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INTRODUCTION
Background of the study

“Success is found relatively rare in the world of software projects”, state Agarwal and Rathod
(2006) at the beginning of their research. Several studies underline that different IT and
software projects are underperforming worryingly often. The latest CHAOS report results
(2013) of the Standish Group show that only 39% of projects are succeeding (delivered on time,
on budget, with required features and functions), 43% are challenged (late, over budget, and/or
with less than the required features and functions) while 18% fail (cancelled prior to completion
or delivered and never used).
Another arising subject in the business world nowadays is the importance of project work. At
its best it can create competitive advantage and customer satisfaction (Alhola et al. 2002, 101).
More and more complex projects types are replacing the traditionally organized projects, where
they are divided with different department. For example project-based organizations and
information technology projects pose various challenges to project management today (Lientz
et al. 2002, 7-11). However, many things, like Cammileri notes in his book Project Success
(2011, 23), can go wrong and lead to project failure.
The CHAOS report is one of the maybe most quoted researches of the subject. It illustrates the
situation in software project industry well. It is in chaos. The previous results indicate that there
is a greater problem behind the software projects. Despite active and debating research during
the past decade not much progress has been seen in the success numbers (Mir et al. 2014).. The
reasons behind this study root from the need and interest to examine characteristics of IT
projects and reasons behind this phenomenon. This study is based on literature review which is
supported by an empirical study part. The empirical part is conducted for a Case Company as
purpose to progress low profit margin or otherwise underperformed projects and offer extra
information to support actions in customer development process.
When we are making decisions about future projects and trying to estimate the budget and
schedule, there are numerous models, which help us to estimate costs (Dillibabu et al. 2005).
Usually traditional cost accounting focuses on to answer question “what did it cost”. As said
earlier, there is still noticeable large failure rate in software projects. These models have not led
in any better results. Instead of traditional models in this study we are trying to find out answer
to question “what will it cost”. Another reason that led to chosen point of view is that most of
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the predictive methods, which estimate financial performance, are concentrated on forecast
elements like capital requirements or working capital. Just some existing methods are related
to develop performance and profitability forecasting (Chen et al. 2012).
Lagerström et al. (2011) tried to identify new factors that effect on development costs in
software projects examining 50 projects in largest banks in Sweden. They located ten
meaningful factors for example that platform, team participants, duration and consultants to
have an impact on project performance. We take a look to similar studies to find out more about
this subject. In this study our focus is mainly in objective factors, such as project size, time
scope, and offshoring level or employee background. This data is usually reachable for every
company without any extra actions and the values are generally acceptable. This enables that
results are easily utilized also in the future and follow up is light to implement. Due to limited
time and resources, projects’ total output and customer satisfaction are left out of examination.
Research problems and objectives
Like stated earlier problems in IT and software world are common. It is difficult even to IT
specialists or project managers to understand why some projects end up lower profit margins
and project failure while others appear with significantly better results. This arises a question if
there are some characteristics for projects that more often do not meet the agreed targets. Could
this information be utilized in future decision making?
The purpose of this study is to create a wide understanding what kind of world the projects are
delivered today and what might be the top reasons behind the project failures. The main research
problem is first to understand what is required project to be succeeded and after that to recognize
factors that are connected with projects that are more successful than the others. The key is to
find out which of the chosen factors are related to better project performance and its components
and how strong the possible correlation is.
The main research question is:
What is project success and which are the factors affecting to it?
Some sub questions were also created to support the understanding of the subject and help us
to answer the main research question. The sub questions of the study are:
What are the problems behind difficulties in IT projects?
What are the criteria of project success?
Can the characteristics of successful and failed projects be separated?
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The goal of this study is to help the Case Company to improve their project performance. In
practice that means to give them an overall view to their project portfolio and help them to
identify those combinations in project structure, which have the most to develop. By identifying
the cost and time related factors needed attention to negatively operating factors can be given.
Theoretical framework and limitations
Structure of this work, which is illustrated in Figure 1, consist of two main parts – theory and
an empirical study. Figure 1 explains connections between theoretical parts, which are
discussed in the work. The literature review is constructed around two main themes. At first,
we shortly go through today’s project environment concentrating on IT projects. After this we
survey project success and its components. The focus is in the second part, in which we take a
closer look to reasons behind the success.
