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Abstract

Failing IT development projects need fast solutions. Short term improvement can be reached by focussing on
a few critical factors. The project management is challenged to find and monitor the applicable success
factors for the current context. In this thesis, | applied quantitative research methodology to gather the
knowledge of the project team members about critical success factors. The methodology shows that
questionnaire data can provide a valid light weight method for ranking ordinal information such as project
success. This method was demonstrated using the research and development division of the Target Company,
a large scale traffic solutions provider. The results show that it is possible to obtain a statistically reliable
result ranking success factors in a project. From this ranking a recommendation was made as to the
determinants of project success in the given environment as well as the currently critical success factors. It is
possible to formulate the knowledge of the development team about the factors of project success into a
statistically meaningful result within the time frame available to an IT development project.




Zusammenfassung

IT Entwicklungsprojekte, welche Probleme verursachen, bendétigen innerhalb des vorgegebenen Zeitraums
eine Losung. Durch den gezielten Fokus auf kritische Erfolgsfaktoren kann der Projekterfolg vergroBert
werden. Die Herausforderung ist das Erkennen der kritischen Faktoren. Diese Magisterarbeit stellt eine
Methode vor, mit welcher man die Kenntnisse der Projektmitarbeiter (iber die Erfolgsfaktoren sammeln und
auszuwerten kann. In einem weiteren Schritt wird das Verhéltnis zwischen den Projekterfolgsfaktoren und
den vier IT-Entwicklungsprozessmodellen, Agile, CMMI, SWEBOK, und V-Modell XT untersucht.

Die Ergebnisse zeigten, dass die Entwicklungsmannschaft und die Literatur sich einig waren, dass die
Faktoren “Spezifikationen und Anforderungen” als auch “Realistischer Zeitplan™ kritisch fir den
Projekterfolg sind. Diese Faktoren kommen als Ziele in den IT-Entwicklungsprozessmodellen vor, aber von
der erforschten Liste von Erfolgsfaktoren waren jene, die sich auf die Fachkenntnisse oder Eigenschaften von
den Projektmitgliedern beziehen, in den Entwicklungsprozessmodellen nicht vertreten. Die Notwendigkeit
von Faktoren wie “motivierte und liberzeugte Mitarbeiter”, “Fachkenntnis Uber IT-Entwicklung” oder
“Kenntnisse iiber das Anwendungsgebiet” werden in der IT-Entwicklungsprozess Literatur nicht erwahnt.

Mit der vorgestellten Methode ist es mdglich, in kurzer Zeit statistisch relevante Aussagen (ber die
momentan kritischen Faktoren in einem laufenden Projekt zu formulieren. Des weiteren wurde erforscht, wie
die  kurzfristigen  Ziele der Projektverbesserung mit den langfristigen wvon der IT-
Entwicklungsprozessverbesserung Ubereinstimmen.
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1. Introduction & Motivation

IT projects fail: optimists state a quarter fail, pessimists estimate a third (Table 1-1) of all IT development
projects fail completely, even more are compromised.(Ambler 2010; Standish Group International 2010). No
one is denies that the failure rate is inacceptable. Classic IT development process models measure change in
years, whereas typical IT projects are measured in months, thus the time span to needed to improve the IT
development process is longer than the usual project duration. To work within the time span of a
development project, a light weight method with a realistic time frame is needed. This thesis introduces a
light weight method for identifying the factors driving project success, and presents a case study
demonstrating the method.

Success factors in project management were researched by D. Ronald Daniel in the early 1960’s. Though
success factors do not predate the computer, they were not created for IT projects. Initially success factors
were monitored with as much detail as possible; however the speed of a typewriter and interoffice mail
limited the number of success factor update reports that could hit a manager's desk. Enterprise Management
IT-Systems were introduced in the 1970’s and by 1979 it was apparent that, with IT support, project
managers had more reports on success factors than they could process, leading to a finer grading of success
factors, the “critical” success factors:

«... for any business, the limited number of areas whose results, if they are satisfactory, will ensure
successful competitive performance for the organization. They are the few key areas where ‘things
must go right’ for the business to flourish. If results in these areas are not adequate, the
organization’s efforts for the period will be less than desired”. (Rockart 1979, p. 6)

Rockart proposed that managers make decisions based on a limited number of critical success factors, those
deemed to make or break project success. "... the underlying premise is that decisions made in this manner
should be more effective because they are based on data that is specifically linked to the organization’s
success factors." (Caralli 2004, p. 9) Thus in 1979 debate was opened as to which factors are the critical
success factors and how to find them.

Previous research delivered short lists of 28 (Fortune 2006) or 26 (Nasir 2011) critical success factors for IT
development projects. (Nasir, Sahibuddin 2011; Fortune, White 2006). Whereas the title of Rockarts article
in 1979 was “Chief Executives Define Their Own”, this thesis uses the crowd knowledge of the development
team as opposed to the individual executive to find the critical success factors for an IT development project.
(Surowiecki 2004). A questionnaire based on the CSF lists was developed and presented to the research and
development department of an Intelligent Traffic Solution (aka R&D Team). The section ‘Methodology: CSF
Questionnaire Design and Justification” shows that the questionnaire is valid and that a reproducible result
can be obtained. The ‘Results’ section presents the findings of using this method for determining critical
success factors on a running IT development project.

The first part of the literature review- ‘The Critical Success Factor List for Software Development’ is
dedicated to finding the critical success factors for software development. However it is important to know
how the critical success factors align with the goals of IT process improvement. The long term focus must be
to cement good development processes so that future projects maintain best processes. Thus the second part
of the literature review - CSF’s and Development Process Models is devoted four major IT process and
project models. The four chosen: V-Modell XT, CMMI, SWEBOK and Agile, are reviewed in light of how
their process objectives coincide with the CSF’s for software development projects.

The four software development models, V-Modell XT, CMMI, SWEBOK and Agile each have different
approaches, all agree on the importance of having clear objectives. Clear objectives were shown to be a
priority in the case study as well. However once the objective has been declared further action differs. V-
Modell XT attempts to define complete requirement prior to development, which frequently delays
development. V-Modell XT is document centric, the project lives on paper, and all activity is triggered by a
document (1.4). V-Modell XT is not necessarily an anathema to AGILE, which focuses on having only the
documentation necessary, however in practise is. CMMI focuses on the management process, the success of
the project is guaranteed by first concentrating on managing the project execution and then continuing on to
manage the process of project execution(1.4), this tends to lead to administrative overhead with large
amounts of KPI’s being collected. The success factor ‘Effective monitoring and control’ was negated by the
research results as being a driving force for project success. The SWEBOK includes the PMBOK (Project
Management Body of Knowledge) as its management guidelines. (SWEBOK - Overview; O Conchdir 2011).
The PMBOK approach leads to a more generic description of what project management is, with general
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tenets applicable to a variety of projects (including construction), which leaves out concrete information on
how to address CSF issues, it is too general to be able to be a concrete base for Development project
decisions. Agile on the other hand is focused directly at IT development project. Agile seems to have risen
from generations of poor requirements. It postulates that the requirements will not be known at the start and
states clearly that at the end of each sprint they will be realigned with reality. Agile IT development
processes leave major decisions are to the software development team. (Agile Alliance 2012). Not
surprisingly the development team studied agreed that they are competent to make project decisions, this
could however be a statement of reality. Any decision that has not been made before it reaches the
development team will have to be reached before development can be completed. Thus the short term view
dictated by critical success factors is well supported by AGILE project development. It was found that the
more technical CSF issues are well aligned with the software development models. The clear definition of
roles and responsibilities, the types of documents to produce, which metric to collect is clearly and
sometimes pedantically described in the development process models reviewed. However the results of the
case study clearly showed that communication and interpersonal factors are in the top three issues critical to
project success. None of the development process models mention leadership, team communication or
interpersonal issues as topics in the IT development process.

Table 1-1 Chaos or Ambler Project Success and Failure
(Ambler 2010; Nasir, Sahibuddin 2011, p. 2175)
Succeeded

Standish- (%) Challenged (%) Failed (%)
1994 16 53 31
2008 32 44 24

Ambler-
2010 54 32 14

A case study focused on the Research and Development department of the Target Company to demonstrate
the use of the CSF questionnaire as a light weight method for determining the current state of the IT
development project. The questionnaire is based on the CSF list from (Nasir, Sahibuddin) in (2011) as
explained in the ‘Questionnaire Design’ section. Whereas one person’s opinion would not be significant the
polling of a relevant number of project members allows a statistically significant statement to be made (see
Sample Population section). The results show that the top three factors in the current project are:

e Good Leadership at team level
e Trustful and cooperative working environment exists.
o Skilled and sufficient staff

The weakest three factors were:

e  User or client is involved while developing
e  Frozen requirements
e Risk management

The Target Company specializes in multi-lane free flow traffic solutions. These are large scale technology
based solutions with no end user interfaces. The results confirmed the strength of the company in IT skills,
domain knowledge and team commitment. The median response on project success is high; at 70%, which is
significantly higher than either Standish or Amblers success rates (Table 1-1). The questionnaire results
indicated that the IT process framework should be strengthened to further improve project success. Further
details can be found in the *Results’ section.

1.1 Motivation

There is a twofold motivation for doing this research. The first is the very obvious business case; the second
is a human issue. Loss of profitability and efficiency is all too obvious with 20% of IT projects failing;
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software projects are endangering business goals. The U.S. Department of Defence (CMMI) and the German
Bundeswehr (V-Modell XT) agree that low quality IT-projects are a danger to national security interests
(Ahern et al. 2008). The business case and national security interest in software process improvement has
been amply established in both the academic as also the popular media and is taken as granted for this thesis.
(M.C. Paulk 2009; Das V-Modell® - Home; Paulish, Carleton 1994)

There is a second motivation for an IT professional to want better project success rates. The author of this
thesis worked on the project being researched as well as other IT-projects in the past decades, at least 20% of
which failed and not more than half were completely successful. For the author of this paper as well as all
other member of the teams working on failing projects it is a stressful, mentally and physically draining
environment. Work conditions have an impact on both physical and mental health. Around half the time IT
development teams work on compromised projects, thus at least half of the time they are under stress to
perform better. Each one of these underperforming projects had a manager exerting pressure to be: better,
cheaper, faster. Hence, any improvement in project success is major life quality gain for the IT development
teams. (Chmiel 2009)

2. Research Approach

The literature review shows that that research on critical success factors generated lists with less than 30
factors (see section: The Critical Success Factor List for Software Development) and that the four researched
software development process models take longer to implement than the time available to a IT-project (see
CSF’s and Development Process Models). The primary focus of this thesis is to investigate a light weight
approach based on CSF’s to gaining insight into the success factors of a current project, to prioritize process
improvement by determining the factors important to the current project. A secondary issue is whether the
CSF’s are covered by the IT development process models.

The ranking of the CSF’s for a current IT development project is a necessary to prioritize the CSF’s. This is
achieved by gathering and analysing the opinion of the IT development team working on a project. Based on
quantitative research methodology a questionnaire was developed to answer following research questions:

RQ1: Given a list of CSF’s relevant to IT development projects in general:
RQ1a: How do the respondents rank the factors in their current project?
RQ1b: What importance do they give the factors in an ideal project?

RQ1c: Is there any difference in the ranking of CSF’s due to education, experience or the role
the person has in the application development process?

RQ2: From the perspective of the Target Company, what are the critical success factors for the current
project?

RQ3: What are the determining factors of project success?

The second issue of the thesis — whether the CSF’s can be related to the IT development process is covered
by:

RQ4: Is the ranking of the critical success factors related to the application development process being
followed? Can the results be related to any particular application development process?

Thus this thesis examines methods for improving project success without losing sight of more important the
long term goal of process improvement. It should provide insight into how to deal with the urgent: the project
without ignoring the important: the process. The long term goal of permanent process improvement must not
be ignored when striving for short term project success. The second section of the literature section (CSF’s
and Development Process Models) attempts to find shared ground between the success factors and
development process objectives. To back up information from the literature review the questionnaire
gathered information about the IT development process being used, the results are presented under the
heading: ‘Development Process’.

To summarize, the thesis investigates a light weight method for improving the success of IT development
projects. It does so by obtaining quantitative data from the project team via a questionnaire. The basis for the
questionnaire is the found in the ‘Literature Survey’, the methodological basis is explored in ‘Methodology:
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CSF Questionnaire Design and Justification’. The approach was then demonstrated using the IT development
team of the researched organization, the ‘Results’ section show that though the data collected was in the most
part statically valid, thus the approach was demonstrated to be a plausible method for determining critical
success factors for running IT development projects.

3. Literature Survey

To answer RQ1 and RQ2 a significant number of responses are needed to obtain valid results. A first attempt
at determining CSFs was made using open answer questions! about the causes of project success. It failed,
the answers were too diverse for a light weight approach, the time needed to answer a long answer question
and resources needed to evaluate the results were too much for the approach to be ‘light weight’. A method
was found which decreased the time needed to respond, as well as the time needed to evaluate the
questionnaire. This method is based on the two most recent summaries (2006) and (2011) of research papers
on CSFs in IT development projects. The low number of factors listed suggested using them as items in a
direct answer questionnaire. Section 3.1 presents research papers on critical success factors for IT
development projects.

To answer RQ3 a connection between CSFs and project success has to be established. The individual success
factors used for RQ1 and RQ2 are not independent variables; there is considerable interrelation between
factors. Independence is a requirement for finding determinant relations. The two summaries (2006) and
(2011) proposed project attribute groups, of which only Nasir’s proved reliable. The section ‘Project
Attribute Groups and Project Success’ sketches the mapping of CSF’s to project attribute groups. (2011)
grouping of CSF’s into three attribute groups People-related factors (7 critical success factors), Process-
related factors (16 critical success factors), and Technical-related factors (3 critical success factors) was
shown to a statistically reliable mapping. The results showed that for the current IT project the process
related factors were the determinants of project success.

RQ4 seeks the connection between the CSFs and the IT development process. The literature on four IT
development process models is reviewed is the section ‘CSF’s and Development Process Models’.

3.1 The Critical Success Factor List for Software Development

Although the purpose of this section is to find a CSF list, the definitive CSF list for all software application
projects may not exist: "There does not appear to be a consensus of opinion among researchers and authors
on the criteria for judging project success and the factors that influence that success." (Wateridge 1995, p.
171) The problem seems to lie deeper than just finding the critical success factors; the problem starts with the
definition of project success or rather the lack of a definition for project success. Project success is not the
same for all software development projects: "Project managers are putting far too much emphasis on the time
and budget aspects for judging project success at the expense of other criteria, leading to a number of project
failures." (Wateridge 1995, p. 171) In a similar vein the following year, Belassi and Turkel pointed out that
the definition of project success is dependent on who is judging success. “A project which is considered to be
a success by the client might be considered a failure by top management, if the project outcome does not
meet top management specifications, even though it might satisfy the client. In this case, both of these parties
are evaluating project success differently and thus they value the outcome differently...” (Belassi, Tukel
1996, pp. 141-142) Thus the critical success factors for software development will be shown to be finite in
number, but the correct CSF list depends on the individual IT development project definition of success.

Despite the lack of consensus on what project success is, people are able to decide whether a project is
successful or not. Managers are comfortable with the critical success factor method. It is an easily accessible
platform for basing management decisions on, and therefore considerable literature has been written about
CSF Factors for software development as well as other areas.

1 An open answer question is one where the respondent writes her own answer to the question,
a directed response question offers a number of responses and the respondent selects from the
list of options.




3.1.1 Listsand Groups

As Waterman expected, three literature reviews on CSF’s (Belassi, Tukel 1996; Fortune, White 2006; Nasir,
Sahibuddin 2011) came up with three different critical success factor lists. Two of these papers are focussed
in this section. In 2006 Fortune and White (F&W) reviewed and categorized 67 research reports. (Fortune,
White 2006) and in 2011 Nasir and Sahibuddin(N&S) ) reviewed and categorized 43 documents on CSFs and
conducted several interviews.(Nasir, Sahibuddin 2011) Nasir and Sahibuddin created a convenient table
comparing their findings to Fortune and White’s, it is included in this thesis as Table 3-1 Comparison of
extracted CSF Lists. Nasir and Sahibuddin sorted their findings by the number of mentions in the literature
reviewed. In the 43 articles reviewed by Nasir and Sahibuddin, 27 factors were found. The top 5 factors were
found in more than half of the articles.

These factors are:

Clear requirements and specifications:60%

Clear objectives and goals: 56%

Realistic schedule: 54%

Effective project management skills/ methodologies (project manager): 53%
Support from top management: 52%

According to N&S, the benefit of this list is, “There is a good opportunity, if an organisation or project
manager is attentive, to control the top five critical factors to drive towards project success since the
percentage of frequency of occurrences for each is more than 50%.” (Nasir, Sahibuddin 2011, p. 2181) Note
however that the top CSF’s were only being cited in 60% of the literature. This is an absolute majority, but
far from total consensus.

arwbdE

Fortune and White found only one factor “Top Management Support” (61%) that occurred in more than 50%
of the articles. They themselves commented that: "although 81% of the publications include at least one of
these three (top) factors, only 17% cite all three." (Fortune, White 2006, p. 54) Their top five were

Support from top management: 61%

Clear objectives and goals: 49%

Up-to-date progress reporting: 46%
Effective communication and feedback: 43%
User/client involvement: 38%

The ability to control project success by paying attention to the top five CSF, as recommended by N&S, is
not indicated by the data collected by Fortune and White, as there is no longer in excess 50% support for the
top five.

agrwdnE

N&S’s list of critical success factors had 26 items Fortune and White had 28. The goal is to obtain a list of 5
to maximum 10 factors that will be indicative of project success. A 26 item list is small enough to be
presented to a large number of people to gather their opinion which was then done in the questionnaire. A list
of factors was created, derived from N&S’s list moderately tailored to the environment in which the
questions were asked.




