual inquiries with
interpretation are an obligation to gather contextual data from the organization to the
following work process. The interpretation is also critical in order to give the team a
common insight of the whole organization. The next process is sequence modeling,
which is used for representing the ordered steps that a user performs to do a specific
task. This order of steps is in many cases dependent of how the current system that
support the users work is designed. Hence, producing sequence model are neglected in
the developed C-CEI method since they are considered to consume more resources than
the value they give to the ERP requirements. The next phase in Rapid CD is building of
the Affinity diagram and Walking of the Affinity diagram, which are structured ways to
work with the contextual data by organizing them in categories. Observations from
Contextual inquiries with many interviewees are diverse and have different character,
hence sorting them in an Affinity diagram provides a way to produce ERP requirements
in an organized manner.
Storyboarding and paper mock-up interviews are primarily made for encouraging design
thinking, thus they are not considered relevant for producing requirements for a COTS
ERP system, that already has standard procedures for common work tasks. These
phases are therefore neglected in the developed C-CEI method.
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In order to produce ERP requirements by using less time and resources than the original
method, only the most suitable concepts from Rapid CD are selected in the further
developed method. Consequently Lightning Fast, that takes 1-4 weeks and contains
Contextual Interviews with 4-12 users, is considered the most suitable Rapid CD
process for producing an ERP requirements specification for an SME. The selection of
Lightning Fast as Rapid CD process for the developed C-CEI method is summarized in
Table 2.
Table 2. Selection of Lightning Fast as Rapid CD process for the developed C-CEI method.

Rapid CD Process
(Lightning Fast)
Duration

Appliance

Motivation

1-4 weeks

Contextual Inquiries with
Interpretation
Sequence Model with
Consolidation
Affinity diagram
Wall Walk and Visioning

4-12 users

Storyboarding

Not
included
Not
included

Depending on the amount of
Contextual inquiries
To gather and interpret contextual
data
Time consuming, dependent on
current context
To organize contextual data
To gather contextual ERP
requirements
Used for design purposes

Paper Mock-up Interviews with
Interpretation

Not
included
Included
Included

Used for design purposes

6.2 Rapid Contextual analysis
This section describes how the Lightning Fast process that was chosen in the previous
section is implemented in order to produce ERP requirements for an SME. Lightning
Fast contains four main subsequent activities: Contextual inquiries with interpretation,
building of the Affinity diagram, walking the Affinity diagram and visioning. The
ultimate goal of the Rapid Contextual analysis of the developed C-CEI is to produce an
ERP requirements specification of contextual requirements. However since all the
Lightning Fast activities produces contextual data, the specification can be
complemented with the contextual findings from the preceding and succeeding
activities. A requirements checklist can be long and comprehensive, and some critical
contextual data may be overlooked while producing the specification. Complementing
the ERP requirements specification with Personas, key issues and vision can contribute
to a more intelligible and profound ERP requirements specification that is easier for the
SME to understand and use in the acquisition process. Also, the complementary
activities can enhance the requirements. A proposed workflow scheme of the Lightning
Fast process and how the ERP requirements are produced is represented in Figure 4.
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Figure 4. Illustration of the application of Lightning Fast to produce ERP requirements

6.2.1 Contextual inquiries with Interpretation
The first Rapid CD process in the workflow is Contextual Inquiries with Interpretation
which is an essential way to start in both Contextual Design and Rapid CD. The
Contextual inquiries consist of interviews with individuals that represent a particular
work role in the organization. Each Contextual Inquiry is interpreted within 48 hours
with the design team in order to capture important observations and key issues on
affinity notes regarding current flaws and work procedure that can be valuable while
producing requirements for a new ERP system. After all inquiries has been carried out,
Personas representing important individual work roles are written in order to
complement the ERP requirements specification with a description of the goals and
intents of the individual employees, that represents possible users of an ERP system.
Personas are originally purposed to create vivid descriptions of possible users of the
software in software design. The aim with using Personas in Contextual ERP
requirements is to enhance the common understanding of the unique individual goals
that characterizes an SME and to take the individual variety into account. Also, since
the ERP requirements specification contain work roles, Personas help possible ERP
vendors to understand the origin of the requirements and consequently the intents of
employees.
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6.2.2 Building the Affinity diagram
The accumulated Affinity notes from the Contextual inquiries process are used in the
Rapid CD process: Building the Affinity diagram. This process works by all the affinity
notes are put on a wall and categorized into an Affinity diagram. The affinity notes,
representing individual contextual data, are grouped together in a bottom-up manner
according to common issues and key elements in work practice. An affinity note is
represented by a yellow label. When the affinity notes have been grouped together, they
reveal a common theme that is represented by a blue label. The blue labels are then
grouped together according to the area of work practice they represent, where each
group of blue labels is represented by a parent pink label. The hierarchy of labels is
illustrated in Figure 5.

Figure 5. Building of the Affinity diagram hierarchy.

6.2.3 Walking the Affinity diagram
When the Affinity diagram is built and reorganized, the Rapid CD process: Walking of
the Affinity diagram is carried out in order to produce the ERP requirements
specification. The Walking is executed by analyzing the blue labels and the affinity
notes subordinate to them one by one and producing one or several ERP requirements
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from them. The requirements from each blue label are labeled with the same category as
the parent pink label.
Furthermore, during the Walking of the Affinity diagram process, key issues that are
raised from the Contextual data are written down and saved in order to be used as data
in further Rapid CD process to come. The purpose of capturing key issues is to be able
to summarize the current contextual problems that arise from the contextual data
represented on the affinity notes. The key issues help to build a shared understanding of
the contextually dependent problems and needs that arises from the Contextual inquires
and how to respond to them. The list of key issues is then used in the next activity of
Lightning Fast, visioning, in order to find solutions to the problems.

6.2.4 Visioning
After the Walking of the Affinity diagram process, a Visioning process session is
performed in order to specify future work practices of the studied SME. The vision
represents the contextual vision of the SME and describes how the Contextual ERP
requirements should be fulfilled from the users’ point of view. The vision includes
possible changes in technology that comes with a change of ERP system and changes in
underlying business roles and processes. The purpose of using vision for producing ERP
requirements is to provide a way for the SME to compare its own vision with the logics
and procedures of potential ERP systems. The vision is based on key issues as well as
all gathered contextual data and provides a valuable complement to the ERP
requirements specification.

6.3 Operational analyis
Operational analysis is be the preceding phase to the Rapid Contextual analysis in the
further developed C-CEI method. Based on interviews with stakeholders, the
Operational analysis produces the prioritized ERP requirements, reflecting business
goals and company strategy. Also, the empirical findings from the Operational analysis
are summarized in the To-Be model. The prioritized requirements and the To-Be model
can be sent to potential ERP vendors. Furthermore, the interviews with stakeholders
reveal deviating practices and potential interviewees for Contextual inquiries, hence
providing scope for the Rapid CD analysis.

6.4 Risk analysis
During the Operational analysis and the Rapid Contextual analysis phases potential
risks associated with changing ERP system are identified. The risks are assessed in a
group workshop, where the probability and consequence of each risk is weighed on a
scale from one two five. The risk analysis is summarized in a risk matrix for risk
management.
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7. Case study
This chapter describes the execution of the case study. To begin with, the subject of
study is presented. Further, the method describes in detail how the case study was
executed from selecting interviewees to producing ERP requirements. The result
presents the empirical findings from interviews and inquiries and ultimately the ERP
requirements. The final part of this chapter analyses the execution and results of the
case study. Information presented in this chapter is based on interviews that were
carried out in the case study, unless otherwise indicated.

7.1 Subject of study
In order to be able to apply the developed method, an SME in need of a new ERP
system was found. The authors got access to a possible in-depth cooperation with a
medium-sized land and construction enterprise in Uppsala. The SME was chosen
because of two main reasons. Firstly, the SME expressed frustration about their existing
ERP system and were determined to acquire a new ERP system. Secondly, the SME
expressed a desire to investigate its own ERP requirements but lacked necessary
resources and knowledge to do it themselves. The SME that was chosen as subject of
study for the case study is called Svenska infra och anläggningsbyggarna AB, SIAAB.

7.1.1 Background information
Svenska infra och anläggningsbyggarna AB, SIAAB, is a land and construction
enterprise that conducts middle-sized infrastructure projects: roads, railways, ports and
dams. The company is also qualified for land and ground projects in logistics,
commerce and industrial establishment. Projects with a turnover up to 100 million SEK
are considered manageable and 20-30 projects are running simultaneously. The business
was founded in 2009 by Fredrik Skogehall, Karin Larsson and Bo Andersson. The
company has currently 66 employees and 10 hired consultants, including four project
directors, 12 project managers, marketing staff, administrational staff, measurement
technicians and skilled workers. The company is headquartered in Uppsala, with a local
office in Nyköping that serves the project areas around Stockholm. The majority of
employees are working at the project sites while ten employees are working
permanently at the office in Uppsala and five are working in Nyköping. The turnover in
2014 was 360 million SEK and the major goal of the company is to have a turnover of 1
billion SEK and a profit of 10 percent in 2018. Since the start in 2009, the company has
grown rapidly from a 120 million SEK turnover in 2011 to 360 million SEK in 2014.
Key factors for success are entrepreneurship, development and optimization of
production processes.
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7.1.2 Organizational chart
The organization of SIAAB is divided into four main levels. The Chief Executive
Officer (CEO) leads the company assisted by the Chief Business Development Officer
(CBDO) and CEO assistant. Marketing department explores the market in order to find
possible projects and calculates the costs and expected profit. Economy and
Administration department supports the projects and manages accounting, invoicing and
administrational tasks. Furthermore, SIAAB has a board of directors and a management
team, where the board of directors discusses strategic and economic issues and the
management team handles the operational parts, with the intention to make strategic
choices and decisions. The organization of projects, which generate revenue, is divided
into four construction sections. Skilled workers, machines and measurement technicians
are represented by their own sections and provide essential resources to the projects.
The organizational chart is illustrated in Figure 6.

Figure 6. Organization chart of SIAAB.

7.1.3 Organization of projects
The project organization is divided into four construction sections: 1st mobile section,
1st construction section, 2nd construction section and 3rd construction section. Each
construction section has a project director, who is responsible for all the projects that are
undertaken by the section. Each project has a project manager, who is responsible for
the economy of the project and skilled workers. Project managers perform follow-ups
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and prognoses according to the initial calculation in order to maximize the profit.
Project directors support project managers and send reports to the CEO. Both project
directors and project managers attest supplier invoices; verifies that a supplier invoice is
correct and valid. The organization of projects is illustrated in Figure 7.

Figure 7. Organization of projects at SIAAB.

7.1.4 Current ERP situation
The current ERP system that is used by SIAAB is Visma Administration 1000, which
has been used since the company was founded in 2009. It is primarily used for
accounting and follow-up of projects by presenting financial information of projects to
project managers, project directors, Board of directors and management team members.
The external invoice systems: LevDoc and Erip are integrated with Visma
Administration 1000 and are primarily used for management of supplier invoices.
SIAAB also uses Visma Lön 600, an external payroll system, since the foundation of
the company.
Visma Administration 1000 does not support the rapid expansion that SIAAB has
experienced. The system cannot handle the monthly amount of supplier invoices, 8001000, that SIAAB handles. The integration between Visma Administration 1000 and
LevDoc is not satisfying since the programs do not synchronize. A supplier invoice that
contains costs that need to be moved to another project, edited or even removed is
handled in LevDoc and Erip by attestants; project managers and project directors. The
changes made by the attestants are not updated in the search view, and the updates
cannot be seen until the costs have been accounted in Visma Administration 1000.
Because of the inconsistency between the two systems, project managers and project
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directors experience problems with their follow-ups and prognoses. Also, it leads to
misunderstandings and disinformation between the departments, affecting the
productivity of the whole organization. Project managers have to wait for the project
result, which is based on the accounting made in Visma Administration 1000, to be able
to get a correct perception of incomes and costs in the project. The project result is
delayed by a month and cannot be used in the daily production as foundation for
operational decision making. Visma Lön 600 can be integrated into Visma
Administration 1000, though SIAAB has chosen to keep the systems separated since
they have experienced integration problems between the two systems.

7.2 Method
This section describes how the case study of SIAAB was executed; how the further
developed method was applied on SIAAB in order to produce ERP requirements.

7.2.1 Interviews
Kahn and Cannell (1957) define an interview as a purposeful discussion between two or
more people. Interviews can contribute to gather valid and reliable data that are relevant
to the objectives (Saunders, 2009). The developed C-CEI method was performed by
conducting Operational analysis interviews and field interviews in the Rapid Contextual
analysis; Contextual inquiries. The interviews represent the primary data of this thesis.

7.2.2 Selection of interviewees
For the Operational analysis, the four members of the board and the additional member of the

management team were selected as interviewees, in order to identify primary needs of
key decision makers and stakeholders in the ERP acquisition process and focus topics
for the Rapid Contextual analysis. The interviews are summarized in Table 3.
Table 3. Summary of the interviews performed during the Operational analysis.