The theoretical overview is followed by an empirical study, which is alike divided into two
parts. It is conducted to test hypotheses, which are formed based on earlier studies. With help
of these results we are trying to classify project performance groups and qualify their
characteristics. Finally, the theoretical and empirical parts are drawn together, discussed, and
concluded.

Figure 1 Theoretical framework of the study
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Because of limited length of this study, some limitations ought to be made. We border the study
to consider project based organizations and information technology projects, mainly
development work, because of special features of them. The study is produced to administrative
use and for project managers to help them to understand financial aspects and decision making
in project planning. Important notice is that we are defining project success at supplier’s
perspective and for other stakeholders it might appear differently. The perspective of this study
is mainly financial and product performance was left out of total performance review. Using
only traditional performance indicators we cannot conclude corporation’s health so any
assumptions to company’s overall success cannot be made considering the results.
Methodology
This study is a quantitative analysis conducted for a Case Company. The Case Company is
large size multinational technology and consulting organization and the activities, which it
provides, mainly constructs around different types of projects. The Case Company operates in
business-to-business markets and it is publicly listed corporation. In this study we examine
projects inside one large scale account, which is provided for a Finnish customer. These projects
are mainly smaller application development projects that have lasted mainly under a year.
The study is provided by using quantitative research methods. Before analyzing the actual
figures the project data from Case Company’s is looked through, cleaned and changed into
comparable form. We will use Microsoft Office Excel and IBM SPSS Statistics 22 to analyze
the data. The correlations and distributions are described with different matrixes and tables.
Hypotheses are formed utilizing the results from earlier studies. Hypotheses testing is done by
using different multivariate and correlative methods including Man-Whitney, Kruskal-Walls
and Pearson’s correlation tests.
The hypothesis testing is followed by an overview to the Case Company’s project portfolio.
The aim is to use Cluster analysis to answer our sub-question. The general purpose of clustering
is to discover bunches in variables and to allocate observations to these clusters. We are using
K-means clustering method, which differs from other cluster methods with the assumption that
we have some kind of default how many clusters we are going to have. The aim is to achieve
as big difference between variables in group means as possible (SPSS Inc. 1997, 263-267). By
analyzing these results picture of typical project performance types can be formed. After that
different characteristics for these clusters are also represented shortly.
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2

MAIN CHARACTERISTICS OF IT PROJECT BUSINESS

This chapter describes main characteristics of today’s project environment, IT projects and
project performance. The project environment is shortly described to give us deeper base to
understand rest of the study. This part is followed by description of special nature of IT projects
and possible reasons behind the problems in the industry. Project performance is concluded at
the end of this chapter to tell, which elements are usually used to estimate projects.
Project environment
Russell-Hodge (1995) states in his article that in future organizations business environments
will be chaotic and project-based management approach will become the norm. If we look the
situation right now, we can say that these speculations have turned out pretty right. The change
from the early 1900s, when projects were seen as separate and discrete occasions to today’s
more and more banded and complex parts of international corporations’ structures, has been
rapid.
One great way to describe our project environment is definition “multi-project environment”.
In practice that means that multiple projects are performed at the same time, pursued in parallel
and sharing the same personnel. This method is widely used in many larger companies and
often known about its effectiveness and reduction of idle time. It helps personnel to share
experience between projects but at the same time need for careful control and planning are
essential. (Zika-Viktorsson et al. 2006)
While the organizations are focusing all the time more and more produce their services by doing
different types of projects, the organizational structure, which supports the targets and business
model, becomes essential. Often larger companies are known hierarchical, functional or matrix
structures. In widely project based organizations these kinds of structures may arise a problem
of dual reporting (functional and project manager) (Lockyer 1996). That is maybe one reason
why pure project structure has become even more common in recent years.
New trends in project culture have arisen during past decades mainly because of these changes
in organizational culture and technological progress. The traditional way to organize projects
is to divide them among different departments. This method, nevertheless, has become old and
even more and more complex types of projects are increasing. Since for example project-based
organizations and information technology projects pose various challenges in project
management today. (Lientz. & Rea 2002, 7-11)
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One good example arises from John Russell-Hodge’s study (1995). He refers to the need for
organizational learning in a project-based environment. Projects are defined to have a limited
learning content because, by definition, they exist for a single purpose. In addition, the project
teams are dissolved when the goal has been reached. However, organizational-learning
literature implies a continuous process of improvement, which cannot be utilized directly to
project management. That is way Russel-Hodge sees that in the near future project-based
management approach will become a leading trend with customer as a king.
