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Editorial

The mission of the 1JISPM - International Journal of Information Systems and Project Management is the
dissemination of new scientific knowledge on information systems management and project management, encouraging
further progress in theory and practice.

It is our great pleasure to bring you the first number of the eighth volume of 1JISPM. In this issue readers will find
important contributions on enterprise resource planning (ERP) systems, information technologies (IT) project success,
design decisions in engineering projects, and engineering projects, and risk management.

The first article, “Moving enterprise resource planning (ERP) systems to the cloud: the challenge of infrastructural
embeddedness”, is authored by Eli Hustad, Vegard Sgrheller, Emeli Jargensen and Polyxeni Vassilakopoulou. Cloud
enterprise resource planning (ERP) solutions allow organizations to support and coordinate key business processes by
leveraging virtualization. Nevertheless, moving ERPs to the cloud is not straightforward, and organizational cloud ERP
initiatives raise multiple concerns. The authors conducted an in-depth systematic review of relevant research literature
and identified six key concerns related to cloud ERP implementation: a) the introduction of new ERP work
arrangements, b) the migration of legacy data, c) the assurance of compliance with extant rules and regulations for
security, d) the continuous alignment between ERP functionality and business processes, €) the ongoing integration
between ERPs and the rest of the organization’s application portfolio, and f) the establishment of adequate reliability
levels. The identified concerns are associated with both transition management and operations supported by cloud
ERPs. All the identified concerns are also related to the need to achieve infrastructural embeddedness. This need sets
ERPs apart from other types of cloud-based applications, such as office automation solutions that do not have as many
dependencies and exchanges with other systems and repositories within an organization’s information infrastructure.

The title of the second article is “The pivotal factors of IT projects' success — Insights for the case of organizations from
the Federation of Bosnia and Herzegovina”, which is authored by Muamer Bezdrob, Sabina Brki¢ and Manfred Gram.
This research aims to investigate the circumstances and possible reasons for a very high and rather unexpected success
rate of IT projects implemented in the Federation of Bosnia and Herzegovina. For that purpose, the existing literature
was reviewed thoroughly, and an appropriate research design was formulated. In order to answer the research questions
posed, a questionnaire was developed and a multivariate analysis of variance (MANOVA) was employed. The obtained
results show that keeping the project size small significantly increases the odds for achieving IT project success,
regardless of the organizational maturity level in project management. In addition, the higher the organizational
maturity level in project management the higher IT projects success ratio. Results also revealed that the differences
between IT projects’ success ratio of different groups of organizations are primarily induced by the time and costs
project constraints, but not with project scope.

The third article, authored by Tara Kinneging, Robin de Graaf, Sander Siebelink and Tim van Dijck is entitled “The
documentation of design decisions in engineering projects: A study in infrastructure development”. In most design
projects, the documentation of design decisions is considered important. Among others, documentation of design
decisions contributes to the traceability of decisions that shape a project’s development process, helps deal with changes
in the project and prevents the recurrence of old discussions. Yet, little attention is given to documenting design
decisions in engineering literature. In this study, a theoretical framework for the key elements of this documentation
process was developed. Four infrastructure projects were studied and compared to this framework by means of pattern
matching. The findings demonstrate that accessibility of documentation for all involved project parties and division of
documentation tasks are in accordance with literature. However, the documentation of design decisions and their
rationale is not done as completely as is recommended in theory. Literature states that the documentation of
interrelations and context of decisions should be described thoroughly, but that is barely done in practice. In addition,
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the findings show that neither immediate documentation, nor periodical monitoring of documentation is applied. Based
on these findings, this research proposes a strategy for improving the documentation of design decisions.

“W4RM: A prescriptive framework based on a wiki to support collaborative risk management in information
technology projects” is the fourth article and is authored by Rogério Soares, Marcirio Chaves and Cristiane Pedron.
Despite the positive influence of risk management in IT project results, many project managers are not managing risks
or are managing them partially. To enhance risk management, collaborative project management has gained attention in
recent years with the introduction of Web 2.0 tools. Project managers have used such tools to facilitate open
communication and distribution of activities. This research introduces a prescriptive framework (W4RM — Wiki for
Risk Management) based on a wiki to support collaborative risk management in IT projects. An exploratory focus
group was set up and a series of interviews with practitioners was conducted to explore how a wiki can support risk
management in IT projects. Findings show that project managers are facing difficulties managing risks and are the only
ones responsible for identifying, registering and monitoring risks. By implementing a collaborative tool, managers can
disseminate a collaboration culture and participate in risk management processes.

We would like to take this opportunity to express our gratitude to the distinguished members of the Editorial Board, for
their commitment and for sharing their knowledge and experience in supporting the IJISPM.

Finally, we would like to express our gratitude to all the authors who submitted their work, for their insightful visions
and valuable contributions.

We hope that you, the readers, find the International Journal of Information Systems and Project Management an
interesting and valuable source of information for your continued work.

The Editor-in-Chief,
Jodo Varajdo

University of Minho

Portugal

Jodo Varajdo is currently a professor of information systems and project management at the
University of Minho. He is also a researcher at the ALGORITMI Research Center at the University of
Minho. Born and raised in Portugal, he attended the University of Minho, earning his Undergraduate
(1995), Masters (1997), and Doctorate (2003) degrees in Technologies and Information Systems. In
2012, he received his Habilitation degree from the University of Trés-os-Montes e Alto Douro. His
current main research interests are related to Information Systems and Information Systems Project
Management success. Before joining academia, he worked as an IT/IS consultant, project manager,
information systems analyst and software developer, for private companies and public institutions.
He has supervised more than 100 Masters and Doctoral dissertations in the Information Systems
field. He has published over 300 works, including refereed publications, authored books, edited
books, as well as book chapters and communications at international conferences. He serves as
editor-in-chief, associate editor and member of the editorial board for international journals and has
served on numerous committees of international conferences and workshops. He is the co-founder of
CENTERIS — Conference on ENTERprise Information Systems and of ProjMAN - International
Conference on Project MANagement.
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Abstract:

Cloud enterprise resource planning (ERP) solutions allow organizations to support and coordinate key business
processes by leveraging virtualization. Nevertheless, moving ERPs to the cloud is not straightforward, and
organizational cloud ERP initiatives raise multiple concerns. We conducted an in-depth systematic review of relevant
research literature and identified six key concerns related to cloud ERP implementation: a) the introduction of new ERP
work arrangements, b) the migration of legacy data, ¢) the assurance of compliance with extant rules and regulations for
security, d) the continuous alignment between ERP functionality and business processes, €) the ongoing integration
between ERPs and the rest of the organization’s application portfolio, and f) the establishment of adequate reliability
levels. The identified concerns are associated with both transition management and operations supported by cloud
ERPs. All the identified concerns are also related to the need to achieve infrastructural embeddedness. This need sets
ERPs apart from other types of cloud-based applications, such as office automation solutions that do not have as many
dependencies and exchanges with other systems and repositories within an organization’s information infrastructure.
We argue that the challenge of embeddedness has different implications for organizations of different sizes, and we call
for further empirical research.

Keywords:
cloud enterprise resource planning (ERP) implementation; organizational size; information infrastructure;
embeddedness; transition management.
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Moving enterprise resource planning (ERP) systems to the cloud: the challenge of infrastructural embeddedness

1. Introduction

Cloud computing enables network access to a variety of information technology (IT) resources (e.g., computing power
and storage facilities). These networked resources can be delivered as services over the internet (typically represented
by a cloud symbol in technical diagrams). The various models of cloud service delivery are collectively known as “X-
as-a-Service,” where X can be the development platform as a service (PaaS), the infrastructure as a service (IaaS), or
the software as a service (SaaS) [1],[2]. Such cloud services have increased remarkably in recent years, and business
systems delivered as cloud solutions have become important parts of the market segments [3]. Unlike traditional on-
premise solutions, cloud services can be rapidly deployed, while their total cost is easy to estimate since it is linked to
actual use. Furthermore, cloud services can support distributed business processes, facilitating globalization and
potentially strengthening the competitive position of businesses.

The advent of cloud computing led to the development of cloud-based enterprise resource planning (ERP) solutions.
ERPs are combinations of software modules that use common data repositories, allowing the integration of transactional
data and business processes [4]. ERP systems have been introduced in organizations to increase efficiency [5], but the
traditional ERP implementation has proven to be highly complex and demanding [6],[7]. Virtualization creates new
possibilities for swift and cost-efficient ERP deployment [8]-[11], triggering the interest in moving ERPs to the cloud
[12]. ERP systems delivered as cloud services (SaaS) are hosted remotely, and access is provided on demand, usually
via a thin client, such as a web browser. The users do not own, manage, or operate the underlying infrastructure or
individual ERP application capabilities [13]. The benefits of cloud-based ERPs are related to swift deployment, cost
effectiveness, scalability, and ease of updates [10],[14]. Despite the alluring potential benefits of cloud ERPs, their
adoption rates are very low compared with other cloud-based business applications [15]. For instance, organizations
have quickly embraced cloud services for office automation applications and email exchanges but are reluctant to move
their ERPs to the cloud. To gain an understanding of organizations’ concerns about cloud ERP implementation, we
reviewed the related research literature.

Specifically, we looked for recurring cloud ERP implementation concerns beyond strategic aspirations. The identified
concerns are associated with both transition management and operations supported by cloud ERPs. Transitioning
concerns include the introduction of new ERP work arrangements, the migration of legacy data, and the assurance of
compliance with extant rules and regulations for security. The concerns related to operations include the continuous
alignment between ERP functionality and business processes, the ongoing integration between ERPs and the rest of the
organization’s application portfolio, and the establishment of adequate reliability levels. All the identified concerns are
related to the need to achieve infrastructural embeddedness. This need sets ERPs apart from other types of cloud-based
applications, such as office automation solutions that do not have as many dependencies and exchanges with other
systems and repositories within an organization’s information infrastructure.

Overall, our study identifies, analyzes, and integrates a critical mass of research on cloud ERP implementation, offering
a sound base for researchers and practitioners interested in the introduction of cloud ERPs in organizations. To ensure
robust results, we performed a systematic literature review [16] guided by the following question: “Which concerns
related to the implementation of cloud-based ERP systems have been addressed in previous research literature?” Our
contribution is threefold. First, we identify recurring cloud ERP implementation concerns, explaining their limited
diffusion. Second, we map the identified concerns to different sizes of organizations, pointing to the implications of
size. Third, we synthesize our findings in a concise framework, revealing that infrastructural embeddedness is the key
challenge for cloud-based ERPs.

We have organized the remainder of this paper as follows. In Section 2, we present the method used for selecting and
analyzing the articles for this review. In Section 3, we offer a synthesis of our findings in two concise concept matrices.
In Sections 4 and 5, we discuss the findings and draw conclusions by pointing to implications for research and practice
and directions for further research.
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2. Method

In this section, we first describe the scope of the literature review and the process we followed to select relevant articles.
We then explain the method we applied to code and synthesize the findings of the selected articles. Overall, we
conducted the systematic literature review by following the process proposed by Kitchenham [16]. Figure 1 provides an
overview of this process.

Planning Conducting Reporting
1.ldentification of the 1. Search for relevant Write-up in a single
need for review publications stage phase
2. Development of a 2. Selection
review protocol 3. Quality assessment

4. Data extraction
5. Data synthesis

Fig. 1. Overview of literature review process (based on the process proposed by Kitchenham [16])

To identify and select the research articles for review, we used a set of search terms and a set of inclusion/exclusion
criteria. The search terms and the inclusion/exclusion criteria were included in the review protocol. The use of a
protocol is important for reducing selection bias and assuring the selected papers’ quality and relevance [16]. We used
‘cloud ERP’ as the primary search term. To identify as many relevant articles as possible, we formulated the primary
search term in a way that would ensure the inclusion of different alternative expressions. Specifically, the primary
search string used was (‘ERP’ OR ‘Enterprise Resource Planning”) AND ‘Cloud’. We used a set of additional terms to
delimit the search within the research related to implementation. Specifically, the search word ‘implementation’ was
added together with the related words ‘adoption’ and ‘change’ as alternatives. Thus, the complete search string used
was ((‘ERP’ OR ‘Enterprise Resource Planning’) AND ‘Cloud’) AND ((‘implementation’) OR (‘adoption’) OR
(‘change’)). By performing the search with the use of a compound string, we obtained a consolidated list of results,
avoiding the problem of integrating and removing the duplication of the outcomes of different searches. The string was
used to search publications by title, keywords, and abstract in Scopus. We restricted the search to publications that were
peer reviewed, written in English, published in scientific journals and conference proceedings, and published until 2018.

The search yielded 183 unique articles in total. The next step was to read the titles and the abstracts of the identified
articles, checking their relevance to the research question. For this step, we used the inclusion/exclusion criteria.
Specifically, we excluded papers that only casually mentioned cloud ERP implementation but had a different focus
(e.g., cloud computing in general or company disposition toward cloud ERPs). We also excluded papers published in
outlets outside information systems (IS) research, computer science, business studies, and management research.
Additionally, we disregarded articles focused on narrow domains (e.g., a specific type of farming, such as aquaponics).
After this step, 49 papers were shortlisted.

Finally, the full text of each shortlisted paper was assessed for relevance by applying the inclusion/exclusion criteria to
the full content. We also assessed the quality of the reported research by checking the rigorousness of each article’s
method description. After this step, a final corpus of 19 articles was selected. Figure 2 presents the sequence of these
steps.

Table 1 presents the full reference list comprising the 19 selected articles. Additionally, Appendix A provides an
overview of the key aims and insights of all selected articles.
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‘ unique articles identified by applying search terms ‘
183

-

abstract relevance assessment

‘ shortlisted articles ‘
49

full-text relevance and quality assessment

‘ final article corpus ‘
19

Fig. 2. Creating a corpus of articles for review: identification and selection process

We coded and synthesized the selected articles by following a concept-centric logic [17]. The coding of the articles was
specifically focused on concepts related to implementation concerns, excluding other cloud ERP topics that were
irrelevant to the research question. The first step involved identifying and listing key concepts while reading each
article. After completing this step, we evaluated, consolidated, and refined all the identified concepts. Therefore, the
concepts evolved inductively from the literature. The articles and the concepts were cross-analyzed to ensure
consistency and comprehensiveness. The final set of concepts was used for the development of a concept matrix that
would present the associations between the articles and the concepts (Table 2). The development of the concept matrix
was instrumental for bringing up insights from published research to answer the research question “Which concerns
related to the implementation of cloud-based ERP systems have been addressed in previous research literature?” The
results of the analysis are presented in Section 3.

Table 1. List of selected articles

# Reference list comprising the selected articles

1 Al-Johani, A. A., & Youssef, A. E. (2013). A framework for ERP systems in SME based on cloud computing technology. International
Journal on Cloud Computing: Services and Architecture, 3(3), pp. 1-14.

2 Das, S., & Dayal, M. (2016). Exploring determinants of cloud-based enterprise resource planning (ERP) selection and adoption: a
qualitative study in the Indian education sector. Journal of Information Technology Case and Application Research, 18(1), pp. 11-36.

3 Duan, J., Faker, P., Fesak, A., & Stuart, T. (2013). Benefits and drawbacks of cloud-based versus traditional ERP systems. Proceedings
of the 2012-13 course on Advanced Resource Planning.

4 Elragal, A., & EI Kommos, M. (2012). In-house versus in-cloud ERP systems: a comparative study. Journal of Enterprise Resource
Planning Studies, vol. 2012, pp. 1-13.

5 Gupta, S., & Misra, S. C. (2016). Moderating effect of compliance, network, and security on the critical success factors in the
implementation of cloud ERP. IEEE Transactions on Cloud Computing, 4(4), pp. 440-451.

6 Gupta, S., Misra, S. C., Kock, N., & Roubaud, D. (2018). Organizational, technological and extrinsic factors in the implementation of
cloud ERP in SMEs. Journal of Organizational Change Management, 31(1), pp. 83-102.

7 Gupta, S., Misra, S. C., Singh, A., Kumar, V., & Kumar, U. (2017). Identification of challenges and their ranking in the
implementation of cloud ERP. International Journal of Quality & Reliability Management, 34(7), pp. 1056-1072.

8 Johansson, B., Alajbegovic, A., Alexopoulos, V., & Desalermos, A. (2015). Cloud ERP adoption opportunities and concerns: the role
of organizational size. 48th Hawaii International Conference on System Sciences, pp. 4211-4219.
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# Reference list comprising the selected articles

Johansson, B., & Ruivo, P. (2013). Exploring factors for adopting ERP as SaaS. Procedia Technology, 9, pp. 94-99.

10 Kranz, J. J., Hanelt, A., & Kolbe, L. M. (2016). Understanding the influence of absorptive capacity and ambidexterity on the process of
business model change — the case of on-premise and cloud-computing software. Information Systems Journal, 26(5), pp. 477-517.

11 Loebbecke, C., Thomas, B., & Ullrich, T. (2012). Assessing cloud readiness at Continental AG. MIS Quarterly Executive, 11(1), pp.
11-23.

12 Lopez, C., & Ishizaka, A. (2017). GAHPSort: a new group multi-criteria decision method for sorting a large number of the cloud-based
ERP solutions. Computers in Industry, 92, pp. 12-24.

13 McCrea, B. (2011). Putting the spotlight on ERP. Logistics Management, 50(6), pp. 32-35.

14 Meghana, H. L., Mathew, A. O., & Rodrigues, L. L. (2018). Prioritizing the factors affecting cloud ERP adoption — an analytic
hierarchy process approach. International Journal of Emerging Markets, 13(6), pp. 1559-1577.

15 Mijac, M., Picek, R., & Stapic, Z. (2013). Cloud ERP system customization challenges. Central European Conference on Information

and Intelligent Systems, pp. 132-140.

16  Peng, G.C. A, & Gala, C. (2014). Cloud ERP: a new dilemma to modern organisations? Journal of Computer Information Systems,
54(4), pp. 22-30.

17  Saeed, I., Juell-Skielse, G., & Uppstrom, E. (2012). Cloud enterprise resource planning adoption: motives & barriers. Advances in
Enterprise Information Systems, Il, pp. 429-434.

18 Seethamraju, R. (2015). Adoption of software as a service (SaaS) enterprise resource planning (ERP) systems in small and medium
sized enterprises (SMEs). Information Systems Frontiers, 17(3), pp. 475-492.

19 Weng, F., & Hung, M. C. (2014). Competition and challenge on adopting cloud ERP. International Journal of Innovation,
Management and Technology, 5(4), pp. 309-313.

3. Results

The analysis of the selected articles reveals several concerns related to the implementation of cloud-based ERPSs.
Specifically, the identified concerns are associated with both transition management and operations supported by cloud
ERPs. Transitioning concerns include the introduction of new ERP work arrangements, the migration of legacy data,
and the assurance of compliance with extant rules and regulations for security. The concerns related to operations
include the continuous alignment between ERP functionality and business processes, the ongoing integration between
ERPs and the rest of the organization’s application portfolio, and the establishment of adequate reliability levels. In the
following subsections, we present these concerns in detail.