Name
Respondent
A
Respondent
B
Respondent
C
Respondent
D
Respondent
E

Company
position
Chief Executive
Officer
Market analyst

Board
position
Member

Executive
management
Leader

2015-02-23

Length
(min)
60

Member

Member

2015-02-24

60

Project director

Member

Member

2015-02-26

45

Chief Business
Development
Officer
Financial
manager

Chairman

Member

2015-02-26

60

Not
member

Member

2015-02-27

60
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Date

During the Operational analysis interviews, important work roles and deviating
practices were identified. The interviewees suggested relevant project sites and
respondents for the Rapid Contextual analysis. In order to choose the most relevant
work roles for Contextual inquiries, a decision was made based on the influences from
the Operational analysis and the interaction with the ERP system. Project director,
project manager and calculation engineer were selected from the project organization of
SIAAB. Accountant, financial manager and registrar were chosen for representing key
economic work roles while CEO assistant and administrator were selected for
representing administrational work roles. For most work roles there was only one
possible interviewee, however for project director and project manager there were
several possible respondents. In order to capture the project director and project
manager work roles and take individual variety into account, three interviewees of each
were selected for Contextual inquiries. Three became the maximum number due to the
recommended limit of 12 users for the Lightning Fast process. The Contextual inquiries
that were executed in the Rapid Contextual analysis are summarized in Table 4.
Table 4. Summary of the Contextual inquiries performed in the Rapid Contextual analysis.

Name
Respondent F
Respondent G
Respondent H
Respondent I
Respondent J
Respondent K
Respondent L
Respondent M
Respondent N
Respondent P
Respondent R
Respondent S

Company position
Accountant
Calculation engineer
CEO assistant
Financial manager
Administrator
Project director
Project director
Project director
Project manager
Project manager
Project manager
Registrar

Date
2015-03-11
2015-04-01
2015-03-19
2015-03-12
2015-03-09
2015-03-19
2015-03-20
2015-02-26
2015-03-24
2015-03-25
2015-03-31
2015-03-10

Length (min)
180
60
60
90
120
100
60
120
120
120
60
90

7.2.3 Execution of interviews and inquiries
In the Operational analysis, semi-structured interviews were used in order to adapt to
the specific organizational context of every respondent and to enable supplementary
questions. In semi-structured interviews the researcher will have a list of themes and
questions to be covered, where the questions may vary from interview to interview
(Saunders, 2009). An interview guide, containing themes and topics were covered in
each interview, and questions and order of questions were partly different depending on
the respondent being interviewed. Some questions were omitted and others were added,
depending on the roles and responsibilities of the respondents and the flow of the
conversations. Both authors participated in the Operational interviews, where one was
following the interview guide and the other was responsible for asking supplementary
questions. The interview guide used in the Operational analysis is presented in
Appendix A.
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In the Contextual analysis, the Contextual inquiries were conducted at the respondents’
field of work. The interviewer took the role of observers while the respondent
performed their work tasks and answered questions about their role and responsibilities.
The purpose of this way of interviewing is to capture the intents of the respondents and
to make them comfortable in their work environment. When interviewing in an
unfamiliar context, the interviewee might forget important details about the work
(Holtzblatt, 2004). The Contextual inquiries were conducted using one interviewer,
where each author performed six Contextual inquiries.
Each Operational analysis interview and Contextual Inquiry was recorded and
transcribed word by word in order to capture important details about work practices.

7.2.4 Analysis of interviews and inquiries
After the Operational analysis interviews were performed, a session was held in order to
capture prioritized ERP requirements and to produce the To-Be model, by analyzing the
five interview transcripts. Also, possible risks were identified in the transcripts for the
risk analysis.
After each Contextual Inquiry, an interpretation session was held and Affinity notes
were captured. Also, possible risks were identified using the interview transcripts.
When all affinity notes were written down, an Affinity diagram was built by putting all
affinity notes on a wall, one by one. The process is illustrated in Appendix C. Also,
Personas was produced using the contextual data from the affinity notes and the
transcript. Affinity notes were represented by yellow post it notes. Notes with a
common theme were grouped together. When all affinity notes were put up, they were
labeled with a blue note. The blue notes were then grouped together and labeled with a
pink note. The pink note represents the category of the requirements derived from every
blue label. When the Affinity diagram was built, a Walking of the Affinity diagram was
made and the ERP requirements specification were captured and labeled the same
category as the pink note above. Also, key issues were written down during the walk.
The key issues were used in a visioning sessions, were the vision from all gathered
contextual data was produced.
The risk analysis was made in a session in which the identified risks were assessed
according to their probability and consequence, on a scale from one to five in order to
provide a numerical representation of the risks for risk management. A group workshop
for preparing risk management was not possible, however SIAAB will be able to use the
assessed risk for future risk management.
The results from the analysis of interviews and inquiries are the ERP requirements,
which are presented in section 7.3.

37

7.2.5 Selection of potential ERP systems
In order to find potential ERP systems to match with the ERP requirements from the
developed C-CEI method, the ERP requirements were used to find relevant potential
ERP vendors. Since the purpose was to evaluate the ERP requirements that were
produced from the developed C-CEI, a wide spectrum of ERP vendors and ERP
systems was investigated. One small, one medium-sized and one large ERP vendor was
selected, offering three different ERP systems with different levels of customizability.
The selected ERP vendors, A, B and C, are presented in Table 5.
Table 5. Summary of selected ERP vendors.

ERP
vendor

ERP
vendor
size
Small

ERP
system

ERP
ERP
Customizability Date Length
system
system of ERP system
(min)
developer
price
Vendor
System
Small
Low
Low
2015120
A
A
05-08
Vendor Large System
Large
Medium
Medium
201590
B
B
06-09
Vendor Medium System
Large
High
High
201590
C
C
05-06

7.2.6 Analysis of ERP requirements with potential ERP vendors
The authors contacted the three selected ERP vendors in order to arrange meetings with
representatives from SIAAB. Three meetings were held at the office in Uppsala, where
one or two representatives from the ERP vendors demonstrated their ERP systems for
two representatives from SIAAB. To prepare the vendors the key issue summary was
sent to the representative salesmen before the meetings. On each meeting, the salesmen
gave an introduction to their ERP systems and a summary of how they had interpreted
the key issues. Then a demonstration session was held where the salesmen showed their
ERP systems and how they could solve the key issues. During the demonstrations, the
prioritized ERP requirements, the ERP requirements specification, personas, vision and
risk analysis were matched with the proposed solution. Afterwards, evaluation sessions
were held with the representatives from SIAAB in order to evaluate the ERP vendors
and ERP systems against the ERP requirements.

7.2.7 Trustworthiness and authenticity
Reliability and validity are important criteria in establishing and assessing the quality of
research for the quantitative researcher. However, for qualitative research they are
seldom relevant. One application of reliability and validity standards to qualitative
research is the presumption that a single absolute truth about the social reality is feasible
(Bryman, 2011). Guba and Lincoln (1994) argue that there can be more than one and
possibly several truths about the social reality and propose alternative criteria that are
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more accurate for qualitative research: trustworthiness and authenticity. Trustworthiness
is made up made up of four criteria: credibility, transferability, dependability and
conformability (Bryman, 2011).
Credibility is established by ensuring that the research is carried out according to good
practice and submitting the findings in a way that shows that the researcher has
correctly understood the social world that were studied (Bryman, 2011). The credibility
has been ensured by respondent validation after each interview and by observing the
interviewees in the Contextual inquiries.
Transferability is dependent on if the empirical findings can be transferred to another
context or even to the same context at some other time. Findings of qualitative research
are typically dependent on the contextual uniqueness and significance of the social
world being studied (Bryman, 2011). Lincoln and Guba (1985) argue that qualitative
researchers are encouraged to produce thick description; rich accounts of the details of a
culture, in order to be able to make judgments about possible transferability of findings
to another context. Transferability of this study is problematic since the findings are
dependent on the social context within the research has been carried out. However,
since the research has been conducted in a detailed and transparent manner, other
researchers are able to judge whether the findings can be transferred to another context,
for example the context of another SME. This provides incentives for further research in
the SME field.
Dependability is considered with keeping records of all phases of the research process
in an accessible manner (Bryman, 2011). Dependability is ensured in this study by
presenting the problem formulation, selection of research participants, data analysis
decisions and empirical results in this report.
Confirmability means ensuring that the researcher has not allowed personal values or
theoretical inclinations to manipulate the conduct of research and findings deriving from
it. The awareness of the impossibility to present a complete objective view of the reality
is important (Bryman, 2011). By transcribing all Operational interviews and contextual
inquiries, and by holding interpretation sessions, personal values and interpretations
were avoided. Hence, the findings of this study can be confirmed.
Authenticity considers the wider political impact of the research. The criteria are
fairness, ontological authenticity, educative authenticity, catalytic authenticity and
tactical authenticity. Fairness is concerned with whether the research fairly represents
different viewpoints among members of the social setting. Ontological authenticity asks
the question if the research help members to a better understanding their social context.
Educative authenticity depends on whether the research help members to better
appreciate the perspective of other members of their social setting. Catalytic authenticity
asks if the research has encouraged members to engage in action to change their
circumstances. Tactical authenticity depends on whether the research has enabled
members to take the steps necessary for engaging in action (Bryman, 2011).
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In order to get as fair picture as possible of the requirements of SIAAB, several
interviewees representing several work roles were interviewed. The interviewees were
of different age, had different work experience and had more or less interaction with the
ERP system. This selection of respondents was made in order to cover all applications
of the ERP system and all possible needs of possible users. During the interviews and
inquiries, the authors have noticed that many of the respondents had not reflected about
their work and how it affects SIAAB. This is an indication of ontological authenticity.
The respondents also showed a significant interest in work of colleagues and the
relationship between them, indicating educative authenticity. When respondents realized
that their contribution to the thesis could affect their own work situation, they contacted
the authors and gave valuable insights. This indicates that the catalytic authenticity
criterion is fulfilled. Whether the research has tactical authenticity is a challenging
question since possible changes in work practices will be implemented after the
publication of this thesis.

7.3 Result
This section presents the result from the case study of SIAAB. The results are presented
in chronological order as they were obtained using the developed C-CEI method:
Prioritized ERP requirements from Operational analysis, Affinity notes, Affinity
diagram, Personas, ERP requirements specification, key issues, vision and Risk
analysis.

7.3.1 Prioritized ERP requirements from Operational analysis
The Operational interviews with members of the board show that the main goal for
SIAAB with acquiring a new ERP system is to be able to follow-up and make
prognoses of the economy in a faster and more reliable way than today. An up-to-date
presentation of economic key figures; incomes and costs, will help the project managers
to make more reliable forecasts, which in turn will help them and the project directors to
follow-up the economy and make prognoses in their projects. The key is to be able to
understand the work and the progress in the projects by comparing costs and incomes.
Today, the follow-up of projects are delayed by one month and dependent on the
accounting process. Furthermore, the CEO and project directors want to be able to make
operational decisions in time. If the prognoses are delayed and uncertain, the decisions,
if they are made at all, might have little effect. A key issue is to use one system instead
of two integrated system as today. The use of one system could eliminate the risk that
important data will be stuck between the two systems.
The main business goal is to have a turnover of 1 000 million SEK and a specific profit
in 2018. In addition to the previous requirements, the new ERP system must support
processes of accounting, attesting of invoices, payroll and resource management. In
order to grow the business, the intention from the members of the board is to refine
existing processes and obtain more projects. This addresses a need of recruit, hence the
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new ERP system must support an increase of personnel. The current ERP system has a
limit of 1000 invoices per month, where every invoice has a maximum amount of 10
million SEK. Due to the future business goal of a 1 000 million SEK turnover, the new
ERP system must support an amount that can handle the increased amount of invoices.
As a suggestion, 3000 invoices per month should be supported.
The intention with the new ERP system is to minimize the manual actions and selfmade solutions that are common in the business processes today. These are result of
flaws and breakdowns in the current ERP system rather than a choice made by the
personnel who uses them. SIAAB want to use the ERP system as an instrument to
control and manage the economy and activities in the company. Today they have to set
goals and calculate the economic numbers by themselves, which means they have to
educate project managers in administrative work rather than letting them focus on their
projects. SIAAB want the new ERP system to calculate and present key numbers
automatically and consistent in order to avoid redundant work and miscalculations. The
summary of the As-Is and To-Be models is illustrated in Table 6.
Table 6. The As-Is and To-Be models that were produced during the Operational analysis.

As-Is Model
The board of directors and the
management team are both lead by the
Chief Business Development Officer.
The management team has meetings
sporadically when necessary for the
daily operations.
The Chief Business Development
Officer is responsible for bank
relations.
Current business goal is to have a
turnover of 400 million SEK and
specific profitability at project level.
80 percent of the projects are public
sector projects.
Today many of the Chiefs are
multilateral staff and have different
responsibilities.
Incomes and costs in projects are
followed up with a delay of one month
Project managers invent and use their
own methods for follow-up and
prognosis.
The use of resources is managed orally
between project managers and project
directors.