Table 3-1 Comparison of extracted CSF Lists

Critical success factors

Nasir&Sahibuddin

Fortune&White

(Nasir, Sahibuddin 2011, p. 2182) (n=43) (n=63)
Freq |% Rank |Freq |% Rank

1 |Clear requirements and specifications 26 60.5 |1 0 0 0
2  |Clear objectives and goals 24 55.8 |2 31 49.2 |2
3  |Realistic schedule 23 53.5 |3 14 22.2 |13

Effective project management skills/ methodologies (project
4 |manager) 23 535 |4 19 30.2 |8
5  |Support from top management 22 51.2 |5 39 619 |1
6  |User/client involvement 20 46.5 |6 24 38.1 5
7 |Effective communication and feedback 20 44.2 |7 27 429 |4
8  |Realistic budget 19 46.5 |8 0 0 0
9  |Skilled and sufficient staffs 18 419 |9 20 31.7 |6
10 |Frozen requirement 17 39.5 |10 0 0 0
11  |Familiarity with technology/ development methodology 15 349 |11 14 22.2 (12
12  |Proper planning 15 349 |12 0 0 0
13 |Appropriate development processes / methodologies (process) 14 32.6 |13 95 |23
14  |Up-to-date progress reporting 12 27.9 |14 29 46 3
15 |Effective monitoring and control 12 27.9 |15 12 19 16
16 |Adequate resources 11 25.6 |16 16 25.4 10
17 |Good leadership 11 25.6 |17 15 23.8 |11
18 |Risk management 10 23.3 |18 13 20.6 |14

Complexity, project size, duration, number of organisations
19 |involved 10 23.3 |19 4 6.3 |26
20 |Effective change and configuration management 10 20.9 |20 19 30.2 |7
21 |Supporting tools and good infrastructure 9 23.3 |21 0 0 0
22 |Committed and motivated team 9 20.9 |22 0 0
23 |Good quality management 9 20.9 |23 0 0
24 |Clear assignment of roles and responsibilities 7 16.3 |24 0 0 0
25 |Good performance by vendors/contractors/ consultants 4 9.3 |25 10 159 |19
26 |End-user literacy, knowledge and skills to use the system 2 4.7 |26 7 11.1 |21
27 |Strong business case/ sound basis for project 0 0 0 16 25.4 |9
28 |Project sponsor/champion 0 0 0 12 19 15
29 |Adequate budget 0 0 0 11 175 |17
30 |Organisational adaptation/culture/ structure 0 0 0 10 159 |18
31 |Planned close down /review /acceptance of possible failure 0 0 0 9 14.3 |20
32 |Political stability 0 0 0 6 95 (|22
33 |Environmental influences 0 0 0 6 95 (24
34 |Past experience (learning from) 0 0 0 5 79 |25
35 |Different viewpoints (appreciating) 0 0 0 3 4.8 |27




3.1.2  Project Attribute Groups and Project Success

This section goes deeper into what is needed to answer RQ3: What are the determining factors of project
success? To determine project success makes it the resultant or dependant variable of a function whose
outcome should be maximized. The individual critical success factors are not useful as arguments, or
independent variables for determining project success. Larsen and Myers formulated the problems with
having a list of almost 30 different factors as:

“..the factor approach ignores the potential for a factor to have varying levels of importance at different
stages in the implementation process. There is a lack of consistency in the research. Very few factors are
shown to be important across multiple studies. It assumes that each factor is an independent variable and
overlooks the interaction between them.” (Larsen, Myers 1999, p. 398)

To reduce the interaction between variables (Larsen’s final point), it is necessary to “reduce the number of
project variables to those whose behaviour is most in tune with the behaviour of the aggregate success
variable. 1. e., if one of them increases the other does as well; if one of them decreases, the other does, too.”
(Wohlin, Andrews 2003, p. 289) Wohlin and Andrews present a general model based on Principle
Component Analysis (PCA) for grouping the factors into a smaller number of independent variables that can
be directly related to project success. PCA’s goal is to calculate the weighting of each factors® contribution to
the success variables (project attribute groups). Their work clearly supports the need for aggregating the
success factors to a smaller number of reliable variables, however section 3.1.1 showed that there was no
consensus about CSF’s. “There are some limitations to using PCA. The analysis requires three or more
interval variables because it is defined as a linear model ... When applying PCA to non-interval variables, it is
necessary to be a little cautious. This may, for example, include not accepting the results of the analysis
without making sure that the results correspond to intuitive expectations.” (Wohlin, Andrews 2001, p. 48) As
the limitations could not be proven to be met, this method is not pursued further in this thesis.

3.1.2.1 Fortune and White

Fortune and White put forward the Formal System Model (FSM) to deal with Larsen’s criticism that the
CSF’s are not independent variables and that there is interaction between them. The FSM defines and expects
the interaction between the variables. The variables with strong interaction are mapped to the same
component of FSM.

FSM was developed as a generic model for large scale industrial projects and processes. It’s adaption to IT-
Projects is well described in (White, Fortune 2009). "The model can be regarded as an “ideal-type”,
representing a robust system that is capable of purposeful activity without failure, so that a situation such as a
construction project or an IT project that mapped onto it exactly, would also be capable of purposeful activity
(that is activity involving decision-making) without failure." (White, Fortune 2009) Further details about the
Formal System Model in general can be found in (Peters, Fortune 2003) and its use with IT-Projects in
(Fortune, White 2006).

Fortune and White use the FSM because it provides a method where the relevant critical success factors can
be integrated into a model representing the complete project process. The places where the CSF’s contribute
or feed information into the FSM are shown by the mapping of CSF’s to FSM Components as displayed in
Table 3-2. The critical success factors indicate how well or poorly each component of the FSM is
performing. The system performance as a whole is equated to the value given to project success.

In Fortune and White mapping of CSF’s to FSM components, there are four CSF’s found in the CSF
literature that could not be mapped. These are listed at the bottom of Table 3-2. CSF’s that were ranked in 5"
and 7" place of 27 factors are not relevant when using the FSM. From a software development viewpoint
these CSF’s are related strongly software process objectives. Effective change management is a critical issue
in most process models, V-Modell XT in particular where documenting the change, logging changes and
having accountability is a major focus. The CSF - “User/client involvement™ is part of the Agile Manifesto
(Beck et al. 2001a) For CMMI having a project sponsor is a key factor. (Kraft TM 2010, p. 4) Thus the
mapping to FSM components has not included key critical success factors in its software development model.




Table 3-2 Critical success factors mapped onto components of the Formal System Model

Component of FSM/ Project
Attribute

Critical Success Factor from literature

Goals and objectives

Clear realistic objectives
Strong business case/sound basis for project

Performance monitoring

Effective monitoring/control

Planned close down/review/acceptance of possible failure

Decision-maker(s)

Support from senior management
Competent project manager
Strong/detailed plan kept up to date
Realistic schedule

Good leadership

Correct choice/past experience of project management

methodology/tools

Transformations

Skilled/suitably qualified/sufficient staff/team

Communication

Good communication/feedback

Environment

Political stability
Environmental influences
Past experience (learning from)

Organisational adaptation/culture/structure

Project size/level of complexity/number of people
Boundaries involved/duration
Resources Adequate budget

Sufficient/well allocated resources

Training provision

Proven/familiar technology

Good performance by suppliers/contractors/consultants
Continuity Risks addressed/assessed/managed

Not in Model

User/client involvement
Different viewpoints (appreciating)
Project sponsor/champion

Effective change management

(Fortune, White 2006, p. 57)




3.1.2.2 Nasir and Sahibuddin
Nasir and Sahibuddin chose a simpler grouping of critical success factors based on work by Zahran. (Zahran

1997) They grouped the critical success factors into 3 groups, the technical factors, process factors and
people factors (Zahran 1997) as is shown in table below (Table 3-3).

Table 3-3 Critical Success Factors based on categories

Attribute Group Nasir&Sahibuddin - Critical success factors of software project | #
Effective project management skills/ methodologies (project
manager) 4
Support from top management 5

People-related factors User/client involvement 6

(7 factors) Skilled and sufficient staffs 9
Good leadership 17
Committed and motivated team 22
Good performance by vendors/contractors/ consultants 25

Clear requirements and specifications 1
Clear objectives and goals 2
Realistic schedule 3
Effective communication and feedback 7
Realistic budget 8
Frozen requirement 10
Proper planning 12
Process-related factors Appropriate development processes / methodologies (process) 13
(16 factors) Up-to-date progress reporting 14
Effective monitoring and control 15
Adequate resources 16
Risk management 18
Effective change and configuration management 20
Good quality management 23
Clear assignment of roles and responsibilities 24
End-user literacy, knowledge and skills to use the system 26
Familiarity with technology/ development methodology 11
Complexity, project size, duration, number of organisations
Technical-related factors  [nvolved 19
(3 factors) Supporting tools and good infrastructure 21

There is an imbalance in CSF’s in the different categories. 62% are people related factors, 27% are process
related issues and a mere 12% are technology. This is a clear reflection that the critical success factors
reported in the literature are not evenly distributed across multiple groups. The critical problems are not
found in the technology. The major problems of software development are more likely to be sociological than
technological. The success or failure of a project is seldom due to technical issues....... If a project does go
down the tubes it will be non-technical, human interaction problems that do it in." (DeMarco 1988, p. 59)
Nasir and Sahibuddin were writing in 2011, thus the in the intervening 23 years, almost a quarter of a
century, the problem is still with humans — not machines
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3.2 CSF’s and Development Process Models

The CSF list focusses on short term goals, in an ideal world, these short term measures are aligned with the
long term development process objectives. This section compares the CSF list gained from the literature in
the previous section 0 with the long term objectives of the software development process models. Table 3-4
CSF’s linked to Software Development Process associates the CSF’s with the objectives stated in software
development process specifications. Here the short term goal, to optimize one area now, would coincide with
the stated long term objectives of development process improvement.

Table 3-4 CSF’s linked to Software Development Process
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Adequate resources, rooms, hardware, test labs

Appropriate formalized development processes and methodologies
Clear assignment of roles and responsibilities

Clear known objectives and goals

Clear requirements or specifications

Committed and motivated project team

Domain knowledge( for example of road traffic control)

Change and configuration management X | x
Effective communication and feedback X
Effective monitoring and control X
Effective management skills at team or project level X
Experience with the programming languages, technology and hardware X
Frozen requirements X X
Good quality management
Good Leadership at team level
Good Leadership at project level
Low staff turnover, stable teams are built X
Proper planning
Realistic schedule X |x |x |X
Risk management

Skilled and sufficient staff
Support from top management X | x
Supporting tools — Project management and SW development tools
Trustful and cooperative working environment exists. X
Up-to-date progress reporting X [x |x
User or client is involved while developing X
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3.2.1 V-Modell XT

From the objectives the V-Modell XT wants to attain, the success factors can be derived. The V-Modell XT
is a document-centred process model, there is no activity taken which is not covered by the appropriate
document. The objectives of the V-Modell XT as stated in (BMI 2012, pp. 2.3) are:
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1. minimization of project risks

2. improvement and guarantee of quality

3. reduction of total cost over the entire project and system life cycle
4. improvement of communication between all stakeholders

This section analyses the V-Modell XT documentation looking at the objectives and thus the problems that
V-Modell XT attempts solve.

3211 V-Modell XT Objectives - Context
History and Funding

The original V-Modell was developed by the German Ministry of Defence (Bundesministerium fiir
Verteidigung -BMV(g). Development was started in 1986; in 1991 it was mandated for use in all military
software projects. The V-Modell XT was taken over by the Ministry of the Interior (Bundesministerium des
Inneren) who published it in 1992 as the Standard for all government projects. The latest version 1.4 was
published in May of this year (2012). The XT in V-Modell XT stands for “eXtreme Tailoring” to denote the
need and possibility to adapt the model to the project’s needs. The need to tailor the standard to the projects
needs was present from the first models, but the addition to the name focussed attention in this area.

Target Group for V-Modell XT

V-Modell is targeted at all participants in development projects in particular information systems
development. As a process model for project management it is written for executives and project leaders
actively guiding a development projects. ,, The V-Modell supports the handling of projects in enterprises,
public and military agencies, and authorities and agencies of the Bundeswehr. ”(BMI 2012, §§ 2.5)

Goal

The goal of the V-Modell XT is to have a single process for defining and executing a project. This single
process should clear clarify three major areas; what has to be done, how the tasks should be done, and what
technology is to be used. The V-Modell XT standardizes the communication between the customer and the
producer of software applications, as well as amongst the participants of the software development process,
in the expectation that this will improve quality by minimizing misinformation. The V-Modell XT specifies
exactly the documents and the contents of the documents for all areas of the application lifecycle; in
describing the document’s content, the actual items produced are also defined.

The V-Modell XT objectives were listed in the introduction. None of the objectives listed are exclusive
to the software industry; all would apply just as well to construction projects, however in stating the four
areas as objectives, they have implicitly stated what the success or failure factors have been in past projects.
The next sub-sections take a detailed look at the four objectives listed above. The subsection headings are
taken directly from the objective in chapter 2 of the V-Modell XT 1.4 and are preceded by a direct quote
from the V-model, describing what was to be achieved with the given objective.

3.21.2 Goal - Standardization of Planning Processes and Roles,

The V-Modell improves project transparency and project control by specifying standardized approaches
and describing the corresponding results and responsible roles. It permits an early recognition of
planning deviations and risks and improves process management, thus reducing the project risk. (pp.
2.3)

The V-Modell XT minimizes project risk by standardizing planning processes. Projects use the same
management and development processes, they are staffed similarly. The roles of the project members fulfil
are predefined, the documents produced and the results expected are also agreed upon in advance. The V-
Modell describes standardized management processes for all project steps so that efficiency of project
execution is given by having predefined guidelines for all project related actions. The steps are not reinvented
or renegotiated with each new project. Thus planning omissions or misunderstandings are prevented by
project members being able to rely on previous experience with the development process being used. Though
the product changes with each project, the production process stays constant.
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The keys to a correctly run V-Modell process are the documents which are presented at predefined stages.
The stages and the documents associated with the stage are seen as the standard interfaces for information
interchange. Thus for V-Modell XT communication takes place with documents. The itemizing of all
artefacts needed for a development stage generates transparency and the quality of the application developed
is increased.

The standardized document are supported by team members have standardized roles and responsibilities. The
process steps are executed by teams or individuals fulfilling carefully defined roles "Part-4: V-Model-
Reference Roles” (1.4, 8§ 4.0) Risk is minimized with standard roles. Each role is assigned to a specific
person or group during the start-up phase of the application lifecycle. Each role definition includes lists of
obligations and responsibilities. The possible roles available are quite extensive; there are 33 in total, from
account manager to user. Some roles overlap and are performed by a single person in the project. The Project
Leader might also be the Data Protection Manager. Many of the roles will not be present in a project at all.
The list also includes little used roles such as coach and ergo metric designer, it is not intended that all roles
are used in every project, the XT in the model name stands for eXtreme Tailoring. The roles not needed are
removed from the model before it is applied.

Similarly detailed is the task list for each role. These roles and tasks are tailored to the organization or
specific task. This adaptation to the task at hand is the ‘tailoring” explicitly mentioned the V-Modell XT
name. In addition the role also contains the responsibilities of the role. There is a clear definition of who is
accountable for a work product and liable for the decisions made there in. There is a personal responsibility
for the deliverables as part of role definition. By performing rigid standardization and definition of roles and
processes, V-Modell XT expects that planning mistakes (deviations) will be avoided and project success
improved. This rigidity is often seen as the downfall of the model. By carefully defining interfaces and
responsibilities it creates a large formalized administrative overhead. By defining what each person is
responsible for, it implicitly defines that they are not responsible for everything else. Solely the Project
Leader is responsible for the big picture; all other team members can correctly claim it is not their job. There
is responsibility for the complete project resting with all other team members.

The objective minimization of project risk through standardization of processes is supported by the success
factor: adherence to the process. Roles must be known, responsibilities accepted, and issues documented.
Rigid process standardization minimizes risk and is therefore a factor in project success.

3.2.1.3 Objective: Completeness and Quality

“As a standardized process model, the V-Modell ensures that the results to be provided are
complete and have the desired quality. Defined interim results can be checked at an early stage. Uniform
product contents will improve readability, understandability and verifiability ”. (pp. 2.3)

The completeness of specification and high quality of production seen in large scale manufacturing, such as
car manufacturing, not been nearly achieved in the single items produced in the IT development. Unlike large
scale manufacturing where masses of identical items are being produced, in software there is only a single
item produced. In software each project can however be seen as a produced item, thus the standardization
takes place in the planning process, not the production. The V-Modell introduces stringent standardization in
the management process in an attempt at attaining the quality and completeness that traditional
manufacturing obtains in production. It is an abstraction level (application lifecycle management) and not the
product that is being perfected. The objective states the process should ensure that the results to be provided
are complete. Product quality is a subjective value; however product completeness should be objective;
however in software complete is not necessarily well defined. In addition an objective is improving
readability, understandability and verifiability. The mention of these values allows the deduction that, at least
in some projects, content is being delivered that is illegible, unintelligible or unverified. A rigid
standardization of the software development process is sought to avoid these difficulties.

By creating a uniform process for IT development projects the completeness and quality of the product is
improved. Having defined interim results and partial deliveries could catch problems at an early stage.

This object indicates that following factors are indicators of successful software projects:

e Standard management processes will improve the readability, understandability and verifiability of
the result.

o A successful project should have incremental deliveries, to catch definition and quality problems early
on.
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3.214 Objective: Reduction of Total Cost over the System Life Cycle

The effort for the development, production, operation and maintenance of a system can be
calculated, estimated and controlled in a transparent manner by applying a standardized process model.
The results obtained are uniform and easily be retraced. This reduces the acquirer’s dependency on the
supplier and the effort for subsequent activities and projects. (pp. 2.3)

The V-Modell XT refers to an ‘acquirer’. Having non-standard processes increases the likelihood of vendor
lock-in. The cost of switching to a different supplier is prohibitive as the documentation of the product
acquired is insufficient to determine what costs will be occurred. The cost of entry to the market is too high
for other providers to be competitive. The initial provider has created a monopoly market by concealing
needed required information for further cost estimation.