3.1 Concerns related to transition management

Introduction of new ERP work arrangements. Similar to conventional ERP solutions, the adoption of cloud-based ERPs
leads to organizational changes [11]. Workers must adjust some of their routines to handle data differently. This can be
especially challenging for large organizations that have to bring onboard numerous employees from different business
units, investing significant resources and time to train everybody. Furthermore, the IT Department’s resistance to the
changes induced by cloud ERPs (e.g., related to working with external service providers) tends to be an issue for large
businesses but not for small- and medium-sized enterprises (SMEs) [8],[10].

Migration of legacy data. The implementation of cloud-based ERP systems can be challenged when there is a need to
migrate data from existing repositories to the cloud ERP database. The rules and the data structures of cloud ERP
solutions can be very different from those of the systems that are already in use on the premises [18]. The migration
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from traditional ERP solutions to cloud-based ERP systems can be especially demanding for large organizations with
complex systems, making migration very expensive and time consuming [10],[18].

Assurance of compliance with extant rules and regulations for security. Security is a key concern for organizations
deciding to adopt cloud-based services [10], [19]-[21]. In cloud-based ERPs, all organizational information, such as
financial data and customer details, needs to be stored with a third-party supplier; thus, data security can be threatened if
encryption and other related mechanisms are not properly implemented. It can be challenging for cloud ERP suppliers
to build user trust, and their data protection measures should be explained [19]. For many businesses, it is difficult to
decide to rely on suppliers for secure storage, implementation of security policies, and application of access control
rules [9],[12],[18],[22]. Furthermore, regulations in many countries are not in favor of cloud solutions for enterprise
data storage [23] or impose stringent compliance requirements [19]. Consequently, organizations are increasingly
apprehensive about cloud ERP data storage arrangements. Additionally, cultural aspects can considerably influence
company stances regarding data security. For instance, companies in Western Europe can be particularly reluctant to
use cloud software because of concerns regarding data security [24]. Overall, many enterprises are uncomfortable with
losing control over the storage and the management of their own data by adopting cloud ERPs [23]. Ensuring
compliance with extant rules and regulations for data security is one of the most common concerns.

3.2 Concerns related to operations

Continuous alignment between ERP functionality and business processes. Cloud-based ERPs are usually not as
comprehensive in terms of functionality as traditional on-site ERP systems. Unsurprisingly, business units with
standardized processes across industries (e.g., human resources, purchase management, accounting) were the first to
demand cloud ERP services [24]. Business units that perform less standardized work tend to be less interested as it can
be difficult to find a cloud-based solution to fit all the needs of an implementing organization [8],[25],[26].
Furthermore, organizations frequently need to adapt their ERPs over time, adjusting to changing needs. Thus, alignment
should be continuously ensured via system adaptability [21]. This is especially challenging for organizations that need
functionalities that are not required by many other firms. Cloud ERP service providers rarely add functionalities that
only benefit a few of the companies using their cloud software [27]. Consequently, organizations implementing cloud
ERPs may need customized cloud-based ERP services [19].

Ongoing integration between ERPs and the rest of the organization’s application portfolio. Many cloud-based ERP
systems have noticeable limitations in integrating with existing application portfolios [8]. Overall, organizations that
implement cloud ERPs depend on cloud ERP providers’ ability to solve integration issues [23]. This can create
problems, especially regarding business-critical systems or processes [12],[28]-[29]. Furthermore, integration can be
difficult for organizations with complex legacy systems [10]. Therefore, ease of integration is one of the key factors
influencing cloud ERP adoption [21]. The introduction of service-oriented architecture can support the orchestration of
cross-functional business processes and the integration between ERP and non-ERP components of the information
infrastructure [9].

Instituting adequate reliability levels. When a company chooses a cloud-based ERP system, reliability is crucial [20].
Delays or failures can create serious problems [14], so ensuring system availability is necessary [21],[23]. This means
that a predictable, stable, and reliable network connection is required [19],[30]. Organizations that need round-the-clock
access to their ERPs express significant concerns about the timeliness and the quality of cloud provider support services
[27]. Overall, it is important for ERP users to ensure that their systems have reliable response times [19].

The concept matrix presented in Table 2 provides an overview of the findings and shows how the identified concerns
(listed in columns) are associated with the analyzed articles (listed in rows). Organizations of different sizes have
different capabilities and resources, so their concerns may differ. Although not all the articles that we analyzed specify
the sizes of the studied organizations, several articles provide insights specific to different sizes of organizations,
especially making the distinction between large companies and SMEs. To trace potential differences, we decided to
map the concerns according to organizational sizes by using the relevant information available in 10 out of the 19
selected papers. These mappings are presented in Tables 3a and 3b.
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Table 2. Concept matrix for all selected articles

Article # Transitioning Concerns Operating Concerns
(full references - - - - - —
provided in Table 1) Introduction Migration of Assurance of Alignment Integration Instituting
(Appendix A provides of new ERP legacy data compliance between ERP  between ERPs adequate
the key aims and work with security functionality and reliability
insights) arrangements regulations and processes application levels
portfolios
1 X X X X
2 X X
3 X X
4 X
5 X X X
6 X X X
7 X X X
8 X X X
9 X X X
10 X X X
11 X X X
12 X X
13
14 X X
15 X
16 X X
17 X X X X
18 X X X X
19 X X X
Table 3a. Concept matrix based on organizational size* — Small and Medium Organizations
Avrticle # Small and Medium Organizations
(full references L i
provided in Table 1) Transitioning Concerns Operating Concerns
(_ﬁ\ppehndli(x A . Introduction Migration of Assurance of Alignment Integration Instituting
provi es't € key aims of new ERP legacy data compliance between ERP | between ERPs adequate
and insights) work with security | functionality and reliability
arrangements regulations and processes application levels
portfolios
1 X X X X
2 X X X
3
5 X X
6 X
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Article # Small and Medium Organizations
(full references . ;
provided in Table 1) Transitioning Concerns Operating Concerns
(_ﬁ\ppehndll(x A . Introduction Migration of Assurance of Alignment Integration Instituting
provi eds_t € hey alms | of new ERP legacy data compliance between ERP | between ERPs adequate
and insights) work with security | functionality and reliability
arrangements regulations and processes application levels
portfolios
7 X X X X
8 X X
11
14
18 X X X X

*Only 10 out of the 19 selected papers contain organizational size-specific information; these 10 papers are included in this table.

Table 3b. Concept matrix based on organizational size* — Large Organizations

Article # Large Organizations
(full references L ;
provided in Table 1) Transitioning Concerns Operating Concerns
(_’g‘pptehndl'(x A . Introduction Migration of Assurance of Alignment Integration Instituting
provi ZS_ M hiy aims of new ERP legacy data compliance between ERP  between ERPs adequate
and insights) work with security functionality and reliability
arrangements regulations and processes application levels
portfolios
1
2
3 X X X X
5
6
7 X X X
8 X X X
11 X X X
14 X X X X
18

*0Only 10 out of the 19 selected papers contain organizational size-specific information; these 10 papers are included in this table.

4. Discussion and implications

The concerns identified through our literature review are sociotechnical in nature and point to the need to ensure
continuity with the past and sustainability in the future by embedding cloud ERPs in the information infrastructures that
are already in place. Infrastructural embeddedness entails being “sunk” into other structures, social arrangements, and
technologies [31]. Specifically, implementing cloud ERPs involves becoming part of the installed base of applications
and data, work processes, and governance arrangements [31]-[33]. The installed base serves as the foundation for
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business development and can be both enabling and constraining. The new cloud-based ERPs need to fit and make use
of existing arrangements and at the same time, extend and transform them.

When implementing cloud ERPs, the old and the new need to be linked together, becoming interoperable in one way or
another. Therefore, the old (the installed base) heavily influences how the new can be designed, and the overall
infrastructure is developed through extending and improving the installed base [34]. The installed base may create path
dependencies and lock-in mechanisms [35]. Vendor lock-in has been identified as a possible barrier to implementing
cloud solutions, and the relationship between the vendor and the consumer of a cloud solution is important in the
consumer’s decision to move to the cloud [36]. Furthermore, as cloud-based ERP solutions are built on a different
service model than the traditional ERP systems, they have consequences for the established control structures within an
organization. For example, the IT Department has traditionally controlled the systems and the related infrastructure.
When implementing cloud-based ERP solutions, the control is shifted to external suppliers. It follows that the IT
Department will need to adapt and introduce new ways of organizing and training the staff in new skills [37]. Overall,
the implementation of cloud ERPs entails positioning and fitting them in the overall information infrastructure, which
consists of multiple sociotechnical components, including data and applications, work processes, and governance
arrangements [32]. Ensuring embeddedness (i.e., becoming sunk) in work processes, data and applications, and
governance arrangements involves specific activities during both the transition period (introducing new ERP work
arrangements, migrating legacy data, and ensuring compliance with extant rules and regulations) and the subsequent
day-to-day operations (through the continuous alignment between ERP functionality and business processes, the
ongoing integration between ERPs and the rest of the organization’s application portfolio, and the establishment of
adequate reliability levels). Figure 3 presents the synthesis of our findings in a framework for ERP implementation,
which focuses on infrastructural embeddedness. The cloud ERP should be embedded in the information infrastructure
through the activities of transitioning (noted in the inner circle) and of day-to-day operations (noted on the sides of the
triangle).
Governance

Reliability
instituting

ensure compliance
with security rules

N

. ERP y
migrate introduce
legacy data new work
routines
Ongoing Continuous
integration alignment
Data and Work
Applications Processes

Fig. 3. Implementing cloud ERPs: the challenge of infrastructural embeddedness
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The framework presented in Figure 3 is common for all organizations, irrespective of size. Nevertheless, some of its
aspects are more challenging for large organizations because they tend to have more extensive and complex existing
information infrastructures than smaller companies [38]. For instance, in Tables 3a and 3b, which present the specific
concerns of large enterprises and SMEs, data migration only appears as a specific concern for the former. This is
probably because many SMEs decide to implement cloud ERPs without having legacy ERPs in place (i.e., they
introduce ERPs for the first time). Furthermore, SMEs tend to have more informal structures than larger companies and
consequently can move to cloud ERPs more swiftly [39].

The size-specific concept matrix (Tables 3a and 3b) illustrates a gap in the literature regarding cloud-based ERP
implementation relative to organizational size. In their study, Johansson and colleagues [10] identify that SMEs and
large businesses may have different needs in implementation and mention that scant research compares them, as
confirmed by our matrix. We suggest that more research is needed toward this direction, especially in exploring the
challenges of large organizations where there is less experience because vendors mostly target SMEs that can now
obtain ERP functionality at a low cost due to limited implementation overhead and simplicity. Nevertheless, large
companies also recognize and appreciate the advantages of cloud ERPs, such as IT efficiency and business agility [10].

Unsurprisingly, most of the identified concerns can be traced back to the challenges related to adopting cloud
computing and introducing ERPs [23]. For instance, previous research provides evidence that the security issue is one
of the main obstacles to utilizing cloud computing services for business-critical applications [40]-[41]. In this review,
ensuring compliance with security regulations is the most prominent concern and is mentioned in almost all the
reviewed articles. There are multiple reasons for being apprehensive about security. On one hand, there are strategic
reasons for safeguarding core business information; on the other hand, regulatory requirements are becoming
increasingly strict. Organizations are particularly worried about international and national regulations, as well as laws
for data storage when moving business-critical systems to the cloud [42]. It is important that they assess the quality of
different cloud service providers before making a decision on choosing their provider. Some service providers may lack
contract competency, and the combination of poorly developed contracts and little evidence of security makes it
difficult to ensure compliance with security regulations when introducing cloud services [24]. A quick look at the size-
specific concept matrix in Tables 3a and 3b reveals that this concern is discussed for smaller and larger organizations,
irrespective of organizational size. The legal issues related to data security when considering cloud ERP solutions can
be particularly challenging for small enterprises that mostly lack organized legal departments. With a cloud ERP
solution, it is difficult to know where the data are located, and which legislation would apply to these data. In a supply
chain in the cloud, the SaaS provider may be located in China, while the platform or infrastructure provider could be
based in Germany. What then are the rules, and who is responsible if conflicts occur?

Another area of concern that is frequently found in the literature is related to introducing new ERP work arrangements.
Although cloud ERPs can be quickly launched, they still require significant time for organizational adaptations,
including new roles for the IT Department. Many small organizations have no existing ERPs in place, and cloud
solutions offer them the opportunity to introduce capabilities that were previously inconceivable. These organizations
also need to initiate new work arrangements for their newly introduced ERPs. More research is needed to investigate the
needs of small companies, probably also distinguishing among different industries and maturity levels of the pre-
existing information infrastructures.

5. Conclusion

Evidence suggests that organizations that want to reduce the complexity of IS implementation and use tend to positively
consider cloud solutions as alternatives to on-premise systems [43]. Nevertheless, organizations want to control their
core business processes and are frequently skeptical about moving complex and business-critical systems, such as their
ERPs, to the cloud, opting to introduce the cloud concept through simpler and less critical applications (e.g., office
support tools). However, it is important to think strategically and consider what solution creates the best business value
[11]. This is especially challenging for organizations that have already complex on-premise systems and traditional
platforms in place. In this paper, we have identified several recurring cloud ERP implementation concerns beyond
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strategic aspirations. By synthesizing a corpus of selected research articles on cloud ERP implementation, we offer a
sound base for researchers and practitioners interested in the introduction of cloud ERPs in organizations. Our
contribution is threefold. First, we identify some recurring cloud ERP implementation concerns, pointing to the work
involved in introducing such systems in organizations that already have information infrastructures in place. Second, we
map the identified concerns to different sizes of organizations, foregrounding the implications of size. Third, we
integrate the findings in a concise framework, covering the multiple aspects of infrastructural embeddedness for cloud-
based ERPs.

In our literature review, we have found surprisingly few empirical papers that focus on the implementation of cloud-
based ERP solutions and sociotechnical concerns in this regard. One reason might be that cloud-based ERP solutions
are still not widespread. Furthermore, as noted, several of the reviewed articles do not explicitly state the sizes of the
organizations under study. It is important for research to be properly contextualized to be useful for further
development, and we urge researchers to report as much contextual information as possible (e.g., organizational size,
industry, years in operation). To advance our knowledge on the implementation of cloud ERP solutions, we need more
empirical studies that show the issues addressed by organizations of different sizes.
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Appendix A. List of selected articles — overview of key aims and insights

Title Year  Author(s) Key Aims Insights
A framework for ERP systems 2013  Al-Johani, A. A.,  Identify benefits and drawbacks  Although several challenges and drawbacks are
in SME based on cloud & Youssef, A.E.  of cloud ERPs through a associated with cloud ERPs, the overall benefits
computing technology comprehensive comparison of for SMEs are more significant. The proposed
ERPs before and after movingto  framework can be applied to facilitate SMEs’
the cloud. Propose a framework  transfer of their ERPs to the cloud, realizing
for cloud ERPs tailored to SME  solution integration and industry functionality at
needs, and test it in an actual a relatively low cost.
case.
Exploring determinants of 2016 Das, S., & Dayal, Explore the drivers for cloud ERP The results suggest that vendors should focus on
cloud-based enterprise M. selection and adoption througha  providing secure, standardized, long-term,
resource planning (ERP) framework that integrates three convenient, and high-quality services, balancing
selection and adoption: a technology adoption theories between customization-related additional costs
qualitative study in the Indian (diffusion of innovations, task- and business value. Adopting organizations
education sector technology fit, and extended should determine organizational fit and train
technology acceptance model), their employees to minimize resistance.
and test the framework in three
cases.
Benefits and drawbacks of 2013  Duan, J., Faker, Identify and classify the benefits  Lower costs, scalability, access to specialized
cloud-based versus traditional P., Fesak, A., & and the drawbacks of cloud-based technology, and disaster recovery facilities are
ERP systems Stuart, T. versus traditional ERPs. Analyze important for SMEs. At the same time, the
whether the benefits and the known drawbacks of cloud-based ERPs are less
drawbacks of cloud-based ERPs  important to SMEs. For some SMEs, extensive
are more relevant for SMEs than  customization and integration may be irrelevant.
for large enterprises. Similarly, loss of IT skills and competencies, the
IT Department’s resistance to change, and
certain security risks may not be major issues
for SMEs.
In-house versus in-cloud ERP 2012  Elragal, A., & El Provide a framework for The results show that cloud ERPs are faster to
systems: a comparative study Kommos, M. comparison between traditional implement, easier to use, scalable, and cost less.
and cloud-based ERP However, traditional ERPs allow more control;
implementation. thus, many organizations deem them more
secure.
Moderating effect of 2016 Gupta, S., & Explore correlations in key Structural equation modeling is used to establish
compliance, network, and Misra, S. C. success factors (organizational, whether there are moderating effects of
security on the critical success human, and technological) inthe  compliance, network, and security on the
factors in the implementation implementation of cloud ERPs. success factors for cloud ERP implementation.
of cloud ERPs There is no significant effect on people and
technological success factors. Only the
organizational success factors are found to be
moderated.
Organizational, technological 2018  Gupta, S., Misra, Investigate the relationship The findings include organizational and
and extrinsic factors in the S.C., Kock, N., & between SMEs and cloud service technical factors for successful implementation
implementation of cloud ERP Roubaud, D. providers and identify crucial of cloud ERPs in SMEs, as well as the extrinsic
in SMEs factors that lead to successful factors that may influence cloud service
implementation of cloud ERPs. providers’ performance. The resource
dependency theory is used to explain SME
concerns.
Identification of challenges 2017  Gupta, S., Misra, Identify critical challenges inthe A number of challenges are ranked, showing

and their ranking in the
implementation of cloud ERP:
a comparative study for SMEs
and large organizations

S.C,, Singh, A.,
Kumar, V., &
Kumar, U.

implementation of cloud ERPs.

also how small, medium, and large businesses
differ.
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assessment of whether ERP cloud

services are right for them.

# Title Year  Author(s) Key Aims Insights

8 Cloud ERP adoption 2015  Johansson, B., Identify and classify Small- and medium-sized businesses can reap
opportunities and concerns: the Alajbegovic, A., opportunities and concerns that significant benefits and have no major concerns.
role of organizational size Alexopoulos, V., are often associated with cloud Large companies have greater concerns related

& Desalermos, A.  ERPs with respect to to complexity and specific requirements.
organizational size.

9 Exploring factors for adopting 2013  Johansson, B., &  Map the value proposition for The 10 key factors identified are costs, security,
ERP as SaaS Ruivo, P. ERPs delivered as SaaS. Explore  availability, usability, implementation, ubiquity,

perceived benefits and concerns  flexibility, compatibility, analytics, and best
regarding cloud ERP adoption. practices. The main concerns include costs, data
security, and system availability.

10 Understanding the influence of 2016 Kranz, J. J., Explore the business model A theoretical model built on the concepts of
absorptive capacity and Hanelt, A., & changes by studying the absorptive capacity and organizational
ambidexterity on the process Kolbe, L. M. technological trajectory of ERP  ambidexterity is proposed. The factors that
of business model change — the software that shifts from on- determine how and why incumbents change
case of on-premise and premise to on-demand software  business models to provide cloud ERP services
cloud-computing software services. are identified. Some insights on ERPs switching

from on-premise to on-demand services are
offered.