IT projects - nature and problems
Information technology (IT), Information systems (IS), Software Development or Application
development (AD) are all used when we are speaking different types of technology based
activities (Carmel & Tjia 2007, 28). In this study we do not concentrate to separate these and
analyze differences between them but include any type of IT related activities from software
and application development/maintenance to our research scope.
A project, on the other hand, is defined as a unique process, consisting of a set of coordinated
and controlled activities with start and finish dates, undertaken to achieve an objective
conforming to specific requirements, including the constraints of time, cost and resources
(SOURCE: ISO 9000:2000, definition 3.4.3) As for Project Management Institute (2014)
weights two typical elements for every project. At first project is said to be temporary, so it has
defined begin and end. It is also unique. It constructs of specific set of operations and is planned
to produce sole product, process or service with unique team.
IT or software projects usually fits to this definition without problems. Yet some remarks need
to be considered. Nowadays IT is part of almost very project in one way or the other despite the
industry. Sometimes it can be too widely understood if all business-driven projects with IT
relations are classified into IT project pool. Thorsten Fray (2013, 48) defines IT project well
matching to our purposes:
“An IT project is a nonrecurring temporary endeavor requiring a significant
amount of IT resources and/or significant changes in the IT infrastructure or
application landscape.”
Usually projects are represented at four-phase-unity: conception, development, realization and
termination (Lockyer et al. 1996). This frame can also been utilized while speaking IT projects.
Figure 2 shows more clearly how IT project usually proceeds after planning stage (Gopal et al.
2010). From financial point of view the most important decisions are made in contracting
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process. At that time project manager (PM) has crucial role to determine future estimations.
During projects’ life cycle fulfillment of these estimations can be tracked capitalizing
milestones. Planning and specification errors roots from phases before real development work
really begins, these are major risk elements and cost factors if they occur later during the
process. This also support that first stages are at least as important as implementing and
delivery. After project has been signed off, the final profits can be measured. Like figure shows
IT projects follow mainly normal project structure.

Figure 2 IT project timeline according to Gopal et al. (2010)

In the introduction we stated that several studies underline that different IT and software
projects are underperforming worryingly often. Up to 23% of software projects are canceled
before completion, only 28% of them is delivered on time and average overrun of budget is
approximately 45%. (Laird & Brennan 2006). However not all of the studies are so negative.
Sauer C. et al. (2007) showed that budgets were overshot 13% and schedules 20% and 7% of
the projects were undelivered. Even though these numbers might not sound very impressive,
still some positive progress has happened during past years.
It is maybe hard to understand why these kinds of projects are even worthwhile or why there
are not any actions to improve the situation. Even though great number of different estimation
and success models it looks like that there is no acceptable model, which helps companies in
decision making. Why is it so hard to estimate and make a success in these types of projects?
Like Trendowicz and Jeffery (2014) snap in their book, at some point software practitioners
may ask from themselves: “If most manufacturing industries are able to control cost, schedules
and quality—at least most of the time—why can’t we?” The simple answer is that software
development differs from classical manufacturing in many different ways. Development
technologies and paradigms change rapidly, which makes it hard to estimate for example
needed effort to run project. The resent trend is distribution of development, which is
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characterized by outsourcing, multidimensional and cultural teams in different time zones
around the world (Trendowicz & Jeffery 2014). None of these elements do ease the process.
Software projects differ from other types of projects in a number of ways. Like Ruhe and
Wohlin (2014, 3-4) notes software project management cannot be done as the same way as in
traditional projects. They have gathered main differentiating factors basing on Project
Management Institute’s (PMI) research in 2013. They for example raise that software is
intangible product and that is why it is sometimes maybe more difficult to evaluate the value in
many perspectives. Often these projects are highly customized to customer and goals need to
be defined clearly. If communication lacks from clarity there may occur specification errors.
The aim of these kinds of projects is related to problem solving and creating unique solutions
so it is hard to estimate requirements.
As well as Ruhe and Wohlin also Trendowicz et al. (2014) highlight the importance of software
product character, which is abstract. Because they are so intangible and volatile, especially the
requirements, which are usually based on customer need, it is hard to measure and control them.