To-Be Model
Board of directors is led by the Chief
Business Development Officer and the
management team is led by the Chief
Executive Officer.
The management team will arrange meetings
more formally on fixed times.
The Chief Executive Officer is responsible for
bank relations.
Future business goal is to have a turnover of 1
000 million SEK and a new specific profit of
the whole company.
The goal is to have a project portfolio of 50
percent public sector and 50 percent private
sector.
The organization will be reconstructed in a
way that multilateral staff is not needed and
each Chief has a specialized area of
responsibility.
Incomes and costs in projects are followed up
with no delay
Project managers use the ERP system to make
reliable project prognoses.
Project managers and project directors use a
shared resource management document for
distributing company resources.
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7.3.2 Affinity notes
The 496 affinity notes that were captured during the 12 interpretation sessions represent
the empirical result of the Contextual analysis phase of the developed C-CEI method
and are found in Appendix B, sorted by respondent.

7.3.3 Affinity diagram
The complete Affinity diagram with the yellow labels organized under a blue label,
which in turn has a pink parent label, is found in Appendix D.

7.3.4 Personas
Age:
25-45 Contextual
In this section, the seven Personas that were captured during the
Rapid
Age: 25-45
analysis are presented.
Key tasks: Production

Project director
Name: Johanna
Mattsson
Gender: Male/Female
Age: 30-50
Key tasks: Support
project managers,
gather quarterly
project reports,
meetings with other
project directors and
CEO, attest supplier
invoices
Computer experience:
Moderate
ERP Interaction:
Moderate

A project director is responsible for all the
projects that have been assigned to his or her
section. When a new project is obtained, it is
handed over from the marketing department to
the project director. The goal of the project
director is to ensure that the projects are
profitable, which includes assigning work
management and managing skilled workers and
machines. Furthermore, the project director
supports project managers in the production and
gathers quarterly reports from them. The project
director is also responsible for forwarding time
reports of skilled workers to the accountant for
payroll. The project director wants to be able to
analyze projects and make proactive operational
decisions based on information from the ERP
system. A project director attests supplier
invoices as second attestants in the attesting
process.
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in the projects,
Computer
experience:
meetings with project
Low
manager, writing time
Key
tasks: Production
reports
in the projects,
Computerwith
experience:
meetings
project
Low
manager,
writing time
reports
Interaction with ERP:
Low

.

Project manager
Name: Fredrik
Svensson
Gender: Male
Age: 25-45
Key tasks: Follow-up
incomes and costs,
attest supplier
invoices, approve
time reports
Computer experience:
Moderate
ERP Interaction:
Moderate

Every project is assigned a project manager.
The project manager is responsible for
completing the project in time and according to
the calculation. He is also responsible for the
safety of skilled workers and the work
environment at the construction site. He also
attests supplier invoices related to his projects as
first attestant and also approve time reports of
his skilled workers. Early in the projects, the
project manager makes an initial calculation of
time and budget by using numbers from the
calculation engineer. The main goal of the
project manager is to follow up incomes and
costs and to ensure the project is following the
calculated budget and time plan and ultimately
that the project generates profit. He performs
physical estimations of the project progress and
compares the corresponding incomes and costs
with the initial calculation.

Skilled worker
Name: Benny
Andersson
Gender: Male
Age: 20-45

Key tasks: Production
in the projects,
meetings with project
manager, fills in time
reports
Computer experience:
Low

A skilled worker is engaged in the production
and works together in a project team with other
skilled workers according to the time plan made
by their project manager. Every morning he has
a meeting with their project manager and
discusses the progress of the project. The
machine drivers write a driver’s log every day
and report it to the project manager. At the
beginning of each month, the skilled workers
fill in their time reports for the previous month
and submit it to their project manager in order to
get their salary.

ERP Interaction:
Low
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Calculation engineer
Name: Mikael
Lövström
Gender: Male
Age: 40
Key tasks: Calculate
costs for potential
projects
Computer experience:
Moderate
ERP Interaction:
Low

The calculator engineer calculates on each
project that is considered interesting by the
marketing department. The calculator calculates
an estimated total cost of the potential projects
and an offer is sent to the customer. If SIAAB
wins the procurement the calculator attends
initial meetings with the customer and supports
the project managers with a production
calculation. The main goal of the calculator is to
make as accurate calculations as possible of a
potential project and to support the project
managers when they make their own
calculation. The calculation engineer wants to
be able to track progress of projects he has
calculated on by using the ERP system.

Construction worker

Gender: Male/Female
Age: 30-50

Key tasks: Production
in the projects,
meetings with project
manager, writing time
reports
Computer experience:
Low
EPP interaction:
Moderate

Accountant
Name: Jenny
Bäckström
Gender: Female
Age: 40

Key tasks: Maintain
accounting, produce
monthly project
results, create wages
Computer experience:
High
ERP Interaction:
High

An accountant is responsible for the accounting
on the company which is the measurement and
provision of financial information to managers
of the company, tax authorities and investors.
Once a year a large amount of the accountant’s
work time is spent on creating an annual report
that covers a summary of the company activities
and financial performance of year. Also smaller
reports are made in a periodic manner. For
example are monthly reports made that covers
the company liquidity that is used by the
exclusive management members. Also monthly
updates of all projects financial status are
created to support project managers and
directors. The accountant also creates and pays
invoices. The accountant wants the ERP system
to support her accounting activities and to
provide information that she otherwise would
have to calculate herself.
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Gender: Male
Age: 25-45
Key tasks: Production
in the projects,
meetings with project
manager, writing time
reports
Computer experience:
Low
ERP Interaction:
Low

Registrar
Name: Caroline
Eriksson
Gender: Female
Age: 40
Key tasks: Manage
and scan supplier
invoices, register
invoices,
accommodate project
directors and project
managers with
information
Computer experience:
Moderate
ERP Interaction:
High

The registrar on SIAAB handles the constant
flow of supplier invoices that arrives daily to
SIAAB by post or e-mail. She opens up arriving
envelopes, stamps the supplier invoice with date
of arrival and then scans the invoice and
transfers the information from the invoice to the
digital attest system. The registrar also has the
responsibility to put the costs on invoices on the
projects that they belong to and add bank
accounts that will be debited. She also creates
the order of attesting for each invoice by
checking the attestants for each project. She also
have a responsibility to accommodate project
directors and project managers with information
regarding supplier invoices and contact them if
an urgent invoice needs to be managed or if it is
about to be expired.

Office administrator
Name: Mikaela
Jakobsson
Gender: Female
Age: 30-50

Key tasks:
Administrating
personnel,
certifications, cars,
work wear.
Computer experience:
Moderate
ERP Interaction:
High

An office administrator has a multilateral role
that contains many various duties that are
needed to get the business to run. The role is
dynamic and the duties list changes as the
company grows. The list contains for example
responsibility of keeping skilled workers with
necessary supplies as clothing, tools and
vehicles. Keeping record of and book necessary
training of skilled workers is also a
responsibility of an office administrator, as well
as maintaining information channels as
newsletters and updating the website of the
company. The administrator can also be
responsible for taking notes in meetings of
various types. An office administrator wants the
ERP system to provide a way to save and
organize all information and make it accessible
to employees.
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7.3.5 ERP requirements specification
This section presents the complete ERP requirements specification, represented in Table
7.
Table 7. The ERP requirements specification, where the requirements are sorted by category and priority.

Index
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.11
1.12
1.13
1.14
1.15
1.16
1.17
1.18
1.19

Category
Project
prognosis

ERP requirement
Priority
Project managers are always able to identify
Must
which supplier invoices are related to their
project.
Project directors are able to get a clear and correct
Must
overview of incomes and costs in their projects.
Project managers are able to obtain up-to-date
Must
costs, incomes and revenue on their projects.
Project managers are able to determine when
Must
incomes and costs in a project will occur.
Project managers are able to sum all costs from
Must
supplier invoices related to specific projects.
Project managers are able to get a correct
Must
overview of incomes and costs in their followups.
Project managers can make prognoses, such that
Should
trends and deviations are revealed.
Prognosis templates are standardized.
Should
Project managers are able to calculate internal
Should
costs by marking working hours of their skilled
workers.
Project managers are able to identify costs that
Should
have not yet been billed, without using paper and
binder.
For variable price projects, project managers are
Should
able to use their estimations to make apt
prognoses.
Project managers and project directors are always Should
able to identify changes made by the accountant.
Project managers and project directors are able to Should
calculate all internal costs on a specific project.
Project managers are able to make prognoses for
Should
incomes and costs two months ahead on projects.
Project manager are able to obtain necessary
Should
information for estimating costs and incomes.
Project managers are able to determine whether an Could
order has been delivered to the project or not.
Project managers are able to track changes in
Could
costs that have been moved between projects and
months.
Prognosis templates support different projects
Could
(small, big, public, private, subcontractors).
The calculator is able to track the progress of
Could
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2.1

Accounting

2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10

Resource
management

projects he has calculated on.
Accountant is able to register paid supplier and
customer invoices for accounting the same day.
The accountant is able to bookkeep according the
accrual accounting method.
Accountant is able to make a monthly financial
statement (project result) for each project.
Accountant is able to create wages for each
employee by using filled time reports.
Project directors and project managers are able to
make prognoses independent of the accounting.
Accountant is able to manually check off what
supplier and customer invoices have been paid.
Accountant is able to create electronic invoices
and send them to customers.
Accountant is able to see a picture of a scanned
invoice without having to switch windows.
Accountant is able to account direct debit supplier
invoices and payment status without manual
actions.
Accountant is able to account for personal
expenses without the use paper and binder.
Accountant is able to design own shortcuts to
specific functions (invoices, wages, reports).
Accountant is able to move costs between months
with respect to date of issue.
Project managers are able to tack what costs have
been moved between months in accounting and
why.
Project managers and project directors have
permanent access to the resource document.
Project directors have an overview of all resources
in the company today and ahead.
Changes made to the resource document are
shared and updated instantly when they are made.
Project managers and project directors can update
the resource document every 14 day or monthly.
Project directors are able to identify a project that
lacks resources using the resource document.
Project directors and administration staff have
authority to update the whole resource document.
Different construction sections are able to use and
share the same resource document.
It is possible to move personnel between projects
and add extra work in the resource document.
The resource document is accessible from the
offices and at project sites.
Project managers and project directors are able to
plan the use of resources day by day.
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Must
Must
Must
Must
Should
Should
Should
Could
Should
Should
Could
Could
Could
Must
Must
Must
Should
Should
Should
Should
Should
Should
Should

3.11
3.12
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
5.1
5.2
5.3
5.4
5.5
5.6
5.7

The resource document reveals double bookings
of resources.
The resource document reveals the exact amount
of expected working hours for personnel each
day.
Invoice attesting Changes made in the attesting process are visible
and traceable for all other attestants.
Attestants are able to divide and distribute costs
on an invoice on several projects if necessary.
Information saved in the attesting process can be
recovered from an Internet connection
breakdown.
Attestants are able to forward all costs on an
invoice to another project if costs are wrongly
distributed.
Specific invoices can be found by attributes:
project number, invoice number, date of invoice,
supplier.
Attestants are able to track attested invoices; by
who, when and how invoices are attested.
Attestants are able to identify the related project
number of an invoice directly in the list of
invoices.
Changes made in incomes and costs by accountant
are visible to attestants and economy staff.
Costs that have been moved between projects
disappear from the initial project the same second.
Attestants are not able to approve an invoice and
simultaneously change it to another project.
Project directors are able to obtain bank account
summaries on their projects.
Staff
Administrational staff is able to identify valid and
expiring certifications of a specific employee.
Certification documentation is stored and
accessed digitally by administrational staff.
Personnel are educated and can learn the system,
independent of computer experience, in two
months.
Administrational staff can store and access
information digitally without using paper and
binder.
Personnel are able to access information from
both offices, on project sites and from home if
necessary.
Work routines are clear and transparent such that
staff and work tasks can be temporary substituted.
It is possible to create a personnel record with
information, photo, next of kin and
responsibilities.
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Could
Could
Must
Must
Must
Must
Should
Should
Should
Should
Should
Should
Could
Must
Should
Should
Should
Should
Should
Could

5.8
5.9
6.1

Invoices

6.2
6.3
6.4
6.5
6.6
7.1

Time reporting

7.2
7.3
7.4
8.1

Project result

8.2
8.3
9.1
9.2

Documents

Administration staff is able to answer questions
about where a specific employee is located.
Administration staff is able to take personal notes
and save them digitally instead of using post it
notes.
Accountant is able to create payment files of
several invoices that are automatically paid by the
bank.
Scanned invoices are always readable on a
computer screen.
Accountant is able to identify what amounts a
customer have paid historically on a specific
project.
Project managers and project directors are able to
evaluate own prognoses by using the project
result.
Attestants are able to detect wrongly distributed
costs on invoices in the attesting process.
Accountant is able to save written communication
with project managers about customer invoices.
Skilled workers are able to understand time
reports they fill in and use them without asking
for help.
The accountant is able to obtain filled in time
reports once every month and use them for
payroll.
Project directors are able to calculate workers’
time distributions on projects using the time
reports.
Project managers have daily digital access to
skilled worker logs and machine driver logs.
Project managers and project directors receives a
monthly project result that can be used
proactively.
Project managers receive project results that are
based on information no more than one month
old.
Project directors are able to study project
statistics: personnel, demographics, machines,
bank accounts.
Staff is able to structure information in folders
and access it both locally from the office and
mobile.
Administrational staff is able to create and save
standardized templates with the company
logotype.
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Could
Could
Must
Must
Should
Should
Should
Could
Should
Should
Could
Could
Should
Should
Could
Should
Could