11 Assessing cloud readiness at 2012  Loebbecke, C., Use a field-tested method to Five guidelines for businesses to switch to cloud
Continental AG Thomas, B., & evaluate the studied services are presented. The suggested approach

Ullrich, T. organization’s maturity for cloud can resolve compliance and security issues.
services.

12 GAHPSort: a new group 2017  Loépez,C., & Support companies in choosing The paper highlights the differences between
multi-criteria decision method Ishizaka, A. cloud-based ERP systems traditional and cloud-based ERP and proposes
for sorting a large number of through a decision support tool how to proceed in the selection process.
the cloud-based ERP solutions validated in a real case.

13 Putting the spotlight on ERP 2011  McCrea, B. Investigate the supply chain The study identifies several benefits for and
software space to find how ERP  barriers to ERP systems, along with the status
systems are used, covering both  toward cloud computing and a detailed mapping
cloud-based and on-premise of applications in use or planned.

ERPs.

14 Prioritizing the factors 2018 Meghana, H. L., Rank different factors influencing The five most important factors are data
affecting cloud ERP adoption Mathew, A. O., & cloud ERP adoption in accessibility, availability, user friendliness,
—an analytic hierarchy process Rodrigues, L. L. multinational companies. scalability, and data backup and recovery, while
approach vendor trustworthiness and data retention are

ranked relatively low.

15 Cloud ERP system 2013  Mijac, M., Picek,  Provide an overview of The study identifies 12 challenges and problems
customization challenges R., & Stapic, Z. customization challenges. with the customization of cloud-based ERP

systems.

16 Cloud ERP: anewdilemmato 2014 Peng, G.C.A., & Explore benefits and barriers The study identifies 15 benefits and 18 critical
modern organisations? Gala, C. associated with the adoption of barriers.

cloud-based ERPs.

17 Cloud enterprise resource 2012  Saeed, I., Juell- Build a unified framework of Most of the motives and the barriers found can
planning adoption: motives & Skielse, G., & motives for and barriers to cloud  be traced back to ERP outsourcing and/or cloud
barriers Uppstrom, E. ERP adoption. computing. The motives and the barriers are

strategic, operational, and technical.

18 Adoption of software as a 2015  Seethamraju, R. Explore specific factors and Cloud ERP systems are considered suitable for
service (SaaS) enterprise challenges in the adoption of SMEs. They can support visibility and
resource planning (ERP) cloud ERP systems in SMEs. standardized processes, as well as support and
systems in small and medium improve performance.
sized enterprises

19 Competitionand challengeon 2014 Weng, F., & Provide a framework that The important factors that should be considered
adopting cloud ERP Hung, M. C. facilitates organizations’ are listed. The four main concerns are related to

data security, business profit, internet
accessibility, and total cost.
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Abstract:

This research aims to investigate the circumstances and possible reasons for a very high and rather unexpected success
rate of Information Technology (IT) projects implemented in the Federation of Bosnia and Herzegovina (F BiH). For
that purpose, the existing literature was reviewed thoroughly, and appropriate research design was formulated. In order
to answer the research questions posed, a questionnaire was developed and sent to 400 companies in the F BiH that
meet the defined business profile, yielding 62 valid responses. For the purpose of data analysis, a multivariate analysis
of variance (MANOVA) was employed. The obtained results show that keeping the project size small significantly
increases the odds for achieving IT project success, regardless of the organizational maturity level in project
management. In addition, the higher the organizational maturity level in project management, the higher IT projects
success ratio. Results also revealed that the differences between IT projects’ success ratio of different groups of
organizations are primarily induced by the time and costs project constraints, but not with the project scope.
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1. Introduction

Managers and academics alike agree that the company’s efficiency and growth stem from its successful implementation
of IT projects, which provide various IT solutions that are critical for businesses success. Apart from the common
project's challenges, IT projects are further tangled by specifics and constant changes of a business and its needs, as well
as by unprecedented technology evolvement. All of this makes IT project management a distinct and very complex
branch of the discipline of project management. Even though there has been a significant improvement in IT project
management, the problem of the high failure rate of IT projects still stands.

The Standish Group International report of 2015 [1], although representing the best results over the last eight years, still
shows 19% of all IT projects as failed, while the astonishing 45% are “challenged” — projects that are late, over budget,
and/or under the scope, and 36% were successful. Results that are more desirable are shown in the 2018 IT Success
Rate Survey of Ambler [2], presenting in total a failure rate of 8%, with 38% of challenged projects, and 49%
successfully completed. These numbers include significant improvements that occurred over the last years in both the
general project management and IT project management [3], [4], but despite the progress achieved, there is still a fairly
high failure rate of IT projects [5].

The results of a recent survey conducted among companies from the Federation of Boshia and Herzegovina differ
significantly from those presented in the literature related to this topic. These results show a very high and rather
unexpected success rate of the implemented IT projects [6]. More specifically, only 20% of closed IT projects were
reported as failed and/or challenged, measured by the three main project constraints — time, cost and scope. Such an
unusual finding may indicate surprisingly good managerial performance, some specific projects’ characteristics, or a
combination of these two elements.

In order to explore such findings in more detail, this study aims to analyze the circumstances and possible reasons for
the rather high and unexpected IT projects’ success rate. Thus, the main research question of the study is as follows:

RQ:  Which IT projects’ characteristics and characteristics of the organizations that implement those projects
influence the unexpectedly high level of IT projects success in the Federation of Boshia and Herzegovina.

To further investigate this issue, relevant research was designed, and appropriate research model was proposed. The
research model was subsequently tested using the data gathered through the above-mentioned survey.

The next section of this study presents a thorough literature review of the theoretical background relevant to the
research. The section that follows provides a description of the research methodology, the data analysis methods used,
and the research results obtained. Interpretation and discussion of the results, followed by research limitations,
concludes this section. The final section of this study contains concluding remarks about the research and the list of
main research findings.

2. Literature review

The ever-increasing competition and fast-changing business environments create challenges for organizations to
continuously adapt to new conditions. In order to stay competitive, as laid out by PricewaterhouseCoopers [7],
organizations have to move from doing business as usual to pursuing project management as part of their competitive
strategy. However, numerous research results point out that IT project failures and projects running over budget and
time amount to almost half in numbers, sometimes even higher [1], [2], whereas the project failures often jeopardize the
very existence of the companies that have implemented them [8]. The missing awareness of the financial impacts of
failed projects is illustrated by a survey conducted by Ernst&Young [9], stating that 56% of the responding companies
consider the opportunity costs of failed projects as simply being the direct costs of the failed projects, totalling not more
than 5% of the annual sales. Although this is considered as underestimated, the alarming figure is that the opportunity
losses are unknown for 34% of respondents. At the same time, this survey shows that IT-related projects are, with more
than 30%, by far the most frequent of all projects that were implemented.
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2.1 Project success — The definition and influential factors

There is no commonly accepted definition of project success. Stare [10] lists numerous reasons for a project to succeed
or fail, such as project schedule definition, the number of changes during the project implementation, or adequacy of
project control, just to name a few. Since differing in value, size, or complexity, projects do have different attributes
which affect their performance and outcomes [11]. The study of Algahtani and associates [11] identifies three major
streams of performance criteria that accords with other research outcomes: the project manager’s characteristics (skills,
competencies, etc.), organizational factors (structure, strategy, culture types, etc.), and the project management culture
(project management methodology, project review and learning, etc.). In addition, some researches show a positive
relationship between project management culture and project success [11], [12].

In terms of having a deeper understanding of project success, recent developments in the respective literature indicate
that project success is a multi-dimensional and networked construct [13]. It is influenced by project cost, time, and
scope, but also by interactions of personal competences and quality of teamwork. The perception of project success
differs by individual type of person, by nationality, or by project type. Therefore, the project success continues to be to
a great extent “in the eyes of the beholder” [13]. Also, the PMBOK® Guide [14] recognizes stakeholder satisfaction as
an additional measure of project success.

The measurement of project success creates challenges to efficiency and effectiveness at different levels within an
organization — at the entity level, team level, and individual level. The degree of a project’s success is influenced by
numerous factors, and the literature shows that two components of project success are frequently referred to: project
success factors and project success criteria [11], [13]. The first are the elements of a project that increase the likelihood
of success, so-called independent variables, while the latter are measures to assess the success of a project, called the
dependent variables [13]. Project performance and the outcome can be evaluated by using various performance
indicators, such as project cost, quality, business satisfaction, or customer satisfaction [15]. However, time, cost and
quality are the three major dimensions of a project to evaluate [16]. Similar ranking of main project success criteria is
also suggested by the study of Pankratz and Basten [17]. To gain even deeper insight in meeting quality requirements,
Pankratz and Basten further separated the quality criterion into two parts - conformance and the actual realization
between: a) specified functional requirements, and b) specified non-functional requirements.

An interesting view of the variety of project success measures and their correlation is taken by Serrador and Turner [18]
by clearly differentiating between project efficiency and the overall project success as such. Whereas the first is related
to meeting the traditional triangle of cost, time and scope goals, the latter refers to meeting broader business and
enterprise goals, which are defined by key stakeholders. The results of the analysis performed by Serrador and Turner
[18] show a positive correlation between the iron triangle of project efficiency and the overall project success. Since
scope is sometimes considered as closer related to project success than to project efficiency, an additional, modified,
analysis was completed by removing scope. Even in this case there is still a clear correlation between conformity of
time and budget constraints and overall project success [18]. These two factors, time and budget, are also correlated,
while time overruns seem to be bigger than budget overruns [19].

Finally, a very important issue of choosing between the two approaches to project management in regard to the projects'
success should be addressed. Even though there exist certain differences in the projects' success perception between the
two approaches to project management, the project success criteria in projects using agile-based approaches do not
significantly differ from projects following a waterfall model [20].

2.2 Project size and complexity

One of the first tasks in any formal project management methodology is to determine the size of the project, because, in
general, project size corresponds to the extent of the application of formal project management methodology. Usually,
the project size is designated by three typical terms — small, medium, and large, but the parameters that identify the size
designation vary a lot. However, most commonly, project size is determined by the number of project team members,
the components of the final product, or the project costs
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To distinguish between project complexity and size is rather difficult, because project complexity is sometimes the
result of project size [21]. Project complexity is widely discussed in literature and can be impacted by a variety of
factors. There is not a single obvious definition of project complexity anymore, but rather choices of many. When
linking complexity to project budget, Ernst&Young [9] illustrate that the average project budgets (and costs) of
Western-European countries are considerably higher than those of CEE countries. At the same time, the projects are on
average significantly more complex in bigger Western-European countries, which points to the direct and positive
correlation between projects’ costs and complexity.

Jargensen [22] presents a study based on a data set that is dominated by small-scale software projects. According to this
study, larger projects are identified to be on average more complex than smaller ones, and the failure rate increases with
the increase in the size of a project. Even though the project size measurement based on the bid price may not be an
accurate proxy of the actual project size, especially where a very low bid price was offered in order to get reference
clients, the overall bid price gives sufficiently accurate indication of the project size [22].

Both project size and complexity are negatively related to the overall project success. Hurskainen [19] emphasizes the
relationship between project size and duration and project success. Namely, numerous research studies indicate that,
when project size or duration increase, the probability of project failure also rises [1]. This indicates a strong negative
correlation between size and duration and project success. In addition, the reason of increased project failure is often
tied to different project risks. The project risk level depends on the systems’ size, scope, components and level of
complexity [23]. Numerous research results show that the bigger the project size the higher risk of project failure [19],
[24]-[27]. Thus, increasing the project size and complexity introduces greater risks to the project, which negatively
impacts project schedules and budgets, and, consequently the overall project success [21].

2.3 Project management maturity

Project management maturity is considered as a means to assess an organization’s project management competences,
whereas the basic assumption suggests that the higher the organizations maturity level, the higher the chances of
successfully completing its projects [28]. Since any effort to increase an organization’s project management maturity
level is connected with costs, that begs the question of an ideal maturity level. Whilst the Luka¢ [29] study shows a
positive correlation between organization size and project management maturity, in their study Albrecht and Spang [28]
examine the maturity level which suits the organization’s needs and, at the same time, represents an optimal cost-benefit
ratio. It is not necessary for every organization to operate at the highest maturity level. Rather, the ideal level is
determined by the magnitude of an organization’s project business, the complexity of projects, and the project’s
stakeholders and their interaction with each other [28].

A research performed by PricewaterhouseCoopers [7] shows the positive correlation between the project management
maturity level and project performance. The survey results indicate three main areas where mature organizations favor
highly formalized project management processes: scope management, quality management, and cost management.
Using established project management methodologies increases the chance to meet project objectives in the key
performance indicators of budget, schedule, scope, quality, and business benefits [7].

The project organizational culture and top management’s attitude also show a strong impact on project performance
[10]. Even though some studies show that simply having a specific project management certification does not make a
difference in overall project success [30], organizations investing in proven project management practices achieve better
financial performance due to successfully completed projects [4]. The strong influence of project success on the
business success of an organization is particularly evident in case of information system projects [31]. The PMI’s report
states that for the first time in five years more projects are meeting their original goals and are completed within budget,
which indicates that the higher an organization’s project management maturity the more likely it is to achieve its goals
[4]. PwC [7] also noted a significant rise in project management maturity over the last years, which goes along with
more practitioners becoming certified in project management. Another key finding that PwC [7] reports is that maturity
level is directly correlated with organizational success.
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Yazici [32] illustrates in his research the relationship between project management maturity and organizational
competitiveness, showing that a higher project management maturity is perceived to contribute to an organization’s
savings, improvement of competitiveness and increase of market share. The results of various studies indicate the need
for improvement of the PM skills of the project managers [33].

According to a 2014 Wrike study [34], only 56% of IT project managers hold an official certificate, which indicates that
project managers may be lacking formal education in the project management area [33]. According to a 2014 PM
Solutions study [35], only 49% of the organizations surveyed have a project management training in place [33]. It is
especially important for organizations to put more attention to their ability for effectively pursuing IT projects [36].
This can be done either by recruiting professional project managers or strengthening the knowledge of current staff by
way of formalized trainings and certification such as Project Manager Professional (PMP)®.

The recent efforts of the U.S. government in incentivizing the PMP are very important for the global project
management community. In December 2016, former US President Barack Obama signed the “Program Management
Improvement and Accountability Act” (PMIAA) into law, which creates an increased awareness of the need for
experienced and certified project management professionals across America [37]. This bill impacts all areas of the US
federal government except the Department of Defense [38]. Any government agency that is required to have a CFO are
mandated to appoint a Program Management Improvement Officer. According to Alexander [38], this amplifies and
elevates the project management profession as a whole, and shines a spotlight on the imperative role which project
management professionals play in both the government and private sector.

2.4 Status of project management capacity and IT sector in Bosnia and Herzegovina

Bosnia and Herzegovina (BiH), a Southeast Europe country, is a small, transitional economy, which with its GDP per
capita of 5,149 US$ and population of 3.5 million belongs to the group of developing countries. BiH is considered as
the least competitive economy in the region for its lack of a single economic space, poor institutional support for
business, and slow technological infrastructure development [39]. The country and its economy was severely devastated
during the war from 1992 to 1995, but in the first decade after the war, BiH recorded substantial economic recovery
with an average GDP growth rate of 16.76% [40]. Unfortunately, fast postwar economy growth was decelerated by the
complex and inefficient public administration and very unstable political climate.

Besides the agriculture and energy sectors, the most promising industry sectors in BiH are IT and telecommunications
sectors [41]. Even though BiH lags behind other countries from the wider region in ICT adoption [39], the IT sector,
with a 201% income growth and 1419% employment growth during the five years period, from the year 2012 to the
year 2016, is one the fastest growing industry sectors in BiH [42]. The largest user of IT solutions and services is the
public sector, followed by the financial and telecommunications sectors.

The main method of providing IT solutions is through project-based endeavors, which points to the critical importance
of project management competences for both the users and solution providers. A study on the project management
capacity of Western Balkan countries has shown that the project management capacity in Bosnia and Herzegovina is
rather limited, but still above the regional average. Furthermore, there was a pronounced interest for improving project
management capacity in both industry and academia [43]. This is corroborated with the fact that the PMI Bosnia and
Herzegovina Chapter was established in 2017, since when the number of certified project management practitioners was
increased by more than twofold.

So far, the research work on project management and its success factors in Bosnia and Herzegovina is quite rare.
Although the situation in many transition economies has dramatically changed since 1989, the development process in
transition economies has shown much heterogeneity [44]. Yanwen [45] suggests that implementing project management
into developing countries must be seen in connection with the general political, economic, social and technological
conditions. In addition, the strategy for introducing project management in developing countries must be aligned with
the culture, the characteristics of the society and the set-up of the economic, political and administrative system of the
particular country [46]. Such strategic approach is optimal for developing countries, since these country specific factors
still hamper the advance of software project management [47]. Despite all differences, Moohebat and associates [48]
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highlight in their research on implementing ERP software that comparing the critical success factors in the two groups
of developing and developed countries almost have similar patterns.

This similarity is supported by a recent research pursued in the former Yugoslav Republic of Macedonia, which
suggests a positive correlation between project management approach and IT project success [49]. According to a
research on IT project planning practices, also conducted with Macedonian SMEs, 86.7% firms have confirmed having
planning practices in place [50]. Some other research work from the wider region also points to positive correlation
between IT project implementation success and use of sound project management practices [51], [52]. Therefore, and
despite all differences between developed and developing countries, there is a strong need and increasing importance of
having adequate project management processes in place.

2.5 IT projects success — Study hypotheses

Although there is an uptick in the reported success rates of IT projects of 36%, research findings still point to IT project
failures of 19%, and IT projects running over budget and time amounting to 45% [1]. A number of other studies point to
the similar, rather low success rate of IT projects [8], [53], [54]. However, some research findings point to quite
different outcomes. Namely, companies that are very experienced in managing IT projects have had around two thirds
of all IT projects implemented almost on time, on budget and within the scope [25].

In spite of the wide variety of project success factors, one of the most important project management practices is project
costs control. A research by Gladysz and associates [55] suggests that larger organizations are more likely to complete
IT projects within the budget than smaller organizations. Another finding of this study shows that organizations running
several IT projects in parallel are more likely to stay within the budget than organizations which always concentrate on
one single project [55]. On the other hand, it is very interesting that cost control, as a success factor, ranks fifth in
construction industry, while in IT industry it is ranked only eleventh [56].

This study aims to better understand the overall project success under the conditions of a still underdeveloped market
such as that of the Federation of Bosnia and Herzegovina. Special attention is given to the project budget, as a proxy for
project size and complexity, as well as to the companies’ project management maturity level. The results of a recent
study show that great majority of the closed projects (more than 80%) were on budget and time, and with no or only
minor changes in scope (almost 80%). This study also reveals that one third of the implemented IT projects had rather
small budgets [6], which indicates both a smaller project size on average and lower project complexity. This finding
leads to the first hypothesis of the study:

H1: Organizations that implement small-size projects, measured by the average project budget, have a higher IT
projects success ratio, regardless of the achieved project management maturity level.