The use case presented in this document is of a company producing its own software, thus vendor lock-in
cannot exist in the classic sense, as all software is developed in-house. Nonetheless, the internal cost of
maintaining and extending product functionality exists regardless of whether it is external or internal to the
organization. The knowledge of how a product functions and what the cost of change is will last only as long
as the original project team is available. The cost will increase as team members leave the company or just
forget development details over time.

The critical issue is that a standard documentation process is used throughout application lifecycle so that
information is concentrated in one spot, is complete and up to date. Effort estimation should be based on this
information and formulated in a transparent, reproducible fashion.

3.2.15 Obijective: Clarity of Requirements, formalized communication

The V-Modell XT standard states: “The standardized and uniform description of all relevant elements and
terms is the basis for the mutual understanding between all stakeholders. Thus, the frictional loss between
user, acquirer, supplier and developer is reduced.” (pp. 2.3)

Frictional loss (German: Reibungsverluste) denotes the power lost overcoming the friction between two
moving surfaces, in the context used above, it refers to information which is misunderstood, lost in
transmission or in some form not communicated. The V-Modell XT attempts to overcome information loss
by formalizing communication. Written communication acknowledged by both sides attempts to clarify the
information transfer. Documents are used not only between the acquirer and supplier, but also within the
suppliers’ project team. Each software development step is accompanied by documentation officially
released by the responsible person for the project phase. .

The process aimed for is a formalized documentation linkage not a face to face meeting. Thus the critical
success factors from literature list are those related to formalized interactions and requirements. By having
thought of all eventualities in advanced and clearly designated who is responsible for what results risk is
minimized, where by project failure is seen to be a direct result of a project risk.

3.2.1.6 V-Model XT CSF’s

As the previous sections have shown V-Modell XT seeks to improved project success by minimizing the risk
of a poor quality outcome. By controlling the production process the model seeks to control what is produce.
The amount of overhead produced in documentation indicates that for the German army that within the iron
triangle of scope, time, and budget, erring in favour of scope is preferred. The final factors list is presented in
the following table.
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Table 3-5 V-Model XT Objectives and CSF's

Factor

Appropriate formalized development processes and methodologies
Clear assignment of roles and responsibilities

Clear known objectives and goals

Clear requirements or specifications

Change and configuration management

ol |lw|IN]| H=

10 | Effective monitoring and control

13 | Frozen requirements

18 | Proper planning

19 | Realistic schedule

20 | Risk management

25 | Up-to-date progress reporting

V-Modell XT does not mention any form of soft skills or environmental issues. It is not seen as a topic for
this model. It describes artefacts and responsibilities, how people fulfil their role or meet the responsibilities
delegated to them is not part of this standard. The critical success factors related with the V-Modell XT are
very concrete, well defined issues.

3.2.2 CMMI

The Software Engineering Institute (SEI) has a clear statement on what the critical success factor is:

“What holds everything together? It is the processes used in your organization. Processes allow you to
align the way you do business. They allow you to address scalability and provide a way to incorporate
knowledge of how to do things better. Processes allow you to leverage your resources and to examine
business trends.

This is not to say that people and technology are not important. We are living in a world where
technology is changing at an incredible speed. Similarly, people typically work for many companies
throughout their careers. We live in a dynamic world. A focus on process provides the infrastructure and
stability necessary to deal with an ever-changing world and to maximize the productivity of people and
the use of technology to be competitive. (CMMI Product Team 2011, p. 4)

This section analyses the CMMI-Dev standards and related documents looking at the objective, focus, and
thus the problems that CMMI attempts to solve.

3.221 CMMI Objectives - Context
History and Funding

CMMI was initiated by the American Department of Defence at Carnegie Mellon University; in a sense
CMMI is an US parallel to V-Modell XT. Both the Americans and Germans identified poor software quality
as a national security threat. Carnegie Mellon founded the Software Engineering Institute (SEI) with the goal
of improving engineering processes.

Process is everything to CMMI, establishing the correct application lifecycle management process is the key
to successful application development.

The first standard produced by the SEI in process improvement was the Software CMM (Capability Maturity
Model) released in 1991. The Capability Maturity Model Integrated (CMMI) followed a decade later; version
1.0 was published in 2001 with 1.1 following in 2002, the current version 1.3 was released in October of
2010. Around half of CMMI certification is occurring outside of the United States. For the past 2 decades the
SEI support CMMI as a research project. Fortunately CMMI has been a success economically, thus as of
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2013 it will be moved from the SEI and government funding to its own specially created institute the “CMMI
Institute”. It will be a commercial self-sustaining business unit as opposed to a research institute. It will not
totally forgo research; however, the CMMI Institute will no longer be receiving automatic funding from
Carnegie Mellon University. "(The) CMMI Institute will be able to evolve CMMI in directions independent
of the path it was on while within SEL." (Entinex Inc 2012, p. 1)

Target Group for CMMI

The target group for CMM was defence contracting. According to the CMMI introductory material, "CMMI
is used by small and large companies alike in a variety of industries including electronics, health services,
finance, insurance, and transportation.” (CMMI | Overview) The opinion in the literature is that the process
overhead, required by the method, clearly targets it at large, established businesses. The U.S. Defence
department requires CMMI certification for its contractors, so these businesses will continue to be important
stakeholders in CMMI. The right for an organization to bid for government software contracts is linked to
achieving a minimum CMMI maturity level. Maturity levels are further defined in section 3.3.1.4. The
amount of training and overhead usually needed to implement CMMI makes it less attractive to small and
medium size businesses. "Variants for small organizations, research environments, and so on, were
continually being touted, but few survived." (M.C. Paulk 2009, p. 15) The time needed to implement process
improvement is a greater issue for small and medium sized businesses as so the time scale needed for
improvement discourages many. In 2011 following values were reported: "For organizations that began their
CMMI-based SCAMPI effort with V1.2 or later, the median time to move from

e maturity level 2 to 3 is 20 months
e maturity level 3 to 4 is 25 months
e maturity level 3 to 5 is 26 months™ (Customer Relations SEI 2012, p. 25)

Goal
The CMMI objective is best stated in their own words:

"CMMI (Capability Maturity Model Integration) is a process improvement approach that provides
organizations with the essential elements of effective processes, which will improve their performance.
CMMI-based process improvement includes identifying your organization’s process strengths and
weaknesses and making process changes to turn weaknesses into strengths.” (CMMI | Overview)

Process improvement and quality management are the goals of CMMI. Poor quality is seen as leading to high
overhead costs, a typical scenario for the defence industry.

There are currently three CMMI “constellations’, for Acquisition, for Development and for Services. The
CMMI for Development constellation is applicable to the Target Company, thus the version referred to in
this literature review is CMMI® for Development, Version 1.3 (CMMI-DEV) (CMMI Product Team 2011).
In CMMI-DEV the more general term engineering and technical engineering is used and not software
project, the standard explicitly states that the processes are valid for hardware as well as software projects.
"Engineering process areas cover the development and maintenance activities that are shared across
engineering disciplines. The Engineering process areas were written using general engineering terminology,
so that any technical discipline involved in the product development process (e.g., software engineering,
mechanical engineering) can use them for process improvement." (CMMI Product Team 2011, p. 46)

There are 22 process areas in CMMI-DEV, the 16 of the 22 are core process areas common to all CMMI
models, of these only 6 process areas are development specific see Table 3-6. The goal is that a fully mature
organization has all the 22 process areas implemented.
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Table 3-6 CMMI Process Areas

Core Process Areas Development process areas

Causal Analysis and Resolution (CAR)
Configuration Management (CM)

Decision Analysis and Resolution (DAR)
Integrated Project Management (IPM)
Measurement and Analysis (MA)
Organizational Process Definition (OPD)
Organizational Process Focus (OPF)
Organizational ~ Performance  Management
(OPM)

9. Organizational Process Performance (OPP)

10. Organizational Training (OT)

11. Project Monitoring and Control (PMC)

12. Project Planning (PP)

13. Process and Product Quality Assurance (PPQA)
14. Quantitative Project Management (QPM)

15. Requirements Management (REQM)

16. Risk Management (RSKM)

Product Integration (PI)

Requirements Development (RD)
Supplier Agreement Management (SAM)
Technical Solution (TS)

Validation (VAL)

Verification (VER)

NG~ WNE
ook wdE

The CMMI Maturity denotes the levels attained on “an evolutionary path recommended for an
organization” (CMMI Product Team 2011, pp. 21 /year only). The maturity level is a way station along this
path to the self-optimizing organization, defined by specific process areas that have been implemented.

Table 3-7 shows which process areas are assigned specific maturity levels. The Initial Level has no
processes assigned to it, as it is assumed everything proceeds in an ad-hoc fashion. At Level 2 — Managed it
is assumed that planning is taking place, but there is no feedback or update of plans and no verification that
what was planned actually happened. At Level-3 Defined a process has been defined to execute projects. Not
just a project is being planned, but the process of planning a project has been planned. In addition the
information of the current project is being used to further tune the current projects success

The maturity level has significant business value as only organizations assessed at or above a given maturity
level are allowed to bid on government contracts.

CMMI How the Goal is achieved - Processes overview

MMI does not define actual steps or methods for the process areas. The technology of the process area is left
for the organization to define. Each CMMI process area defines one or more activities or processes that must
be done for the process area to be, the process areas does not specify how the process is done. Frequently the
names of the process areas are identical or similar to the processes and methods they describe but the two
should not be confused. Where V-Modell XT or Agile describe actual methods of performing work CMMI
describes process areas where work must be done. Thus CMMI as a process model and Agile or V-Modell
XT as development methods are complementary not mutually exclusive. There is a growing movement
promoting the use of CMMI and Agile together in application development (Hillel Glazer 2008; Mary Ann
Lapham 2012).
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Table 3-7 Process Areas by Maturity Level

Maturity Level Process Area Category

Initial

Managed Project Monitoring and Control Project Management
Project Planning Project Management
Requirements Management Project Management
Supplier Agreement Management Project Management
Configuration Management Support
Measurement and Analysis Support
Process and Product Quality Assurance Support

Defined Product Integration Engineering
Requirements Development Engineering
Technical Solution Engineering
Validation Engineering
Verification Engineering
Organizational Process Definition Process Management
Organizational Process Focus Process Management
Organizational Training Process Management
Integrated Project Management Project Management
Risk Management Project Management
Decision Analysis and Resolution Support

Measured Organizational Process Performance Process Management
Quantitative Project Management Project Management

Optimizing Organizational Performance Management Process Management
Causal Analysis and Resolution Support

CMMI implementation involves mapping CMMI process areas to specific processes be performed in a
company. Optimally the processes needed to implement a given process area already exist already; the
process is planned and performed in the organization so the formal documentation of an existing state
suffices to fulfil the process area requirement. In level 1 organization processes are being performed, which
means the work is being done, however the process is not planned in advance of doing. As CMMI maturity
increases not only the active work must have a defined process definition, the process definition itself must
have a defined process of improvement. The feedback from the active processes is used for process
management as well as for process improvement. As the processes become aligned the metrics can be used to
quantify the process management.

3.2.2.2 Objective: Management Support

Research has shown that the most powerful initial step to process improvement is to build organizational
support through strong senior management sponsorship. (CMMI Product Team 2011, p. 55)

CMMI clearly states that processes are the foundation of a successful organization and that senior
management must be involved in establishing and maintaining them. "Activities performed by the senior
management sponsor include but are not limited to the following:

Influence the organization to adopt CMMI,

Choose the best people to manage the process improvement effort

Monitor the process improvement effort personally

Be a visible advocate and spokesperson for the process improvement effort

Ensure that adequate resources are available to enable the process improvement effort to be
successful
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Given sufficient senior management sponsorship, the next step is establishing a strong, technically competent
process group that represents relevant stakeholders to guide process improvement efforts.”(Ahern et al. 2008;
Dymond 2007; CMMI Product Team 2011, p. 55)

"Although this might sound like a cliché, executive sponsorship and support are key drivers for a CMMI
program.” (Kraft TM 2010, p. 4) The time commitment to gain one CMMI maturity level will take 1.5 to 2.5
years on average. (Humphrey 2006; Customer Relations SEI 2012) A change in management focus over this
time frame will end the effort. "Many organizations that start up a process program make the mistake of
promising results in the first year." (Reifer Donald J. 2007, p. 25) The key CMMI success factor is ‘Continual
management support for implementing CMMI defined processes'.

3.2.2.3 Obijective: Planning

CMMI-Dev process areas add tasks to the current the work process. This is extra work, the value of which
value might not be apparent for some time. Gerald Weinberg (Weinberg 1997) argues the change involved in
process improvement will make performance get worse before the intended improvements are seen. A
UNISYS CMMI implementation reported that:

"The foundation for a CMMI program is a good process framework. The one that was put forth by the
central team was an over-engineered process framework. There were times when “process bigots” took
control and process became the end instead of the means.” (Kraft TM 2010, p. 4)

Philip Ardanuy went so far as to say in a presentation on CMMI that: “The inconvenience is on the
developers because the developers do not really benefit. The benefit is downstream.” (Ardanuy Philip E.) A
key to success is to get all project members to actively support formalized processes. As the results section
showed this has not occurred in the organization studied (see 5.7.1.) Process areas that exist only on paper
will not exist in the long term.

In the projects this success factor is shown by having a defined process model that is being followed. This
model has to be lived, not merely exist on paper.

3.224 Objective: Metrics

CMMI stresses the importance of metrics in several process areas. The Measurement and Analysis (MA)
process area is listed as part of Maturity level 2 — Managed. Researchers are equally convinced that metrics
are needed ,,measurement is part of process and product management and provides the information needed to
make decisions that guide product development." (Hillel Glazer 2008, p. 11). Some literature is less
encouraging. Ruzhi and Peiyao documented their “Research on CMMI-based Software Process
Metrics”(Ruzhi Xu 2006), a model for collecting CMMI process area related statistics such as defect density,
lines of code and other process relevant values. The desired LOC and achieved LOC differed by 3.5% in their
test project, the recommendation to enforce unit tests and discover more defects in the early project phases
will not surprise any project manager and does not justify the effort in collecting the data. (Ruzhi Xu 2006,
pp. 395-396) Another group stress the time frame needed to get meaningful data: "After 8 years of data
collection we are starting to be able to extract some quantitative indicators of the impact of becoming CMMI
Maturity Level 3." (Hihn et al. 2011, p. 9), however, in the meantime: "While waiting for the long term
quantitative indicators to become available, short term indicators are needed." (Hihn et al. 2011, p. 2) The
process management would like to have quantitative values for measuring development progress; however
meaningful metrics take time and honesty to collect. In the case of the 8 years reported by (Hihn et al. 2011)
most projects will be close to retirement long before the time series was significant.

The significant factor to look for is the key performance values or indicators that are being collected. The
information given by the respondents of the questionnaire showed no support for gathering this long term
data (see section 5.2).

3.2.25 CMMI CSF’s

CMMI does not describe a process for developing software; rather it describes a process for creating software
processes. It is a method for improving and then measuring the process of creating an I1T-application. Thus
the short terms factors that influence this long term goal are:
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Table 3-8 CSF's for CMMI

# | Factor

2 | Appropriate formalized development processes and methodologies
3 | Clear assignment of roles and responsibilities
4

5

8

Clear known objectives and goals

Clear requirements or specifications

Change and configuration management

11 | Effective management skills at team or project level
19 | Realistic schedule

20 | Risk management

22 | Support from top management

25 | Up-to-date progress reporting

The people skills of project management are left out, the details of technological factors are left out.
3.2.3 SWEBOK /PMBOK Objectives and CSF’s

"The objectives of the Guide to the Software Engineering Body of Knowledge project are to characterize the
contents of the Software Engineering Body of Knowledge; provide a topical access to the Software
Engineering Body of Knowledge; promote a consistent view of software engineering worldwide; clarify the
place of, and set the boundary of , software engineering with respect to other disciplines such as computer
science, project management, computer engineering and mathematics; provide a foundation for curriculum
development and individual certification and licensing material." (Abran et al. 2004)

The SWEBOK standard has a much broader scope than application lifecycle management. This section
analyses SWEBOK (Abran et al. 2004) and the PMBOK (Project Management Institute 2004) it is based on
in light of the problems facing application lifecycle management and the factors indicating project success.

3.23.1 SWEBOK Context
History and Funding

The SWEBOK guide was first envisioned in 1997 by the IEEE Computer society. The goal was to place
Software Engineering on a similar basis to other engineering disciplines, to make it a "legitimate engineering
discipline and a recognized profession"(SWEBOK - Overview). The first trial version was published in 2001
(Abran, Moore 2001). The initial funding for the project was by ACM, US and Canadian Research councils
as well as large business (Abran, Moore 2001, p. xiii). However before version 1 was published in 2004 the
ACM had left the consortium. The purpose of the SWECC? was moving towards certification of software
engineers. (Cupp 2001)

Target Group and Goal

"The objectives of the Guide to the Software Engineering Body of Knowledge project are to characterize the
contents of the Software Engineering Body of Knowledge; provide a topical access to the Software
Engineering Body of Knowledge; promote a consistent view of software engineering worldwide; clarify the
place of, and set the boundary of, software engineering with respect to other disciplines such as computer
science, project management, computer engineering and mathematics; provide a foundation for curriculum
development and individual certification and licensing material." (Abran et al. 2004)

SWEBOK is divided into several knowledge areas most pertaining to the architecture and implementation of
programs. However there is a Software Engineering Management Knowledge Area as well as Software
Engineering Process Knowledge Areas focussed on the understanding project management and project
success factors. The SWEBOK guide acknowledges that the majority of the skills needed managing software

2 SWECC - Software Engineering Coordinating Committee
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applications are not software specific, and therefore they, "suggest that the reader interested in project
management beyond what is specific to software engineering projects consult the PMBOK (Process
Management Body of Knowledge) itself* (Abran et al. 2004). The Project Management Body of Knowledge
(PMBOK) (O Conchdir 2011) is published by the Project Management Institute (PMI). For PMBOK and
SWEBOK, certification and certification trainings are important goals. Thus in reading both guides,
SWEBOK and PMBOK, the reader should keep in mind that engineer or project manager certification is a
goal, though not the only goal of the person writing. Issues that cannot become part of a certification course
will not be given a large amount of space, thus leadership ability and soft skills are not mentioned as
knowledge areas.