One major problem as well is that software development is still highly human- and knowledgeintensive process. This makes projects highly dependent on for example capabilities of
developers and other involved parties. One developer can have crucial skills that lacks from
other employees or holidays and other sudden leaves can stop development process for a while.
It is also hard to estimate, what certain task requires from employee when skillsets vary so
much.
Moreover according to Barry (2002) one common problem is that software projects seem to
grow while in progress. This phenomenon, called as scope creep, describes the slow expansion
of project requirements occurring during a software project. Traditionally is seen that projects
exist in static and isolated environment but in the real world, many changes can occur over the
duration of a project (Barry 2002). Change in project environment, team or manager, to mention
just few of the reasons, are more than common. IT industry is changing rabidly. Hardware
products and traditional software are leaving behind while new phenomena are taking larger
slide of the cake. Big data, cloud and social services are even more important to customers and
if companies do not keep stroke they will lose the competition.
Project performance
According to Nidumolu (1996) project performance is defined as ‘‘the degree to which the
software project achieves success in the perspective process and product’’. Whereas Guimaraes
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and Armstrong (1998) define performance as capability to complete its goals like customer
satisfaction, market share, revenue, and profits.
The traditional way to measure ideal project performance is through three main elements. The
balance between these so-called triple constraints - time, budget and performance - is
represented already in 1969 by Martin Barnes. The third corner is misleadingly named as
“performance” and it can be defined “whatever the finished product was supposed to achieve”.
This can cover everything from quality or beating the enemy to rate of return depending on
what is seen important to each project or company to follow. (Dalcher 2014)
While determining project performance Jun et al. (2011) utilize previously presented
determination of Nidumolu (1996) and combines it with vision of Wallace et al. (2004). They
divide project performance into two dimensions– process and product performance. The first
one refers to project’s delivery on schedule and within budget while the last one is about the
quality of resulting system. These two definitions of Jun and Barnes resemble each other
remarkably lot. Closer look shows us that actually Barnes’ definition is dividing Jun’s process
performance in smaller elements. Figure 3 illustrates the connections between the theories.
Barnes’ definition is presented in triangle while Jun’s larger explanation forms frames for the
figure.

Figure 3 Definition of project performance according to Barnes (1969) and Jun et al. (2011)

To measure performance with true criterions and approval methods is important for creating
sustainable competitive advantage (Yildiz & Karakas 2012). In turn Venkatraman and
Ramanujam (1986) determine three concepts to measure management performance. Financial
performance includes economic targets where maybe most commonly used are after tax
earnings, revenue, profit margins or growth rate. The second level is business performance,
which combines financial metrics to operational ones like product market share, quality or
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marketing effectiveness. The last one is organizational effectiveness, which covers the widest
range of metrics from conflict resolution and target achievement to target performance and
employee morale. Performance can be measured first through objective and subjective methods,
second through criteria (like financial or operational) and third through primary and secondary
databases.
Advert to earlier Na et al. (2007) group software development performance as well into
subjective and objective perspectives. Their definition differs slightly from the previously
presented ones. They include process and product performance to represent subjective
performance measures. These measures are dependent on subjective decision makers and have
had difficulties with standardization. In contrast, objective side consist more of quantitative
measures like cost, effort and schedule overrun like they say Usually both objective and
subjective measures are recommended to use.
Hudson et al. (2001, 1101-1102) aggregate that performance can be divided into six
dimensions: quality, time, flexibility, finance, customer satisfaction and human resources.
Compared to previously presented aspects Hudson’s aspect goes deeper and share the
performance to smaller sections. Quality sector includes parts from product performance to
delivery reliability while flexibility constructs of resource utilization, product innovation and
future growth. This method is already taken into very specific and complicated level. At
practical side this might be hard to implement I we think measuring these variables.
The theories presented above also require us to set boundaries for project performance in this
particular study. We are about to measure performance as process performance’s point of view.
To optional “performance” corner we ended up to choose profitability so other aspects are
limited out of this study. The next subchapters tell more about these three main criteria: time,
budget and profitability.
2.3.1 Time
Schedule is seen as a good performance measure because it is objective, quantitative, easy to
measure and logically important way to estimate projects (Na et al. 2007). Time is often seen
as strategic resource, which is sometimes said to be even more important than money (Dalcher
2014). Actual project duration is the elapsed time between the start of project work and
completion of the project, including time lost for project delays and work interruptions (Barry
2002).