The remaining two thirds of the closed IT projects had medium-to-large size budgets. To successfully manage such
projects, companies are assumed to have a fairly high overall level of project management maturity. These facts
intuitively point to the implication that both the project characteristics and sound managerial practices influence the
project implementation success. The second hypothesis of this research study is therefore:

H2: Organizations that have achieved a high level of project management maturity have a higher IT projects success
ratio for medium-to-large size IT projects, measured by the average project budget.

These two hypotheses define the research design and the corresponding research model, which are described in the
following section.
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3. Data and methodology

To test the hypothesized research model, a survey questionnaire was developed and sent to 400 organizations in the
Federation of Bosnia and Herzegovina, which were randomly chosen from within the whole population. All selected
organizations comply with the following profile:

= employing 10 or more people (in any year during the period from 2012 to 2016),
= established in 2010 or earlier,
= capable of implementing at least small-scale IT projects.

A total of 84 responses (21.0%) to the survey were received, out of which 62 belonged to the organizations that have
implemented at least one IT project within the observed time-period, so they were considered as valid (15.5%). The
total number of projects implemented by the organizations surveyed, which includes successful, unsuccessful and
cancelled projects, over the last 5 years, is 846.

About one third (33.87%) of all organizations surveyed have had more than 10 years of experience in project
management, while only one fifth (19.35%) of them have less than two years of experience. Regarding the average
budget of closed IT projects, which can be considered as a project complexity indicator, all closed projects are equally
distributed between small-size (budget less than 50K BAM — 33.9%), mid-size (budget between 50K BAM and 100K
BAM - 33.9%), and large-size projects (budget greater than 100K BAM — 32.3%).

3.1 Research design and measures

The main concern of this study is the success rate of IT projects implementation, and comparison of the success rate
between different groups of organizations. More specifically, the accompanying research examines whether the
differences in the project success rate between different groups of organizations as a whole are statistically significant.
In accordance with the two research hypotheses posed, the groups of organizations were formed based on the
implemented projects size and organizations’ project management maturity level. These groups differentiate between
three types of organizations: a) those that have implemented only small-size IT projects, b) those that have implemented
larger IT projects and are immature in project management, and c) those that have implemented larger IT projects and
are mature in project management. Since the first research hypothesis relates only to those organizations that have
implemented small-sized IT projects, regardless of the organizations' maturity level, there was no need to differentiate
them based on the achieved project management maturity level. In order to conduct an appropriate testing, the
MANOVA was employed, where the differences in IT projects success ratio between three groups of organizations
were examined.

The corresponding research design is presented in Figure 1. The dependent latent variable, “Project Success Rate”
(PSR), is measured by two indicators — “Time and Cost Conformity” (Y1) and “Scope Conformity” (Y2), which are listed
and described in the next section. As it can be seen from Figure 1, there are three sets of project success rate measures,
which are designated with PSRg;i (i = 1, 2, 3). Each measure-set (PSRgi) relates to the single data-cell of the research
design vector, where the vector dimension is defined by the independent variable “PM Maturity & Project Size” (G).
The independent variable G designates different groups of organizations (described in details later in the text), formed
on the basis of project size—project management maturity criterion. Both dependent (PSR) and independent (G)
variables were measured using data from the survey, while the measurement spans a five-year period from the year
2012 to the year 2016.
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Project Success Rate (PSR)

PM Maturity & Project Size — (G)

Small Size Projects Med-to-Large Size Projects
& All Companies & PM Immature Companies
(G1) (G2)

Med-to-Large Size Projects
& PM Mature Companies
(Gs)

Scope
(Y2)

Time & Costs
(Y4)

Dependent variables

Figure 1. Layout of the research design

Traditionally, project success is measured by the main project constraints — time, cost and scope. For that purpose, two
five-degree rating scales were defined. The first scale corresponds to the project success level in regard to time and
costs, and the second scale in regard to project scope conformity (Table 1).

Table 1. Project success level rating scales

Level Value (SV) Criterion for time (T) and costs (C) Criterion for scope (S)

L1 10.0  Both time (T) and costs (C) are within the plan No changes in planned scope

L2 5.0  Both time and costs are up to 10% over the plan Minor changes in planned scope
(0% <T<10%and 0% < C <10%) (0% <S5 <10%)

L3 2.0 Either time or costs are above 10% over the plan, but each of them  Moderate changes in planned scope
is below or equal to 50% over the plan (10% < S<50%)
(T>10% or C > 10%) and (7 <50% and C <50%)

L4 0.5  Either time or costs are above 50% over the plan, but each of them  Significant changes in planned scope
is below or equal to 150% over the plan (50% < S<75%)
(T >50% or C > 50%) and (7' < 150% and C < 150%)

L5 0.0  Either time or costs are above 150% over the plan Complete changes in planned scope

(T > 150% or C > 150%)

(S > 75%)
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In order to quantify the overall project success level, an arbitrary threshold and scoring value is assigned to each level of
the proposed scales (columns “Value” and “Criterion” from Table 1). These values are chosen experientially and in
accordance with some empirical findings from the existing literature (e.g. [54]). In addition, scoring values approximate
the exponential function, since it best estimates the perceived value of the project’s success level.

For each IT project closed during the measurement period (from the year 2012 to the year 2016) survey responders have
assessed the corresponding success level (L1 to L5), both for the scope and time and costs constraints. Based on this
assessment and the chosen scoring values, a very simple two-indicator measure for the dependent latent variable —
Project Success Rate (PSR), was adopted. Those two indicators are as follows:

= “Time & Costs Conformity” (Y1) — measuring conformity with planned project schedule and costs:

1 N,
Yl = EZE;]_SVET&C (1)
Where:
Np —number of closed projects in period from the year 2012 to the year 2016.

SV scoring value for i-th closed project in regard to time and costs (i = /... Np).

= “Scope Conformity” (Y2) — measuring conformity with planned project scope:

Y, = Lk s &)
Where:
Np —number of closed projects in period from the year 2012 to the year 2016.
SV;® —scoring value for i-th closed project in regard to scope (i = 1...Np).

Independent variables
As it can be seen from Figure 1, the research design must ensure comparison between three groups of organizations:

= Group 1 —organizations that declared that all their IT projects, closed during the measurement period, had a
small project budget on average (budget less than 50K BAM),
= Group 2 —organizations that are immature in project management, and that declared that all their IT projects,
closed during the measurement period, had a medium to large project budget on average (budget
greater
than 50K BAM),
= Group 3 —organizations that are mature in project management, and that declared that all their IT projects,
closed
during the measurement period, had a medium to large project budget on average (budget greater than
50K BAM).

Obviously, this is a simple case of a single three-level independent variable — “PM Maturity & Project Size” (G), which
differentiates these three types of organizations. The organizations which declared that their closed IT projects, during
the measurement period (from the year 2012 to the year 2016), had, on average, budgets less than 50K BAM, were
allocated to the Group 1 (G1). All other organizations were further allocated to the remaining two groups based on their
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maturity level in project management — organizations that are mature in project management were allocated to the
Group 3 (Gs), and those that are not, were allocated to the Group 2 (Gy).

A number of different indicators were used to determine the maturity level in project management — number of
implemented projects during the measurement period (separating threshold was set at five projects), formal
certifications in project management, corresponding organizational structure (Project Management Office), and number
of years applying the project management techniques. Combining these indicators, organizations are allocated to Group
2 (immature in project management) or Group 3 (mature in project management).

3.2 Results

Table 2 contains the means and standard deviations of all model dependent variables for all three groups of independent
variable G. Same data are graphically presented in Figure 2. To test the differences between the defined groups of
organizations, MANOVA was employed in order to examine a set of two indicators, which represents the
organizations’ IT projects implementation success rate.

Table 2. Descriptive statistics of indicator variables for groups of G

Indicator Group of G N Mean Std. Deviation

Y1 Group 1 21 8.02 242

Time & Cost Conformity Group 2 18 5.68 2.87

Group 3 23 7.74 217

Total 62 7.24 2.63

Y, Group 1 21 8.04 2.33

Scope Conformity Group 2 18 6.99 2.46

Group 3 23 7.05 2.84

Total 62 7.37 2.57

Time & Costs Scope
8.50 8.50
8.00 8.00
7.50 0
7.00 )
6.5C 6.50
6.00 6.00
o G1 G2 G3 H] G1 G2 G3

Figure 2. Graphical display of indicator variables for groups of G

Assumptions

The most important assumptions for MANOVA — independence, multivariate normality and homogeneity of covariance
matrices, were evaluated through the IBM® SPSS Statistics®. Independence of observations is provided as much as
possible by a random selection of the responding organizations.

There were no missing data and no outliers in the sample, so in relation to this assumption no action of any type was
taken. However, both indicator variables showed modest deviation from normal distribution (skew < 1, kurtosis < 1).
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Since the MANOVA analysis is robust to modest violations of normality [57], it can be considered that the findings
may not be severely affected by the normality deviation. This violation can be further compensated by decreasing the p-
value while testing the significance of MANOVA statistics [58].

The assumption of the homogeneity of variance-covariance matrices among all groups was checked using Box’s test.
The assumption of homogeneity of variance-covariance matrices was met, since Box’s test results [M = 6.934, F(6,
66436) = 1.098, p = 0.361] were not statistically significant at p < 0.001, meaning that there was no difference between
the two groups on all variables collectively.

The assumption of univariate homogeneity was assessed by the Levene’s test. As can be seen from the test results
(Table 3), this assumption was met for both indicator variables (p > 0.05).

Table 3. Levene’s test of equality of error variances

Dependent Variable F dfy dfz Sig.
Y; — Time & Cost Conformity 0.829 2 59 0.442
Y, — Scope Conformity 0.998 2 59 0.375

Finally, the correlation between two indicator variables is below the threshold value of 0.9 (r = 0.498, p < 0.001), which
means that multicollinearity does not exist, so this assumption was also met.

The MANOVA model estimation

After all of the assumptions were checked, the next step in MANOVA procedure was to assess whether there exist
significant differences for all IT projects success rate variables (indicators) across the three groups of organizations, first
all variables together and then each of them individually [59].

In order to compensate for the normality deviation, the family-wise error rate was taken as a = 0.025, both for the
MANOVA test and the follow-up ANOVA tests for main effects. All four most commonly used multivariate tests are
statistically significant at p < 0.025, indicating that the set of IT projects success rate variables has a significant
difference between three types of organizations (Table 4).

Table 4. Multivariate tests for group differences in IT projects success rate

Test Value F dfy df, Sig. Power!
Pillai’s Trace 0.185 3.000 4 118 0.021 0.691
Wilks” Lambda 0.820 3.029 4 116 0.020 0.696
Hotelling’s T? 0.214 3.055 4 114 0.020 0.700
Roy’s Largest Root 0.185 5.463 2 59 0.007 0.745

1 _ Computed using a. = 0.025

Univariate ANOVA tests for both indicator variables show that only indicator Y; (Time & Costs Conformity) has a
significant main effect (p < 0.025), while indicator Y- (Scope Conformity) has a non-significant main effect (Table 5).
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Table 5. Univariate tests for group differences in IT projects success rate

Source Variable ¥ of sq. df Mean sg. F Sig. "’ Power
Model Y, — Time & Cost Conformity 62.075 2 31.038 5.077 0.009 0.147 0.801
Y, — Scope Conformity 14.519 2 7.260 1.100 0.339 0.036 0.234
Error Y; — Time & Cost Conformity 360.673 59 6.113
Y, — Scope Conformity 389.219 59 6.597

Since there exists a significant main effect, a further analysis of post hoc comparisons for each indicator was conducted.
For that purpose, two post hoc comparison methods, LSD and Bonferroni, were applied to both indicators across three
groups of organizations (Table 6).

Table 6. Post hoc comparison for individual indicators of IT projects success rate

Indicator Variable Group Group Mean Diff. Std. Err. Sig.” Sig.™
A (B) (A-B)

Y; — Time & Cost Conformity Gy G, 2.338 0.794 0.005 0.014
Gs 0.285 0.746 0.704 1.000

G, G, -2.338 0.794 0.005 0.014

Gs -2.052 0.778 0.011 0.032

Gs G, -0.285 0.746 0.704 1.000

G, 2.052 0.778 0.011 0.032

Y, — Scope Conformity G, G, 1.059 0.825 0.204 0.613
Gs 0.991 0.775 0.206 0.618

G, G, -1.059 0.825 0.204 0.613

Gs -0.068 0.808 0.934 1.000

Gs G, -0.991 0.775 0.206 0.618

G, 0.068 0.808 0.934 1.000

* - LSD adjustments for multiple comparisons; ™ - Bonferroni adjustments for multiple comparisons

The LSD and Bonferroni tests shows the same pattern of results (Table 6). The post hoc comparison results show that
the difference between groups of organizations is statistically significant for indicator Y; (Time & Costs Conformity),
while being non-significant for indicator Y, (Scope Conformity).

Interpretation of the results

Since all assumptions for MANOVA have been met or there are appropriate corrections for their violation, the results
obtained by the analysis can be considered as reliable. Thus, some deeper understanding of the relationship between IT
projects success ratio and organizational and project characteristics may be inferred. Of course, all of that under the
market conditions of the Federation of Bosnia and Herzegovina.
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The multivariate effect of the between-subject factor (PM Maturity & Project Size) on the IT projects success ratio,
which is measured with two indicators, was statistically significant [Wilks” A = 0.820, F(4, 116) = 3.029, p = 0.02]. This
finding means that there exists a difference in combined IT projects success ratio indicators between the three groups of
organizations. The follow up ANOVA analysis showed that there was a significant main effect for indicator Y1 [F(2, 59)
=5.077, p = 0.009], and non-significant for indicator Y, [F(2, 59) = 1.1, p = 0.339].

Results from multivariate and univariate tests show that the difference in IT projects success rate between the three
groups of organizations is primarily induced by the difference in indicator Y: (Time & Costs Conformity), and some
underlying combination of the two indicators. A further post hoc comparison for each indicator was conducted to break
down this interaction.

The post hoc comparison results (Table 6 and Figure 2) revealed that the difference between Group 1 and Group 3 is
non-significant for both indicators. On the other hand, the difference between Group 1 and Group 2 is positive and
statistically significant for indicator Y, (Time & Costs Conformity), while being non-significant for indicator Y, (Scope
Conformity). This finding, along with the significant multivariate interaction effect, fully supports the first hypothesis of
this study. The same stands for difference between Group 3 and Group 2, which, along with the significant multivariate
interaction effect, fully supports the second hypothesis of this study.

3.3 Discussion

The results of data analysis indicate that organizations in BiH that either keep their IT projects small and simple, or are
very experienced in managing IT projects, both achieve a higher project success ratio. This goes along with the general
economic conditions in BiH as a transitional and developing country [39], where the average project budgets are
considerably lower than in developed countries [9], while the IT sector is one of the fastest growing industry sectors
[42]. The results are therefore interpreted as supportive of both research hypotheses, which goes in favor of the main
study assertion about the factors that significantly impact IT projects’ success ratio. Therefore, given the importance of
projects in modern business, investing the necessary organizational resources in improving the project management
processes, tools and skills is a matter of carefully building and maintaining the organizational competitive advantage. In
other words, project management excellence has become an ultimate competitive weapon in today’s highly competitive
business environment [60].

Two particularly interesting findings regarding the project size and complexity are revealed by the data analysis. First,
keeping the project size small significantly increases the odds for the IT project success, irrespective of the
organizational maturity level in project management. On the other side, the higher the organizational maturity level in
project management the higher its IT projects success ratio. These two findings combined provide a very practical
insight into the process of achieving project management excellence. Namely, organizations that are not experienced in
project management should strictly control the size and complexity of the IT projects launched, while simultaneously
investing in improving formal project management skills and gathering the necessary experience through a number of
small-size IT projects. Once they achieve an appropriate maturity level in project management, they can pursue bigger
and more complex IT projects. This line of reasoning is highly aligned to the fact that a strong interest for improving
project management capacity exists in BiH in both industry and academia [43].

All these findings and insights are in concordance with the existing theory and practice of project management (e.g. [1],
[71, [21], [22], [25], [31], [32] and [61]), which is of particular importance given the fact that the most significant
research work on project management has been done by scholars and professionals from the most developed countries.
Namely, the study findings provide a further support for the validity and applicability of such theoretical and practical
propositions under the economic and market circumstances of the developing countries. Furthermore, the small size of
the overall IT market in Bosnia and Herzegovina [62] indicates that the most common IT projects are of a small or,
possibly, medium size. That fact, combined with the study findings, provide a further explanation of high success rate
of the implemented IT projects in the F BiH.

Finally, the study results showed that the differences between IT projects’ success ratio of the three groups of
organizations are primarily indicated by the time and costs project constraints. The difference regarding the project

International Journal of Information Systems and Project Management, Vol. 8, No. 1, 2020, 23-41
35



1IJISPM

The pivotal factors of IT projects' success — Insights for the case of organizations from the Federation of Bosnia and Herzegovina

scope was not found to be statistically significant (Table 6). Such a finding can be interpreted in two ways. First, project
scope can be treated as a distinguishing trait of the project and not as an indicator of project management efficiency
[18]. Furthermore, scope is quite often considered as a project constraint that is functionally dependent on the other
three constraints — time, costs, and quality [63]. Therefore, project scope should not or could not be treated as a project
success indicator along with time and costs.

On the other hand, this finding may point to a shortcoming in research design. More specifically, it is possible that the
measurement of project scope constraint was not defined properly, which prevented the necessary distinguishing
between different projects’ efficiency levels. However, it must be noted that such outcome could also be caused by
inadequate data sample (see “Limitations of the Research” sub-section). Whatever the case may be, these results point
toward the necessity of further research of the link between the IT projects’ success ratio and project scope. For
example, one way to improve the research design for future studies is to separate the criterion scope (or quality)
between functional and non-functional requirements, as suggested by Pankratz and Basten [17]. That would also be the
main recommendation for the future research on the topic. Results of that research along with the results of this study
will be useful for both academia and management practitioners — the former to get a deeper insight into the ever-
interesting issue of IT projects’ success, and the latter to better manage their IT projects.

Limitations of the research

There are several limitations that apply to this research, both design and technical. In order to keep the research design
simple, the IT projects’ success was only measured by the projects’ time and costs constraints, and by the projects’
scope constraint. Hence, one recommendation for the future research would be to seek out new indicators which would
improve the measurement of the dependent latent variable (Project Success Rate). In addition, the study focuses on
project efficiency measures only, so the measurement of the dependent latent variable should be expanded by the
indicators of business and enterprise goals [18].

Regarding the technical limitations, the data analysis was conducted on a single sample whose size is just adequate for
this research design. Consequently, no confirmation of the findings was done. Besides, the data were collected from a
single country, so the obtained results could be generalized only for the population from which the sample was drawn.
Future studies may remedy the above noted limitations by applying this (or similar) research design to different
datasets.

Finally, it must be noted that MANOVA is primarily intended for experimental research. Nevertheless, this quasi-
experimental approach (survey research) is quite common in empirical research. The main problem here is that an
unambiguous cause and effect relationship cannot be established, since the researcher does not have full control over
the research environment. For this research, this issue comes down to whether the increase in project management
maturity is a cause or effect of the increase in IT projects’ success ratio. However, strong support in theory that a higher
project management maturity is positively related to a favorable project outcome (see the Literature Review section)
justifies the assumed causal order.