Process
PMBOK and SWEBOK espouse scientific management. The Merriam-Webster dictionary defines this as

“Planned management of production or other industrial or business activity that is based on the use of
codified and verified knowledge of the knowable factors and directed toward the drawing up and carrying
out of an overall plan accompanied by detailed instructions for each operation as established from time and
motion study standards and research.” (Merriam-Webster 2011)

The focus is on detailed instructions for each operation. Measurement is an integral part of scientific
management.

3.23.2 Obijective: Management Skills

The project manager is identified as the key player dictating project success. The position is described does
not include the maximum technical expertise; it is administrative and planning skills that define the manager.

"It requires flexibility, good judgment, strong leadership and negotiating skills, and a solid knowledge of
project management practices. ... The project manager is in charge of all aspects of the project including, but
not limited to:

Developing the project management plan and all related component plans,

Keeping the project on track in terms of schedule and budget,

Identifying, monitoring, and responding to risk, and

Providing accurate and timely reporting of project metrics." (Project Management Institute
2004, 8§ 2.3)

From the description of the project manager’s responsibilities the project success can be seen to depend on
effective measurement, planning with a focus on risk management and requirements.

3.2.3.3 Objective: Metrics

The definition of management as a science, as opposed to an art or craft, stresses the planning and details
aspects of management. The SWEBOK states,

“The importance of measurement and its role in better management practices is widely acknowledged,
and so its importance can only increase in the coming years. Effective measurement has become one of
the cornerstones of organizational maturity” (Abran et al. 2004, §§ 8.6.1).

The SWEBOK guide underlines it further with "In essence, management without measurement, qualitative
and quantitative, suggests a lack of rigor, and measurement without management suggests a lack of purpose
or context." (Abran et al. 2004, §§ 8.0)

From the viewpoint of the SWEBOK process model, effective measurement is the critical success factor. The
importance of measurement is further emphasized by having resources, management and staff committed to
the measurement process. Establishing and sustaining measurement commitment is a process point by itself,
indicating that measurement commitment is not self-sustaining. In contrast there are no extra steps for
maintaining team commitment. Key performance metrics are the driving force behind all decisions and
planning.

SWEBOK treatment of metrics has been severely criticized by other software professionals, Cem Kaner
states that: "The review of measurement theory in SWEBOK (page 174 and on) ... provides a laundry list of
metrics, including many that are invalid and unvalidated metrics — to the extent that it is clear what attribute
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they are actually intended to measure” (Kaner 2012, p. 1). As quality and productivity cannot be measured,
secondary indicators are used. These secondary indicators are then used in the management planning process,
without acknowledging that they may be a very imperfect representation of the values that should be
measured.

3.234 Obijective: Requirements

Software Requirements is a separate Knowledge Area in the SWEBOK, its contrast risk management has but
a paragraph. It is broken into seven topics, Fundamentals, Process, Elicitation, Analysis, Specification,
Validation and Practical Considerations. There is Extensive detail and further reading is offered. Specific
steps are offered in how to perform tasks. It is interesting that though a detailed process is offered, it does not
preclude implementing it in an agile fashion. "The majority of this chapter is compatible with agile methods
concerning software requirements.” (Norton 2003)

The planning process is based on the requirements; however, it is not assumed that the requirements are fully
known at the beginning of the process. The SW Engineering Management Knowledge area starts with the
statement about the problems particular to software projects:

"The perception of clients is such that there is often a lack of appreciation for the complexity inherent in
software engineering, particularly in relation to the impact of changing requirements. It is almost inevitable
that the software engineering processes themselves will generate the need for new or changed client
requirements.” (Abran et al. 2004, 8§ 8.1)

Knowing what to do before doing is a universal success factor amongst all models, one could safely
generalize to it being valid in all situations in life.

Obijective: Planning

The PMBOK has 44 management processes which are to be followed throughout the project of which almost
the half is planning activity. The PMBOK manager spends the majority of effort in planning. Zwikael and
Globerson from Victoria University analysed the prevalence of planning in PMBOK and concluded:

"It identifies 21 planning processes, out of the 44 processes required to manage a project. That is to say,
planning processes consist of 47% of all processes that should be properly performed by a project manager
during the entire lifecycle of a project. However, project literature does not clearly identify which of the 21
planning processes are more crucial than others." (Zwikael, Globerson 2006, p. 3436)

From the description of the project managers focus it can however be inferred that risk management is more
crucial than others. It is mentioned as a task that must be done in the Software Project Planning under 2.5.
Risk Management. (Abran et al. 2004, §8 2.5) Once again under quality assurance it is stated that "Risk
management can also play an important role in delivering quality software." (Abran et al. 2004, pp. 11-15)
In contrast to the complete and detailed information offered in the Requirements Knowledge Area, Risk
management is a section (2.5), one paragraph long, with 6 external references for further reading. Though
Risk management is identified as a critical area there is little guidance offered.

In general, the success factor can be stated to be planning, with a further focus on risk management. Another
perspective is that the amount of planning overhead might be a factor by itself (Zwikael, Globerson 2006)

3.2.35 Summary of CSF’s for SWEBOK

SWEBOK has the advantage of including PMBOK in its definition. Having a well-established project
management standard as part of a software project development process makes a clear statement that good
management practises are necessary for software development. Many of the CSFs identified by and the long
term objectives of SWEBOK have more overlap than some of the other processes as is shown in Table 3-9.

Once again leadership ability has not been mentioned in a project management standard. There is a difference
between management skills, which are described in this standard and taught, and leadership ability that is not.
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Table 3-9 CSF’s for SWEBOK

# | Factor

1 | Adequate resources, rooms, hardware, test labs

2 | Appropriate formalized development processes and methodologies
3 | Clear assignment of roles and responsibilities
4

5

Clear known objectives and goals

Clear requirements or specifications

10 | Effective monitoring and control

11 | Effective management skills at team or project level
13 | Frozen requirements

14 | Good quality management

19 | Realistic schedule

20 | Risk management

22 | Support from top management

25 | Up-to-date progress reporting

3.2.4 Agile

The Agile objectives statement is on the landing page of the website, it has the advantage of being very clear
about what is important:

“We are uncovering better ways of developing software by doing it and helping others do it. Through this
work we have come to value:

Individuals and interactions over processes and tools
Working software over comprehensive documentation
Customer collaboration over contract negotiation
Responding to change over following a plan

That is, while there is value in the items on the right, we value the items on the left more”. (Beck et al. 2001a)

This section analyses the objectives and any other documents in their process definition to define the critical
success factors the process is attempting solve.

3.24.1 Agile Context
History and Funding

The Agile Manifesto was preceded by growing dissatisfaction with waterfall methods of developing
software. As early as the 1940’s W. Edwards Deming began promoting PDSA, Gerald M. Weinberg reports
he was doing incremental development at IBM in 1957. Winston Royce picked up the torch in his 1970
article reprinted in (Royce 1987) emphasizing that waterfall would only work for very simple projects. In the
year 2000 Marco lansiti, Roberto Verganti and Alan McCormack completed a 2 year empirical study of 29
processes showing that evolutionary development had the best chance of success (MacCormack 2001).

In 2001 a group of developers met and developed the Agile Manifesto quoted in the previous section Agile
3.5. Based on the experiences of the past it was recognized that requirements have to change during software
development, and that the development process must be able to cope with it.

In 2003 strong endorsement of Agile techniques came from Watts S. Humphrey, a driving force behind
CMMI:

"Your initial definition of the requirements will almost certainly be wrong. While you must get as close
as possible to a usable solution, you must recognize that the requirements are a moving target that you
must approach incrementally. To produce a truly superior and highly-usable product for a realistic cost
and on a reasonable schedule, you must follow a development strategy and process that assumes that the
requirements will change. This requires that you encourage early changes and that you develop and test
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the program in the smallest practical increments. Also, if possible, get the users to participate in the
early testing.” (Humphrey 2009, p. 104)

So a founding member of the SEI - CMM propagates customer collaboration and response to change.

The Agile Alliance was formed to promote Agile development. Their website lists 66 different sponsors,
without the military or government research grants seen in the other models introduced in this thesis.

Target Group

The definition of Agile assumes that it is applicable to any application development. In reality the focus on
small teams and short implementation cycles makes it ideal for small innovative solutions. Larger complex
highly integrated projects are less well suited as the amount of effort aligning the separate teams increases
with size.

Wysocki (Wysocki 2007) asserts that the best project management type can be determined as a function of
((uncertainty in requirements and solution), (uncertainty in the goal)). The less clear requirements are the
greater the benefit of Agile,

Goal

The Agile Manifesto clearly states: “We are uncovering better ways of developing software by doing it and
helping others do it." (Beck et al. 2001a)

Agile does not encompass the complete application lifecycle, the system analysis and operations phases are
not topic. The requirements, design and testing phases of application development are interwoven where
refinement of requirements, design and tests are moving forward in a continuous cycle.

To enrich this here is an Agile definition written by the CMMI product team: "Multiple Agile approaches
exist. The phrases “Agile environment” and “Agile method” are shorthand for any development or
management approach that adheres to the Manifesto for Agile Development [Beck 2001]. “Such approaches
are characterized by the following:

e Direct involvement of the customer in product development

e  Use of multiple development iterations to learn about and evolve the product

e  Customer willingness to share in the responsibility for decisions and risk" (CMMI Product
Team 2011, p. 58)

3.24.2 Objective: Teams and People
Individuals and interactions over processes and tools. (Beck et al. 2001a)

Of the 12 Principles behind the Agile Manifesto (Beck et al. 2001b) following five principles focus on the
team:

5. Build projects around motivated individuals. Give them the environment and support they need, and
trust them to get the job done.
8. Agile processes promote sustainable development. The sponsors, developers, and users should be
able to maintain a constant pace indefinitely.
9. Continuous attention to technical excellence and good design enhances agility.
11. The best architectures, requirements, and designs emerge from self-organizing teams.
12. At regular intervals, the team reflects on how to become more effective, then tunes and adjusts its
behaviour accordingly.

There are many aspects mentioned about what the right culture is, there is agreement that it must include:
trust, respect and skills.

Trust is a major factor in Agile methods. There are two areas of trust; management must trust the team and
the team must trust each other. Management must be able to delegate technical decisions to the team knowing
that the correct decisions will be made and that these decisions must be accepted.
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The team members must feel comfortable with sharing their knowledge and weaknesses with the team. "The
culture must also be supportive of negotiation, as negotiation is a big part of the Agile culture” (Lindvall et
al. 2002, p. 203).

. Principle 8 about sustainable development is an interesting one. Agile teams perform their own time
estimation while Sprint planning. The team thus owns and controls the time plan. The toil that insufficient
development time takes on the development teams made its way into the Agile principles.

The team is expected to be highly motivated, technically skilled and self-organized. The development team
as opposed to the management is the critical factor in Agile development.

3.24.3 Objective: Requirements and Communication

Requirements in Agile are seen as a form of communication. They are a method for capturing what the
customer wants. The Agile Principle (Beck et al. 2001b) of welcoming change, even late in the development
cycle, is a good principle for dealing with what Wysocki observed: “What the customer wants is probably not
what the customer needs. Wants are more associated with the solution. Needs are more associated with the
underlying problem. “(Wysocki 2007, p. 46)

Communication of user requirements must also be supplemented by direct contact between the users and the
developers. "... the distinction between agile and document-centric methodologies is not one of extensive
documentation versus no documentation; rather a differing concept of the blend of documentation and
conversation required to elicit understanding.”" (Fowler, Highsmith 2001, p. 4)

The amount of user involvement is fundamental to the success of the project.
3.24.4 Objective: Working Software
Working software over comprehensive documentation (Beck et al. 2001a)

3. Deliver working software frequently, from a couple of weeks to a couple of months, with a
preference to the shorter timescale.(Beck et al. 2001b)

Process specialists have been promoting iterative development for ages, empirical studies have shown
iterative development to have the greater success rates.(MacCormack 2001; Larman, Basili 2003) This does
not necessarily mean a release with each iteration, it suffices that there is an internally available working
model for everyone to learn from.(Fowler, Highsmith 2001)

3.245 Summary of CSF’s for Agile

Nomen est Omen, the time frame for ‘Agile’ development is far shorter than CMMI. Where CMMI has a
time frame of years, Agile process are measured in weeks. Thus the time frame of short term goals defined
by CSF’s and the long term goals of Agile software development process are far closer together. This should
give a greater alignment of short term and long term goals.

Table 3-10 CSF’s for Agile

# Factor

1 Adequate resources, rooms, hardware, test labs

4 Clear known objectives and goals

6 Committed and motivated project team

7 Domain knowledge( for example of road traffic control)
9 Effective communication and feedback

12 Experience with the programming languages, technology and hardware
17 Low staff turnover, stable teams are built

19 Realistic schedule

24 Trustful and cooperative working environment exists.
26 User or client is involved while developing
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Table 3-11 Success Factors and Process Models

CSF's and Process Objectives
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6 Committed and motivated project team X
11 Effective management skills at team or
- X X
project level
15 Good Leadership at team level
- - People
16 Good Leadership at project level
21 Skilled and sufficient staff
22 Support from top management X X
2 User or client is involved while «
developing
Count 0 2 2 2 7 total
1 Adequate resources, rooms, hardware, « «
test labs
2 Appropriate formalized development
. X X X
processes and methodologies
Clear assignment of roles and
3 o X X X
responsibilities
4 Clear known objectives and goals X X X
5 Clear requirements or specifications X X
8 Change and configuration management
9 Effect!ve comr.nur?lcatlon and feedback X Process
10 Effective monitoring and control X
13 Frozen requirements X
14 Good quality management X
17 Low staff turnover, stable teams are built X
18 Proper planning X X X
19 Realistic schedule X X X X
20 Risk management X X X
24 Trustful and cooperative working .
environment
25 Up-to-date progress reporting X X X
Count 11 |9 12 16
7 Domain knowledge X
12 Experience with the programming . )
languages, technology and hardware Technology and skills
23 Supporting tools — Project management
and SW development tools
Count 2 3
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3.3 Summary

The findings of the Literature Review chapter are summarized in Table 3-11 Success Factors and Process
Models. The realistic schedule and clear objectives where the only factors focused on by all IT development
process models. This was support by the results obtained. In an ideal project the schedule and objectives are
ranked second and third (see CSF Ranking - Ideal Project (RQ1b) for full details). However the top spot was
given to ‘Effective Communication and Feedback’ a factor stressed in Agile development, but not mentioned
in other process models.

From the table it is clear that V-Modell XT is only dealing with the process aspects of IT development
projects. The skills needed, whether soft skills (People Attribute Group) or hard skills (Technology Attribute
Group) are not part of V-Modell. It is a guide to how to standardize a project process, not how to perform IT
development.

SWEBOK and CMMI also describe processes, but in contrast to V-Modell they advocate that the manager of
a project should have some management training.

Agile spreads itself thinly overall project attribute groups. There is a focus on people but no mention of
standardized processes.

There is however a further option. Reinhard Hohn devoted a chapter to describing how V-Modell and Agile
are not in conflict with one another. (Hohn 2008) Similarly CMMI can be used in conjunction with Agile
methods as is discussed by Hillel Glazer (Hillel Glazer 2008). If these IT development methods are
successfully combined then a far greater coverage of the success factors is obtained. However as an opening
to his paper Hillel Glazer stated: “Agile development methods and CMMI best practices are often perceived
to be at odds with each other” and continues the introduction by explaining why that is so. (Hillel Glazer
2008, p. 1)

In Table 3-12 Success Factors Not Covered IT Process Models are 3 CSFs that are not covered by any
software development model.

Table 3-12 Success Factors Not Covered IT Process Models

CSF's and Process Objectives
15 | Good Leadership at team level
16 | Good Leadership at project level
21 | Skilled and sufficient staff

No IT development process talks of leadership skills and relating to people. SWEBOK was criticized: "It's
clearly strongly based on Scientific Management principles, and as such utterly ignores the role of people and
human interaction issues in process. Again since Individuals and Interactions trump Process, this is a huge
hole in the body of knowledge." (Fowler 2003) V-Modell XT has a focus on clarity of communications
however a clear communication, as described by this model, is a document, not a human interaction. The
literature review showed that it is human interactions that make or break projects; this was also supported by
the ranking of communication in an idea project (see CSF Ranking - Ideal Project (RQ1b). “Because we go
about... work in teams, we are mostly in the human communication business, [not the high-tech business].”
(DeMarco, Lister 1999)

Leadership is not in scope of CMMI and V-Modell XT, the goal is clearly to define processes not human
interaction. Agile states that teams should be a self-organizing team of equals; the scrum-lead is an
administrative function. A higher level of leadership is not seen as needed. No one will seriously consider
planning a large scale multiple team, multiple location IT project without managers who possess both
management training as well as people skills, however this combination seems lacking in the IT process
models.

The literature reviewed shows that the best CSF coverage is obtained by combining either VV-Model XT or
CMMI development processes with Agile development methods. CMMI seems to advocate studying the
organizations current processes and choosing the best practise. V-Modell XT offers a list of best practises
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and has the organization adapt its current process. The success factors found in the literature (The Critical
Success Factor List for Software Development) do not clash with any of these models, but the models do not
adequately cover all factors in the CSF list.

4. Methodology: CSF Questionnaire Design and Justification

This chapter describes the methodology used to collect and analyse data about success factors in application
development at the Target Company. It described the questionnaire designed to capture the knowledge of the
professionals working in the research and development department at the Target Company about CSF’s in
software application development.

The purpose of this chapter is to describe the research methodology chosen; the questionnaire design, the
sample population and basis for data analysis.