7.3.6 Key issues
The walking of the Affinity diagram shows that the main key issue for SIAAB is for
project managers to make reliable and up-to-date project prognoses and to follow up the
economy in their projects. Today, they have to invent their own solutions to estimate
incomes and costs, leading to inconsistency uncertainty. Some project managers use
self-made Excel documents and some use paper, binder and calculators to make
prognoses and follow-ups. The lack of standardization forces project managers to
allocate a significant amount of their time to create and maintain the project prognoses
templates. In smaller projects, the amount of invoices is manageable and supports the
way of making prognoses manually. However, for bigger projects, with up to 1000
invoices, this system becomes inefficient and the manual actions entail an uncertainty in
the project prognoses.
The problems with making reliable project prognoses stem from flaws in the current
invoice and attesting system. If changes are made to a supplier invoice after it has been
scanned; if costs related to a supplier invoice need to be divided to several projects or
changed to another project, the changes are visible for the project managers the day
after and the cost that was removed from one project will still be on the original project
if the project managers searches for all supplier invoices on their projects. Hence,
project managers cannot use the current invoice system to generate an exact and reliable
summarization of external costs in their projects and ultimately they lose the sense of
control of the economy in their projects.
The monthly project results from the accountant provide reliable summaries of incomes
and costs for each project. However, since the accounting process encompasses a delay
of at least one month, the summary of incomes and costs is not up-to-date and cannot be
used by project managers for operative and proactive decisions. The project result is
rather used as a retrospect of the self-made prognoses solutions. The accountant needs
to both manage the key task of accounting and also provide key economic numbers for
the project result as fast as possible. Consequently a substantial administrational
workload is put on the accountant.
Another key issue is the management of resources. SIAAB wants the construction
sections to be able to share a common resource management document and enable
project managers to plan the use of resources day by day in order to make the use of
resources more efficient. Today project managers handle resources by filling in their
intended use of resources in an Excel document and forwarding the document between
each other. This leads to uncertainties regarding what version is the updated version and
often oral agreements between project managers are preferred.
Furthermore, the management of staff is considered a key issue for SIAAB. The record
of personnel is available for a small portion of the employees, which creates a lack in
the communication between personnel. Also, no record of certifications exists, which
makes it difficult to identify valid and expiring certifications. Moreover, employees
50

have not access to their information outside the offices and some of the information is
not available for everyone who is authorized to it. Therefore, it is difficult for personnel
to find and share important documents and to know if a particular document is updated
and available for other personnel.

7.3.7 Vision
The new ERP system to be acquired by SIAAB is one system instead of two systems as
today. The new system separates the accounting process from the project prognosis
work and gives the project managers the information they need in order to make reliable
and up-to-date project prognoses. When making their project prognoses, project
managers estimate the progress of the work and note the units in the ERP system. Every
resource used has an internal price per unit for internal costs and a surcharge for
income. The prices can be saved in the ERP system in order to allow automatic
calculation of internal costs and incomes.
Supplier invoices are noted with project number, amount, invoice date and expiration
date. The invoices are scanned automatically and each invoice gets the four attributes.
The first attestants receive the scanned invoices according to the predetermined attest
list. If the costs related to an invoice need to be divided into several projects or if they
need to be moved to another project, the first attestant can add new projects and change
the costs between them. The changes made are updated in the system the same second
as they occur, which makes it possible for project managers to make an exact and
reliable summarization of external costs related to their projects.
Project managers use a shared resource management document for planning the use of
resources. The updated version of the document is available on project sites and from
both offices, making it possible for project directors to obtain information regarding
resources without having to ask their project managers.
Documents and shared information are structured and commonly shared in order to
enhance the communication in the company. Personnel at the office in Uppsala, the
office in Nyköping and at project sites have shared access to the documents and can edit
and update the information instantaneously.
The new system allows project managers and project directors to focus less on
administrational work and more on their key tasks by minimizing the paper work and
manual actions. The system provides a record of personnel containing contact
information, phone number, photography, personal number, next of kin, ID-06,
responsibilities and an updated record of certifications.
The new ERP system is intuitive and can be learned by personnel with low and
moderate computer experience in two months. The new ERP system allows SIAAB to
expand: increase amount of projects, personnel, resources and subcontractors according
to the business goal of having a 1 billion SEK turnover in 2018. The ERP vendor that
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provides the system is willing to have a long-term relationship with SIAAB and support
them through the implementation process.

7.3.8 Risk analysis
Summary of identified and calculated risks from the Operational analysis and Rapid
Contextual analysis are illustrated in a risk matrix in Table 8.
Table 8. Summary of identified and calculated risks from Operational analysis and Contextual analysis. The
risks are sorted in descending order.

Index

Risk description

1.

During the training period of the new
system, personnel do not have time
to focus on their key tasks.
The implementation time is much
longer and more costly than planned.
Skilled workers and machine drivers
are not dedicated to learn a new,
digital, way of working with time
reports.
The new system is not scalable and
does not allow further expansion of
the company.
Information gets lost in the transfer
from the old to the new system.
Oral agreements between project
managers are overlooked by the
information shared in the resource
document.
Personnel at the Nyköping office are
less experienced with computers than
the personnel at the main office.
They have difficulties to assimilate
new technology.
Unauthorized personnel get access to
confidential information when the
information is shared in the
company.
SIAAB cannot operate because of
the new system, the business stops.
Project managers have difficulties to
adapt to a standardization of the
project prognosis process. They
might get forced to work in a way
they feel uncomfortable with.
Automatic calculation of invoices
makes the project managers and
project directors less aware of their

2.
3.

4.
5.
6.

7.

8.

9.
10.

11.
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Probability
(1-5)
5

Consequence
(1-5)
3

Risk
(1-25)
15

4

3

12

4

2

8

2

4

8

2

4

8

3

2

6

3

2

6

2

3

6

1

5

5

2

2

4

2

2

4

12.
13.

projects costs and revenues.
Digital information is lost in case of
an Internet connection breakdown.
Unauthorized persons get access to
confidential information from the
online based system.

1

4

4

1

4

4

7.3.9 Results from meetings with potential ERP vendors
The first vendor that was selected for further evaluation and demonstration was vendor
A, providing system A. Both vendor and the system are considered small.
Characteristically, the system is developed in-house specifically for the construction
industry and is relatively new on the market, hence low market shares. The system has
an advantage of a low price and a disadvantage of low customizability. The
representatives from vendor A interpret the key issues as project prognosis and resource
management. They demonstrated how system A could provide a tool for project
managers to make up to-date and reliable project prognoses and plan the usage of
resources. They also showed basic functionality: accounting and payroll. The
accounting function could not generate a project result report and therefore the system
did not satisfy the requirements from accounting. Apart from this, the system satisfied
most of the requirements on the ERP requirements specification. Also, vendor A could
not guarantee that the system would support the intended expansion of invoices
according to the business goal of SIAAB. Consequently the system did satisfy neither
all prioritized ERP requirements nor the vision. Furthermore, the representatives from
Vendor A could not present a plan for risk management as an answer to the topics that
discussed from the risk analysis. The conclusion from the representatives from SIAAB
was that System A was considered an uncertain investment because it could not satisfy
the essential ERP requirements and the vendor did not present risk management for the
highest ranked risks. However, they thought the vendor had understood the key issues.
The second vendor that was chosen, vendor B, providing system B. Vendor B is
considered a large company and the provided system B is developed by a major supplier
of COTS ERP systems. System B offers a medium customizability level and a
corresponding medium price. The representatives from vendor B interpret the key issues
as project prognosis and accounting. They demonstrated how the system could manage
project prognoses, time reports and attesting and how the accountant and
administrational staff could use that information to make their work more efficient.
Also, they showed that System B could satisfy the prioritized ERP requirements:
manage the amount of invoices, employees and projects related to the future business
goal of SIAAB. Moreover, the representatives from vendor B presented a plan for
training and implementation for risk management. The representatives from SIAAB
concluded that System B satisfied the prioritized ERP requirements, the requirements
from the ERP requirements specification, personas and vision and they thought System
B could be an appropriate ERP system to acquire.
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The last vendor, Vendor C, providing System C, is a medium sized company, providing
a system that is developed by a large supplier of COTS ERP systems. The system offers
a high level of customizability to a high price. The representatives from Vendor C
interpret the key issues as project prognosis and project results. They demonstrated
basic functionality of System C: accounting, payroll and how it could be customized by
project directors and project managers to make reliable project prognoses. The
representatives presented a plan for implementation, training and change management
to handle reluctance against new procedures that an implementation entails. The
conclusion from the representatives from SIAAB was that System C satisfied the
prioritized ERP requirements, the requirements from the ERP requirements
specification and personas. However, investment in system C would entail a long
implementation and training time because of the customizability and complexity of the
system. The findings from the meetings with potential ERP vendors are summarized in
Table 9.
Table 9. Summary of results from meetings with potential ERP vendors.

ERP
ERP
vendor system

Prioritized
ERP
requirements
The system
may not
support the
intended
expansion of
SIAAB.

ERP
requirements
specification
Satisfies most
of the
requirements,
however not all
from
accounting.

Vendor System
B
B

The system
satisfies all
prioritized
ERP
requirements.

Vendor System
C
C

The system
satisfies all
prioritized
ERP
requirements.

Satisfies all
requirements
from the ERP
requirements
specification
and personas.
Satisfies all
requirements
from the ERP
requirements
specification
and personas.

Vendor System
A
A

Vision

Risk analysis

Cannot
guarantee
that the
system will
support the
intended
expansion.
Satisfies the
vision.

Did not present
risk management
for the highest
ranked risks.

Satisfies the
vision,
however it
might take
too long
time to
implement
and learn.

Presented risk
management for
training of
personnel and
implementation
time.
Presented risk
management for
training of
personnel,
implementation
time and change
of attitudes.