4, Conclusion

Running counter to the literature found on the topic of IT projects success, a great majority of closed IT projects in the F
BiH were on budget and time, and with no or very small changes in the project scope. Consequently, this study aims to
get a deeper understanding of the relationship between organizational and project characteristics and success ratio of
implemented IT projects, under the conditions of an underdeveloped market, such as the market of the F BiH.

In order to get a deeper insight into the phenomena, a comparison of the success rate between different groups of
surveyed organizations was made. These groups are formed based on the implemented projects size and organizations’
project management maturity level. To conduct an appropriate data analysis, the MANOVA was used.
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The research results showed that organizations which implement small-size projects, measured by the average project
budget, have a higher IT projects success ratio, regardless of their project management maturity level. Furthermore, the
results also showed that organizations which have achieved a high level of project management maturity have a higher
IT projects success ratio for medium-to-large size IT projects, measured by the average project budget. These two
research findings combined explain such (unexpectedly) high success ratio of implemented IT projects in the F BiH.
Finally, the research results unveil that the differences between IT projects’ success ratio of the three groups of
organizations was primarily induced by the time and costs project constraints.

A practical insight into the process of achieving project management excellence, which arises from the main research
findings, is that organizations inexperienced in project management should focus on controlling the size and complexity
of their IT projects, while simultaneously improving formal project management skills and gathering the necessary
experience by implementing a number of small-size IT projects. Upon reaching an adequate project management
maturity level, they should pursue larger and more complex IT projects.

The main implication of this research is a deeper insight into the possible reasons for a very high and rather unexpected
success rate of IT projects implemented in F BiH, as well as a better understanding of the importance of organizational
and project characteristics for the IT projects’ success. In addition, as a more distant research outcome, the study
showed that the existing theoretical propositions and sound practices of modern project management are fully
applicable to the economic and technological conditions of Bosnia and Herzegovina as a developing country.
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Abstract:

In most design projects, the documentation of design decisions is considered important. Among others, documentation
of design decisions contributes to the traceability of decisions that shape a project’s development process, helps deal
with changes in the project and prevents the recurrence of old discussions. Yet, little attention is given to documenting
design decisions in the engineering literature. In this study, a theoretical framework for the key elements of this
documentation process was developed. Four infrastructure projects were studied and compared to this framework by
means of pattern matching. This method compares theoretical and empirical patterns and determines whether they
match or do not match. The findings demonstrate that accessibility of documentation for all involved project parties and
the division of documentation tasks are in accordance with the literature. However, the documentation of design
decisions and their rationale is not done as completely as is recommended in theory. Literature states that the
documentation of interrelations and context of decisions should be described thoroughly, but that is barely done in
practice. In addition, the findings show that neither immediate documentation nor periodical monitoring of
documentation is applied. Based on these findings, this research proposes a strategy for improving the documentation of
design decisions.
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1. Introduction

The documentation of design decisions in complex projects is of great importance as it, among others, improves the
ability to trace decisions, provides more insight in which decisions have been decisive in the project development, and
prevents the occurrence of old discussions.

Civil engineering projects often have a long duration and are dynamic in nature [1]. A project consists of multiple
phases that have to be completed for the design of new infrastructure, or for redesign or modification of existing
infrastructure. The execution of different phases requires the involvement of different specialized parties. Information is
not only transferred between different involved parties, but also from one phase to another. Documentation is of great
importance as it is the main means to transfer information from party to party and from phase to phase. However,
problems concerning the documentation of design decisions have been identified at these transitions [1]. For example, a
clear baseline for the project is not always established, as the documentation provided during these transitions is often
incomplete or missing in many projects [2]. Moreover, the quality of input-documentation appears to be a problem,
even for a phase itself. Project disciplines do not receive the information they require, or the documentation is provided
too late [3]. Finally, design decisions are not always communicated with those involved in the project organization
[1],[4]. Hence, being dependent on the documented information of others, different teams cannot continue their work
activities or have to make assumptions which may turn out to be wrong [5],[6].

Approaches and formats differ per organization or team, which makes tracing information a tedious and time-
consuming task and prone to errors [2],[7]. In addition, a high level of effort is also required for managing and
controlling changes in project scope and requirements [8]. It is hard for stakeholders, or for members of the project
organization, to determine which design decisions have been made earlier in the process, and how these affect or are
affected by, the changed parameters [3]. Moreover, a lack of procedures sometimes results in ambiguities about
people’s responsibilities for both making and documenting design decisions [6]. This not only results in
miscommunication between the different involved parties but also between individuals of the same team. Finally,
discussions in projects are repeated multiple times as ho documentation can be provided based on which the discussion
could be closed [1]. To solve these problems, the development of a strategy for the documentation of design decisions
in civil engineering projects is relevant.

The documentation of design decisions is required to provide both the project organization and different stakeholders
with a reference throughout the project [7]. Documentation allows clients, project members and stakeholders to keep
track of project changes and ensures a good traceability [1],[9]. By doing so, knowledge and practices from previous
phases could be reused, and reoccurring discussions can be prevented [8],[10]. This increased efficiency enables a
timely completion of the different project tasks [11]. Moreover, documentation of design decisions could also be
beneficial for communicating within the project organization as well as for allowing an understandable representation of
the design for different stakeholders [3].

The objective of this study is to develop recommendations in the form of a strategy for the documentation of design
decisions in civil engineering projects by investigating current practices. A literature review has been done, current
practices have been studied in four projects, and a concept strategy has been developed. The findings of this study can
help determine how to deal with the process of documentation to improve the traceability of design decisions.

In this study, the two research questions are: what are important elements for the documentation of design decisions in
civil engineering infrastructure projects? And how can these elements be implemented in civil engineering
infrastructure projects to improve the documentation of design decisions?

Section 2 presents the theoretical framework that has been developed based on previous research on design decisions,
documentation and information management. Section 3 presents the methodology used to achieve the research
objective. Section 4 focuses on the analysis and explanation of the findings of the case studies and Section 5 describes
the recommendations of this research, followed by the conclusions and limitations (Sections 6 and 7).
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2. Theoretical background

To determine the elements for the documentation of design decisions, a literature study has been carried out. Literature
on documenting design decisions in civil engineering has been reviewed. However, current research on documentation
of design decisions in civil engineering projects appeared to be scarce. Therefore, literature in other disciplines was
reviewed as well. In literature, why-, what-, who-, when-, where- and how aspects of documentation could be
distinguished. In this section, we present a review of the literature.

2.1 Literature study
What

Literature addresses the specifics of what should be documented concerning design decisions. First, the design decision
itself should be included explicitly in documentation because it describes the specific consideration made
[12],[13],[14],[15]. In addition, not only a design decision itself but also the rationale behind the decision should be
documented [6],[7],[16]. The rationale comprises the justification and process that has led to a design decision
[17],[18]. This rationale is required to determine why a decision has been made, even after a long period of time or if
the decision-maker has left the project [19]. Literature also suggests to additionally document the dependencies and
interrelations between design decisions [20],[21]. This will provide project members with more insight in the cohesion
of the entire system [22]. To further extend this system overview, Babar & Gorton [23] and de Lange et al. [24] propose
to document a decision’s context as well. The design objects and systems that are affected by a design decision are thus
included explicitly in the documentation. The context will provide clarity on different project teams’ involvement for a
decision, guiding the communication and reflection between them [25].

Who

A documentation strategy is not complete without assigning responsibilities for both documentation and monitoring
tasks [7]. To ensure a continuous and structured documentation of design decisions, the responsibility for this should be
given to a specific person [1],[11]. Defining clear responsibilities prevents discussion on who is responsible for
performing specific documentation tasks. This clarity will also improve the communication about design decisions, as it
is clear for project members who should be contacted concerning a specific decision [26]. Furthermore, the
responsibility for monitoring and checking the documentation should also be assigned clearly, to ensure verification on
the existence and quality of documentation [2]. To prevent errors and inconsistencies, only project members responsible
for documenting a specific decision are given rights to do so, similar for the rights to check and approve the
documentation which should only be given to those who have these responsibilities [27],[28].

When

To ensure adequate documentation of design decisions, agreements on the moment of documentation should be made. It
is stressed in literature that design decisions should be documented continuously during the project, preferably
immediately after making decisions [10],[29],[30]. As Lee & Kruchten [31], Weinreich et al. [32], Tyree & Akerman
[33] and Babar et al. [34] point out, immediate documentation is required to prevent the loss of information and
knowledge. In addition, this documentation should then be evaluated and reviewed periodically [13]. The periodical
review will ensure that documentation tasks are executed, and additionally the quality is monitored [35]. Farnham &
Aslaksen [2] also suggest reviewing previous documentation at the start of a new project phase to provide the project
members with a clear baseline. This baseline provides insight in what documentation is present and what information
still needs to be retrieved.

Where

Literature states additional requirements for the documentation conditions concerning the location of documentation. As
many parties are involved in civil engineering projects, the transfer of information should be considered [4]. Easily
sharing documentation is considered very important in a project organization [1],[36]. However, in order to safeguard
sufficient traceability and smooth transition of documentation across phases and people, good accessibility of the
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documentation is essential [4],[35],[37]. Involved project parties should therefore be provided with good access to the
latest documentation at all times [6],[38],[39]. Often a web interface or software application is recommended as storage
and retrieval location for documentation, sometimes complemented by a repository or database [10],[40]. Within such
an environment, the use of a pre-defined template or query could present structured and uniform documentation and
improves retrieval, but it also supports the user in documenting decisions [2],[35],[37].

How

The first four aspects of documentation describe the content and conditions, but theory also addresses the format in
which the documentation could be captured. Anumba et al. [10], Mena et al. [37] and Kruchten [41] suggest
documenting design decisions and their dependencies in the form of an ontology. This is a network in which all
properties and relations of design decisions are documented [24],[42],[43]. Another possibility to visualize the decisions
is to connect them to their context. This could be visualized by placing design decisions in conceptual drawings or
models [6],[44]. By doing so, a decision is shown directly connected to the objects in the design that it affects [27].

Implementing a strategy for the documentation of design decisions

Existing literature focused on civil engineering points out that difficulties might be encountered when implementing a
strategy for the documentation of design decisions. Documentation requires time and effort of the project members,
while benefits often cannot be perceived immediately [1],[2],[6]. Furthermore, a new approach might require training
for the project members, however proper guidance is currently often not guaranteed [1],[37]. Additional difficulties
occur because of the project-oriented, short-term and task-focused work culture of the civil engineering sector [6],[35].
The level of collaboration is generally low, while the number of involved parties is high [2]. On top of that, Van der
Meer et al. [6] add that the documentation provided by the client at the start of the project is often uncertain and
incomplete.

2.2 General overview

This literature review combines theory of the civil engineering discipline and of other disciplines. Therefore, it provides
new input that is required to solve long-existing problems concerning the documentation of design decisions in civil
engineering projects. First of all, it is important to not only document design decisions, but also their rationale,
interrelations and context. This will provide a justification of why a decision has been made, but also shows the decision
in relation to other decisions and its context. Because of this, project members will have more insight in the cohesion of
the entire system. The responsibilities for both documenting and monitoring this documentation should be given to a
specific person, so that all design elements are accounted for. Uniform documentation should be ensured by using a
documentation environment in which the user can document in a pre-defined template. Civil engineering projects have
many involved project parties, thus good accessibility to documentation for all parties is very important. To ensure
continuous and complete documentation, design decisions should be documented immediately and this should be
monitored by periodical reviews. At the start of each project phase, an assessment of previous documentation should be
done to provide a baseline of all available information.

2.3 Theoretical framework

By means of this literature study, a theoretical framework has been developed that was used as a reference for both data
collection and analysis. The theoretical framework is summarized in Table 1. As literature did not offer one conclusive
framework for the documentation of design decisions, the framework has been developed with separate elements from
different sectors. As coherence was not present in literature, case study research should be used to determine if cohesion
between the elements of the theoretical framework could be found in practice. The relevance and existence of these
elements in current practices should also be determined in the case studies. At last, the case study research should
provide a better understanding of the different elements of the theoretical framework.
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Framework Theoretical patterns Sources
What There should be documentation of design decisions and their [6], [71, [12], [13], [14], [15], [16], [20], [21],
interrelations, context and the rationale behind decisions [23], [24]
Who There should be clear responsibilities assigned for the documentation  [1], [2], [7], [11]
There should be clear responsibilities assigned for monitoring the [2]
documentation
When There should be immediate documentation of design decisions, [10], [29], [30], [31], [32], [33], [34], [35]
rationale, interrelations and context which should be ensured by
periodical monitoring
There should be an assessment of all available documentation [2]
performed at the start of a new project phase
Where There should be a documentation environment in which the user [2], [4], [6]. [10], [35], [37], [38]
should document in a pre-defined template
There should be good accessibility of the documentation for all [2], [4], [35], [37]
involved project parties
How There should be a visualization of the design decisions and [6], [10], [27], [37], [41], [44]
interrelations in their context
3. Method

A theoretical framework has been established by performing a literature review. To be able to develop a strategy for the
documentation of design decisions, this framework has been compared to current practices at project level. To establish
a clear description of current practices, in which the contextual conditions play an important role, case study research
was used [45],[46]. This type of research strategy has been chosen considering the three conditions for using a case
study. First, the research question addressing the elements of documentation of design decisions is of exploratory
nature, as the goal is to investigate current practices and to develop propositions in the form of a strategy. Furthermore,
the projects studied are contemporary and the researchers have no control over the events [46].

This study on the documentation of design decisions has been performed in four civil engineering road infrastructure
projects. Data were collected from these projects by means of interviews and document analysis. To ensure data
triangulation, both these sources were used for cross verification of the collected data. The case studies have been
compared to the theoretical framework by means of pattern matching. Patterns of similarities and differences have been
modelled based on this reflection. Pattern matching was used in this research as it is recommended as strategy for
qualitative analysis for case studies, as it will provide critical understanding of the subject [46],[47],[48]. This in-depth
understanding was needed to define the improvements that are necessary in current practices. This enabled answering
the second research question addressing the implementation of the documentation elements. This question is of
prescriptive nature and based on the case study findings, recommendations in the form of a concept strategy are
proposed. In this strategy, different elements concerning the documentation process are integrated. Also the manner in
which those elements should be applied in practice is discussed.

3.1 Case studies

Four projects in the Netherlands were studied. The projects all focus on road infrastructure, more specifically national
highways. The projects have been selected following the principle of ceteris paribus, in which multiple variables
affecting a dependent variable are remained constant as much as possible. The cases were selected in such a way that
the discipline, client, use of Systems Engineering (SE) and project objectives and sizes are as similar as possible. This
enables an in-depth view on different practices concerning documentation of design decisions in projects with similar
contexts and conditions. In all projects, Rijkswaterstaat (RWS) was the client and therefore SE was mandated because
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RWS prescribes SE in all its engineering projects [49]. RWS is the executive body of the Dutch Ministry of
Infrastructure and Water Management, and is responsible for water management and the construction and maintenance
of public works, including waterways and roads. These four cases together provide a clear insight in the current
practices of the documentation of design decisions in different stages of development in road infrastructure. For Dutch
public road infrastructure, project organizations are obliged to follow the phases as described in the MIRT phasing and
Transport Infrastructure Planning Act [50],[51]. MIRT is the multiple year program for infrastructure-, spatial planning-
and transport projects of the Dutch government, provinces and municipalities. The Transport Infrastructure Planning
Act describes the obligatory procedure for the development of road infrastructure. The projects are:

= Project A: extension of a station and widening of a highway, requiring the construction of two tunnels for the
road. The phases studied were the Plan Development Phase, the Development and Contracting Phase, and the
Realization Phase;

= Project B: widening of a highway and separation of traffic flows. This project was studied in the Development
and Contracting Phase;

= Project C: widening of a highway, construction of a switch lane and development of a sunken road construction.
This project was studied in the Plan Development Phase, and the Development and Contracting Phase;

= Project D: widening of a highway, with the ambition to develop a smart and sustainable road through extensive
innovation. This project was studied in the Plan Development Phase.

This research focused on the involved project members of both the client and an engineering consulting firm that
supported the client. Some of these project members have been involved in the projects in all phases, while others have
only contributed to a specific phase, or part of a phase.

3.2 Data collection

During the case studies, current practices concerning the documentation of design decisions were compared with the
theoretical framework that is described in Section 2. To collect data, interviews were conducted amongst team members
of the four projects, supported by a documentation analysis. The theoretical framework was used as an outline for the
interview format so that descriptive data on current practices were gathered for identical elements. These elements
describe the what, who, when, where and how characteristics concerning the documentation of design decisions in the
case studies. All participants were interviewed following a structured outline, but with addition of some probing
questions if more information was required. Examples of the questions used are “was there a standardized procedure for
the documentation of design decisions?” and “what are the major limitations of the current method for the
documentation of design decisions?” The interviews were conducted in a one-on-one setting of participant and
researcher and had a duration of one hour. Data have been collected from in total 29 participants; six for project A, six
for project B, eight for project C and nine for project D. These participants have been selected for interviews based on
their roles and responsibilities. Among others, technical managers of both the client and engineering consulting firm
were interviewed for all projects. Furthermore, both people focusing on SE activities and those responsible for the
design products have been interviewed. Several designers, technical advisors and design leaders representing different
disciplines of both client and engineering consulting firm completed the list of interviewees.

3.3 Data analysis

The qualitative, descriptive data of the case studies consist of a documentation analysis and interview transcripts.
Empirical patterns were formulated for each of the previously defined elements [45]. This condensed set of data was
confronted with the theoretical framework by means of pattern matching. This method compares theoretical and
empirical patterns and determines whether they match or do not match [29],[46],[47],[52]. The theoretical framework
serves as the ‘theoretically ideal pattern’, the collected set of data is the ‘observed pattern’. The theoretical pattern thus
describes how the documentation of design decisions should be done according to literature, while the observed pattern
provides insight in how it is actually done in practice.
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The confrontation either results in matches, partly matches or mismatches between the expected and observed patterns.
These matches are assigned values on a three-point scale, a minus (-) indicating that the patterns do not match entirely,
a zero (o) indicating a slight overlap and a plus (+) indicating a complete match. For each of the elements of the
framework, the matches and mismatches were evaluated and explained, which provides an enhanced interpretation of
the data.

The pattern matching analysis has been performed cross-case to compare the different projects and their confrontations
with the theoretical framework [46]. Based on these findings, and explanations for the findings, recommendations for
improving documentation of design decisions were proposed. These recommendations were formulated in the form of a
concept strategy.

4. Results: case studies

This section summarizes the background of the four case study projects from which the empirical patterns are derived.
These patterns resemble the elements as used for the theoretical patterns. Analysis of the results explains the differences
and resemblances between theory and practice.

4.1 Case study results

Pattern matching was used to confront the theoretical framework and current practices [48]. Table 2 shows the
summarized results of the pattern match between theoretical and empirical patterns for all projects. The confrontation
was scored per element and is indicated by a three-point scale (-/o/+). By adding up the scores of all projects, the
elements were ranked from best match to worst match. The explanations of the initial scores were used to determine the
ranking if the combined score was equal for multiple patterns. Background data on matches for each separate project
can be found in Appendix A, Tables 1, 2, 3 and 4.