4.1 Content, CSF List and Grouping

The first step in creating a questionnaire is to decide what questions to ask.
"For to a folysshe demaunde behoueth a folysshe ansuere." (Caxton 1484)3
The goal of this section is to introduce a method to answer the research questions:

RQ1. Given alist of CSF’s relevant to IT development projects in general:
a. How do the respondents rank the factors success in their current project?
b. What importance would they give the factors in an ideal project?

c. Is there any difference in the ranking of CSF’s due to education, experience or the role the
person has in the application development process?

RQ2.  From the perspective of the Target Company, what are the critical success factors?
RQ3.  What are the determining factors of project success?

RQ4. Is the ranking of the critical success factors related to the application development process being
followed? Can the results be related to any particular application development process?

To answer the research questions a questionnaire was designed. The data collected must provide following
information by evaluation of the results or by statistical inference from the data.

e RQL: needs a valid ranked list of success factors, both for the current project as well as in an ideal
situation.
e RQlc: needs context information to the information gained in RQ1a and RQ1b.
e RQ3: needs the respondents to be able to communicate project success such that is numerically
quantifiable.
e RQ4: The context information must include the process development model being followed.
The basis for the critical success factor list should be drawn from the literature review, with changes as
dictated by expert review.

4.1.1  CSF List for the Research and Development Division

Nasir and Sahibuddin’s critical success factors list was chosen as the base to work from. It was chosen for
being most recent work found, and for having a sufficiently broad base of research to be creditable (43
research papers plus face to face interviews), as shown in Table 3-1. The original list was adapted in
consultation with the project team at the Target Company and drawing on the information gained from the

3 Ask a silly question and you get a silly answer.
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review of the software process models. Following adaptions were made as listed in Table 4-1 Changes to
CSF List

Table 4-1 Changes to CSF List

Adaptions to CSF List
CSF Reason
I Removed: Target group does not have budget
Realistic budget getgrodp g
powers
Complexity, project size, duration, number of Removed: In house applications development, not
organisations involved relevant in context

Good performance by vendors/contractors/ consultants .
Removed: Not relevant in the context

End-user literacy, knowledge and skills to use the Removed: No end-user contact within the
system development cycle.

Added: the specific knowledge of road traffic

Domain knowledge( for example of road traffic control) . AR
control is complex and specific skill

Added: Important issue in a hire and fire world. See
Low staff turnover, stable teams are built (DeMarco 1988)

Added: This CSF is directly related to the principles
Trustful and cooperative working environment exists. |of agile software development. See (Beck et al.
2001b)

The list was then subjected to expert review as described in section ‘Content Validity’. The final list content
presented to the staff of the development team of the Target Company is shown in Table 4-2.
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Table 4-2 Final CSF list for the Target Company

CSF

—

Adequate resources, rooms, hardware, test labs ...

Appropriate formalized development processes and methodologies( think of process
model)

Clear assignment of roles and responsibilities

Clear known objectives and goals

Clear requirements or specifications

Committed and motivated project team

Domain knowledge ( for example of road traffic control)

Change and configuration management

© |00 [N [o |om [ [N

Effective communication and feedback

[uy
o

Effective monitoring and control

—
[N

Effective management skills at team or project level

—
N

Experience with the programming languages, technology and hardware

—
w

Frozen requirements

—
o

Good quality management

—
(S}

Good Leadership at team level

[y
»

Good Leadership at project level

[y
~

Low staff turnover, stable teams are built

[e=Y
(o]

Proper planning

[y
©

Realistic schedule

)
o

Risk management

N
[

Skilled and sufficient staff

N
N

Support from top management

23

Supporting tools — Project management and ALM tools such as DOORs, ClearCase,
SVN and similar

24

Trustful and cooperative working environment exists.

25

Up-to-date progress reporting

26

User or client is involved while developing

4.1.2

Project Attribute Groups

As discussed in 3.1.2, Project Attribute Groups and Project Success individual CSF’s are not suited as
determinants of project success. To be able to make a statistically meaningful statement about the
determinants of project success Project Attribute groups were needed. From the literature analysis two
possible methods of creating project attribute groups emerged.

Fortune and White propose that they be grouped in nine process areas which lead to the grouping of factors
in process area groups (FSM categories. (Fortune, White 2006) The mapping of the factors is shown in Table
3-2. This grouping has 3 groups that are represented by only one CSF. This makes the group completely
reliable from a statistical viewpoint, but increases the variance in the group. The determinants of project
success will be less explicit as the impact is spread over many project attribute groups.
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Nasir and Sahibuddin proposed a much simpler scheme as shown in Table 3-11. The groups are unequal in
size, but do not have single CSF’s representing whole categories.

4.2 Questionnaire Design

This questionnaire is designed to quantify the current state and the importance of the selected success factors
from the literature. The construct validity, content validity and method bias of this approach is discussed
below.

4.2.1 Construct Validity

The questionnaire content was based an overview of CSF’s in literature performed by ((Fortune, White
2006). A large sample size was sought to give as much credibility to the research as possible the size needed
is discussed in the with the sample population. To obtain the large sample size the questionnaire has to be
short. The time needed to reply should be tailored to 10 minutes. The questionnaires are filed out during the
respondent’s working day. At the time the research was done the researcher performing the survey was
working for the Target Company. Management agreed to their staff being surveyed but time per person was
limited. The following issues construct validity; content validity and method bias were issues in designing the
questionnaire.

Construct validity is needed to establish that mapping feelings to numbers is an acceptable practice. The
validation originates in the social and medical sciences, where concepts are and must remain subjective, yet
valid research is performed with quantified values gained from the subjective concepts. For instance: pain
research is a good example for validly quantifying subjective values. Construct validity is applicable to
critical success factors as the questionnaire seeks to quantify a subjective feeling, how good a subjective
factor is in a project. These factors are values which are not objectively measureable. The justification can be
found in “Nomological” validity. Boudreau explains this concept as follows:

1. "Nomological validity is construct validity that devolves from the very existence of a well-developed theoretical
research stream (also called a nomological “network™). If theoretically derived constructs have been measured with
validated instruments and tested against a variety of persons, settings, times, and, in the case of IS research,
technologies, then the argument that the constructs themselves are valid becomes more compelling. ... Assume that
one researcher uses a structured interview script to gather data on a construct. Suppose that another researcher in
another setting uses a questionnaire instrument. Clearly, the method of measurement is very, even maximally
different. Yet, if both studies find significant linkages between the constructs using different measures, then both
may be said to be “nomologically” valid." (Boudreau, Gefen 2004, p. 395).

Nomological validity has been established by numerous studies on CSF’s such as the 63 analysed by Joyce
and White "(Fortune, White 2006). Thus it can be concluded that it is possible to rate a success factor using a
visual analog scale (VAS).

4.21.1 Scaling the Construct

To scale the answers a numeric visual analogue scale (VAS) was needed. A scale that the majority of the
respondents were familiar with was sought to minimize the cognitive overhead. The scale chosen was the
Austrian school grading system. Austrian schools grade on a five point numerical scale that has discreet
verbally described values associated with it, see Table 4-3. This scale is familiar to the sample population
thus reducing the learning time needed to fill out the questionnaire.

Table 4-3 Grading Scale

Number | Discrete value
1 Very Good Best possible
2 Good Next highest
3 Satisfactory Middle value
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4 Adequate Barely Acceptable
5 Unsatisfactory Failed

This five point scale is a numeric as well as a category scale, comparable to a Lickert scale. The scale was
accepted immediately by most respondents and needed few further explanations. A ten point scale had been
tried in a pre-test version and discarded. The extra space needed for the additional points would have forced
the questionnaire to a longer format without gaining precision in the results. By hooking into childhood
experience the scale was accepted in the vastly altered context of a questionnaire.

The researcher was aware that scale is chosen is subjective to the respondent. The one respondent’s answers
cannot be compared absolutely to the next respondent thus the results will be imprecise and will preclude
using any form of sensitive statistical analysis. This problem is inherent in any categorization of data such as
success, or any type of feeling.

4.2.2 Method Bias

Any survey, including this one, inherently has a bias. The primary bias is introduced by choosing which
questions to ask. There could be factors relevant to the population that are not part of the questionnaire. To
deal with this bias Thomas states: "No general guidelines are likely other than the statement that each
researcher must clearly delineate the nature of substantive constructs, potential methods factors, and plan for
the measurement and/or control of both in the design and conduct of their research™ (Schmitt 1994, p. 397).

Table 4-4 FSM Attribute Groups

Project Attribute Group = FSM Category |CSF's
Communication 6, 9, 24
Continuity 20

3, 8, 11, 14,

15, 16, 18,
Decision Makers 19, 22
Environment 2
Goals 4, 5, 13
Performance 10, 25

1, 12, 17,
Resources 21, 23
Transformation 7

Table 4-5 N&S Project Attribute Groups

Project Attribute Group CSF's

6,11,15,16,2
People Related 1,22,26

1,2,3,4,589,
10,13,14,17,
18,19,20,24,

Process Related 25

Technical Issues 7,12,23
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4221 Imprecise Definition of Terms:

The success or failure of a project is not clearly defined. Thus when rating ‘success’ it will not mean the
same to each respondent. In deed one and the same project can be both a success and failure depending on
who is answering. Projects that clients have felt successful for the supplier were failures leading to
bankruptcy. The manager’s success criterion — within budget or time is not the same as the developer’s
definition - functionality. This ALM survey deals with a complex topic, however in being concise and simple
that some complex relationships are not conveyed. A trade-off is made in the questionnaire design between
various levels of complexity. In the pre-test the questionnaire included several open ended questions,
allowing the respondent to be precise in their answers. This option fell as the survey could not be completed
within the desired 10 minutes in this form. This simplification leads to following issues. The questionnaire
only offers the respondent a VAS scale. The answer to all nhon-contextual questions is a number from 1 to 5.
The limits the richness of the respondent’s information but was done to gain time and thus a greater number
of returned questionnaires.

4222 Grouping

A further issue that can lead to biased results is the grouping of the questions. "Respondents may be sensing
the inherent constructs via the ordering of questionnaire items and they may respond accordingly.” (Belassi,
Tukel 1996, p. 396) To avoid this issue the lists of questions were sorted alphabetically. This clearly avoided
any intended grouping affect. Any bias due to the grouping of the questions was avoided. The however an
advantage of being able to reduce the cognitive overhead and thus reducing response time by grouping
similar questions was not possible.

4.2.2.3 Fatigue and boredom

A further biasing factor is due to respondent fatigue. Questions at the end of the questionnaire will be given
less attention than questions at the beginning. This issue was avoided by reducing the content of the
questionnaire to fit on one page. The preliminary versions of the questionnaire were taking up to 30 minutes
to complete, even well intentioned respondents were losing interest. At 10 minutes this was not happening,
however nothing can completely eliminate the difference in attention given to the first answers compared to
the last ones.

4.2.2.4 Desired Responses/Anonymity

When asking people about work what the management sees as a desirable response can lead to biased
answers. The questions being asked in this questionnaire are sensitive information. The solution is obvious:
"There are several additional procedures that can be used to reduce method biases, especially at the response
editing or reporting stage. One is to allow the respondents’ answers to be anonymous" (Podsakoff et al. 2003,
p. 888) Protecting respondent anonymity and reducing evaluation apprehension is a necessary consideration
so that safe or desirable answers do not predominate. The population has shown suspicions about answering
online surveys in the past, the IT professionals seemed to be more paranoid than the average population. To
guarantee anonymity and increase acceptance a printed questionnaire format was chosen without any linking
context information. The answered questionnaires were collected from central collection points, so that there
was no direct link existed between the respondent and the questionnaire. To further reassure respondents
following line was added to the questionnaire.

“The information you give will be treated confidentially. Only cumulative results will be published as part of
my master thesis. Individual questionnaires are not linked to the respondents.”

4.2.3 Content Validity

Content validity or logical validity refers to the extent to which the measurement actually covers the relevant
issues. The relevancy of the content to the ALM CSF’s must be established for the questionnaire to be valid.
The questions asked must be shown to be pertinent and sufficient coverage of critical success factors,
"Content validity is established through literature reviews and expert judges or panels. Several rounds of
pretesting the instrument, with different groups of experts, is highly advisable" (Boudreau, Gefen 2004, p.
387). Following steps were taken to provide content validity:
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42.3.1 Literature Review

The literature on critical success factors was reviewed in the previous chapter. There has been both
theoretical and empirical research over years on critical success factors. The literature on CSF’s has provided
several lists of success factors well adapted to a survey format. The article “Framing of project critical
success factors by a systems model” by Joyce and White (Fortune, White 2006) was used as a basis for this
questionnaire content as "through a review of sets of critical success factors from 63 publications it has
revealed that there is a lot of overlap between sets" (Fortune, White 2006, p. 65).

4.2.3.2 Professional Analysis

Three professionals in software project management performed a review of 70 potential information items on
13 pages. These were S. Gruber — Project Lead EMC2, M. Gelbman — Owner Q-Success Software
Consultants and A. Delamer, Professor FH Wiener Neustadt. The cognitive overhead of an open answer
questions and lengthier questions placed a too large cognitive load on the respondents. The time needed to
answer vastly exceeded the intended ten minutes. The content was relevant but the format had to be
tightened. The 70 items were pared down to 34 items.

4.2.3.3 Pilot Testing

A reduced set of 32 items was formed to a two page questionnaire and evaluated by 10 staff members at the
Target Company. As a result of the pre-testing a further dependant variable querying overall project success
was added. This version was pre-tested on 20 staff members. Although the official correspondence language
in the Target Company is English, a German translation was added to yet further reduce the time needed to
complete the questionnaire.

4.3 Sample Population

4.3.1 Business Context

The Target Company develops large scale, long term intelligent traffic solutions. The majority of their
solutions are combined hardware, software and back office solutions to collect highway traffic tolls. These
products involve large hardware setups; gantries all toll roads, on board units for all trucks, billing systems.
The working lifespan is more than decades. The first system was installed more than 10 years ago. No toll
system has as yet been retired; upgrades take place on a rolling basis with as little disturbance to the running
system as possible. This environment lacks the security and personal safety issues seen in defence, banking
or health care, no is bombed, robbed or dies if a truck toll is incorrectly collected. The operations phase of the
product life cycle predominates as the hardware installations have long life expectancies.

4.3.2  Sample Population and Size

The target population was the Research and Development the Target Company Vienna. These people are
responsible for the development phase of the product lifecycle. Although the Target Company has multiple
locations worldwide this study was limited to the Vienna location. Vienna has the largest R&D department
with approximately 160 people working in the research and development phase of the application life cycle.

The total population (160) is relatively small; to obtain reasonable confidence a relatively large sample
compared to the total population is needed. A 5% confidence interval (margin of error) at a 95% confidence
level would require a sample size of approximately 105. A 75% return on a questionnaire is not realistic, thus
the confidence interval was widened so the sample size could be reduced.

To calculate the necessary sample size using the techniques described in (Bartlett James E. 2001, pp. 44-46)
Population Size = ca. 140 (number of developers in R&D Vienna)

Confidence level = 95% (the nature of data is not precise)

Confidence Interval desired = 10%

Sample Size needed= 57 (40% of the population)
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Thus a minimum return from 40% of the population was needed. A very good return (80 respondents) was
obtained by the researcher personally handing out the sheets and requesting colleagues for help. A second
attempt, to reach further respondents by distributing the questionnaires by mail, lead to next to no returns
(<10%).
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5. Results

This chapter presents the results of the questionnaire, the full questionnaire text is found in the appendix “E.
Questionnaire Text”. This chapter interprets the data obtained, the data analysis was performed using
Microsoft Excel 2010 and SPSS (Statistical Package for Social Sciences) 20.0.0.

The respondent context information (page 1 of the questionnaire) showed a highly educated workforce. The
majority of the employees are software developers, followed by testers and managers. Education and
experience did not have statistically significant influence on the respondents ranking of project success. The
context data gathered on the IT development process being followed showed a very low level of awareness in
this area.

The CSF factor information was evaluated to provide 3 different rankings of CSF factors, which combined
give a clear list of the top factors governing success in their environment. These are:

1. Clear requirements or specifications
2. Committed and motivated project team
3. Clear known objectives and goals

The least critical factors were

1. Risk management
2. Up-to-date progress reporting
3. Effective monitoring and control

The data indicates that the administrative overhead needed to collect the data is not desired; however the
respondents do wish to have the benefits of the planning process, the specifications, clear objects and realistic
time plans. This apparently contradictory position underscores the low awareness of development processes.

The final section of this chapter, Project Success, probes the determinants of project success. The results
show that the respondents are not that unhappy about project success; they ranked their project as being more
than 70% successful on average. This is a very optimistic figure, especially when compared to the Standish
Report ratings or Scott Amblers figures which reported at least half of all projects as failing or compromised.
(Ambler 2010; Nasir, Sahibuddin 2011) Thereafter a regression analysis is present looking into the
determinants of project success. The model presented by Fortune and White presented in “Project Attribute
Groups and Project Success”, did not prove statistically reliable. Nasir and Sahibuddin’s project attribute
model was used to calculate the determinants of project success.

The data showed that software project success was determined by the state of the process group of success
factors, the technology group and people group was not statistically significant as a determinant of project
success. The ‘Process’ attribute is the largest group, encompassing following 16 items:

Clear requirements and specifications, Clear objectives and goals, Realistic schedule, Effective
communication and feedback, Realistic budget, Frozen requirements, Proper planning, Appropriate
development processes / methodologies (process), Up-to-date progress reporting, Effective monitoring and
control, Adequate resources, Risk management, Effective change and configuration management, Good
quality management, Clear assignment of roles and responsibilities.

These are the issues found in V-Modell XT, CMMI and SWEBOK. The Agile issues were mostly centred in
the ‘People Related” attribute. The factors in the ‘People Related” project attribute group were ranked higher
in the current project, than the factors in the ‘Process’ group.