7.4 Analysis
The ERP requirements were proven to be useful for the authors to find potential ERP
systems and ERP vendors to invite for meetings, for ERP vendors to express their
interpretation of SIAAB and for SIAAB to communicate their requirements and to be
able to compare between presented ERP systems. The prioritized ERP requirements
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from Operational analysis were valuable for selecting potential ERP systems since they
provided a way to point out scalable systems that enable SIAAB to expand. The ERP
requirements specification contributed to select systems based on their functionality.
The results from meetings with potential ERP vendors indicate that many of the
requirements in the ERP requirements specification can be seen as standard
requirements that any COTS ERP system can satisfy. Since the prioritized ERP
requirements and the ERP requirements specification were used for selecting ERP
systems it was an expected outcome that most of them were satisfied.
The key issues gave an opportunity for ERP vendors to show how they had understood
and interpreted SIAAB and their current situation. The proposed solutions that were
presented by the vendors and compared with the vision highlighted some important
differences between the ERP systems and gave the representatives from SIAAB a
foundation for selecting a new ERP system. The risk analysis contributed to a focus on
training of personnel, implementation time and reluctance towards digital usage from
skilled workers, the highest rated risks.
The representatives from SIAAB were satisfied with the findings from the
demonstrations. However, they also claimed it is difficult to make a thoughtful decision
based on one meeting with the representatives from the ERP vendors. To complete the
acquisition process and select the ERP system to be invested in and implemented, more
meetings with ERP vendors are recommended in order to intensify the negotiations.
Personas were not discussed separately during the meetings, however they complement
the ERP requirements specification since many of the requirements are connected to a
work role on SIAAB.
The group workshops recommended in Operational analysis, Contextual analysis and
Risk analysis were not implemented since it was not practicable for specific employees
to simultaneously allocate the amount of time necessary to perform them. Also, many of
the employees at SIAAB were scattered geographically on different projects and offices,
which made the implementation of group workshops impracticable.
The decision from the board of directors to acquire a new ERP system was not anchored
by some of the interviewees. During the Contextual inquiries, the interviewees showed
a tendency to focus on the current ERP system and current business processes, which
made it difficult to understand their intents and needs associated with a new ERP
system. The work tasks were described on the basis of limits regarding the current ERP
system rather than opportunities of a new way to work.
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8. General analysis and discussion
Previous research about ERP systems for small and medium-sized enterprises shows
that there is an essential need for an SME to perform a Contextual analysis for
producing ERP requirements. C-CEI provides a way for SMEs to perform a Contextual
analysis by using the concepts of Contextual Design. However many SMEs lack
resources and many ERP projects have a short time frame that does not allow a
Contextual Design process. The further developed method offers a way for SMEs to
produce ERP requirements in a less time consuming and resource demanding manner.
The main difference between the further developed method and the original C-CEI
method is the difference between applying Rapid Contextual Design or Contextual
Design for Contextual analysis. The steps in Contextual Design that are neglected in
Rapid CD are associated with designing new systems rather than producing ERP
requirements, making Rapid CD relevant as base for Contextual analysis in the further
developed C-CEI method. Performing a case study for producing ERP requirements of
an SME by applying the original C-CEI method would have entailed applying
Contextual Design to the Contextual analysis phase. That would have included working
models, storyboarding and paper mock-ups, purposed for thriving the design thinking.
However since SMEs have limited resources, the purpose of the design process for an
SME is to produce requirements that can be compared with the fixed functionality of a
COTS ERP systems rather than producing requirements for designing customized
software.
Choosing Lightning Fast as Rapid CD process means that sequence models are
neglected. Since the details in the sequence models are dependent on current work
procedures, it would have been counterproductive to emphasize sequence models for
producing ERP requirements for a new system. The result of the case study shows that
many of the employees performed diverse work tasks simultaneously. Building
sequence models from these sequences would take a significant amount of time and
would give an understanding of the current work process rather than requirements for a
future way of work. However, identified intents and breakdowns in the sequences
during the Contextual inquiries have been essential for understanding the contextual
ERP requirements.
During the case study, the authors have obtained a great amount of contextual data from
the Contextual inquiries. It has been difficult to convey all knowledge from the
Operational analysis interviews and the Contextual inquiries into specifications of
prioritized and contextual ERP requirements. Personas, key issues and vision have been
useful for expressing the contextual data that are not communicated through the ERP
requirements specification. Key issues proved to be useful for ERP vendors to interpret
the requirements of the customer and its current situation while personas complemented
the ERP requirements specification with a vivid description of the work roles mentioned
in the specification. Also, the meetings with potential ERP vendors show that the vision
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can be used for selecting between ERP systems, based on the prioritized ERP
requirements and the ERP requirements specification.
In the further developed C-CEI method, the Operational analysis is essential in the same
way as it is essential for the original C-CEI method. In the case study of SIAAB, the
Operational analysis was a foundation for selecting interviewees for the Rapid
Contextual Analysis while providing the prioritized ERP requirements. The risk
analysis is essential for the future ERP system implementation and the case study
showed that it provided a basis for selecting ERP system. The three phases: Operational
analysis, Rapid Contextual analysis and Risk analysis are essential for the further
developed method in a complementary manner and each phase is critical for producing
ERP requirements.
The result of the case study shows that it is feasible for an SME to produce ERP
requirements by using the further developed C-CEI method and to use the requirements
for initiating the acquisition process of a new ERP system. The feasibility is proven
from the results from meetings with ERP vendors. It is not possible to prove
generalizability of the method to the whole population of small and medium-sized
enterprises by a single case study, however the findings do not indicate any obstacles
for other small and medium-sized enterprises to use the further developed method for
producing ERP requirements. Since a team of only two individuals were needed in
order to use the method any SME should be able to apply it.
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9. Conclusion
This Master thesis proposes a further development of the Customer-Centered ERP
Implementation (C-CEI) method such that it can be applied by small and medium-sized
enterprises to produce requirements for an Enterprise Resource Planning system. This
entails development of a method that is less time consuming and resource demanding
than the original C-CEI method. In order to evaluate the feasibility of the developed
method, a case study of a medium-sized land and construction enterprise, in need of a
new ERP system, was executed. By applying the concepts of Rapid Contextual Design
to the Contextual analysis phase of C-CEI, a team of two individuals was able to
produce ERP requirements using the further developed method. The ERP requirements
were used to initiate the acquisition process of a new ERP system for SIAAB, where
three possible ERP vendors with three different ERP systems were selected and
evaluated. In the meetings with possible ERP vendors, the requirements were proven to
be valuable for SIAAB to select between potential ERP systems. The conclusion of the
evaluation is that the further developed method is feasible and can be utilized by an
SME, which generally lack resources to hire a full Contextual Design team, for
producing ERP requirements that can be used for acquisition.

9.1 Scope for further research
In order to test the generalizability of the here developed method, further studies of the
application of the method on small and medium-sized enterprises are necessary. When
performing a case study using a single case strategy it is difficult to determine what is
dependent on the context of the subject of study and what is dependent on the further
developed C-CEI method. Possible further research would, for example, be to make
several case studies using a multiple case strategy in order to further evaluate the
method and to test its generalizability.
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Appendix A: Operational analysis interview guide
Operational analysis interview guide with Respondent A-E
How long have you been working on SIAAB and how has your work evolved?
What are SIAAB’s key businesses? What are the most profitable?
What are the methods and strategies that optimize the project performances?
How many employees work at the office in Uppsala? How many employees
work at the office in Nyköping? How many are project directors and project
managers?
What competences are project directors and project managers representing?
What external competencies are used at SIAAB?
When did the office in Nyköping open and what is the purpose of it? What
function has the office?
What are the success factors of SIAAB? What special competences make the
company unique?
What is the main future goal of SIAAB and what is the vision? What is the
strategy for achieving this?
Does SIAAB have any plans for significant change or development in the near
future?
Do you see any risks or obstacles for future development of SIAAB?
Do you use some other systems besides Visma Administration 1000 and
LevDoc?
Who has access to the ERP system?
What processes must a new ERP system support? What are the basic
requirements?
What use do you have of the existing ERP system?
What are the main problems with the existing ERP system?
What is expected of the new ERP system? What are your goals with it and how
do you plan to meet the goals?
How long have SIAAB used Visma Administration 1000 and LevDoc?
What risks do you associate with keeping the existing ERP system?
How does the existing ERP system support your expansion?
What risks do you associate with changing the ERP system?
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How do you think the staff will handle a new ERP system? Will they will be
willing to change their way of working?
What are your work tasks and responsibilities at SIAAB?
Do you have any other roles at SIAAB?
Are you involved in the annual report, interim report, quarterly report,
consolidated account statement and audit? What is required of the ERP system?
Who are members of the management team? What is the main purpose of the
team and what is the difference against the board? How often are meetings
arranged? What is discussed during the meetings? Are there any discussions
about the ERP system?
How often is the board convened? What is discussed during the meetings? Are
there any discussions about the ERP system?
What routines are concerned with banking?
How does the communication between you, project directors and project
managers work?
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Appendix B: Affinity notes
Respondent F (55 notes)
01 – The monthly financial statements for the projects take a significant amount of time.
02 – The user provides a liquidity report and follow-ups of supplier invoices
continuously.
03 – Liquidity is critical in order to be able to pay invoices, salaries and taxes.
04 – The user has a special binder for manual bookings for each month, containing
direct debits and personal expenses that need to be accounted.
05 – The user wants to register incoming and outgoing payments instantly in Visma in
order to keep the accounting updated and to be able to answer questions.
06 – The user starts the day by logging in to the bank to manage incoming and outgoing
payments. The payment documentation is printed and inserted into Visma.
07 – The user has to call the project manager if a customer does not pay an invoice due
to a dispute.
08 – When invoices are paid by the user, a verification summary of all paid invoices is
printed and status of the invoices in Visma is changed to paid.
09 – SIAAB uses the accrual method for accounting, must be supported by the ERP.
10 – It is possible to transfer the verification document of payments automatically from
the bank to Visma but he prefers manual actions since it gives a sense of control.
11 – If a scanned invoice contains costs that are put on the wrong project, it will always
be connected to that particular project, even if the costs are later changed.
12 – The status of an invoice in Visma can be unpaid, under way or paid.
13 – An invoice is not fully accounted until a payment journal is printed.
14 – The payment journal contains traceable verification numbers.
15 – The amount of payment journal is too large for the user to be able to print them.
Instead, they are saved in PDF format.
16 – If a customer has not paid an invoice, the user calls the customer in order to ensure
they have it in their system.
17 – For every outgoing payment, a payment journal is created and saved. The journal
says what amount has been paid and which accounts are credited.
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18 – The user would like to be able to see a picture of the scanned invoice in Visma.
19 – When an invoices is scanned it is visible in Visma but has no corresponding
project numbers until it has been fully attested.
20 – The user creates a payment file of invoices and sends it to the bank for automatic
payment.
21 – If costs on an invoice are changed by the accountant, the change is not visible in
LevDoc.
22 – Visma cannot handle the amount of invoices that SIAAB receives.
23 – When he performs a manual control of invoices in Visma he can only see total
amount, tax and accounts. A picture of the whole invoice is only available in LevDoc.
24 –The summary of invoices on a project in LevDoc can be faulty since it can contain
costs that are not related to the project and there can be invisible related project costs.
25 – The user wants to know what is possible to do in Visma and what is not. Today the
user has no time to find it out.
26 – The user thinks manual work involves a risk of human errors.
27 – Information on invoices can be lost in case of an Internet connection breakdown
and the invoices need to be canceled and scanned again.
28 – The CBDO is interested in usage statistics of every machine owned by the
company.
29 – A list of internal costs and adjustments is sent to project managers every month in
order to provide fair project results.
30 – The list of internal adjustments contains machines and inventories; name, project
number, hours used and price per hour.
31 – The user wants more clickable and tailored links in Visma.
32 – The user does not write as many invoices as he receives. It would be possible to
send all outgoing invoices in e-mails.
33 – The user prefers to use systems before paper and binders.
34 – The user has “cheat sheets” for different functions and routines, for example
invoice summary and project conditions.
35 – The user is aware that there are functions and routines in Visma that the user is
unaware of.
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36 – The user gets instruction by e-mail from the project managers when an outgoing
invoice is to be created. The user creates it and asks for feedback before it is sent.
37 – The purpose of using e-mail communication with project managers is for the user
to be able to trace the communication if an outgoing invoice proves to be faulty.
38 – The user does not feel comfortable with creating electronic invoices in Visma; the
user is not aware of the routine.
39 – The user would like to have a digital time report system.
40 – The user thinks he cannot approve skilled workers time reports since the user has
no idea about their presences or absences.
41 – The user has an own made Excel document with a summary of customer payments.
The purpose is to know the amount that the customer has paid and what is still due.
42 – The user has created a plant record of machines, with pictures, in order to be able
to manage them.
43 – The user wants to be able to sum all the amounts in her Excel documents in order
to reduce human errors.
44 – Skilled workers hand in their time reports to the project manager on the 5th day of
the month. The user needs them on the 9th and the salaries are completed on the 20th.
45 – The user feels stressed about the stack of time reports that he receives. The user
would prefer to receive them digitally.
46 – The user notices the expansion and recruitment of personnel when working with
the stack of time reports.
47 – Each employee is seen as a project. This creates double work for the user that has
to identify deviations in time reports for salaries and add working hours to projects for
internal costs.
48 – The purpose of using time reports for the accountant is to create payroll and to
distribute internal costs on the projects.
49 – Project managers think in project terms while administrational personnel think in
economic terms.
50 – The user wants to be able to focus on accounting while project directs and project
managers use their own numbers.
51 – The two tasks: accounting and creating payroll involves many manual steps which
takes a significant amount of time.
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52 – When creating salaries, the user receives a stack of time reports, identifies
deviations and notes them in a calendar in Visma. Then he creates a final payment file.
53 – The user manually moves 70-90 invoices every month which takes a significant
amount of time.
54 – There are always questions about the salaries and the user needs to call project
managers when the time reports are incorrectly completed.
55 – The user does not know if the project results are even interesting for the project
managers since the summary of incomes and costs are delayed by at least a month.
Respondent G (25 notes)
01 – The user wants more feedback on the calculation work from the project directors
and project managers.
02 – SIAAB needs a project tool that takes more than debit and credit into account.
03 – Preferably the projects are updated every day by workers and project managers.
04 – The user got a demonstration of a project tool and appreciated what he saw of the
product.
05 – The purpose of using Visma is to maintain an accurate accounting while the
purpose of LevDoc is to manage invoices. Neither is made for project prognosis.
06 – The main purpose with a project tool would be to gain control over the project
economy.
07 – The project managers does not get good prognosis out of the system today.
08 – A project tool can make manual work disappear.
09 – A project tool could also include a time report system that will help the
administration staff with payroll.
10 – The user makes calculations on projects that are considered interesting by the
marketing department, leading to a subsequent offer to the potential customer.
11 – When a project is acquired by SIAAB, the user participates in initial meetings with
the client, initiates the purchasing process and hands it over to the project manager.
12 – Project managers could get access to calculations from the calculation department,
but they do not ask for it.
13 – Project managers do not have access to Bidcon and are not able because of that to
open Bidcon calculation files from the calculation department.
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14 – The user makes calculations based on experience and drawings from the client.
15 – The calculations can be used by project directors to estimate cost by amount of
work made.
16 – Project directors are supposed to make their own calculations based on the initial
calculation and how the project director thinks it will be.
17 – The calculations assume optimal conditions.
18 – The user wants to be able to learn from his calculations. For example the user
wants to know conditions from the projects that he can take in account in future project.
19 – The user wants to be able to get feedback on the screen and checking the progress
of the user’s projects.
20 – There is no way for the user to check the progress of projects he has calculated on.
21 – Plancon is in the process of being replaced by a project tool probably on the
company.
22 – A project evaluation could give him insights for future work. For example some
things maybe take longer time to get done than the user expects and estimate in the
calculations.
23 – The user helps project managers with purchasing during the project.
24 – The user does not take available resources into account when calculating on a new
project.
25 – When the calculation is done the user presents the price-per-unit list to the market
department and a total cost of a potential project is calculated.
Respondent H (13 notes)
01 – The user attests invoices that are related to the economy department and orderings.
02 – The user thinks that the administration department has problems to catch up with
the rapid expansion.
03 – A complete register of personnel and their certifications would be useful and
would save important time for the user.
04 – The user cannot connect to the server from the office in Nyköping. Hence, he
cannot download important documents if he works from there.
05 – There are very few general documents, templates and blanks. The user often has to
create an own with the company logotype.
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06 – The user thinks that each employee should have an own e-mail address.
07 – Personnel at the main office in Uppsala are younger and have more computer
experience than personnel at the office in Nyköping.
08 – Skilled workers receive a car and a phone when they start working for SIAAB.
09 – Project managers receive a car, a phone and a laptop with a 4G Internet connection
when they start working for SIAAB.
10 – Some skilled workers do not know how to user computer, meaning they are not
able to send e-mails either.
11 – The user has a stack of post it notes with information that he would rather store
digitally.
12 – The user believes that a restructuring of folders on the server is needed.
13 – The user helps some skilled workers to use their GPS logs since they do not know
how to use them.
Respondent I (20 notes)
01 – The user double checks salaries with the accountant by comparing the time reports
with the information in Visma.
02 – The user wants to be able to view a picture of the complete invoice in Visma.
03 – The user wants to work with accounting separately from the projects. Project
directs and project managers should use the numbers from accounting by themselves.
04 – The affiliated company will continue to use Visma when SIAAB changes ERP
system.
05 – The user receives phone calls from project directors and project managers who has
questions about invoices when they follow-up their costs.
06 – If costs on an invoice is divided into three different projects by an attestant, the
whole cost will still be on the original project if a project manager searches for it.
07 – The website is only used by personnel to download documents and meeting
reports, no uploading is possible.
08 – The staff portal on the website has no real use for the employees.
09 – The user believes that a function that allows personnel to upload their documents
would make the staff portal more frequently used.
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10 – The server is not made available for all personnel and those who have access to it
have access to all information on it.
11 – The document of machines and inventories needs to be on the server to avoid that
it gets stuck in the communication path.
12 – The accounting has a cut-off date the 14th every month.
13 – The blanks and templates need to restructured and shared over the whole company.
14 – From this year and on, the accountant needs to take the consolidated financial
statements into account.
15 – The accounting process cannot be made faster, and the number of invoices is
constantly increasing.
16 – Costs on invoices that are divided into several projects by attestants are not seen by
project managers until they receive the project result a month later.
17 – The accountant wants to use the numbers in Visma for accounting while project
directors and project managers want them for project prognosis.
18 – Final tax is paid once per year while general payroll tax and VAT is paid every
month. The user uses the numbers from Visma to perform these tasks.
19 – In Visma, invoices get a unique verification number in order to be traceable.
20 – The user thinks that the payroll process could be outsourced to another company.
Respondent J (21 notes)
01 - The user thinks it is unclear who is responsible for keeping track of certifications
and training.
02 - Since the certification documentation is not in digital form it is difficult to get a
complete overview.
03 - There is no complete employee register covering contact information and telephone
number.
04 – The user thinks the significant amount of paperwork is inefficient.
05 – The user believes the combination of work tasks is an inefficient way of working.
06 – The user has created an own Excel document for keeping track of certifications and
training.
07 – There is no system to identify and handle expiring certifications and training.
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08 – The user wants to outsource the management of cars.
09 – Either project directors or administrative staff are updating the resource document
after the project manager meetings.
10 – The user uses Google or existing certifications in order to find relevant training.
11 – The user cannot communicate with all personnel through e-mail because some
workers lack an e-mail address.
12 – Certifications are stored in a binder.
13 – Some users believe the resource management document is online when it is
actually locally stored on the computer.
14 – The user organizes all documents in maps using the e-mail client.
15 - Skilled workers hand in time reports and drivers logs to the economy department at
the end of each month.
16 – The user is responsible for purchasing work wear, which takes a significant amount
of time.
17 – The user would like to have a complete and updated register of personnel,
including contact information and certifications.
18 – The user wants to use and store all information on either paper or digitally in order
to avoid confusion.
19 – The user needs to work at home when absent, in order to avoid building up a large
workload
20 – It is difficult to temporary replace the user because of the unclear and diverse work
tasks.
21 – The user answers the phone, goes to the inventory, buys food and attends meetings,
making it difficult to focus on one task.
Respondent K (50 notes)
01 – The user believes that there is no possible way to get a correct overview of
revenues and costs in a project, given the current situation.
02 – The user intends to create an accurate forecast for revenues and costs for the next
two months.
03 – The purpose of the forecast is to investigate if the project follows the initial
calculation.
71