Table 2. Summarized results of the pattern match for all projects

Element Description Project A Project B Project C Project D Rank
What There should be documentation of design decisions and
their interrelations, context and the rationale behind 0 - [o} [o} 5
decisions
Who There should be clear responsibilities assigned for the + ) o + 3

documentation

There should be clear responsibilities assigned for

monitoring the documentation * ) * * 1
When There should be immediate documentation of design
decisions, rationale, interrelations and context which - - 0 0 8
should be ensured by periodical monitoring
There should be an assessment of all available
documentation performed at the start of a new project - 0 - + 7
phase
Where There should be a documentation environment in which o ) + + 3
the user should document in a pre-defined template
There should be good accessibility of the
. . . . + - + + 1
documentation for all involved project parties
How There should be a visualization of the design decisions ) o o o 5

and interrelations in their context

- patterns do not match, o patterns match partly and + patterns match. The ranking indicates the correspondence of the pattern with literature, from
best matches (1) to worst matches (8). Some patterns (1), (3) and (5) have a similar correspondence with literature and are thus ranked similarly.
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4.2 Ranking the results

As the pattern match (Table 2) indicates, large differences between the results of the different projects emerge. Project
D seems to score best on most of the patterns, and project B never performs up to the theoretical standard. The results
were ranked from high to low, in correspondence with literature. Considering this ranking, the following most important
conclusions can be drawn:

= Both good accessibility of documentation is considered (see Table 2-‘Where’- ranking 1) and clear
responsibilities for monitoring documentation are assigned in three projects (see Table 2-Who’- ranking 1). Only
in project B, no match between theory and practice could be observed for both these patterns. Two projects (A and
D) are in keeping with theory concerning the division of responsibilities for documenting itself, and one is partly
(C), see Table 2-“Who’-ranking 3. The use of a documentation environment with pre-defined template is applied
in projects C and D and for a part of the aspects of the documentation process in project A (see Table 2-‘Where’-
ranking 3).

= Project B is the only project that does not document any of the aspects as suggested in literature (see Table 2-
“What’-ranking 5). For the visualization of design decisions and interrelations in their context, project A is the
only project without any correspondence with theory (see Table 2-‘How’-ranking 5);

= Onlyin project D, a match between theory and practice could be observed concerning the documentation
assessment. The other projects are only partly (B) or not in keeping with literature, see Table 2-‘When’-ranking 7.
Immediate documentation and periodical monitoring were performed in some situations in projects C and D, but
none of the projects showed practices comparable to theory (see Table 2-‘When’-ranking 8).

Based on the data, we could explain the findings. It appeared that good accessibility of documentation is currently
considered in practice as long as clients require the use of a specific environment that contributes to traceability and
structure in handling large SE projects (cases A, C, D). The analysis also indicates that assigning responsibilities for
both documenting and monitoring this documentation is done because it is considered as common practice to handle the
projects’ complexity. A pre-defined template for documenting design decisions is used to improve the quality of
documentation sometimes, but users are given much freedom in completing it. The findings also show that the client
plays an important role because documentation appeared to be more complete when the client puts emphasis and focus
on documentation. The documentation of design decisions and rationale is considered in current practices, but the
context of and interrelations between design decisions are not documented. The design decisions have been visualized
in their context in some projects (cases B, C, D), however this could be further improved by additionally developing a
visualization of the interrelations. The largest differences between current practices and literature are identified
regarding performing a documentation assessment. It appeared that assessing previous documentation, which is
provided by the client, is considered difficult because of the difference in power position between the client and the
engineering consulting firm. As the client procures the project assignment, the engineering consulting firm is considered
to meet the client’s requirements and report regularly on their progress. Even though they are able to assess the
documentation of the client, they cannot demand effort of the client to improve or complement the documentation if this
is not sufficient. Furthermore, a difference between literature and current practices is observed in performing periodical
monitoring and immediate documentation. Currently, hardly any strict procedures for the moment of documentation are
applied resulting in postponement of these tasks due to time-pressure.

4.3 Additional findings

In the interviews performed during the case studies, additional data were collected that were not used in the pattern
matching analysis. These data provided a better understanding of the specific approaches that are already used or are
absent in current practices. First of all, the project members stressed that guidelines for when a design decision needs to
be documented are required because these are not present yet. Besides stressing the need for adequate documentation,
the findings show that discussing the documentation during meetings is still needed to ensure that everyone becomes
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familiar with the contents: documentation alone is not enough. Furthermore, project members indicated that often,
based on experience, an overview of design decisions that will need to be made in a project phase could be developed
already at the start of that phase. This enables a better overview of the design decisions and dependencies in terms of
project schedule, and provides structure for those responsible. In addition to documenting, this structure could be used
for planning and dividing the periodical monitoring tasks.

5. Towards a strategy for the documentation process

This section describes the recommendations. These have the form of a concept strategy, which is based on the findings
of the cases. The concept strategy aims to improve the documentation process of design decisions in the civil
engineering infrastructure sector. The proposed concept strategy describes what should be documented, who is
responsible, when it should be documented, where it should be documented and how it should be documented. The
pattern match of each case shows an overview of the similarities and differences between theoretical and empirical
patterns. The case studies thus provide insight in the elements already covered in current practices, and those which
could still be improved. Also, the findings indicate the relevance of and cohesion between these elements in practice.

This paragraph describes the specifications of the concept strategy, of which the visualization is shown in Figure 1. The
extensive descriptions of the elements in the different levels are based on the data collected in the case studies. The
different strategy levels are visually presented in Figure 2.

Because of the extent of the improvements following from the case studies, it is considered difficult to implement this
in a project organization at once. Therefore, recommendations are described in the form of a concept strategy in which
the elements are assigned to different levels that should be implemented subsequently. The base level describes the
current practices at the engineering consulting firm being good accessibility of documentation and division of
responsibilities. In the first level, the documentation of design decisions and their justification, the use of a pre-defined
template, immediate documentation and periodical monitoring are explained and suggestions for their implementation
are provided. The second level addresses the documentation of interrelations and context of design decisions, and
possibilities for visualizing these aspects. The third level considers an assessment of all available documentation at the
start of a new project phase. The levels should be implemented subsequently in that specific order. In each level, the
depth of the documentation increases as the required elements have a higher complexity. The subsequent levels improve
the documentation by adding relations and visualizations, but in order to do so the basic documentation level has to be
acquired. The third level requires much insight of project members, to which execution of the previous levels
contributes.

5.1 Current practices

The three elements that are generally included already in current practices, good accessibility (see Table 2; where;
ranking 1) and responsibilities for both documenting and monitoring this documentation (see Table 2; who; ranking 1
and 3), are addressed in the base level. The concept strategy stresses the importance of a shared documentation
environment. Furthermore, it describes the possibility of applying different user restrictions based on involvement in
specific activities and project phases. Second, the importance of assigning responsibilities for monitoring
documentation is stressed. As the results indicated, performing the monitoring is considered necessary. Third, also the
distribution of responsibilities for documenting itself is described. The concept strategy suggests a distribution of
responsibilities for different documentation activities that were identified in the case studies.

5.2 Levell

First addressed in this level is the documentation of design decisions and rationale, because these elements are already
partly implemented (see Table 2-“What’-ranking 5), however also because these elements form the foundation required
for the implementation of all other strategy elements. As documenting all design decisions is considered not desirable,
indications for when a design decision needs to be documented are described. Furthermore, at the start, all known
design decisions that will have to be made during the project have to be documented already. Secondly, the pre-defined
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template in which these design decisions and rationale should be documented is addressed. The specifics of this
template are suggested, based on the documentation elements described in the concept strategy. Finally, immediate
documentation and periodical monitoring will have to be acquired in this level even though its performance is a large
step from current practices (see Table 2-‘When’-ranking 8). The concept strategy distinguishes documentation during
design activities and during meetings.

5.3 Level 2

Defining the interrelations and documenting these requires a better understanding of the project system by the user than
is required for a design decision itself. Because of this, relations are introduced in the second level of the strategy.
Justification of the relation is required as the findings demonstrated it is often unclear why decisions are related and
how one affects another. Similar steps are included for defining and documenting the context of a design decision.
Second, these new aspects of documentation should be visualized. The settings for these visualizations are to be
accounted for by the software manager, so the description focuses on the implications for the project members and how
the visualizations could be used in practice.

5.4 Level 3

The assessment of all available documentation at the start of a new project phase is addressed. This is included in the
last level as findings indicate that performing this effectively could only be achieved if the assessors have a good
understanding of what documentation should be available and what quality this should have. It is important that all
design activities are postponed until the assessment is finished.

(WHEN

Document immediately
o During design activities @3
and meetings

Design decisions
* Status
* Deadline
* Date of last changes documentation
.
.

person
Periodical monitoring R SR
« Check every 2 weeks and STRATEGY Justification for the design decision
discuss in meetings . s
FOR THE Interrelations between design decisions
Assessment of all available
documentation

DOCUMENTATION Context of the design decision
OF

* Atthe start of a new project phase

< DESIGN ———
SRR DECISIONS o
[ WHERE ) 'OFFER TRAINING GE‘
'FOR DOCUMENTATION AR
Good accessibility  ————————————
for all involved
project parties
Make_a network of
Pre-defined WHO im&o:sdm
;eor:::::en::ion Assign clear responsibilities for:

L ) o Documentation HOW
o Monitoring documentation _0—4

Figure 1. The concept strategy, showing all elements
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Figure 2. The strategy levels of the concept strategy
6. Conclusion

The documentation of design decisions is important as it provides insight in which decisions have been significant
during the development of a project. However, in several studies, problems concerning the documentation of design
decisions are mentioned, especially at the transitions between project phases or between different involved parties. For
example, project members do not receive the required information, or it is provided too late, delaying work activities.
Furthermore, approaches and formats to capture and manage information differ per organization or team, which makes
tracing information a tedious and time-consuming task. Moreover, discussions in projects are repeated multiple times as
no documentation can be provided based on which the discussion could be closed. Although these documentation
problems are acknowledged in several disciplines, little attention is paid in literature to these problems in the context of
civil engineering.

To identify the important elements of the documentation of design decisions in a civil engineering context, this research
was conducted. It aimed to develop recommendations for improving the documentation process in civil engineering
road infrastructure. These recommendations were proposed in the form of a documentation strategy. Coherence was not
present in literature, so the case studies were used to determine if cohesion between the elements of the theoretical
framework could be found in practice.

The relevance and existence of these elements in the case studies contributed to theory building on the documentation
of design decisions and also helped formulate practical recommendations. Since the case study approach only allowed
for theoretical generalization, we encourage other researchers to test and expand the theory in other contexts.
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The findings demonstrate that good accessibility of documentation for all involved project parties is already considered
in current civil engineering practices. This is mainly because of the requests made by the client for the use of a specific
environment that contributes to ensuring structure and traceability in large SE projects. Furthermore, the division of
responsibilities in practice for both documenting and monitoring this documentation are in keeping with theory. Project
members explained these results by indicating that assigning these responsibilities was required to be able to the handle
the projects’ complexity.

The documentation environments used in practice do provide pre-defined templates to document design decisions, but
these templates leave more freedom to the user than those described in literature. Design decisions are documented in
some of the projects studied, but often incomplete and without rationale that explains why the decision was made.
These aspects were most complete in the project that started most recently. Project members who also participated in
some of the other case study projects, indicated that they learned from previous experiences of those projects.
Interrelations between design decisions and a decision’s context, as described in literature, are missing in current
documentation processes in practice. The suggestions that were provided in literature for visualizing the decisions in
their context are observed in practice, but this could be complemented by additionally developing a visualization of the
interrelations.

Assessing all previous documentation at the start of a new project phase is only done in the project that started most
recently. Based on previous experience, this project team persisted in performing this assessment to prevent redoing
activities. Other projects indicated that the assessment is considered difficult in practice because of high time pressure
and the difference in power position of the client and engineering consulting firm. The moment of documentation is not
in keeping with theory, as documenting is not done immediately. Also, no periodical monitoring is performed in
practice that could ensure this immediate documentation.

Recommendations for the documentation of design decisions

To ensure successful application of the recommendations, barriers that could obstruct the implementation should be
deducted or studied further. Tight project schedules form a threat to a successful implementation of the strategy. For
example, performing the assessment of documentation would be obstructed, as deadlines require the design activities to
commence already. Future research should study the influence of such an assessment on the project performance, so
that the reclassification of time could be argued. Furthermore, the attitude of the designers in a civil engineering
infrastructure project is considered a possible barrier. They might perceive the documentation process described in the
strategy as an administrative burden, which distracts them from their design tasks, and thus obstructs them from
performing it. Therefore, the added value and benefits of documenting design decisions also for them should be proven
in practice. This will have a more positive effect on their incentives to document than requiring so from a managerial
position.

7. Limitations and further work

This research has some limitations that should be pointed out. First, we compared current practices relative to a
normative theoretical framework, but did not relate the documentation process to performance in terms of budget, client
satisfaction or compliance to the schedule. It was not the intention to study the relation between the degree of
documentation and project outcomes. The intention was to identify potential improvements in the documentation of
design decisions and to develop a strategy for that. Nevertheless, it is a recommendation for future research to study the
relation between the degree of documentation of design decisions and project outcomes.

Second, the projects used for the case studies were all large road infrastructure projects in the Netherlands in which the
same engineering consulting firm and client were involved. Moreover, only four projects were studied. This reduces the
generalizability of the findings for different types of projects and other organizations involved. Therefore, it is
suggested to further study a broader variety of projects to improve and further refine our proposed documentation
strategy.
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Finally, related to the issue of generalizability, we suggest to address implementation of the strategy with attention and
caution. Although we have validated our proposed strategy for documenting design decisions with several experts, it
still is the first time that a documentation strategy has been developed for civil engineering infrastructure projects. The
strategy should be further tailored to, and validated with, the specific situation and context where it is supposed to be
implemented. Most likely, the context of other situations is different compared to the context in which we carried out
the research.
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Table 1. Pattern match Project A

Framework  Theoretical patterns Empirical patterns Match Explanation
What There should be documentation ~ There is limited explicit 0 Design decisions and rationale are documented
of design decisions and their documentation of design implicitly in specific reports as this was
interrelations, context and the decisions and rationale is only requested by client. There were no requirements
rationale behind decisions implicitly documented. No set for explicit documentation in a digital online
interrelations or context of design documentation environment, so due to time
decisions are documented pressure and short-term deadlines this was not
done to a large extent. Interrelations are
regarded as logical derivatives of design
activities, thus were not documented specifically
Who There should be clear Responsibilities for + Responsibilities were assigned to prevent
responsibilities assigned for the  documentation are assigned to elements of the project not being accounted for.
documentation specific people However, this responsibility was for the
documentation in the final reports
There should be clear Responsibilities for monitoring + Responsibilities were assigned to prevent
responsibilities assigned for the documentation are assigned to elements of the project not being accounted for.
monitoring the documentation specific people However, this responsibility was for monitoring
the documentation in the final reports
When There should be immediate Documentation is not done - Designers perceive the immediate
documentation of design immediately and no periodical documentation as administration without
decisions, rationale, procedure for monitoring was obvious benefits, so they are not willing to
interrelations and context used change to that new manner of working even
which should be ensured by though management would prefer it. No hard
periodical monitoring rules for moment of documentation are set
There should be an assessment No assessment of all available - An assessment of all documentation has not
of all available documentation documentation was performed at been performed as the engineering consulting
performed at the start of a new the start of a new project phase firm is considered not to be in the position to set
project phase requirements for the client at that moment
Where There should be a The design decisions are 0 Administrators of the digital online
documentation environment in documented in a digital online documentation environment decided to specify
which the user should documentation environment in a several fields in the template to ensure uniform
document in a pre-defined template, and in free form in documentation. However, user is free to leave
template meeting minutes and reports parts of template open. In reports, users could
document in his own manner as this is
considered most easy for them
There should be good The digital online documentation + The digital online documentation environment is
accessibility of the environment ensures good considered as standard in the industry for
documentation for all involved accessibility of the documentation management large SE projects, so its use was
project parties for all project parties prescribed by the client
How There should be a visualization ~ Design decisions are not placed in - Textual documentation was considered

of the design decisions and
interrelations in their context

context but only documented as
derivative of meetings or
implicitly in text, interrelations
are not documented at all

sufficient to determine to which element of the
design the decisions belong
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Table 2. Pattern match Project B

Framework Theoretical patterns Empirical patterns Match Explanation
What There should be documentation of There is only implicit documentation of - The project team was not focused
design decisions and their interrelations,  design decisions and rationale is on traceability of information in
context and the rationale behind missing. No interrelations or context of the early phases of the project and
decisions design decisions are documented thus did not document extensively.
Interrelations and context are
regarded as logical derivatives of
design activities, thus were not
documented specifically
Who There should be clear responsibilities Responsibilities for documentation are - Because documentation was
assigned for the documentation not clearly assigned to specific people considered less important in design
phases no responsibilities were
assigned. In the contract
development, actions do have
responsible persons but these are
not focused on documentation
There should be clear responsibilities No responsibilities are assigned for - In the contract development, focus
assigned for monitoring the monitoring the documentation is on delivering specifics contract
documentation and thus not on documentation and
monitoring
When There should be immediate Documentation is not done immediately - Designers do not think the benefits
documentation of design decisions, and no periodical procedure for of immediate documentation
rationale, interrelations and context monitoring was used outweigh the effort and time it
which should be ensured by periodical takes. No hard rules for moment of
monitoring documentation are set
There should be an assessment of all Standard RWS procedures are used for 0 The RWS procedures (gates and
available documentation performed at assessment of some documentation at KAd?), focusing on the most
the start of a new project phase the start of a new project phase important design documents, are
considered sufficient for assessing
necessary documentation
according to management
Where There should be a documentation The design decisions are documented - In memos and meeting minutes,
environment in which the user should implicitly and in free form in memos users could document in his own
document in a pre-defined template and meeting minutes manner as this is considered most
easy for them
There should be good accessibility of Not all required documentation could be - As traceability of information was
the documentation for all involved traced by project members not considered in early project
project parties phases, this documentation is
missing or hard to trace by current
project members
How There should be a visualization of the A selection of design decisions is 0 To structure the project and gain

design decisions and interrelations in
their context

captured in posters of objects in context,
interrelations are not documented at all

overview, posters are made for
each object in which the most
important decisions are discussed

1 KAd (Kwaliteitshorging Aanbestedingsdossier) is the formal review performed by a dedicated team of Rijkswaterstaat to ensure the quality of the

tender documentation.
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Table 3. Pattern match Project C