Note! All results are inversely reported compared to how they were scored on the questionnaire

The questionnaire captured the participants opinion about the CSF’s using a 5-point Likert scale, ranging
from 5 (not at all or insufficient) to 1 (perfect or very good). This scale is standard in the Austrian school
system. Thus, in the questionnaire a low value (1) was good and a large value (5) was bad. This scale proved
to be misleading for analysing numbers and interpreting graphs. To avoid confusion the answers to the
questionnaire were reverse scored. This means that the values in the result section are the inverse of the
values entered on the questionnaire: reverse score(x) = max(x) + 1 —x, so good is a high value, bad is a low
value and the intuitive meaning of the numbers is restored.
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5.1 Preliminary issues

5.1.1 Respondent Context

The questionnaire was distributed in September of 2012. The respondents are employed by the Research and
Development division of an intelligent traffic solutions provider. They develop IT projects, approximately
two thirds of the team works on a project was started in spring of 2010, estimated for 18-20 months and close
to completion. The rest of the team works adapting existing solutions with project durations of 1 to 12
months. The full text of the questionnaire is available in Appendix E. Questionnaire Text

Replies were obtained from 80 of a population of approximately 140 individuals. Of the 80 replies 79 were
all or at least partially valid, as complete data sets were necessary for analysis of variance the sample sizes
here are smaller as incomplete data series could not be used. The roles and process questions were non-

Table 5-1 Respondents Role in the development process
Role count
Dev 45 57%
Q.A. 16 20%
Lead 12 15%
Mar. 3 4%
Other | 3 4%

Grand
Total 79 100%

numerical thus analysis is limited to the frequency and relative frequency of each answer. The experience

Table 5-2 Education / Average Years of Experience
Development | Domain

Education N % Experience Experience
University 57 | 72% | 10.3 4

HTL 19 | 24% | 16.1 5
Apprentice | 3 | 4% 22.3 14

All

Respondents | 79 | 100% | 12.2 5

question is a numerical field thus the standard mean, median and variance can be calculated.

5.1.1.1 Role

The respondents show that more than half (57%) work as Dev (Developers). There are less than 3 people
doing hardware development, the rest range from developing embedded software to web solutions. The
application range from hardware control systems for cameras and microwave readers to back-office billing
systems. The QA (quality assurance) team members work in software testing, this ranges from functional
testing in a scrum like environment, to release testing prior to delivery to the customer. The Lead is a Group
Leader, leading a team of 2-8 members. The group leads will in part be still working hands on either as a
developer or software tester. The managers (Mgr.) have a completely managerial function.

5112 Education and Experience

The respondents skill set was measured with two indicators. First their formal education, second their
experience both in IT development and third their knowledge of intelligent traffic solutions was asked for.
The results are summarized in Table 5-3.
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The respondents have a high education level. 72% of the staff has some form of higher education compared
to 14.9% of the Austrian population as a whole in 2010. A further 24% are HTL graduates (upper secondary
school for technology).

The next indication of skill level is experience. There are two aspects of experience in 1T-development
projects. The development experience indicates knowledge of IT development techniques. This is the time
spent with IT development in general. This would be time spent practising IT development skills. The second
skill needed is knowledge of the domain in which the project operates. The domain for this development
team is intelligent traffic solutions; this includes for example the laws pertaining to traffic tolling or the
density and velocity of highway traffic. This market in Austria is limited to this one company, so domain
knowledge was equated to years working with the company. The average domain experience is 5 years;
however the median domain experience lies by 2 years. The top ten percent has been with the company for an
impressive 21 years on average, the maximum value was 35 years.

Not surprisingly the amount of experience drops with the added time spent in higher education, but the
company does seem to be good at retaining the university graduates they have. The HTL graduate have 56%
more development experience, but have only 25% more domain experience. They are not spending their
added employment years with the company.

Thus the data shows that the respondents are highly skilled. They are well educated, have sufficient IT-
project experience and are with this employer long enough to learn the problem set being worked on.

51.1.3 Development Process
Context items ‘e’ and ‘f* address the issue of the development process followed. The questions are:

e) Which process model is used in your current project? (Table 5-3)
f) If a process model is used is it (Always/Frequently/Usually/Seldom/Never) followed? (Table 5-4)

As seen in the tables 4 different process models were identified: Agile, V-Modell, Waterfall, and an In-House
defined process. In addition 23% of the respondents claimed that no development process was being
followed, an additional 3% did know what process model was intended but never followed it. If these two
numbers are taken together then 1 in 4 members of the development team are working at CMMI level 1 — no
development process used. The official development process documents written by the QA-Manager in
2010 espoused V-Modell XT as the standard development model.

The anticipated answer was V-Modell XT or Agile being known and followed at least usually by 2/3 of the
developers. The answers clearly did not support this hypothesis. The obtained results do not permit a
statistically valid relationship to be defined between the process being followed and other answers on the
questionnaire.

Table 5-4 F) For Agile and VV-Model
The given
model is
Table 5-3 E) Development followed: Count %
Process Used Agile/Scrum 29 37%
Always 2 3%
Frequent 8 10%
Process N % Usually 18 23%
Agile/Scrum 29 37% Seldom 1 1%
V-Modell 20 25% Never 0
In House 10 13% V-Modell 20 25%
Waterfall 2 3% F':;I(;Agi g 6%
None used 18  23% Usually 8 10%
totals 79 100% Seldom 5 6%
Never 2 3%
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5.1.2 Precondition: Validity of Project Attribute Groups

The literature review revealed two models for creating independent variables by gathering the CSF’s to
attribute groups as described in 3.1.2 Project Attribute Groups and Project Success. This section examines the
validity of the project attribute models proposed.

Two models of project attribute groups were calculated. The grouping as proposed by Nasir and Sahibuddin
as described in 4.1 Content, CSF List and Grouping, as well as the grouping to project attribute groups as
proposed Fortune and Whites work (Fortune, White 2006). Both these models recognized the need for
independent variables to as determinants of variance in project success. There are therefore two approaches
to project attribute groups calculated in this section a three group split as described in (Nasir, Sahibuddin
2011) as well as a 8 group split as described in (Fortune, White 2006).

The first step is to get a feel for how valid the grouping is by verifying the internal consistency and reliability
of the groups.

"When using Likert-type scales it is imperative to calculate and report Cronbach’s alpha coefficient
for internal consistency reliability for any scales or subscales one may be using. The analysis of the
data then must use these summated scales or subscales and not individual items. If one does
otherwise, the reliability of the items is at best probably low and at worst unknown. Cronbach’s
alpha does not provide reliability estimates for single items." (Gliem, Gliem, p. 89)

Thus Cronbach’s alpha can provides information about the groups that consist of multiple factors; however
the single factor process group’s reliability cannot be established. Also of interest is r. R is the “Corrected
Item-Total Correlation—this is the correlation of the item designated with the summated score for all other
items, these values should be at least .40." (Gliem, Gliem, p. 86).

5121 Project Attribute Groups Fortune and White’s FME Model

Section Project Attribute Groups and Project Success3.1.2 explained the need for project attribute groups.
Fortune and White’s (F&W) approach to defining project attribute groups involved mapping them to
categories described in FSM. Table 3-2 shows Fortune and Whites the mapping of the questionnaire factors
to the attribute groups.

As a first step in analysing project success as being determined by project attribute groups Cronbach’s alpha
as well as descriptive values were calculated .

The values used for describing the internal consistency using Cronbach’s alpha are: “ > .9 — Excellent, _ >
.8 — Good, > .7 — Acceptable, _ > .6 — Questionable, _ > .5 — Poor, and_ < .5 — Unacceptable”." (George,
Mallery 2010, p. 231)

Table 5-5 shows the calculations performed to determine reliability for the Fortune and Whites project
attribute groups. The calculations showed that the internal consistency of the Fortune and Whites Project
Attributes Group’s was not sufficiently established, thus this model will not be used for further statistical
analysis. From a theoretical viewpoint this model was plausible; it holds far more detail and insight about
processes; however as it cannot be proven internally consistent the groups cannot be used for calculating
determinants of project success.

A problem that could be affecting the reliability of the grouping is the relatively small number of CSFs in
some attribute groups. The smaller the number of members causes more variance, a larger number of factors
have a greater probability of being reliable.
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Table 5-5 Cronbach's alpha: Fortune and White’s FSM model

Group CSFs | N Alpha | Comment

At a value of 0.70 (rounded to 2 decimal
places) the reliability is Acceptable. All items
are worthy of retention, reoving any single
CSF would decrease the alpha. All items

6,9 |3 correlated with the total scale to a good degree
Communication 24 0.70 (lowest r=.45)
Continuity 20 1 not calculated
3, 8, The value of 0.85 is good reliability. Removing
11, any single CSF decreases the reliability except
14, for 22- Support from top management which
15, left the alpha value virtually unchanged
16, (+0.001). This was also seen in the correct
18, item to scale correlation which was lowest for
19, 9 #22 (r=.40) the other values ranged from
Decision Makers | 22 0.85 .518<r<.693.
Environment 2 1 not calculated

The value of 0.537 is poor, but not yet
unacceptable. Number 5 - clear requirements
are holding together this group. If this item is
left out then alpha falls to .175, The item to
total scale correlation for #4 is .26, #13
slightly better at .30 but still not sufficient to
4,5 |3 pass Gliem's (Gliem, Gliem) recommendation of
Goals 13 0.54 | > .40.

At two digits significance alpha is 0.60 a
‘questionable’ reliability. The correlation to the
total scale is r=.43. As only two values are

10, present, none can be removed to calculate the
Performance 25 2 0.60 |impact on alpha.

1, 12, A 'Questionable’ result at two digits

17, significance. The item to scale correlation is

21, particularly bad for 23 - Supporting tools
Resources 23 5 0.60 | where r=.269.
Transformation 7 1 Alpha is not applicable to single items.

5.1.2.2 Project Attribute Groups - Nasir and Sahibuddin Model

Using the grouping shown in Table 3-3 Critical Success Factors based on categories, the reliability of two
process attribute groups (‘people’ and ‘process’) is acceptable. No statement can be made about the
‘Technical’ attribute group. The low number of items in the groups is reducing the reliability. Removing a
factor T2 (Supporting tools — Project management and ALM tools) from the group improves o to 0.637. Thus
all groups were internally consistent.

The internal consistency (reliability) of the Nasir and Sahibuddin Project Attributes Group’s was established.

Using Cohen's (Cohen 1988) guidelines for the strength of Pearson correlation coefficient it can be stated that
there was a strong positive correlation between the process attributes and the people attributes, r=0.798, as
well as between the process attributes and the technology attributes, r=0.559. Pearson's correlation between
people attributes and technology attributes showed only a more moderate correlation with r=0.438.

It can be stated that while the attribute groups process and people can be expected to increase in parallel with
each other, the technology group will not be as direct in its behaviour.
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Table 5-6 N&S - Cronbach's alpha

Project Attribute
Group CSF's N o Comment
6,11,15,16,21
People Related ,22,26 7 0.707 | acceptable
1,2,3,4,5,8,9,
10,13,14,17,1
Process Related 8,19,20,24,25 | 16 | 0.9 Excellent
0.5 is poor. It
improves to
questionable if
T2 is
removed.T2 is
weak, improve
to .63 if
Technical Issues | 7,12,23 3 0.457 | eliminated

Table 5-7 N&S Project Attribute Group — Current Project

Attribute Standard
Group N | Minimum | Maximum Mean Deviation
People 66 2.29 4,71 34 .57
Process 67 1.75 4.46 3.1 .65
Technology | 67 2.00 5.00 3.7 .64
Total 66

possible

5.2 CSF Ranking - Current Project, (RQ1)

The second page of the questionnaire was devoted to the critical success factors and project success. The list
of CSF factors was discussed in 4.1.1 CSF List for the Research and Development Division. The respondent
evaluated on a scale of insufficient to very good the state of the factor in their current project. In parallel the
respondent is asked to evaluate how important the factor is to a hypothetical ideal project. The data here will
answer:

RQ1. Given alist of CSF’s relevant to IT development projects in general:
a. How do the respondents rank the factors success in their current project?
b.  What importance would they give the factors in an ideal project?

c. Is there any difference in the ranking of CSF’s due to education, experience or the role the
person has in the application development process?

Of interest are those factors are at the very top or very bottom of the ranking, those factors that are rated
highly or lowly as contributing to project success. Furthermore those factors where the difference or distance
between the current state and the ideal state is greatest.
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The CSF’s are graded using a Licker Scale, this means that the absolute values of the numbers found have no
intrinsic value, however the relations between the values are valid, and thus sorting and comparing the values
obtained is valid. A ranking based on the obtained values can be performed; however the numbers have no
intrinsic value outside of the framework of this survey.

Figure 5-1 CSF Ranking in Current Project
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The critical success factor ranking in the current project is shown graphically in Figure 5-1, the complete data
is shown in Table 5-8.

The average ranking given to the CSF’s in the current project was 3.2 with a standard deviation of 0.4. The
six following factors are more than one standard deviation greater than the average rank of 3.2:

Committed and motivated project team M=3.9

Experience with the programming languages, technology and hardware M=3.9
Domain knowledge M=3.8

Skilled and sufficient staff M=3.8

Trustful and cooperative working environment exists. M=3.8

e Good leadership at team level M=3.6

At the other end - following factors were rated on average more than one standard deviation less the group
average. These CSF’s are not contributing to project success in the current project:

e  Frozen requirements M=2.6
e Realistic schedule M=2.5
e User or client involvement M=2.5

The data shows that the management skills, planning, requirements, and schedule are seen as being below
average in their contribution to the current project. It would not be correct to infer that these areas
automatically need attention. It is equally possible that these factors are not relevant in the project
environment. For instance, the contact to the client is not relevant in this environment because there is no
client interface in the application being written.

The data also indicates that the respondents are quite happy about themselves. They rate their motivation,
experience, domain knowledge and working environment as most successful in the current project. Team
leadership and trust is also within the top five. The most plausible conclusion is that the Target Company is a
good place to work.
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Questionnaire: Page 2/ Q1: How would you rate the given critical success factor in your current project?
Page 2/Q2: Q2: How important would it be in and ideal project.?

Table 5-8: Critical Success Factor - Results

Item | Critical Success Factors - Ranked by Current Value Current | Ideally | Diff
6 Committed and motivated project team 3.9 4.5 0.6
12 E:r%ivri;rréce with the programming languages, technology and 39 39 0.0
7 Domain knowledge( for example of road traffic control) 3.8 35 0.3
21 Skilled and sufficient staff 3.8 4.2 0.4
24 Trustful and cooperative working environment exists. 3.8 4.2 0.5
15 Good Leadership at team level 3.6 3.9 0.2
17 Low staff turnover, stable teams are built 35 3.7 0.2
1 Adequate resources, rooms, hardware, test labs 34 4.2 0.7
4 Clear known objectives and goals 3.4 4.3 0.8
3 Clear assignment of roles and responsibilities 3.3 4.1 0.8
23 Supporting tools — Project management and ALM 3.3 3.6 0.3
16 Good Leadership at project level 3.3 4.0 0.8
14 Good quality management 3.2 3.9 0.7
9 Effective communication and feedback 3.2 4.1 0.9
11 Effective management skills at team or project level 3.1 3.7 0.6
8 Change and configuration management 3.1 3.7 0.6
22 Support from top management 3.0 3.6 0.6
25 Up-to-date progress reporting 3.0 35 0.5
5 Clear requirements or specifications 2.8 4.3 1.4
18 Proper planning 2.8 4.0 1.2
10 Effective monitoring and control 2.8 3.3 0.6
19 Realistic schedule 2.7 4.1 1.4
2 in)hrgggilitgeies formalized  development  processes  and 27 34 08
20 Risk management 2.6 3.6 1.0
13 Frozen requirements 2.5 34 0.9
26 User or client is involved while developing 2.5 3.4 0.9
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5.3 CSF Ranking - Ideal Project (RQ1b)

The second half of question 1 requested the respondent to rank: “Which factors, in an ideal project, are
contributors to success”.

For 26 CSF’s the respondents graded on a scale of 1 to 5, how important a factor is to the success of an ideal
project at the Target Company. The results are shown in Figure 5-5 CSF Ranking in Ideal Project. The raw
data is found in the appendix (Ideal Project).

The average ranking given to the CSF’s in the ideal project was M=3.8 with a standard deviation SD=0.3. In
comparison with the current project’s values (M=3.6, SD=0.4) ideal factors have a higher average and less
variance. “Good leadership at team level” M=3.8 lies exactly on the average rating for an ideal project.

The following factors have factor values M>=4.1, which is more than one standard deviation greater than the
M=3.8 + SD=0.3over all factors in the ideal group. The factor “Committed and motivated project teams”
predominates at is more than 2 standard deviations from the average value of 3.8

Effective communication and feedback M=4.1

Clear assignment of roles and responsibilities M=4.1
Realistic schedule M=4.1

Skilled and sufficient staff M=4.2

Adequate resources, rooms, hardware, test labs M=4.2
Committed and motivated project team

Clear requirements or specifications

Clear known objectives and goals

©oNoarwWNE

Trustful and cooperative working environment exists M=4.2
Clear known objectives and goals M=4.3

. Clear requirements or specifications M=4.3

. Committed and motivated project teams M=4.5

The following factors have factor values M<=3.5, which is more than one standard deviation less than the

M=3.8 - SD=0.3over all factors in the ideal group. These are seen as least important for the success of an
Figure 5-2 CSF in Ideal Project
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ideal project.

Effective monitoring and control M=3.3

User or client is involved while developing M=3.4

Frozen requirements M=3.4

Appropriate formalized development processes and methodologies( think of process model) M=3.4
Up-to-date progress reporting M=3.5

Domain knowledge( for example of road traffic control) M=3.5

o wphE

5.4 CSF Ranking - Distance from Ideal

The distance from the ideal describes how far the current CSF value differs from the value the CSF would
have in an ideal world. This distance is simply obtained by subtracting the current ranking of the CSF from

the corresponding ideal value.
Distance= (Ideal Project Value) - (CurrentProject value)

In Figure 5-6 Distance Current to Ideal is a plot of the resulting values.

From the data gathered the average, average distance M=0.7, SD=0.3 Following values exceed the mean

distance (M=0.7, SD0.3) by more than one standard deviation.

Risk Management M=1.0

Proper planning M=1.2

Clear requirements/ specifications M=1.4
Realistic Schedule M=1.4

The

factors “clear requirements/specifications” M=1.4, and ‘realistic schedule” M=1.4 are both more than

two standard deviations distant from the average difference between current and ideal projects.