04 – The user sees a gap in the economic overview in the projects that should be filled
by a new ERP system.
05 – The problem with the project result is that it shows only history and gives only
strategic information, no operational information.
06 – If the project result would arrive earlier, proactive actions against high costs could
be taken.
07 - Deviations from the initial project calculation can lead to both higher incomes and
higher costs than expected.
08 – Some costs on invoices are not divided properly and might never be discovered.
09 – Project forecasts are made in an Excel document, containing payment plans and the
estimates of upcoming costs.
10 – The forecast document is based on information that is not yet in LevDoc.
11 – The forecast is updated once every month.
12 – The project result is almost two months old.
13 – The user compares the own forecast with the project result in order to find
important indications about specific costs.
14 – The user thinks that his forecasts are uncertain which makes him wary and unable
to take proactive actions in his projects.
15 – The user cannot see if an invoice has been paid by the customer.
16 – The user thinks the list of invoices in LevDoc is unreliable since the changes made
by attestants are not visible.
17 – Early responses to changes in the production are delayed because of the delayed
information.
18 – The list of invoices can contain costs that are not related to his project while there
can be costs that should be related to his project but are related to another in the list.
19 – The user thinks he has no actual control of the costs on his project.
20 – Project managers give the user information about earlier costs and future costs
related to purchases.
21 – The user wants a better connection between planned purchasing, calculation and
orderings.
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22 – The user has contact with the project managers several times every month, by email, by phone or in real life.
23 – The fact that information and documents are not available everywhere makes the
physical distance to the main office in Uppsala a problem for the user.
24 – If the user finds an invoice in LevDoc that does not belong to his project, he sends
it back to the project manager, first attestant.
25 – The user wants to make a monthly reconciliation of project incomes and costs.
26 – The critical numbers in the projects are incomes, costs and revenue.
27 – The user wants to have access to the updated incomes and costs from the
accounting system Visma.
28 – The user wants to be able to analyze different categories of costs, for example
machines, personnel and materials,
29 – The user often has to call the main office in Uppsala to ask about specific unclear
invoices.
30 – The user thinks LevDoc is too primitive and gives him no help to sum costs from
invoices.
31 – LevDoc may at best give the user a subconscious knowledge about project costs.
32 – The user has an own made Excel document that compensates for the primitiveness
of LevDoc.
33 – The user would like to be able to gather project statistics independently and play
around with it. Today he has to call the main office and ask for specific information.
34 – By analyzing project statistics, conclusions about ratios (personnel, geographical
differences, machines) can be made.
35 - If the user wants specific information, he calls the main office and receives a stack
of paper that he needs to process. He wants it to be automatized and accessible.
36 – The project statistics could be analyzed by a hired controller.
37 – The user receives a stack of time reports that he uses to distribute working hours
and cost of workers on his projects in his own made Excel document.
38 – The user feels that working with time reports take unnecessary amount of time.
39 – The user has no access to the server.
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40 – The user has no folder structure.
41 – The manual transfer from time reports to the Excel document should be replaced
by a digital system.
42 – The user does not even know what the Excel document of time distribution is used
for and why he has to do it.
43 – The time reports and time distribution processes should be made digitalized and
automatized.
44 – There are many steps involved in the time report sequence. If a change is made, the
user needs to call the main office to inform the accountant.
45 – The user does not have to manage the driver logs, which are automatized.
46 – The user is responsible for certification and training of his personnel but has no
control of it.
47 – A complete employee register with contact information, photography, next of kin,
certifications, ID-06 provisions, wage and safety responsibilities would be useful.
48 – The user has to call other project directors and ask them to send the resource
management document by e-mail in order to be able to see the updated version of it.
49 – The user wants a complete register of certification and training that identifies
expiring certifications and proposes relevant training.
50 – There is a risk that all certifications are held by one skilled worker, which puts a lot
of pressure on him.
Respondent L (48 notes)
01 - Project managers tend to be good at construction and production, not economics.
02 – The amount of support the user has to give to his project managers depend on their
experience.
03 – When the user attests, if he is unsure whether the costs should be divided on
different projects he asks the economy department for help.
04 – Five to ten percent of the invoices need some sort of alteration.
05- The user can identify faulty invoices by controlling the amount.
06 – If he for some reason does not attest an invoice in LevDoc, this invoice will always
show up as the next invoice to attest.
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07 – The user has recently changed the way to make project forecasts since the previous
way was too complex and gave no overview of incomes and costs.
08 – It happens that the user receives costs that are not related to his project and costs
that are related to his project can show up on another project.
09 – A faulty invoice can be identified in LevDoc by comments submitted in the
comments field.
10 – If the project director lacks knowledge about the production in the projects, he
might attest a faulty invoice.
11 – The project prognoses can be faulty if the project managers make bad estimations
of the project progress.
12 – The user has abandoned an own made Excel document that was too detailed.
13 – The price-per-unit list from the calculation engineer can be too long and too
complex for the project managers to make project prognoses from it.
14 – Sometimes it is difficult to estimate how much work is done in the projects. Faulty
inputs will give faulty output in the project prognosis, independent of ERP system.
15 – Younger personnel tend to be more used to Excel than older personnel.
16 – The user thinks that the own made Excel document gives him control and a visual
understanding of incomes and costs in his projects.
17 – The user knows that some personnel do not trust the project result.
18 – The project results often differ from the initial calculation.
19 – The user’s method for project forecasting is proven to be successful.
20 – The user has more trust in the own made calculations than the project result;
however the project result is useful as comparison.
21 – All costs are not accounted on the correct month in the project result. Must inform
accountant which costs should be moved.
22 - The user is convinced that it is impossible to make a fully correct project result.
23 – Project managers claim that it is not essential to move costs on invoices between
months since it does not matter for the projects in the long run.
24 – The user prints the information from LevDoc and move costs on invoices between
months.
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25 – The user cannot wait two months to receive a project result, he needs it earlier.
26 – The user thinks that too many employees are involved in the time report process.
27 – The user wants to rely more on the project results.
28 – Projects with many, smaller stages generate a large amount of invoices, which are
difficult to handle manually for a project manager.
29 – Costs on invoices that arrive later in the month are never moved to the previous
month.
30 – The user thinks it is difficult to find double bookings of resources in the resource
management document.
31 – Oral agreements have higher priority than the information in the resource
management document.
32 – The user is satisfied with the resource management document; however it might
need a reorganization to support an expansion of projects, personnel and resources.
33 – If a skilled worker is at two projects at the same time, it is not possible to see the
time distribution between the two projects in the resource management document.
34 – The user has no problem with distributing working hours on his projects from the
stack of time reports.
35 – He has a document over incoming invoices that he changes automatically by
moving costs to the correct month.
36 – The sum of costs on invoices and internal costs is the total cost of a project.
37 – Even if the projects are successful, the user wants better control of the project
prognoses and forecasts.
38 – The user feels he has no control of certifications and training of his personnel.
39 – The user is responsible to update the resource management document. All projects
are listed and resources are distributed week by week, marked by a cross.
40 – The user can get information about expiring certifications from project managers,
which in turn, gets the information from the skilled workers.
41 – When the user sends the resource management document to the project managers,
they have one week to plan their future use of personnel and machines.
42 – The user fill in the resource management document by copying and pasting from
the document he gets from his project managers.
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43 – On meetings with his project managers, the resource management document is
discussed in order to identify double bookings of resources.
44 – If the user needs to inform his personnel about something urgent, he travels to the
project sites and arranges a meeting.
45 – Double bookings of resources are difficult to find, especially if a specific resource
is shared between different projects.
46 – Double bookings of resources happen occasionally. The projects change, personnel
move between projects and extra work (ÄTA) is often needed.
47 – The user has daily contact with project managers by phone.
48 – The project managers send the user e-mails with copies of orders and important
decisions made.
Respondent M (80 notes)
01 – The user attests invoices at least once a week.
02 – Some project managers attests invoices every day and the user thinks that it is a
smart way of working because with that routine the work load never gets too big to the
project manager.
03 – Sometimes the user needs to change the project number on invoices the user
attests. But the user rarely changes account number.
04 – Only the first attestant can change account and project number of an invoice.
05 - Account numbers are purposed for accounting, not project prognosis.
06 – If the user wants to change project number on an invoice, the user contacts the
registrar and forwards it.
07 – One in a hundred of the invoices need to be fixed in some way witch shows that
the project managers are doing their work.
08 – The user trusts that the project managers have attested the invoices correctly. As a
second attestant the user can only see trends in the flow of invoices.
09 – If no attest person is selected on an invoice the user sends it back to the registrar.
10 – If an invoice is forwarded to a project manager the user believes that the project
manager will receive the invoice the day after.
11 – The user believes that change attest person does not get uploaded directly; instead
it waits until the night before it is delivered to the new attestant.
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12 – Administration searches for verification number, the user uses the project number
and suppliers.
13 – If an invoice is changed the one who receives it can search for example supplier
not project number.
14 – Even if a change is made on an invoice as for an example change of project
number, the user must search for the initially assigned project number in order to find
the invoice.
15 – A green dot means definitive booked in LevDoc.
16 – The user has more respect for amounts on a printed paper than in the LevDoc.
17 – Some search functions can only be seen when the invoice has been accounted.
18 – When he forwards an invoice it disappears from her computer screen in an
instance.
19 – He does not print invoices herself, except from ÄTA-based rental invoices and
when project managers do not have a printer at the project.
20 – All the changes after the attesting are done in Visma and not in LevDoc.
21 – Project Managers are instructed to print all invoices and put them in binders in
order to adapt to the flaws in the economy system.
22 – In the project result document all the transactions and invoices of the project is
listed.
23 – There can be invoices on her projects that should be another project. There can also
be invoices that should be on her projects but are assigned to another project.
24 – Changes are made in the accounting, the project managers and directors cannot see
the changes in their view.
25 – From the project transaction list the project managers can check off all there
printed invoices to see that everything is correct.
26 – Project transactions from the accounting in the project result shows accounted
invoices.
27 – It happens that people accept invoices that is not their own.
28 – There is no real check mane system for the invoices when project result arrives to
the projects.
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29 – The user feels that it is impossible to find an invoice that the user just attested and
accepted, except if the user not remembers the delivery company.
30 – When project result arrives a double check is made to ensure the invoices are
correctly accounted.
31 – Invoices with small amounts can go all the way in the attesting process even if it is
on the wrong project. It can also be difficult to notice them in the project result.
32 – The user instructs the project managers to keep all the invoices in a binder and
collect them in a excel document. The double control that the procedure brings is
important.
33 – The user believes that control system is needed because of the human factor.
34 – The user wants to be able to see a historical view of the attested invoices.
35 – It is not impossible to attest an invoice by mistake and it is difficult to find it
afterwards because the user needs to remember the information about the invoice in
order to find it again.
36 – The user has worked in data systems that worked just fine before in the user’s
career.
37 – If a project manager hasn’t got an invoice yet but need to do a forecast of the
project the project manager may use the delivery notes.
38 – The user has made a temple to the user’s project managers for prognosis on the
project manager’s projects.
39 – The purpose of the prognosis temple is to have a double control and to avoid
mistakes by project managers.
40 – The user recommends the users project managers to not use excel documents
generated in LevDoc because it full of errors.
41 – Project managers can see on Alcell homepage the price on the orders that the
project managers have ordered.
42 – The project managers need to create their own excel document over invoices and
internal costs.
43 – Revenue is easy to have control on because of the contracts of the projects.
44 – In order to make a prognosis of a project the project managers make a
reconciliation of the progress of the project. Same project managers are better than
others on this task.
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45 – If a project contract has a fixed price the project manager and project director need
to estimate how far they have come in the project to estimate the payment.
46 – If the contract have variable price the project manager need to calculate and
estimate how much work that have been done in the project.
47 – A proper tool for incomes and costs can help project managers to focus on their
key tasks in the project.
48 - The project result document is more like a control to the user.
49 – Project results is used to double check the own made system of incomes and costs.
50 – The user receives prognoses from project managers and looks for trends and
deviations in the prognosis.
51 – The project managers have improved in having economic control of their projects
and are now ahead of the project result document.
52 – The user can adapt to different ways of prognosis work but less expired project
directors need some standardization.
53 – The project managers must know when the incomes and costs are coming.
54 – The CEO wants prognoses of every project on the company each quarter in order
to predict the future.
55 – Some prognoses from project managers can be complex and difficult to
understand.
56 – The user wants a prognosis system that is easier to understand because the does not
remember everything from the meeting with the project manager.
57 – A template is on its way for presentation of data from the accounting on the
projects.
58 – The account circle of the company can’t have too many accounts. Today it is
twenty and that is acceptable for the user.
59 – If a prognosis template is created it can’t lose the ability of individual variety. The
project managers much feel comfortable with the way they work.
60 – A budget and follow up of accounts can help to identify trends.
61 – The resource document is valuable for project managers because they can use it to
see who that has the resource they might need on their project.
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62 – ANSEK one and two has the same resource document and it is handled by the
project director of the sections.
63 – The resource document is used to see if a project lacks of resources and can be
seen as a proactive work.
64 – The user does not like top down control. The user believes that you have to believe
in the people on the company.
65 – The user thinks it is project director’s responsibility to not double book personnel.
The user thinks they do not need an Excel document for that.
66 – The user does not like the working hour system, but believes a new digital will
replace it soon.
67 – The resource document is updated once per month in the north division and every
two weeks in the south division.
68 – The purpose of the resource document is to give an overview not too focus on
details.
69 – The user does not need documents for everything. The user instead speaks with the
project managers in order to keep track of the project and to communicate changes.
70 – The user believes the system with a project to every worker in the account system
is not doable in the long run.
71 – The user wants a digital system for the time reports.
72 – The user wants manually calculate and insert all working hours for every worker
for every project in order to make internal adjustments.
73 – The user feels that the working hour reports take too much time to administrate.
74 – The user has two purposes with the time reports. At the first it is to approve them
and second to make internal adjustments.
75 – The user feels that the work with time reports takes too much time from her real
work tasks.
76 – Project directors should not waste their time on calculating time reports. The
reported hours should be summed up before delivered to the user.
77 – The user does not understand why they have been given work task that
administration personnel can do faster and cheaper for the company.
78 – The user wants to attend construction meetings and support project managers
instead of doing administration work in the user’s office.
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79 – Administrative staff work faster and cost less compared to project managers and
directors.
80 – The user feels that a telephone call or received e-mails has a higher priority than
administration work.
Respondent N (42 notes)
01 – The user can find additional invoices related to his project by checking the inbox
of invoices in LevDoc.
02 – The user searches by suppliers when he wants to find a specific invoice in LevDoc.
03 – The user must know the invoice number in order to be able to find it.
04 – If the user receives an invoice that is not related to his project, he forwards it to the
related project manager, attestant.
05 – If the user needs to divide costs to different projects on an invoice, he adds a row
to the project number table in LevDoc.
06 – Project managers are not allowed to send back faulty invoices to the supplier.
07 – If the user does not a specific invoice number, he can search by supplier and
project number to find it in the invoice list in LevDoc.
08 – The user prints all invoices related to his project in order to maintain control of the
project costs.
09 – The user prints all the invoices that he attests and puts them in a binder.
10 – The user argues that the time delay in project result is unavoidable.
11 – The user has an own made Excel document to follow-up costs from invoices.
12 – The user writes down every invoice and all costs to the correct month in the Excel
document in order to be able to follow-up costs.
13 – The project result is not completely reliable since some costs are related to wrong
projects.
14 – When the user receives the project result, he finds invoices and costs that are
accounted on the wrong month.
15 – Economy department staff and project directors move costs on invoices from one
month to another.
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16 – To transfer the information from every invoice to the Excel document takes a
significant amount of time.
17 – A more automatized invoice system would save a significant amount of time.
18 – Project directors always approve the invoices that the user has attested.
19 – There is some accounting terms in the project result that the user does not
understand.
20 – The user would like to replace the manual workload with more automation and
more support.
21 – There is no possible way to note date of issue on a cost in LevDoc.
22 – The accounting has a cut-off date the 17th every month for moving costs on
invoices to the previous month.
23 – The user thinks the project result is useless due to the delay. The result may give
the user hindsight of his prognosis.
24 – The accountant is interested in moving costs between years rather than months.
25 – The user attests and follow-up costs from invoices around eight hours every
Friday.
26 – The user is supposed to compare delivery notes with received invoices in order to
double check costs. He claims it is a major workload and takes too much time to do.
27 – The purpose with comparing delivery notes and received invoices is to identify
costs that are not yet invoiced to the company.
28 – The user would like to have a better overview of delivery notes than the fully
loaded binder he uses today.
29 – The user makes a monthly follow-up of the project progress by estimating work
done in percentage, or units, and comparing the corresponding costs with the calculated.
30 – Project directors communicate information from the CEO and the board to the
project managers in meetings with them.
31 – The user has a meeting with the project director each quarter where the prognosis
is discussed.
32 – When skilled workers arrive at a new project site, they fill in a form that contains
personal information, next of kin and certifications.
33 – The user knows his skilled workers and what certifications they have.
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34 – The user thinks it is easy to handle the time reports as long as a skilled worker is
working on only one project.
35 – The user is in general not satisfied with the time report process since there are too
many steps and employees involved.
36 – The user feels that the skilled workers do not know how to fill in the time reports
properly.
37 – When a skilled worker has made an error in the time report, the accountant calls
the user to find out what is wrong. Often, the user does not know either.
38 – The user thinks the skilled workers should be able to fill in the time reports
independently and without asking for help.
39 – The user feels it is difficult to find a specific invoice in LevDoc because of the
deficient search function.
40 – It would erase the burden of the user if the skilled workers could fill in the time
reports without asking him about formalities.
41 – If the user would be less aware of the production in his project, he would not be
able to identify costs that have been mistakenly put on his project.
42 – The user thinks a better coordination of resources in the company could save some
purchasing and avoid surplus of materials.
Respondent P (32 notes)
01 – The user prints all the invoices and puts them in a binder and sorts them after very
month.
02 – The purpose of printing all the invoices is to be able to summarize all the cost from
them.
03 – The user attests at least every other day.
04 – The user sums up the costs from invoices by adding numbers from every bill by
using a calculator and notes the sum on a post-it note.
05 – The invoices that are collected in the binder are attested by the user.
06 – It might be an old way of working but the user feels comfortable with the
procedure and it makes the users have good knowledge about the costs of the project.
07 – The user compares the costs with the project result and sometimes it differs and
sometimes it does not.
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08 – The user has between twenty and eighty invoices in a month.
09 – The user has a payment plan on the user’s Dropbox.
10 – The user notes working hours in a document and uses his diary to handle internal
costs.
11 – The user feels it is hard with internal cost because no invoice is sent to him about
it.
12 – Since he does not receive weekly reports or notes from his internal workers and
machines he cannot know the exact hours and costs to the user’s project.
13 – He wants machine drivers to keep log of their work because SIAAB own machines
are difficult to follow up compared to external work that is much easier.
14 – The user would like to be able to rent out SIAAB workers and machines to external
customers.
15 – The user does not know where the resource document is saved. The user believes
that it can be on the server.
16 – The user uses this working diary when the user attests the time reports.
17 – The time report system works well but the machine time report does not.
18 – The user believes that the last project manager a worker work for in the end of the
month is the one sending in his working hours report.
19 – ÄTA-jobs involve a large amount of documentation.
20 – The user does not have time to make fully detailed follow ups and prognosis.
21 – By saving delivery notes and keeping diary the user has control on the economy of
the project.
22 – The project manager does not know if his customer pays the outgoing invoice.
23 – When making a monthly reconciliation the user sums all incoming invoices as
costs and all outgoing invoices as incomes.
24 - Depending if the invoices are accounted on the correct month the project result will
differ from the users own prognosis.
25 – For significant large project the paper and binder systems would probably not
work.
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26 – A system with employee information and an overview of certifications is
something he would have use for.
27 – The education paper is filled in on the works own responsibility.
28 – The user thinks it is a good idea with a system that tells the user that an education
period of validity is running out.
29 – The user has two simultaneous projects and the inbox in LevDoc contains invoices
related to both of the project.
30 – The user attest invoices every second day.
31 – If the user needs a person with special education the user ask the project director
for help.
32 – Attesting of invoices are done every other day by the user.
Respondent R (93 notes)
01 – SIAAB is working on a new framework of planning of resources and people.
Historically the company has not had almost anything of that before.
02 – Before the project starts the user uses the calculation made by the marketing
department.
03 – During the project the user makes a prognosis each quarter that are a prognosis of
incomes and costs.
04 – The user would like to have a meeting with the calculator and receive the
calculation instead of printing it himself. He wants to understand how they have
calculated.
05 – The calculation contains of a hundred pages with different codes and prices and it
is made by another person then himself.
06 – The user does not use the calculation on the project so much except for contracts
and amount of units.
07 – A follow up of the calculation is needed but there is no time for it.
08 – The forecast report take the whole project in account.
09 – It is difficult to predict costs in the project because no project follows the
calculation.
10 – The calculation may prove to be unrealistic sometimes.
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11 – He uses his gut feeling to get an idea about the progress and economy of the
project.
12 – There is no time for feedback after a project have finished. It is just to go straight
to a new job. The strategy of the company has been to expand.
13 – There are big differences between efficiency in difference drivers of excavators.
14 – Statistics about the users work would be interesting to have.
15 – The division in north and south has been replaced by sections in order to enhance
commonality.
16 – There is machinists that have worked as subcontractors to only SIAAB in 4-5 years
now.
17 – The user would like LevDoc show the project number in the invoice list.
18 – The user does not trust LevDoc and because of that has the user replaced it with an
own made system.
19 – In the list of invoices in LevDoc there can be invoices that should not be on the
user’s project or divided. This gives the user’s project a faulty cost and the user can
never erase it.
20 - Unexpected costs are easy to detect if they are big enough. Otherwise they are
impossible to find among a thousand others.
21 - LevDoc provides no way for him to estimate reality.
22 – The user thinks that no project manager in the world understands accrued
expenses.
23 – The accounting has the right numbers. Why cannot the user see them?
24 – The user wants to know which invoices that have been paid in order to make a
prognosis.
25 – The user wants to know if the economy apartment or project directors moves
amounts in the users project between months.
26 – The user must chose date on every invoice and add the cost manually to his the
users own document.
27 – The project result is difficult to understand.
28 – The user gets surprised by the changes made by accounting. For example can a
cost be moved between months.
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29 – The user would like to have a common framework or template for all the project
managers for forecast.
30 – He does not understand accrued expenses and wonders why it is a cost on his
project.
31 – If a cost is accounted on another month in the user’s project the user wants to be
notified about it and get informed about the reason behind it in order to get a sense of
control.
32 – The project result shows how well the user has forecasted the user’s project.
33 – When the user makes a prognosis the users use the last project result and looks
forward in the future.
34 – The user thinks that a template for forecasting would be possible, even if project a
different you can have the basics in a template.
35 – A thoughtful template over internal and external cost would make the users work
easy.
36 – An administration assistant sort invoices in the project by creation date every other
week on the users current project.
37 – The user knows the price per amount of all resources and the user needs to estimate
how much work is to be done in the project.
38 – The user has got invoices on the user’s project that the user has never seen.
39 – A substitute would have no idea what he is doing on his project.
40 – The key numbers for the CEO are costs, incomes and revenue.
41 – The user spent a lot of working hours on the excel document witch the users
project has to pay for.
42 - Two or three of one hundred invoices are not correct.
43 – General templates would save time for the user.
44 – The risk with programming a complex Excel document is that faulty numbers
gives a faulty prognosis.
45 – The user prints all invoices and puts them in a binder and sorts it by date of the
invoice.
46 – The project result document is not always correct. For example can a transport of
clay go under the transport account instead for a material account.
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47 – The user hates paper and want as much as possible in digital form.
48 – An economy assistant that is faster than the user puts all the invoices in the own
made Excel document.
49 – The project managers think in project terms while administration staff thinks in
economic accounting terms. That is not the same thing.
50 – The user knows that is not possible that he user’s project have cost that the user
have not attested. But still exactly that can appear in LevDoc.
51 – The user have heard that SIAAB are too large to use LevDoc.
52 – It is possible to attest an invoice and at the same time change project. That is not
unacceptable.
53 – The user would like to have the old working hour report system where he just sign
the paper and send them in.
54 – The user has received invoices on his project result that he never attested himself.
55 – The user must be able to see all the invoices on the user’s projects.
56 – The user believes that workers are not interested in a digital working hour report
system.
57 – It is impossible for him find a faulty invoice among one thousand others in the
project result. He must be able to trust LevDoc.
58 – The key problem is to find specific invoices.
59 – Sometimes he must call the accountant to receive a specific invoice.
60 – The user wants more information from calculation department. How the user is
supposed to be able to do a work for a specific price.
61 – Even the project result can be faulty if wrong invoice are attested in his project.
62 – The user would like to know directly if calculation has calculated wrong so his
user can do something about it in the project.
63 – Since the user prints all the invoices the user attests. The system replaces the
search function in LevDoc.
64 – The user changes project numbers if needed on an invoice.
65 – The user would like to have an answer how calculation have establish specific
amount on works on the user’s projects.
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66 – It would be interesting to follow up details of the project. Today the user receives
details on the project result but bank accounts are not fully correct.
67 – The user does not the bank account or the accounting rules and he has no time to
take it into consideration.
68 – It would be easier to understand basic accounts if they were presented with name
rather than numbers.
69 – The accountant wants to fulfill the purpose of accounting while the user wants to
able to do project prognosis. They do not understand each other.
70 – The user does not move costs, and the user does not understand why they have
been moved.
71 – The new CEO wants more structure on the company.
72 – The user thinks the project result is useful. It could be complemented with written
notes over moved invoices.
73 – The user does not think there is a need for a system for education for workers.
74 – An overall system that the user can trust is critical.
75 – The user does not know wage rules and can only attest the working hours of his
personnel.
76 – The user has no knowledge about payment rules.
77 – More administrative load is put on the project managers with the new time report
system.
78 – The user feels that there is nothing to build on when the user gets a new project as
project manager. The user always starts from scratch.
79 – The user thinks Plancon is worthless because it runs on a server and is really slow
to use.
80 – All machine drivers write weekly reports about working hours and work that have
been done.
81 – The user waste a lot of time on things that could be made more efficient.
82 – Communication between calculation and production is deficient. He must know
miscalculations and how they have though on the calculation department.
83 – A lot of the estimation is taken from experience and guessed which means that it
can be wrong sometimes in the calculation.
90