Framework Theoretical patterns Empirical patterns Match Explanation
What There should be documentation of There is documentation of design 0 The traceability of design decisions and
design decisions and their decisions and rationale. No rationale was not considered in the design
interrelations, context and the interrelations or context of design project phases, so documentation is done
rationale behind decisions decisions are documented at a later moment as justification of the
design was required by client.
Interrelations and context are regarded as
logical derivatives of design activities,
thus were not documented specifically
Who There should be clear Responsibilities for documentation 0 Responsibilities were assigned to prevent
responsibilities assigned for the are assigned to specific people for a elements of the project not being
documentation large part accounted for. However, some elements
do not have a specific responsible person
for documentation because of lack of
discipline
There should be clear Responsibilities for monitoring the + Responsibilities were assigned to prevent
responsibilities assigned for documentation are assigned to elements of the project not being
monitoring the documentation specific people accounted for. However, this
responsibility was generally for
monitoring the documentation in the final
reports as the documentation was not fully
explicit
When There should be immediate Documentation is not done 0 In two-weekly design meetings, design
documentation of design decisions, immediately, but documentation is decisions have to be discussed and are at
rationale, interrelations and context ~ monitored by discussion in design least documented then, documentation is
which should be ensured by meetings not done immediately because of lack of
periodical monitoring discipline and time
There should be an assessment of No assessment of all available - An assessment of all documentation has
all available documentation documentation was performed at not been performed as the engineering
performed at the start of a new the start of a new project phase consulting firm is considered not to be in
project phase the position to set requirements for the
client at that moment and feels they
should be able to trust the client in this
Where There should be a documentation The design decisions and rationale + For the lines of reasoning a template was
environment in which the user are documented in a pre-defined discussed to ensure that all elements were
should document in a pre-defined template of lines of reasoning documented at the same level. However,
template the exact completion of the templates was
different for each discipline as else it
would require too complex alignment
There should be good accessibility Procedure for storage + Communication between different project
of the documentation for all documentation ensures good parties was considered very important, so
involved project parties accessibility for all project parties focus was put on good accessibility of all
documentation
How There should be a visualization of Design decisions are connected to 0 Design decisions are connected to the

the design decisions and
interrelations in their context

the contextual geographical
location, interrelations are not
documented at all

location in design drawings to create
insight in the context of the decision
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Table 4. Pattern match Project D

Framework Theoretical patterns Empirical patterns Match Explanation
What There should be documentation There is documentation of design 0 Design decisions, rationale and context
of design decisions and their decisions, rationale and context. No are documented explicitly as traceability
interrelations, context and the interrelations of design decisions are was in the project focus from the
rationale behind decisions documented beginning due to the level of innovation
required in the project. Interrelations are
regarded as logical derivatives of design
activities, thus were not documented
specifically
Who There should be clear Responsibilities for documentation are ~ + Responsibilities were assigned to prevent
responsibilities assigned for the assigned to specific people elements of the project not being
documentation accounted for. The explicitness of
documentation improved assigning
responsibilities
There should be clear Responsibilities for monitoring the + Responsibilities were assigned to prevent
responsibilities assigned for documentation are assigned to elements of the project not being
monitoring the documentation specific people accounted for. The explicitness of
documentation improved assigning
responsibilities
When There should be immediate Documentation is done immediately 0 Meetings are directly documented in a
documentation of design during meetings, during design digital online documentation environment
decisions, rationale, interrelations  activities it is not. No periodical to prevent additional documentation
and context which should be procedure for monitoring was used activities afterwards. For other
ensured by periodical monitoring documentation, designers perceive the
immediate documentation as
administration without obvious benefits,
so they are not willing to change to that
new manner of working even though
management would prefer it. No hard
rules for moment of documentation are set
There should be an assessment of  An assessment of all available + Management instructed that the design
all available documentation documentation was performed at the could not start until all required
performed at the start of a new start of a new project phase documentation was collected and
project phase assessed, to prevent unnecessarily redoing
activities
Where There should be a documentation ~ The design decisions are documented + Administrator of the digital online
environment in which the user in a digital online documentation documentation environment decided to
should document in a pre-defined  environment in a template specify several fields in template to ensure
template uniform documentation. However, user is
free to leave parts of template open
There should be good The digital online documentation + The digital online documentation
accessibility of the environment ensures good environment is considered as standard in
documentation for all involved accessibility of the documentation for the industry for management large SE
project parties all project parties projects, so its use was prescribed by the
client
How There should be a visualization Design decisions are connected to the 0 Design decisions are connected to objects

of the design decisions and
interrelations in their context

contextual geographical location,
interrelations are not documented at
all

in the digital online documentation
environment which are visualized in the
GIS viewer! to create insight in the
context of the decision

L GIS (Geographical Information System) is an information system in which (geographical) data is captured, stored, analyzed and displayed.
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Abstract:

Despite the positive influence of risk management in Information Technology (IT) project results, many project
managers are not managing risks or are managing them partially. To enhance risk management, collaborative project
management has gained attention in recent years with the introduction of Web 2.0 tools. Project managers have used
such tools to facilitate open communication and distribution of activities. This research introduces a prescriptive
framework (W4RM — Wiki for Risk Management) based on a wiki to support collaborative risk management in IT
projects. An exploratory focus group was set up and a series of interviews with practitioners was conducted to explore
how a wiki can support risk management in IT projects. Findings show that project managers are facing difficulties
managing risks and are the only ones responsible for identifying, registering and monitoring risks. By implementing a
collaborative tool, managers can disseminate a collaboration culture and participate in risk management processes. This
sense of collaboration may be used to keep the community identifying new risks, relating these risks to one or more
projects, and facilitating continuous risk management. Practitioners can also adopt W4RM as a tool to support
communication regarding risks status to be established for internal team stakeholders.
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1. Introduction

Software, as a tool to manage a project, is widely used by companies. The proper use of these tools, associated with a
methodology, can influence project results positively [1]. Web 2.0 tools ease communication and collaboration between
people, creating networks of direct communication for all users in the same community, allowing the flow of ideas and
knowledge with efficient generation, dissemination, sharing and refining of information [2, 3]. Although the use of the
internet and emails have been the major means of communication between teams, the use of applications and Web 2.0
tools have emerged in the last few years and present a new opportunity to manage Information Technology (IT) projects
successfully [4, 5].

One of these Web 2.0 tools is the wiki, which is being adopted by companies to be used in different segments, enabling
interactivity and communication between internal and external teams [6]. In Project Management (PM), wikis have
been used as a tool to organize project information and help project managers create and share information with project
teams and stakeholders [7-9]. Wikis are a useful tool that can be adopted by project managers for knowledge
dissemination and project documentation [3].

Not only project managers, but also all project stakeholders are being helped by wiki usage in such different activities
as document system development, managing document versions and report activities [10]. Considering that wikis bring
with them a change of paradigm (collaboration, active participation by the project team, transparency and co-
responsibility) to deal with risks, this research proposes the use of wiki pages to manage risks in IT projects. Wikis
confront the users with unused ways of working with IT systems [3]. Although proposed solutions that make use of
sophisticated methods without ensuring applicability might be useless in practice, researchers mention problems in risk
management that can be supported by a wiki tool, but a framework for this proposal is absent in the literature.

Some of these problems include risk identification, when not all of the team is involved [11]; risk communication, when
stakeholders lack information regarding risks [12]; and risk control, when the team is not informed of risk status and not
updated with new information, or new risks [13]. To deal with these issues, this study intends to find answers to the
following research question: How can a wiki support risk management in IT projects? To answer this question, this
research will: 1) Verify risk management gaps reported in the literature and show how wiki pages can help with that; 2)
Propose a framework based on a wiki to support risk management; and 3) Validate with experts the proposed
framework and viability of implementation for risk management processes.

This paper is organized as follow. Section 2, the background of difficulties in project management is outlined and how
the main wiki characteristics may help on that. In section 3 we present research methodology. The results are presented
in section 4. Section 5 contains theoretical and practical contributions of this paper. Finally in section 6, we present our
conclusions.

2. Background

2.1 Risk management in IT projects

IT projects are exposed to a greater number of risks due to their technological dependence. Monitoring and mitigating
risks related to technology dependency can contribute to project success [14]. Although there are different definitions of
risk management in projects, common aspects emerge among them, such as the description of main activities
emphasizing the execution of these activities for successful risk management. References such as, Project Management
Institute [15], Kerzner [16] and Office of Government Commerce [17], have their own list of activities that they present
as important to be done. Some activities like risk identification, risk analysis and risk control, are present in all
definitions as major activities.

Analyzing risk management and PM guides has allowed the identification of common steps in managing risks, such as:
Identification - despite different names and terminology, all guides define a step to perform this action; Assessment -
this step is also identified in all guides, but in different ways. Some of them suggest carrying out assessment in one step
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and others in two steps; Response Strategy - the guides propose response strategies according to project strategy,
budget, priorities and prioritization of risks; Communication - the guides suggest effective communication by
establishing recurrence and periodicity for the internal team and stakeholders; and Control - this phase is presented in
all guides, yet in some, beginning after a response strategy has been created and communicated.

Several studies have positively related risk management and project success [18-21], but this relation is not consensual
among researchers. While some of them point out that a relationship between risk management and project success
could not be found [22], others report that despite project managers agreeing that risk management can have a positive
influence on project success, they do not apply risk management to their projects [23]. Although this nonconsensual
evidence of the positive relation between risk management and project success, risk management is a critical activity
that should be stimulated by project managers and done by everyone involved in the project.

The risk management process will require the action of project members during the entire project cycle, not only
remediating occurred events, but preventively acting to fix negative events before they occur [24]. A continuous and
iterative process needs to be performed at regular intervals to analyze, plan, track and fix risk events and consequences
[13]. In order for a project team to achieve a successful coordination of all these activities, it is essential that project
managers pay attention to risk management and create a recurrent agenda with all the team [25]. The coordination
required regards not only the internal team, but additional stakeholders as well [26]. Complex and innovative projects
are influenced by inputs from other teams and external partners [25]. Therefore, planning the right coordination practice
is important, due to the influence on information sharing between teams and the generation of outcomes [25].

An additional challenge for project managers to implement and execute risk management is the risk aversion among
stakeholders. Sometimes project managers avoid talking about risks with stakeholders in order not to create a disturbing
project environment, and just act on the consequences of negative events, but neither identifies, nor manages them as a
risk [27]. Institutional pressures from sponsors and executives to get the project done quickly force project managers to
deem process risk identification unnecessary, because recurrent plan and documentation activities do not fit unrealistic
deadlines [24].

Project control requires a well-planned risk management, conducted by the project manager, and executed by the
project team to avoid ‘firefighting’ activities, rather than proactively managing and eliminating potential risk threats
[24]. After risk identification and assessment, new threats are not identified while the project is executed. Even when
formal changes to the project occur, the risks are not reassessed and revaluated [12]. The control of risks is a challenge
for project managers. Though conducting some degree of risk assessment and classification, risks are not managed
continuously, turning risk management activities into a reactive process only [22]. Risk factors should be dynamically
monitored and tracked during all the project cycle [13].

By reviewing literature, we identify a positive relation between risk management and project success. At the same time,
we identify risk management issues or even the option not to manage risks. Once the project manager decides to
manage risks, the use of an appropriate tool can help him/her in the risk management processes and improve
communication between the project team and stakeholders [16].

2.2 Social media and wiki

The introduction of Web 2.0 tools in project management facilitates the deployment of the Project Management 2.0
(PM 2.0) concept. From an IT perspective, it is possible to define PM 2.0 using the formula: (PM 2.0 = PM 1.0 +
distributed collaboration), where PM 1.0 is the traditional project management, and distributed collaboration is guided
by open communication, which thrives on collective intelligence to support decision makers [28].

The use of Web 2.0 tools is gradually increasing and gaining acceptance in organizations, evidenced by the increasing
use of the term Enterprise 2.0. The term Enterprise 2.0 refers to the use of Web 2.0 tools in organizations. The use of
collaborative and interactive Web 2.0 concepts and technology has great potential for flexible integration and ad-hoc
information exchange among collaborators [3]. These tools enable organizations to communicate interactively and
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engage with their supply chain and provide their customers with a sense of empowerment. Communication tools
support social bonding across any distance, creating a virtual work environment and creating virtual colleagues [29].

Establishing a sense of unity to create a team and stimulate the ability of individuals to collaborate and work effectively
as a team is a challenge for managers [30]. As face-to-face communication is not always possible, communication
technology is crucial to develop trust within distributed project teams [30]. In order to increase the probability of
success to establish a team and enhance the intensity of collaboration and trust in projects, communication and
participation need to be addressed through an integrated project methodology [3]. Web 2.0 concepts and technologies
can be used to promote participation and open a corporate dialog, stimulating participation and cooperatively working
on the identification, rating, and commenting of issues, creating businesses discussions instead of only consuming
content [3,31].

Enterprise Collaboration Systems are software systems that combine enterprise social software like wiki, with
traditional groupware components, like e-mail, databases, libraries to support organizations specifically in internal
business communication, collaboration, and content and knowledge sharing activities [32]. Enterprise Collaboration
Systems support the collaborative work of employees, comprising all areas of collaboration such as information and
content sharing, communication, cooperation and coordination [33]. These large volumes of social content are
comprised of a wide variety of documents (e.g. wiki entries), many of which contain important business information
that requires systematic management [34]. Rather than functioning as a channel of communication delivery only,
Enterprise Collaboration Systems provide a platform upon which social interaction can occur [34].

Wiki applications have high potential to facilitate knowledge creation, sharing, use and integration. The use of wikis is
increasing in different contexts, such as education, research, business, government and the public domain. It enables a
collaborative environment, permitting volunteers and groups to create and edit documents incrementally [35]. One page
of wiki may store information in different formats (e.g. text, links, images and videos), to collaboratively capture and
share business information and knowledge [34]. Various features characterize Wiki technology including interlinking,
collaborative edition and preview. There are a number of other features related to wiki, covering such aspects as
structure, syntax, security and personalization [36]. The features of Wikis have made it a unique philosophy regarding
knowledge sharing. Unlike other Web 2.0 tools, which tend to focus on sharing and broadcasting individual opinions,
wikis focus more on consensus and collaborative understanding of contexts.

An advantage of using Wikis is the feature that allows tracking and revisions. Malicious attempts to misinform can be
quickly revised or reverted to the previous version. The edit history can be used by the administration to identify the
content and users that created it, preventing anonymous collaboration and discouraging the creation of content that is
not aligned with the organization’s policy [37]. Wikis stimulate collaboration between companies; with asynchronous
collaboration, the natural flow of information allows the spreading of knowledge construction. This will benefit
organizations that are expanding their business, developing a collaborative exchange of information between companies
in different regions [38]. In addition, knowledge content from one company can be incorporated by another without the
need to handle staff allocation [38]. Wikis are useful for knowledge dissemination and project documentation, they
confront the users with unused ways of working with IT systems [3].

Comparing the literature about threats as difficulties in managing risks in projects with wiki tool characteristics makes it
possible to relate them. Wiki tools can enhance risk management by applying some important steps recommended in
risk management guides, or by supporting risk management gaps. Table 1 shows risk management issues, difficulties or
recommendations and wiki characteristics that can help in risk management issues.

Although some project managers identify and register risks, the problems and difficulties controlling them include
poorly managed identified risks and lack of a tool to help constant monitoring [12]. Wikis enable discussion between
their users and can help to organize and track information, transforming information collected into a center of
discussions [6]. The ability to track information allows the project manager to keep risk information up to date and
shared with all the team and with stakeholders.
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Table 1. Risk Management issues and Wikis characteristics.
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Risk Management Issues/ Author(s)  Wiki Characteristics Author(s)
Difficulties/ Recommendations
Risk should be identified by different levels ofan  [13, 15] Wikis are used to gather and [3,37]
organization disseminate information from/to
different levels in organizations.
Risk can occur due to lack of information. [15] Web 2.0 tool enables the gathering of ~ [39]
information from many points of view
Risk identification and assessment are important [15, 40] Wikis allow the gathering of [28]
steps for successful risk management information from the project team,
stakeholders and project committee.
Establish recurrent communication for internal [15,30 Wiki applied to projects allows the [41]
team and stakeholders ,40] project manager to share information
with the project team and
stakeholders.
Some PM tend to ignore risks when they perceive  [24,27] Wiki’s collaborative nature [4]
that they disturb the project environment. encourages negotiation and discussion
and aids in achieving consensus
Project manager's perception of self-efficacy can [42] Implementation of wikis stimulates [6]
interfere with risk perception the culture of collaboration
There are problems and difficulties in controlling [12,13,22]  Wiki users can help to organize and [34]

identified risks

track information.

3. Method

By adopting interpretivism, we aim to seek an in-depth and context-specific understanding of lived or inner experience
of PM practitioners. Figure 1 shows the research workflow adopted, and each square represents a different step.

Risk management Wiki
Literature Literature
Review Review

Wiki pages model
Alpha version

ARTEFACT EVALUATION & DATA ANALYSIS

Figure 1. Research Workflow.

Wiki pages model . Wiki pages model
‘ Focus Group Beta version |»-| Interviews ver 1.0
Results
Presentation

The first and second steps of this research were related to the literature review presented in section 2. Step 1 was the
literature review on risk management in projects, and started with a search in scientific databases, such as
ScienceDirect, Scopus, Wiley and Emerald Insight. The search on each database started with a query: ‘risk
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management’ and ‘project management’, reading the abstracts and selecting papers for detailed analysis according to
their assumptions. The criteria for selection were papers with risk management definition in IT projects or papers
presenting difficulties with risk management in projects.

In step 2, we conducted searches on the same databases of step 1. The first query was: “web 2.0” and “definition”, the
second query was: “wiki” and “organization” or “company”, and the third query was: “wiki” and “project”. The papers
returned on the results had their abstracts analyzed and if the content was aligned with the research assumption, with
positive or negative aspects, the paper was downloaded for a detailed reading and then cited, if used, in the literature
review.

According to the literature review, we developed an alpha version of WARM to be presented to participants in the focus
group in step 3. Step 4 was an exploratory focus group of IT project managers. This focus group was directed to explore
the project manager's experience with risk management in past projects, their experience with risk management tools
and the success or not of this execution. The research looked for opinions about W4RM, identifying strengths,
weaknesses and functionalities to be added, changed or deleted. The focus group had seven participants and one of the
researchers as moderator. All participants are experienced IT project managers, with three to 23 years acting as project
managers, and ages 36 to 53. The focus group was used to explore project manager experiences in managing risks,
encourage discussions among participants about best practices, difficulties and recommended steps to be taken by
project managers.

To stimulate interactions, we structured the focus group protocol to investigate four main topics. The first topic was
about the difficulties that managers are facing in managing risks, the second was how they execute the risk management
process, the third was about how familiar they are with web 2.0 tools, and the fourth aimed to gather input about the
framework in the alpha version. In the first part of the section, focus group participants talked at length about the
barriers they are facing, such as groups of resistance in their companies. The difficulties cited by two or more
participants were grouped into five groups of coding. Appendix A shows the topics discussed on focus group meeting.

Based on the results of the focus group, we built the beta version of the wiki pages framework in step 5. This beta
version was developed adding the changing characteristics identified as important by the focus group. The size and
quantity of changes for this version were not pre-defined at this time, due to the characteristic of qualitative research,
and it was expected that there would be an interaction between participants, with discussions, agreements and
disagreements regarding the framework. The researchers were responsible for defining what suggestions would or
would not be adopted.