On a more optimistic note: The respondents feel that the current IT-relevant experience is ideal, their team
leads are good and their job is safe. Following factors were also more than one SD from the mean in a

positive sense —

Figure 5-3 Distance Current to Ideal
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1. Domain knowledge( for example of road traffic control) 0.3
2. Supporting tools — Project management and ALM tools 0.3
e Low staff turnover, stable teams are built M=0.2
e Good Leadership at team level M=0.2
e  Experience with the programming languages, technology and hardware M=0.0

5.5 CSF Ranking - Top Issues Vote

Page 2 Question 2 requested the respondent to. “Mark the 2-5 factors you feel are the most important.”

The mean and standard deviation is not relevant for this question. There should be a top end with a very large
number of votes giving a clear indication of what the top issues are. The data shows a clear statement of the
top three factors. The top factors have in excess of 20 votes and there is a very clear gap between these
factors the next highest on the list. Figure 5-4 Top Factors indicates visual consistency between the ideal and
current project factors. The top ranked ideal factor is rated 1 and therefore is a low value in the graph.

The top factors in the list are:
1. Clear known objectives and goals votes=25, 48%

2. Committed and motivated project team votes=23, 44%
3. Clear requirements or specifications votes=22, 42%

Figure 5-4 Top Factors

30

25
20
15
10

—p—\/otes Importance Rank == Ideal Project Rank ««-+--- Average Votes

Though the top factors have a clear lead, not one factor had an absolute majority amongst all respondents,
N=52, the top factor had 48%.

The data indicates support for the statement: "There does not appear to be a consensus of opinion among
researchers and authors on the criteria for judging project success and the factors that influence that success."
(Wateridge 1995, p. 171) All factors got at least one vote for being within the top five; however the following
were clearly not universally supported:

Risk management votes=1

Up-to-date progress reporting votes=1

Effective management skills at team or project level votes=2
Effective monitoring and control votes=2

Frozen requirements votes=2

Change and configuration management votes=3

ouprwNE
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7. Domain knowledge( for example of road traffic control) votes=3

8. Supporting tools — Project management and ALM tools votes=3

9. Appropriate formalized development processes and methodologies votes=4
10. User or client is involved while developing votes=4

Amongst these issues are a large number of process related activities that generate extra administrative
overhead.

5.6 Impact of Context-(RQL1.c)

Research question 1.c is “Is there any difference in the ranking of CSF’s due to education, experience or the
role the person has in the application development process?

The short answer to the question above is: None that are statistically relevant. The rest of this section
explains how that statement was reached. It describes the analysis of the influence of the context variables,
education, role in the organisation, and process model on Nasir and Sahibuddin’s 3 Project Area Groups:
Personal, Process, and Technology.

Education

The respondent’s education and role in the application development process were investigated for a
relationship with project success.

A one-way ANOVA was run to determine the effect of education on the process, people and technology
attribute groups, in other words whether education would make a difference to the aggregate critical success
factors. The apprenticeship education was ignored in this calculation as the group had two few members
(N=3), thus HTL and University remained. Box’s test of equality a homogeneity of variance-covariance
matrices (p =.638) passed. The HTL graduates estimated all critical success factors more positively than the
university graduates as is seen in Table 5-9. There were no significant differences between the answers on
project attribute groups. F(2,60)=1.053 p=0.35>.05; Wilks' A = .966; partial n> = .034).

Table 5-10 Role and Project Attribute

Table 5-9 Education and Project Attribute Groups
Groups
project attribute Role M SD | N
Education of 1.00 -
Respondent M SD N Dev 3.22 | 0.68 | 40
1 HTL | 3.05 [081]15 2,00 - 2.95 | 047 | 11
process Test
process 3 UNI | 3.09 | 0.62] 48 5,00 -
Lead 2811072 ] 10
Total 3.08 | 0.66 | 63
1 HTL 1349 loe3l s Total 3.11] 0.66 | 61
- - 1,00 -
people 3 UNI |3.43 | 055] 48 Dev 3.5110.59 f 40
Total |3.44 |056|63 2,00 - 344 | 031 | 11
people Test
1 HTL | 3.82 | 0.69] 15 500 -
’d 3.16 1 0.65] 10
technology | 3 UNI | 3.63 | 0.64 | 48 Lea
Total | 3.67 | 0.65] 63 Total 34405761
1,00 - 3.72 | 0.67 | 40
Dev
%02' 3791069 | 11
technology 5%50
L,ead 3.53]1059] 10
Total 3.7]1065] 61
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Variance in Project Attribute groups due to Role

The calculation described in the previous page was repeated to determine the influence of role on the project
attribute groups that are the aggregated CSF’s. One again, Box’s test of equality a homogeneity of variance-
covariance matrices (p =.806) passed.

The developers score consistently higher in the project attributes than the leads. The mean value for the leads
was less than either testers or developers on all project attribute groups. None the less there was no
significant difference in the responses based on the respondent’s role in the organization. F(4, 114)=1.260
p=0.290>.05; Wilks' A =.917; partial n? = .042).

Variance in Project Attribute groups due to Process followed

The calculation performed for education was repeated using the process models as determining factors. Once
again there was no statistically significant result. The process followed does not affect the respondent’s views
on the critical success factors, though of better significance than role or education.

F(8,116)=1.703 p=0.105>.05; Wilks' A =.901; partial ° = .105).

The pattern to the responses is hard to discern from Table 5-11. Figure 5-1 plots the attribute group means by
process followed. From the diagram it appears that people answering ‘in house’ and ‘none’ to the process
model followed are less happy with the state of the project on all measures. The V-Modell XT followers are
happiest about technology, and Agile/Scrum followers are generally optimistic. Unfortunately none of these
potential differences are statistically significant.

Table 5-11 Process and Project Attribute Groups

Descriptive Statistics

Attribute
Group Process M SD | N
process 1 AGILE 3171041 | 5
2 IN 2.63 | 0.69 | 10
HOUSE
3 NONE 2.76 | 0.64 | 16
4 340|052 | 22
SCRUM
5 V- 323|068 | 11
MODELL Figure 5- 1-Process, 2-People, 3-Technology
Total 3.07 | 0.66 | 64
people 1 AGILE 350 034| 5
2 IN 3.23 051 | 10
HOUSE
3 NONE 3.13 | 0.63| 16
4 3711046 | 22| 400
SCRUM
5 V- 3.36 | 0.61| 11
MODELL 3.75
Total 341 | 057 | 64
technology 1 AGILE 367|041 5| ..
2 IN 337071 10
HOUSE
3 NONE 350(072| 16| 3
4 3.77 | 0.53 | 22
SCRUM 60
5 V- 397|064 | 11
MODELL
Total 367|064 64] 7

-
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5.7 Project Success

The last question in the survey asked the respondent to judge the success of the current project on a scale of
0-100. The results are shown in Figure 5-5 .

Of the 79 returned questionnaires 56 answered this question (N=56, M=70, SD=17). The diagram shows that
the distribution is not normal; however the median value is also 70. There is a very clear clustering between
70 and 100 with a second smaller group between 30 and 50.

A second view of project success is shown in “Table 5-12 Project Success by Role”. The respondent’s
view of project success is broken down by the role that the respondent has in the application lifecycle. The
group leads are happiest about the project at 74; the Quality Assurance people are least convinced at 66.

Comparing these numbers to “Table 1-1 Chaos or Ambler Project Success and Failure” indicates that
either the project is doing far better than the average IT-project, or that the respondents definition of project
success is not the same as what Standish or Ambler were using.

Figure 5-5 Current Project Success

100
% Project Success
30
70
60
50
40
30

Table 5-12 Project Success by Role

Average Estimated
Role N Success Value
Lead 9 74
Developer 38 71
Quality Assurance 5 66
Grand Total 54 71

5.7.1 Determinants of Project Success - (RQ3)

This section answers investigates RQ3: What are the determining factors of project success?

The calculations were performed using SPSS release 17. The assumptions for performing regression analysis
were met, these are that:
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the sample size is large enough (N approx. 50)

Section 5.1.2 Precondition: Validity of Project Attribute Groups
Data was inspected for outlying results

Pearson’s correlation was performed successfully (see

Table 5-13 Pearson’s Correlation between Attribute Groups

Correlation between Project Attribute
Groups
Tech-
Pearson’s | Process | People nology
Process 1 0.798 0.559
People 1 0.438

The calculation of the determinants of project success was performed the SPSS model summary can be seen
on the next page in Table 5-15.

Table 5-14: Calculating the Determinants of Project Success

Model Summary
Adjusted
R Std. Erro of
Model R R Square Square | the Estimate
1 ,496° .246 .233 26.020
a. Predictors : (Constant),
Process
ANOVA?®
Sum of Mean
Model Squares df Square F Sig.
1 Regression 13014.085 1 13014.085 | 19.222 ,000°
Residual 39944.767 59 677.030
Total 52958.852 60

a. Dependant Variable Variable: ProjSuccess
b. Predictors : (Constant), Process
The regression model is statistically significant, F(1,59)=19.222, p<.0005

| | |

Coefficients?

Unstandardized Standardized
Coefficients Coefficients
Std.
Modell B Error Beta T Sig.
1 (Constant) -10.468 16.403 -.638 .526
Process 22.849 5.212 .496 4.384 .000

a. Dependant Variable Variable: ProjSuccess

Using the mapping to project attribute groups as described in section 3.1.2.2 Nasir and Sahibuddin, linear
regression established that the ‘Process’ attribute group was a statistically significant determinant of project
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success F(1,59)=19.222, p<.0005. The “Process Attributes Group” accounted for 23% of the explained
variability in the “Project Success” value. The regression equation was:

projSuccess_percent = -10.468+(22.849xProcess)

The remaining two project attribute groups as well as the context variables were included in the regression
analysis but were not accepted as predictor variables.

Table 5-15 Determinants of Project Success

Process Project Attribute Group

P1 5 Clear requirements or specifications
P2 4 Clear known objectives and goals
P3 19 Realistic schedule
P4 9 Effective communication and feedback
P5 13 Frozen requirements
P6 18 Proper planning
Appropriate formalized development processes
P7 2 and methodologies( think of process model)
P8 17 Low staff turnover, stable teams are built
Trustful and cooperative working environment
P9 24 exists.
P10 1 Adequate resources, rooms, hardware, test labs
P11 20 Risk management
P12 8 Change and configuration management

P13 14 Good quality management

P14 3 Clear assignment of roles and responsibilities
P15 25 Up-to-date progress reporting
P16 10 Effective monitoring and control

The data indicate that around 1/4 of project success is related to the Process Attribute Group, the factors
listed in Table 5-15 above. The technological and people factors were not contributors to the variance in
project success.

5.8 Results Summary and Interpretation

The details of the responses have been presented in the previous pages. This section uses these details to
compare and contrast the answers given. The first half discusses the critical and the noncritical factors in IT
development projects. The critical factors are the few top factors that can make or break a project. The
noncritical issues are factors that are either performing well at present or are irrelevant to the work at hand, in
both cases, well off or irrelevant, they can be ignored in the current project. In a second step the relationship
between the CSFs for the current project and the objective of long term process improvement are discussed.
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5.8.1

Issues and Conclusions from Ranking (RQ1b, RQ2)

This section answers RQ2: From the perspective of the research and development division, what are the

critical success factors?

The ranking of critical success factors was the focus of sections 5.2, 5.3, 5.4, and 5.5. The respondents were
asked to weight factors in the current project, give the factors a theoretical weight in an ideal project, and
then vote for the top CSF factors. The results of the 3 approaches for finding the top critical success factors
are shown in Table 5-16. The rankings found not only the critical factor but also those factors that can be

safely ignored: these are listed

in the bottom half of the table.

Table 5-16 CSF Issues and Nonissues

Top Factor Voting

| Distance from Ideal

| Current Project Rating

*xxFxxkxx Critical Factors - Manager should watch these **x**x**xxx%

Factors voted as being the

Factors where the ideal weight and
the current project weight are far

Factors that people ranked
negatively in the current project.

top CSFs apart.

Clear requirements or Clear requirements or specifications
specifications Risk management

Committed and motivated Proper planning

project team

Proper planning

Clear known objectives and
goals

Realistic schedule

Effective monitoring and control

Clear requirements or specifications

Realistic schedule

Appropriate formalized development
processes and methodologies

Risk management

Frozen requirements

User or client is involved while

developing

Fxxkxkxxx Noncritical Factors

- Safe|y Ignore These ****x**

Factors that were
eliminated as top CSF

Factors where the ideal weighting
and the current project weighting
match

Factors that people ranked
positively in the current project.

Risk management

Experience with the programming
languages, technology and hardware

Committed and motivated project
team

Up-to-date progress
reporting

Good Leadership at team level

Experience with the programming
languages, technology and hardware

Effective management skills
at team or project level

Low staff turnover, stable teams are
built

Domain knowledge( for example of
road traffic control)

Effective monitoring and
control

Domain knowledge( for example of
road traffic control)

Skilled and sufficient staff

Frozen requirements

Supporting tools — Project
management and ALM tools

Trustful and cooperative working
environment exists.

Good Leadership at team level
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For projects in general: When asked to vote for the top factors the respondents answers were completely
clear: The most critical factors are:

o  Clear requirements or specifications
o Committed and motivated project team
o Clear known objectives and goals

For the current project: The ranking of CSFs in the current project was not as clear as for projects in
general. Those factors having a large difference from the ideal are shown in Table 5-17. The table is of those
CSF (> 0.2 points) from the ideal, sorted by the current ideal value. If the top five are taken from this list the
factors for the current project are:

Effective communication and feedback

O
o Clear requirements or specifications
o Proper planning
o Realistic schedule
o Risk management
Table 5-17 Proposed CSF List
@) = o
& s
s |23
=4 < @
>
8
9 | Effective communication and feedback 3.16 | 4.09 | 0.93
5 | Clear requirements or specifications 2.84 | 4.27 | 1.43
18 | Proper planning 2.80 | 3.96 | 1.16
19 | Realistic schedule 2751412 | 1.37
20 | Risk management 2.58 | 3.56 | 0.98
13 | Frozen requirements 2,511 3.42]0.92
2 User or client is involved while developing | 2.46 | 3.39 | 0.93

Having a committed and motivated team is a CSF in a general project, but is not an issue in this
environment.

On a more positive note the bottom half of Table 5-16 contains factors that are noncritical to the current
project. Here the third column, the current project noncritical factors is a list of things that work particularly
well in this project. The respondents were satisfied with issues closely related to the immediate environment
of IT — development. The IT-skills, domain knowledge and team atmosphere are rated highly. Classic
management factors, requirements, specifications, planning, monitoring and scheduling were seen as greatest
areas of deficit.
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5.8.2 Relating Development Process to CSF (RQ4)

RQ4: Is the ranking of the critical success factors related to the application development process being
followed? Can the results be related to any particular application development process?

The responses to context questions ‘e’ and ‘f” relating to the development process section 5.1.1.3 showed that
the development process awareness is very weak in the group (see Table 5-18). Thus first half of RQ4 can be
negated: The CSF rankings are cannot be statistically attributed to any particular development process.

Table 5-18 Development Process Used

Never  Seldom Usually  Frequent  Always sum
Agile/Scrum 1 18 8 2 29 | 3%
V-Modell 2 5 8 5 20 | 25%
In House 4 5 1 10 | 13%
Waterfall 2 2 3%
No Process 18 18 | 23%
79 100%

Table 5-19 Current Project CSF and Process Models

Target
Company
CSF
Ranking
(see: Table
CSF's and Process Objectives 510)

o) T < [@) [72) > [@) wn

S & £z 2 =T & = 5

2, 3 o < m @® S &

o = o = 09) 1Y n

S @ @) = ‘E”h

** ; ~ =3

_|

6 = Committed and motivated project team X 1

15 | Good Leadership at team level 6

21  Skilled and sufficient staff 4
5 . Clear requirements or specifications X X X 2
9 Effective communication and feedback X 1
18 | Proper planning X X X 3
19 Realistic schedule X X X X 4
20 « Risk management X X X 5

24 Trustful and cooperative working environment X 5

7 Domain knowledge X 3

Experience with the programming languages,
12 technology and hardware X 2
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The second half of RQ4 is whether the answers can be related to a particular process model (see Table 5-19).
This table shows top critical factors and successful factors for the Target Company in columns 7 and 8.
Column 2-6 shows the presence of the CSF in the objectives of the process models.

The second half of RQ4 is: Can the results be related to any particular application development process? The
successful factors are covered mainly by the Agile objectives. In contrast, the project is weak in areas that
are covered by V-Modell and CMMI. These factors are mostly project management topics, not specific to
IT.

There are two CSFs of interest not covered by any application development process model. ‘Good
leadership’ and ‘Skilled and sufficient staff” are factors not covered by any of development process models
researched. “Effective communication and Feedback™, it is an objective in Agile, but not mentioned in the IT
development process models, the respondents ranked this factor as the top critical issue. The data indicates
that a combination of Agile and either CMMI or V-Modell XT would best serve the Target Company. The
users of development models should be aware that there are critical issues in IT project management that are
not covered by IT development process models. The best implemented IT process will not cover all factors
necessary for project success.

In both the literature as well as all rankings of factors, requirements and planning always remain top issues.
These topics are found as objectives in all process development models except Agile. Four of the top five
factors ranked as being critical in the current project are found as objectives in the IT process models V-
Modell XT or CMMI. The noncritical factors in the current project are objectives focused on by Agile
development methods. A combination of both a development process as well as method would cover the
most CSFs. The integration of the models is seen as cultural mismatch, but none the less a possible and
desirable process goal. (Hillel Glazer 2008; Kiesling 2011)
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6. Conclusion

6.1 Summary

This thesis sought to find the critical success factors for a running IT development project and investigated
how the short term focus on critical factors matched the long term goals and objectives of IT development
process models. The need to improve project success is clear given the poor performance of IT projects in
general.(Standish Group International 2010; Ambler 2010) A light weight method for finding critical success
factors is needed because time is essential. The amount of time needed for IT process improvement is greater
than the time available to a single IT project. Critical success factors must be found and acted upon with in
the time available to an I1T-project. Critical success factors enable the manager to assign priorities to short
term improvements which benefit the current project. The short to mid-term improvements must be aligned
with the long term goals of process improvement, as an IT development process model is needed to continue
successful practises in the long term.