84 – The user would like to have a license to Bidcon.
85 – The user wants a list of all jobs and prices from subcontractors in order to make a
time plan.
86 – The user wants written explanations to the calculation in order to not miss
important insights.
87 – There is no evaluation made on the projects except in economic numbers.
88 – More feedback in general would be valuable for the whole company in order to
share knowledge within the company.
89 – Today the user calls a colleague if there is a question about a job that the colleague
have done before.
90 – Before a project starts he makes a time plan in Plancon.
91 – Plancon is useless because of the extremely slow server that it works against.
92 – The user would like to be educated for example in Plancon and Excel.
93 – The user would like to be able to plan in detail what machine will do in the user’s
project. Can generate saving and efficiency.
Respondent S (17 notes)
01 – If an invoice does not have a project number printed on it, the user has to call the
supplier in order to know which project the invoice is related to.
02 – All invoices are assigned a unique invoice number.
03 – The user think reverse construction tax is complicated and needs to control the
routine in a binder.
04 – The user always double checks that invoices are synchronized into Visma, in case
of an Internet connection breakdown.
05 – If the invoice date and date of issue are in different months on an invoice, a post it
note is pasted on the invoice with the intention to move the cost.
06 - Scanned invoices can be difficult to read, forcing the user to e-mail it instead.
07 – The user thinks it would be useful to know where personnel are located if
somebody calls and asks for a specific person.
08 – The user can be asked to print all the invoices related to a specific project. Not
everybody on the company can do that.
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09 – The user scans invoices before lunch. After lunch, the user checks the mail and
date stamps invoices before they get scanned on the next day.
10 – When the user prints invoices related to a specific project, changes made by the
accountant are not visible.
11- The user is responsible for bookings of the conference room.
12 – The user would like to have a way to look up where personnel are located and what
projects they are working on.
13 – If all invoices were sent on e-mail, no scanning would be needed.
14 – The user needs to manually insert supplier, cost, project number, construction
VAT, invoice date, expiration date, bank account and attestants on each invoice.
15 – The user is interrupted since he often needs to open the door to the office.
16 – The supplier invoices are sorted into single-side, dual-side and multi-pages.
17 – If an invoice is expiring the user calls the responsible attestant to inform about it.
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Appendix C: Building the Affinity diagram
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Appendix D: Affinity diagram
Pink label: Accounting
Blue label
Moving costs