In step 6, for the individual interviews, the number of interviews was not pre-defined and new interviews were held
until data saturation. The total of interviews was 12; the criteria for choosing participants were project managers with
risk management experience, and Portuguese or English speakers. In order to include a foreign point of view, the
researcher invited two people from the USA and one person from Mexico to participate and contribute with their
perspective. Regarding the industry sector, this research contains respondents from four different industries: Telecoms
(1), Financial (4), Retail (2) and IT (5). Adding participants from multiple industry sectors can avoid any bias from a
sole sector.

All the interviews were done via Skype and recorded using MP3 Skype recorder. We transcribed the interviews using
the Express Scribe Transcription software. The average time for each interview was 30 minutes. Transcriptions were
from five to eight pages each, generating 85 pages of transcription to be analyzed. We used MAXQDA and Excel to
analyze the results. MAXQDA use is part of the analysis to encode the transcriptions and find repetitions and groups of
citation. Excel was used to group and categorize data. Appendix B shows the topics and questions of the interviews.

We generated the W4RM framework (Figure 2) based upon literature review, focus group and individual interviews in
step 7. The next section presents and discusses W4RM. Step 8 was the development and the presentation of the study in
this article.
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4. Findings

To present the results, this section follows the sequence described in the research design. The content analysis was
executed twice, the first to analyze the focus group and the second to analyze the interviews. As a result, researchers
were able to develop a more mature framework based upon data analysis to be described in this section. Figure 2 shows
the Alpha version of the W4RM, which is the artifact developed in this research.

Figure 2 contains three delimited sections, External Access, Wiki Pages and PM tools integration. The Wiki Pages
section is the core of the framework, containing all the pages that will be accessed by the collaborators. These pages
will be used to register RM methodology defined by the company, risks registered, discussion forums to be used and
moderated by the community, project information that can be linked with risks and discussion threads. Tutorial pages
are stored to help new users become familiar with the use of wiki and with the framework. Other sections are used to
consume data from Wiki Pages. External access is proposed to feed information to databases and some monitoring tools
like RSS. PM tools integration aims to feed risk information to any other database used by project managers or Project
Management Office (PMO) to integrate project information.

ACCESS Integration
Risk Register Discussion Forums Project Information
’» N — —n,
&N [N ) Y ]
Risk
RSS : / L L y Simulation
Create Update Discussions Project’s Project’s
Register  Regisier Threads Inforrnation Risks
Home
Bl Administration Page Methodology Description Schedule
Ll =1l
L J a Porlolio
REPORTS Administrative Risk Management Tool
Fages qy
Special Pages How To
— e —
KB e —‘ 1 .,\] ]
o R:qlsler-f Consul Consut  Opent
olem,  Sum | [ R TR S tesne
Risk Ragislers Fasrurm

Figure 2. The Wiki for Risk Management (W4RM) Framework.

4.1 Exploratory focus group analysis

In the focus group, we aimed to understand how experienced IT project managers are managing risks. They were
encouraged to talk about how they deal with risks in real life and not how they should act according to risk management
standards or best practices guides. During the interview, when a participant mentioned some difficulties or some
activity that he/she does, but assumed that it is not how it should be done, the mediator encouraged the other
participants to say if they do or do not behave the same way.

In the first part of the section, focus group participants talked at length about the barriers they are facing, such as groups
of resistance in their companies. The difficulties cited by two or more participants were grouped into five groups of
coding (GC).
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GC1: Lack of feedback: Difficulty in receiving feedback from the project team, stakeholders and/or sponsor was cited
by all participants

(FGO05): I can meet with the project team and list risks. However, it's impossible to receive any feedback about the risk
status.

(FGO7): At the beginning of the project, the team accepts collaborating with risks, but receiving updates is not easy
during the execution phase.

GC2: No sponsorship support: When project managers try to present some risks in the project to the sponsor, the
sponsors do not usually want to talk about this issue.

(FG03) Some sponsors in my projects just refuse to talk about risks. The term risk just scares them.

GC3: Lack of Contingency Costs: Contingency costs are connected with the difficulty described as no sponsorship
support. Sponsors classify any funds for risk contingency as a waste of money, assuming that the project manager and
team members need to prevent any risk event without any extra money.

(FGO7): After finishing the project plan with the team, | made a presentation to the sponsor explaining the risk and
requesting a contingency budget. The sponsor said that | was increasing project costs before starting it, and would not
approve any extra cost.

GC4: Reduction of confidence in project manager: One important fact that can stop a project manager from talking
about risks is their image in front of the others. Participants said that when they are trying to talk about risks in projects,
sometimes this conversation can be identified as a lack of competence on the part of the project manager or an attempt
to justify future project delays.

(FGO01) Once 1 did risk identification with a large impact on the project. | requested a meeting with the team to talk
about alternatives, but during the meeting, one person said that | was being pessimistic talking about a risk like that.
Some team members agreed with him, and as a result, | just ignored that risk.

GC5: Not managing risks for all projects: The option to manage a risk or not is in the hands of the project manager.
Participants did not manage risks for all projects. Some participants have their own policy to decide to use risk
management or not. They reported that due to difficulties in talking about risks, they avoid this type of discussion in
minor projects. In this kind of project, some participants adopt a pre-defined risk list and others just ignore the risks.

(FGO07): My decision is based upon project costs and innovation. For projects with minor costs and with known
technology, | prefer not to manage risks.

(Moderator) Why do you prefer to ignore the risks?

(FGO07): The difficulty in talking about risks is sometimes so great that dealing with the problem when it occurs is better
than trying to manage risks.

The second section of the focus group aimed at finding how project managers execute risk management activities. The
first question was an open question for project managers to describe what activities they execute and how. Comparing
this with the literature review, it was possible to observe that the project managers are carrying out the steps found in
the literature. However, none of the participants is taking all the recommended steps in the standard guides. The steps
are adopted partially without any particular rule to define which step to take or ignore. Participants who mentioned
using standards partially cited PMBOK® from PMI and ASAP from SAP.

After obtaining spontaneous opinions about risk management activities done by participants, the moderator started a
discussion about what the state of the art should be for risk management processes in their opinion. The reason for
including this topic is to find out what the most important actions and behavior expected by project managers are for the
entire company, including the project managers, themselves if they are conducting risk management in a proper way.
The opinions were centered on collaborative actions; project managers expect a process not focused only on their role;
they expect collaboration from all the team, giving proactive input about existing risks and identifying new risks.
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(FGO06): After finishing the risk management plan, it would be perfect to see information being disseminated by the
whole team. In this case, the project manager will have a helper role, acting on questions about the process, getting
approval from the management team and obtaining contingency funds.

(FGO03): It would be great if we had input from the team right after any new risk is identified.

The last section of the focus group was focused on analyzing and discussing the artifact proposed in this research. This
section started with a detailed presentation of the framework in the development version. The mediator presented the
artifact as an existent artifact developed by another researcher in the past, which this research would be planning to
adopt, and requested some input concerning their opinions analyzing this framework.

Regarding how this framework could help them to manage risks, one of the main ideas discussed by participants was
about disseminating knowledge. According to participants, this tool can capture specialists’ opinions and be available to
everyone in the company. This framework can be used to stimulate participation. The PMO can encourage interactions
by keeping a repository of the adopters and by showing how the collaboration supported the project.

One important aspect discussed by participants was how this framework could help create a corporate risk management
culture. To the participants, this could not be done just with the framework implementation. The project should be a risk
management implementation process using this framework as the tool to support the defined process. From this point of
view, the PMO should be in charge of the project, starting the risk management process with directors and managers
after obtaining support from them for the process. The tool should be ready to be implemented.

Another aspect debated by participants was the role of the project manager when the framework is adopted. Participants
agreed that if the project manager’s role is changed, the risk management process will become a collaborative process,
permitting everyone on the team to be the driver for any risk. This change can diminish conflicts between the project
manager and team, and the project manager can be a mediator in risks discussion and not the driver.

Based upon the input of the participants, a new version of the framework was developed. For this version, the external
access layer presented in Figure 2 was introduced. Comparing the version before and after the focus group, no section
was deleted for the new version and just a new layer was added to allow integration with external tools.

4.2 Interview analysis

The interview protocol was created to gather experience in implementing and managing the risk management process of
twelve experts. The respondents were encouraged during the interviews to talk about their experience, about what, in
their opinion, had contributed or not to a successful risk management process implementation and project risk
management activities. The goal of the interviews was to understand risk management in real life, gathering points of
view from project managers and their experience in projects. After explaining the objective of the interview to the
respondent, and getting information about the respondent's profile, the interview was structured in four sections with a
specific and complementary goal for each section.

The first section of the interviews aimed at an in-depth conversation about risk management in real life, proposing
discussions about what worked or not for respondents while they were managing their projects. Five of the respondents
had experience implementing the risk management process. Three of them had participated in the implementation,
collaborating in the implementation in the role of counselor, giving opinions about what would work or not and
feedback on the application of the process in projects. Two of them had experience as the project manager in charge of
the risk management implementation process.

Analyzing the transcription of the answers regarding the risk management process, some of the recurring words cited by
respondents were related to culture, barrier, resistance and the project manager. All the respondents with experience in
the risk management implementation process cited these words in different contexts, but in all of the contexts, these
words were cited with relevance to the process. For successful implementation, according to respondents, the PMO or
any other department in charge of the implementation cannot neglect these aspects.
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Respondents identified different types of barriers. All of them described that they found initial support inside their
companies when the implementation process started, but discussions particularly about risk management in specific
projects suffered resistance. One of the respondents said that his team was very uncomfortable creating a list of risks in
the project and communicating this to the CI1O (Chief Information Officer).

(E09): To discuss risks, | sent an invitation for a meeting with all the team. When we started a brainstorming session to
identify potential risks, one of the participants said that he was uncomfortable writing a specific risk and reporting it to
the CIO.

The corporate culture was an important aspect cited by respondents. To implement and execute risk management, it is
necessary to identify how the company deals with risks. For this identification, it is important to analyze how the word
risk can affect employees. Four of the participants identified their companies as not familiar with risk discussions.
Although risk is intrinsic in business, it is not discussed.

We asked respondents for their opinion about what is important for a successful risk management process. Some of the
facts related to previous questions were repeated, for example, cultural aspects and a well-defined project manager role.
New factors were described by respondents, such as training for project teams, an adequate tool to support the process,
collaboration of the project team and implementation of the PM methodology. These factors were cited by a significant
part of the respondents. Therefore, the researcher coded them as an important group of critical success factors. Some
factors cited were the creation of a PMO, project manager hiring, the creation of a risk management community and a
risk management fund to be used by all corporate projects.

Corporate risk management training is one of the most important critical success factors for respondents. In their
opinion, employees do not have a clear understanding of what risk is. Without a clear concept of risk, these are not
prepared to collaborate with a risk management process. There is a need for corporate training, starting from the basic
concepts about what risk is, what an event that may cause risk is, to the techniques to identify risks and risk response
strategies.

The second section of the interview aims to understand the collaboration among all employees at the respondent's
companies and what needs to be improved in this process. According to respondents, project managers are in charge of
all activities, while others collaborate when asked by the project manager and there are employees that do not accept
cooperating with risks. Due to this scenario, risk management is restricted by project manager bias. If he/she feels that
the project has a low risk, the risk management process can be neglected.

After process implementation, training or meetings to establish and communicate the importance of risk management
and collaboration from team members increases, but after some time, this participation diminishes. Maintaining a spirit
of collaboration regarding risk management in team members is a huge challenge. Respondents described different
examples of how difficult this is for different reasons, and in their opinion, sometimes with team members’ excuses for
not participating.

(E02): Keeping the team collaborating means keeping the company collaborating. Everyone should be working on
that, the steering committee should discuss risks for the whole project and give support to project management and
encourage the project team.

The third section of the interview was about an adequate tool for risk management, and the importance of the tool to
support the risk management process. According to the respondents, a tool will help the project to gather the
information needed, communicate with the project team and with stakeholders. An efficient tool will keep risk registers
available for everyone that needs this information, and will be used as a knowledge base for future projects.

Although the respondents agree that a tool is important to the process, many of them, when asked to answer,
emphasized the importance of team collaboration. A tool will help project managers to manage risk, but input from
team members and their collaboration are the factors that make the process successful or not. A company should bear in
mind that just the fact of acquiring a risk management tool will not be enough to run the process; the focus should be on
people and the tool to support them.
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In the fourth section of the interview, respondents were asked to give their opinion about how this tool can help the risk
management process, what the strengths and weaknesses are, and were asked for suggestions on changing the
framework. The adoption of the framework to support the risk management process was perceived as positive by all
respondents. This tool can support the process and stimulate team collaboration, creating an environment to permit team
members to participate, give their input about risk information. One aspect cited by respondents is integration with other
PM tools. As the framework is based upon wiki pages that do not do any kind of quantitative analysis, this tool should
be integrated to store risk quantitative analysis and link with correspondent risks. A scheduling tool should be integrated
to risk management; if the company adopts a web-based schedule tool, the risks related to any scheduled activity should
be linked and accessed from the framework.

Participants mentioned, regarding companies that adopt portfolio tools, that it is important to create integration. A new
project in the portfolio can be linked to existing risks identified in similar projects, and any new information about the
risk will feed all projects affected by that. This integration can help diminish rework, and information does not need to
be duplicated in different projects in the portfolio.

(E03): We cannot focus only on the tool, we need to focus on the entire process and emphasize the need for teamwork.

(EO5): There are managers who think that if they acquire a tool that has been running successfully in another company,
the result will be the same in their company. It is not just about acquiring a tool, people should be prepared and
motivated to participate.

5. Theoretical and practical contributions

This research contributes to the literature by proposing a more collaborative Risk Management in projects, by means of
a prescriptive framework. This research is classified as incremental originality [43] by introducing the W4RM
framework. W4RM was built by gathering best practices in Risk Management literature and Wiki features to support IT
PM. W4RM, as a prescriptive framework, denotes an action-oriented form of science, which is concerned with the
development of recommendations on how to solve practical problems [44]. To the best of our knowledge, this paper is
the first to propose the use of social media (a wiki) to support Risk Management. As a result, this paper introduces a
new artifact to a traditional problem in the PM field.

Through the adoption of a constructivist ontology for this research, social interactions with practitioners served as an
important pillar to sustain all the results presented. The focus group and interviews permitted the researcher to stimulate
debates among experts regarding their problems and challenges in real life, connecting this research to the reality of
project managers. WARM is the result of these debates in groups and individual points of view analyzed by the
researcher. Practitioners can adopt W4RM as a tool to support risk management. According to the results found in this
research, project managers and PMOs are facing difficulties in implementing and executing risk management. The
adoption of a collaborative tool with the schema suggested by W4RM can help them to improve collaboration, as well
as help solve the difficulties they themselves described. WARM serves as a means to facilitate project manager
communication with the project team and stakeholders regarding risks. This framework will keep risk policies available
for the employees in the company, helping project managers who perceive a disturbance to the project's environment
when talking about risks [27]. Kutsch and Hall [23] describe that project managers do not talk about risks to prevent
anxiety in the team and stakeholders. To face this issue, WARM helps disseminate communication about risks and
establishes a risk management culture in the community, defining institutional benefits before project initiation.

Studies report difficulties for the project manager regarding continuous risk management after risk identification [12,
13, 22]. W4ARM is a collaborative tool that helps create an environment of collaboration from the community and to the
community, facilitating continuous risk management. Project managers can inherit the community bias established in
the framework to encourage collaboration with risk management alongside the project. Participants of this community
can be in charge of identified risks, maintaining communication about any update of specific risks. This sense of
collaboration may be used to keep the community identifying new risks and relating these risks with one or more
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projects. This attribute of WARM can also help project managers with problems related to the lack of feedback
concerning risk events occurrence, and document consequences.

6. Conclusion

This research shows how a wiki can support risk management in IT projects by proposing a prescriptive framework
(W4RM), which was validated by PM experts through discussion in focus groups and individual interviews.
Practitioners confirmed problems and difficulties found in the literature. Although risk management is recognized as an
important process to support project success, it is executed partially. Project managers and PMO managers are
unanimous about the need for collaboration from the project team. Risk management is practiced as an activity with the
project manager in charge. Most of the project managers mention corporate culture as a barrier to the discussion of
risks. They also agree that implementing a risk management process with a collaborative tool can create a culture to
foster risk discussion, process participation and specialist discussions.

The findings reported are subject to at least two limitations. First, case studies were not conducted to validate and
evaluate the framework proposed. Second, practitioners recognize that only implementing a tool is not enough to
change a risk management culture; a robust implementation should be planned to gradually develop the raising of the
entire company’s awareness of the relevance of risk management. These issues should be taken into account in future
research, which includes the deployment of WARM in IT projects using action research or design science research to
validate this framework in the field.
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Appendix A. Focus group protocol

Aspect # Question
Barriers and difficulties in 1 What difficulties have you dealt with as you manage risks in IT projects?
risk management 2 Can you list, in topics, these difficulties?
3 Do you apply risk management in all projects that you manage?
4 For those who don’t apply risk management to all projects, “What are the main characteristics of the projects
that you apply risk management?”
5 How is your relationship with sponsors and stakeholders in the risk management process?
Risk Management 6 What are the main steps that you apply to manage risks?
Processes 7 How do you identify risks?
8 How do you evaluate risks?
9 How do you communicate risks?
10 How are risks monitored and updated?
11 According to your experience, what is the project management role in risk management
12 In your opinion, what could the state-of-art be for a project manager role managing risks?
Web 2.0 tools Explaining concepts of Web 2.0 tools
13 What are the Web 2.0 tools that you know?
14 In your opinion, how can a web 2.0 tool help manage risks?
Framework Framework alpha version presentation
15 What is your opinion about the use of wiki pages to create this framework?
16 What are the positive and negative aspects of this framework?
17 What changes do you suggest for this framework?
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Appendix B. Interview protocol

Aspect # Question

Respondent Profile 1 How old are you? How long have you been working as a project manager?

Risk Management . . - -
Experienceg 2 What is the business sector of the organization you work for? Do you work as an employee of the organization,

contractor or partner?

3 Do you have experience in working with project management methodologies?
4 Can you describe your experience in managing risks in projects?
5 Have you implemented any risk management processes? If you have, how was this experience?
6 In your opinion, is risk management important for project success? If so, why?
Collaboration in Risk L . .
Management 7 In your opinion, in risk management, what are the roles of project team members, project sponsors and
. ” . . ;
Risk Management tools stakeholders? How do you work with these different groups (team members, sponsors, stakeholders)?
8 In your work, how do you monitor the risks you identify during the project life-cycle?
9 Do you report every risk you identify or do you omit some? Are there any types of risks you cannot inform to
the ones involved in the project?
10 In your opinion, how can a Web-based tool or application help project managers in their work in risk
management?
11 What are the most required functions for PM tools?
Concepts of Web 2.0 technology
12 What is your opinion about adopting a Web 2.0-based tool to manage IT project risks?
Framework 13 Do you have any experience in using wikis in professional settings? Or have you ever participated in
implementations of Wikis in organizations?
Presentation of the beta version of WARM framework
14 What is your opinion about the framework?
15 What changes would you suggest?
16 What practical advice would you give for a future implementation of WARM framework in organizations?
Respondent Profile 1 How old are you? How long have you been working as a project manager?
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