6.1.1 Critical Success Factors

Literature

The literature on critical success factors in IT development projects lead to a list of 26 potential critical
success factors as shown in Table 3-1. Only five of the 26 factors were mentioned in more than half of the
sources reviewed. These five are:

Clear requirements and specifications:60%
Clear objectives and goals: 56%
Realistic schedule: 54%
Effective project management skills/ methodologies (project manager): 53%
5. Support from top management: 52%
Thus the literature does not give a golden list of 5 CSFs that are appropriate for all 1T-projects at all times.

Though the top five are critical issues for projects in general, the currently critical issues of a running project
could differ.

pODNDE

Results

The selection of top issues is usually left to the top manager. In 1979 John F. Rockart wrote an article titled
“Chief Executives Define Their Own Data Needs”. The method developed and demonstrated in this thesis
uses the project team’s knowledge of the current project. This assumes that the group knowledge is more
reliable than individual opinion. (Surowiecki 2004). To tap the knowledge of the project team a questionnaire
was developed based on the literature review. The questionnaire design, content and construct validity as
well as the necessary sample population size is discussed in “4: Methodology: CSF Questionnaire Design and
Justification”. Whereas each individual answer to a question on project success is not valuable, the answers
form multiple respondents are. The sum of multiple answers gathers the knowledge of the team; the value of
the whole is far greater than the sum of the parts.

To demonstrate the questionnaire, the Target Company agreed to a case study comprising of the complete
research and development department (approximately 140 people). The target group for the case study
covered all roles present in the development phase of the product lifecycle (managers, developers and quality
assurance). To create a wider view of the success factors the respondents were asked about 26 factors, first
in the context of the current project, then in a hypothetical ideal project, and thirdly to vote for 3-5 top factors
for IT development projects. A summary of the results is shown in “Table 6-1 Conclusions”.

The right side of Table 6-1 shows the factors that are more than one standard deviation from the mean for an
idealized project as well as the current project. The 3™ column of the table shows the top ranked factors in
the literature.

Key to Success: Having “Clear requirements and specifications” and a “Realistic schedule” are found in
every ranking, in the literature, an ideal project or in the current project, these two issues are the basis of
project success. The key to success is knowing what to do and having the time to do it properly. "This was
cute, ... so many projects don’t really do any estimating at all. Rather, they propose a goal and then get
someone to espouse it as an estimate." (DeMarco 2012, pp. 8-9)
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Table 6-1 Conclusions

CSF's and Process Objectives
LITERATURE RESULTS
Process Attributes Top Factors:
<ol >»0>3 @) @)
# | Factor g (=5 © % g |28 |23
g S Py < <
6 | Committed and motivated project team X 2
11 | Effective management skills at team or project level 4 X | x
15 | Good Leadership at team level §
16 | Good Leadership at project level =]
21 | Skilled and sufficient staff ®
22 | Support from top management 5 X | X
26 | User or client is involved while developing
1 | Adequate resources, rooms, hardware, test labs X | X
2 Appropriate_ formalized development processes and x |x |x
methodologies
3 | Clear assignment of roles and responsibilities X | x | x
4 | Clear known objectives and goals 2 | x | x X 1
5 | Clear requirements or specifications 1 |x |x |x 3 2
8 | Change and configuration management X | X
9 | Effective communication and feedback X 9 1
10 | Effective monitoring and control §
13 | Frozen requirements X X 7
14 | Good quality management X
17 | Low staff turnover, stable teams are built X
18 | Proper planning X [ x | X 5 3
19 | Realistic schedule 3 X [ x [ x |Xx 4 4
20 | Risk management X [ x | X 5
24 | Trustful and cooperative working environment X
25 | Up-to-date progress reporting X [ x | X
7 | Domain knowledge X (—D|
12 Experience with the programming languages, X %
technology and hardware =3
Supporting tools — Project management and SW 8
23 development tools <
Legend:

The conclusions table summarizes the results of this thesis. The columns have following meanings
- 'factors": are those CSF’s derived from the literature; they are listed with the short text description.
- ‘the next 4 columns’: show which software development model includes the factor as an objective or goal
- ‘Attribute’: comes from (Nasir, Sahibuddin 2011) work on project attribute groups
- ‘CSF in General’: lists five attributes of general importance to an IT development project
- ‘CSF for Target’: lists those factors that are current critical in the target environment
- “‘Success Factors’: are those factors making the project successful in the target environment
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Differences: The ideal project differed significantly from the literature. Whereas the literature focused on
project management skills, the development team rated a “Committed and motivated team” as critical to
project success. In the reviewed literature having a committed team was ranked 22", (Nasir, Sahibuddin
2011) However from the answers it is seen that respondents are happy about their own contribution to project
success.

Positive factors: The ranking also showed the most successful factors in the current project, see Table 6-2.
The six factors farthest from average positively, are people related. This group ranks themselves as “Skilled”,
“Motivated”, and “Cooperative”. The majority of these success factors can be associated with Agile
objectives. The majority are factors from the ‘People’ process attribute group such as “a trustful working
environment”, and “committed, highly skilled, motivated teams”. The positive success factors indicate that
the team judge their skills and motivation more than adequate for the job at hand.

Table 6-2 Positive Success Factors

Success Factors

Committed and motivated project team

Experience with the programming
languages, technology and hardware

Domain knowledge( for example of
road traffic control)

Skilled and sufficient staff

Trustful and cooperative working
environment exists.

Good Leadership at team level

The data indicates that the problematic issues lie within the process attribute group,

Clear requirements or specifications

Proper planning

Effective monitoring and control

Realistic schedule

Appropriate formalized development processes and methodologies
Risk management

From the authors knowledge of the project, frozen requirements and User involvement could be eliminated
from the problems list. The end user is not a direct stakeholder in the development of intelligent traffic
solutions and having frozen requirements is a factor mentioned in the literature, they have never been part of
the reality of this (and other) development teams.

6.1.2  Project Success

Literature

Both Fortune and White (2006) as well as Nasir and Sahibuddin (2011) reviewed the literature on CSF and
created lists of the factors found. Ultimately the factors should be determinants of project success. In both
papers the individual CSFs were grouped together, into process attribute groups. Nasir and Sahibuddin
(2011) created 3 project attribute groups, People, Process and Technology, as shown in the 8" column of
Table 6-1. The model presented is simple, however it proved statistically reliable in determining project
success which a second method tested did not (see the section on “Precondition: Validity of Project Attribute
Groups”).
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Results

Project success is what interests everyone; it is the bottom line. A regression analysis was run linking the
process attribute groups to the reported project success value. It was shown that the ‘Process’ factors are the
determinants of project success. The “People” and “Technology” attribute groups were not statistically linked
to project success. This result — “Process” factors are determining project success is supported by the low
awareness of the IT development process models as discussed in the results section on “Development
Process” Of the people returning the questionnaires, 26% were not following a development process, a
further 13% seldom followed the stated IT development process. For process improvement to be sustainable,
IT development process awareness must solidify. .

6.1.3 IT Development Process Models and Critical Success Factors

A review of four IT development process models, CMMI, V-Modell XT, SWEBOK and Agile was
performed, looking for the critical success factors amongst their goals and objectives. A summary of these
finding is shown in columns 4 to 8 of Table 6-1 Conclusions. From the table it can be seen that a number of
critical success factors are not covered in all the IT development process models. Of the process
improvement objectives there are only two critical success factors are covered as an objective in all process
development models, “Clear requirements and specifications” and a “Realistic schedule”. The same two
issues that showed up as top factors in all rankings of CSFs. Knowing what to do and having enough time to
do it, is a rather obvious precondition to project success, but as banal and obvious as these factors sound, they
are repeatedly identified as being problematic, both in the project management literature and in the
development process model objectives. Requirements and scheduling are no less serious for being obvious
success factors.

The IT development process models do not address all issues targeted by the CSFs, each focus on specific
factors leaving others unmentioned. V-Modell XT completely concentrates on factors found in the process
attribute group. It deliberately leaves out People or Technology factors as being not on topic. Agile covers
more People and Technology issues, but leaves out the process factors. CMMI, similar to V-Modell, ignores
most people related factors.

6.2 Future Work

There are several areas that have not been covered by this thesis. Firstly, this method was demonstrated using
a development team, the applications lifecycle however starts with the inception phase and ends in an
operations phase. The critical success factors in other project phases would be different. Extending the model
to all phases of the application lifecycle would give an indication of if and how CSF importance changes over
the application lifecycle.

Secondly, the project attributes groups as described in this thesis (see section “3.1.2 Project Attribute Groups
and Project Success™) could be tuned to be better indicators of project success. An alternative mapping of
factors to project attribute groups based on a more descriptive model would deliver better determinants of
project success. At present the project attribute groups are valid and plausible but do not have the explanatory
power that the FSM has.

Thirdly, IT development process models should be expanded to address more of the objectives and issues
identified as success factors for IT projects. Soft skills such as communication and motivation cannot be
captured in a metric, but are no less important to the success of IT projects. The table suggests that a
combination of Agile and either CMMI or V-Modell XT would lead to the greatest coverage of success
factors. This is not unthinkable. There are voices that point out that Agile is primarily a development method,
whereas the two development models, CMMI and V-Modell XT, are process models thus Agile can be
combined with them (H6hn 2008; Hillel Glazer 2008). The obstacles to combining a development and a
process model are mainly ideological. The Agile followers see V-Modell and CMMI as bureaucratic
nightmares. V-Modell and CMMI followers, with stakeholders in the US and German military, believe that
Agile projects are totally out of control. There is a strong case for combining the two approaches if
ideological differences can be overcome.
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6.3 Final Words

The light weight approach to determining critical success factors is viable for determining issues in running
IT development projects. The method clearly identified the current projects critical factors. The literature
analysis showed the connection, and in places the lack of connection between success factors for IT project
success and the IT development process models (section 5.8.2). The answers also showed the teams
perception of project success and the factors driving project success are. The development team views their
project to be far more successful than average. There is no pessimism in their ratings of the project or their
abilities.

The method introduced in this thesis queried all the people involved in a project about the factors affecting
their work. There is no better source of knowledge about a project than the people that are working on it.
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A. List of Abbreviations

ALM application lifecycle management
Analysis of Variance- A statistical test for heterogeneity of

ANOVA . )
means by analysis of group variances.

CMM Capability Maturity Model

CMMI CMM integration

CSF critical success factor

FSM Formal Systems Model
iterative and incremental design

IIDD
and development

KTC Target Company
Multiple analyses of variance, a statistical test procedure for
comparing the means of several groups. It is used to test if
changes in the independent variables have significant effects

MANOVA on the dependant variable. SPSS provides individual p-values
for the dependant variables, indicating where differences are
significant and to what proportion they are influencing the
results dependant variable.
Multi-lane Free Flow — collection of highway tolls from

MEE vehicles without stopping traffic. These solutions work
without tolling plazas using on board units to transmit vehicle
information.
A principal component analysis is conducted to determine

PCA which project variables that vary together with each success
variable (Wohlin, Andrews 2001, p. 46)

PDSA/PDCA | Plan Do Study/Check Act

PMBOK Process Management Body of Knowledge

SDLC software development lifecycle process

SEI Software Engineering Institute

SPL Software Product Lifecycle

SWEBOK Software Engineering Body of Knowledge

SWECC Software Engineering Coordinating Committee

VAS Visual Analogue Scale




B. List of Terms

Application lifecycle
Application lifecycle
management

The application lifecycle includes all phases of solution
development the naming of the phases differ according to which
model is being used:

« analysis of user requirements,

+ solution design,

« implementation,

+ documenting and testing

* Operation and maintenance phase.

The terms are used loosely, each term including more or less
activities connected with the application.

Application lifecycle management is all activities needed to get
people together to accomplish the development of a specific
application

bureaucracy

A procedure in absence of context.

Capability Maturity Model

A CMM provides state-of-the-art practices to

- Determine the maturity of an organization's processes.

- Establish goals for process improvement.

- Set priorities for immediate process improvement actions.

- Plan for a culture of product or service excellence. (Schaeffer
1998)

cross sectional survey

A survey taken at one moment in time on as broad a base as
possible.

Document centric

Focusing on the document as the centre of all knowledge. V-
Modell XT and CMMI are document centric models.

Domain

"a sphere of knowledge, influence, or activity" (Domain -
Definition and More from the Free Merriam-Webster
Dictionary)

FSM

Formal System Model

Likert scale

"Likert scales are commonly used to measure attitude, providing
a range of responses to a given question or statement. Likert
scales fall within the ordinal level of measurement. The
response categories in Likert scales have a rank order, but the
intervals between values cannot be presumed equal." (Jamieson
2004)

Software development life-
cycle

The systems development lifecycle is one part of the application
lifecycle

Software development
process,

Very similar concepts for the structures imposed on developing
software or combined software project.

Visual Analogue Scale

The mapping of non-numerical values such as success or pain to
numerical values. It is used to quantify qualitative data.
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E. Questionnaire Text

Note: all information is on two pages, thus a single sheet was sufficient as hand-out. The literally light
weight, minimal visual content was geared at getting the maximum returns. Replies were obtained from 80
out of a population of 120-150 individuals.

Department of Computer Science.

Critical Success Factors in Application Lifecycle Management

| am writing my master’s thesis on critical success factors in application lifecycle management. The
management permitted me to distribute this questionnaire. The purpose of this questionnaire is to gather
the experience of software professionals at The Target Company about what factors their projects need to
succeed (critical success factors). The goal is to test if the theory of success factors fits the reality as seen at
KTC.

The information you give will be treated confidentially. Only the cumulative results will be published as part
of my master thesis. Individual questionnaires are anonymous; they are not connected to a person. If you
have further questions or would like a copy of the final results feel free to contact me either at work — my
name is in the company directory or via my University of Vienna email address below.

Thanks for your assistance
Margaret Gruen-Kerr,

Note: At times the questionnaire refers to a “current project”. Please answer referring to the current project
you are working on. If the current project is not typical or you have worked on it less than 3 months then
choose a project you have worked on for more than 4 months in the past five years.

Context Information:

a) Which role(s) do you perform?

Developer Systems Engineer Group/Team Lead

Quality Assurance Manager

System  Acceptance
Testing

Operations Support Other:

b) Educational Background:
c) How long have you worked in systems development? (years)
d) How long have you been with the Target Company? (years)

e) Which process model is used in your current | f) If a process model is used is it:
project:

o Always followed
V-Modell XT o Frequently followed
Agile o Usually followed
Scrum o Seldom followed
Waterfall o Never followed
Test driven

In house defined process
None Used/don’t know
Other :

O O O O O O O O
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Critical Factors

1) Below is a list of factors affecting project success. The scale on left measures how it is in your current
project, on the right how important this factor is to product success. For instance adequate resources could
have a current value of 1 (all that you could wish for) but an ideal value of 3 (not that important to project
success). The scale is the Austrian school grades so 5 is poor - 1 is excellent. Skill staff might currently be 3
— the people are still learning but the importance is a 1, very important to project success. NA is for not

applicable if the factor does not apply to your work.

Current Project: factor is

Factor: importance is

Poor Excellent Not at all \Very
Success Factor
na{5:4:i{3}i2i{ 1} Adequateresources, rooms, hardware, testlabs... na {5:4:3i{2 1
5 4)32 L LA i I w532
nai{5:4:3:!2i 1! Clearassignment of roles and responsibilities na i5i4i3i2 1
na{5i;4:3i2i{ 1} Clearknown objectives and goals na i5i4i3i2 1
na:5:4:3:i2i 1: Clearrequirements or specifications na i{5i4i3i2 1
na{5/44{3}2}{ 1| Committedand motivated project team na i{5i4i3i2 1
malslalslial 1 ([:Z)?]Tr?)llr; knowledge( for example of road traffic mal!5.4:3 2 1
na{5;4:3i2{ 1} Changeand configuration management na i{5i4i3i2 1
nai5i4:3:12: 1 Effective communication and feedback na i{5i4i3i2 1
na{5/4{3}2}{ 1] Effective monitoringand control na i{5i4i3i2 1
nalslalaizl 1 :Eet/fslctlve management skills at team or project nals 413 2 1
neis 41312 1) R e @ 5432 1
na{54{3}2i{ 1| Frozenrequirements na i5:{4:3:2 1
na{5:4i{3i2{ 1} Goodquality management na {5432 1
na{5!4i{3!2{ 1! GoodLeadership atteam level na i5:4{3:{2 1
na{5i4:i3i2{ 1} GoodLeadership atproject level nni5i4:3:i2 1
naib5i4:3:2: 11 Low staffturnover, stable teams are built nai5:4:{3:{2 1
nai5:4:i3:2{ 1 Properplanning na i5i4i3:i2 1
na{5(4|3|2| 1| Realisticschedule nai5:4:3:2 1
nai5:4i3:2} 1 Riskmanagement nai5:4:3:i2 1
nai5i4:3:2: 1 Skilledand sufficient staff nai5:4:{3:{2 1
na{5:4i{3i2i{ 1} Supportfromtop management na i5i4:i3:i2 1
Supporting tools — Project management and ALM
nais5i4:3:2: 11itools such as DOORs, ClearCase, SVN and na {5i{4i3i2 1
similar
nalsiaisi2i 1 Trgstful and cooperative working environment nals 413 2 1
exists.
na{5{413|2| 1| Up-to-dateprogress reporting na i5i4i3i2 1
nai5i4:i3i2}i 1! Userorclientisinvolved while developing na i5i4i3i2 1

2) Could you please mark the 2-5 factors you feel are the most important to project success?

3) How successful is your current project - 0 is a complete failure, 100 is perfect.

0 10 20 30 40

50 60 70 80 90

100

Thanks once again for your time — Margaret Gruen-Kerr
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