Yellow labels
R-72, R-70, L-21, N-22, L-35, L-25, N24, N-15, R-31, N-21
I-05, I-15, N-10, G-05
F-10, F-38, F-23, F-19
F-06, F-09, F-17, I-20, F-05, F-04
F-51, U3-01
I-18, I-03, M-05, R-69, F-50, F-48, R-49

Accounting versus project
Problems with Visma
Accounting process
Time consuming
Accounting purposes versus project
purposes
Visma requirements

F-31, I-02, F-25, F-18

Pink label: Documents
Blue label
Document storage and structure
Templates and blanks
Server

Yellow labels
J-14, K-40, P-19, P-09
H-05, R-43, R-35, R-29, I-13
I-10, I-11, H-12, K-39, H-04

Pink label: Invoices
Blue label
Paper and binder
Invoices on wrong project
Editing invoices
Forwarding
Communication
Payments
Invoices on project result
Faulty invoices
Moving costs on invoices by month
Control of invoices
Amount of invoices
Attesting
Customer invoices

Yellow labels
P-01, F-08, M-32, N-09, R-45, P-05
R-54, R-38, N-41, L-08
M-13, M-11, R-64, M-06
N-14, N-06, M-10, M-09
S-17, S-01, R-59
F-20, F-13, F-08
M-30, P-24, K-15, N-13
L-05, L-09, M-07, R-42, L-04
M-03, L-29, L-23
R-55, R-58, M-31, M-29, M-27, P-04
P-08, F-53, L-28
P-30, P-32, N-45, N-25, N-18, M-04
F-36, F-07, F-41, P-14, P-22, F-16, F-32,
F-43
N-16, S-13, N-20, N-17, R-48, M-47, R36, R-26, P-11
S-06, S-16, S-08, S-02
M-01, P-03, M-02, M-08, L-03

Managing invoices
Invoice scanning
How often to attest
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Pink label: Invoice attesting
Blue label
Search and find
How LevDoc is used
User needs
Prognoses
Divide costs on an invoice
Verification number
Synchronization
Impact from administration

Yellow labels
M-14, R-37, N-02, N-03, N-39, R-63
S-05, S-14, N-01, N-05, P-29, N-07
K-28, R-17, M-34
M-40, R-18, N-44, K-32, R-21
K-08, I-06
F-14, M-12
S-04, F-27
M-24, M-17, I-16, F-11, F-21, M-20, F24, S-10
K-16, K-30, R-20, K-31, M-23, K-18, R19
M-35, R-50, R-52, L-06, M-18, K-24

Project costs
Attesting in LevDoc

Pink label: Project prognosis
Blue label
Estimate progress
Paper and binder
Prognosis problems
How often to make a prognosis
Make the prognosis
Prognosis template
Delivery notes
Revenues
Impact from accounting
Excel documents
Project manager needs
Project directors
Internal costs and adjustments
Project tool
Plancon and Bidcon

Yellow labels
L-14, R-11, N-29, M-44, K-25, P-23, R37
S-21, P-02, P-06
K-19, P-12, P-20, G-07, K-01
K-18, N-31, R-03
R-08, L-36, R-33
M-59, M-57, M-39, R-34
N-26, N-27, M-37, N-28, P-21
M-45, R-09, M-43, M-46
R-28, R-23
K-37, K-10, L-16, N-11, R-44, L-12, N12, K-09
K-27, G-03, M-53, K-03, K-02, L-37, K26, R-24
M-56, M-52, M-55, M-50, L-24, K-20, L11, K-14, M-38
P-10, F-29, M-42
G-08, G-19, G-06, G-02, G-09, R-93, K21
R-91, G-21, R-90, R-84, G-13, R-79
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Pink label: Project result
Blue label
Sense of control

Yellow labels
K-13, R-32, M-49, L-27, M-25, L-18, M48, L-20, P-07
L-22, R-69, M-28, K-14, R-27, R-46, L17
K-06, K-05, F-55, K-12, N-23
K-36, K-34, R-66, R-14, K-33

Correctness and credibility
Delay
Data analysis and statistics
Pink label: Resource management
Blue label
Using resource document
Updating resource document
Double booking
Server confusion
Expansion problems

Yellow labels
N-42, M-68, M-61, M-67, L-41, M-63
K-48, J-09, L-31, L-42, M-62, L-39
L-33, M-65, L-46, L-30, L-43, L-45
P-15, J-13
M-53, P-25, H-02, F-46, M-70, L-32, F22, R-51

Pink label: Staff
Blue label
Managing staff training
Staff training problems
Lack of knowledge
Communication
Evaluation and feedback
Staff record
CEO needs
Irreplaceable individuals
Staff portal
Personnel differences
Digitally or paper
Time consuming activities
Problems for the calculation engineer
How a calculation engineer works
Communication between calculation
engineer and project managers
Project managers and project directors

Yellow labels
J-10, R-73, J-06, N-32, P-27, N-33, L-40,
J-12
K-46, L-38, P-28, J-07, J-01, J-02
R-75, N-19, R-22, H-10, R-76, F-35, R92, R-67, R-30
K-06, K-23, K-29, G-12, J-11, F-37, K-55
R-88, G-18, R-12, R-07, R-87, G-22, G01
K-42, K-50, H-03, P-26, J-03, K-49, S-12,
S-07, J-17
M-54, R-40, F-02, R-71
J-20, R-39, J-19
I-07, I-08, I-09
R-15, L-15, H-07
R-42, F-39, M-71, J-04, J-18, F-33
R-41, J-05, M-78, M-73, H-11, R-81
G-20, R-83, R-10, K-07, L-13
G-24, G-17, G-10, G-14, G-23, G-25, G11
R-62, R-05, R-86, R-82, R-65, R-04, R-60
R-06, G-15, R-02, G-16
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Pink label: Time reporting
Blue label
Manual work
Machines and drivers logs
Problems

Yellow labels
L-34, R-53, M-72, N-38, F-52
P-12, K-45, P-13, J-15, R-80
K-42, N-37, P-36, F-54, K-44, M-74, M76, F-40
K-38, M-75, K-41, N-40, N-35, L-77, K43, M-43, M-66, F-45

Inefficiency

97