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Project timeline and schedule are usually quite strict. According to Na et al. (2007) schedule
and cost overruns occur more often at the later stages of software projects when remaining risk
increases. When we talk about time, we can ask, what is the reason and what is the cause. Poor
planning is often seen as reason for unrealistic schedules or budgets. The lack of accurate
estimates leads difficulty to recourse commitment and often to excessive schedule pressure or
increased project risk (Wallace et al. 2004). In turn, according to Marshall (2011) if the schedule
lacks the reason is not always in bad scheduling, more often poor time management can be
behind it.
Main project plans construct around smaller subprojects, or so called milestones, which are
usually presented in different roadmaps. The roadmaps are created to ease project planning like
recourse deviation. Roadmaps typically include exact timeline and plan, work streams, key
milestones and areas of high risk. Projects are managed and followed by utilizing the
accomplishment of these smaller goals. This makes it easier for both supplier and customer to
follow projects and understand the goals. To accomplish the given milestones on time is
important from many aspects. First of all it affects the customer satisfaction and reputation of
the company. Time overrun is also seen as the most affecting reason for budget overruns (Calisir
et al. 2005) and on the other hand budget overrun predicts weaker financial performance. Fixed
price contracts may have some sanctions if the projects are not delivered on time. The Standish
group (2014) cites the Big Bang theory to describe software and IT projects. According to their
research behind working and universal solution for every stakeholder entire project needs to be
come together as once and in certain date. That statement plainly describes importance of right
delivery.
The Standish Group compares in the Big Bang Boom time and cost overruns .The results
indicate that cost overruns are not as big as time overruns are. For example, when 8% of projects
run over budget 51-100%, the same share for time-overruns is 35%. The study points out that
when we compare these time is more essential than budget. This argument is based on fact that
time-overruns hold up rest of the organization and tie resources. According to Nidumolu (1996)
one key problem in completing projects within budget and on time is the uncertainty that is
related to software development. On the other hand behind the right completion on time, one
key element is time management. Ruhe and Wohlin (2014, 7) say that this particular area is
driven by risk, resource availability, business value, and the used scheduling methods.
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On the contrary to others Cooke-Davies (2002) got surprisingly results when he compared
schedule delay and cost escalation for individual projects. He expected strong correlations
between the elements, but results indicated else. Only a small amount of the cost escalation was
explained by schedule delay. His results showed that budget is better meter against performance
than schedule is.
2.3.2 Budget
Like time, budget is often seen as a good performance measure because it is objective,
quantitative, simply and significant for every project (Na et al. 2006). When we evaluate control
systems, we want to compare actuals to what it should have been. Variance is difference
between budgeted and committed costs. Negative variance indicates either poor control, extraunbudgeted work or cost underestimation. On the other hand, reasons for positive variance are
opposite (Lockyer 1996, 80-81).
There is a 39% possibility the project will cost more than twice that originally estimated states
Standish Group (2014). The reasons for budget overruns are wide. The strongest affecting
reasons are inadequate front-end planning or underestimation of the project scope (Calisir
2005). Many of the top ranked problems are connected with actions that happen in the first
phases of project’s life-cycle. These are related either inability to estimate project strictly
enough in beforehand or poor planning. Also problems in personnel (team spirit, motivation,
skills) and project management variables are seen important. For budget overrun the time
overrun as well as number of team members and project management experience are seen
significant variables.
The budget determines usually both estimation about costs and future revenues. In projects this
is particularly important because usually the customer as well as the supplier make accruals and
forecasts based on these numbers. The budget is also one of the main criterion, when it is
determined, which projects are executed. That is why it is equally important to do it carefully.
If the project costs are larger than expected or contracts say, there might lay possibility that this
turns against supplier. Usually fixed price or certain margin is determined and it defines the
maximum perceptual overflow that can be invoiced. After that work is done all for supplier’s
expense. On the other hand if budget is undercut for cost side it of course usually predict better
profitability. At the same time it means that, particularly in industry like IT, where most of the
expenses come through variable human based costs, these resources must be reserved and
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cannot be used in other projects. In most cases this automatically means more idle time if there
is empty non-billable transition time when employees are moving from one project to another.
The budget, however, is seen relatively weak indicator of project performance if compared to
duration or effort (Sauer et al. 2007). This is completely against the results of Cooke-Davies
(2002), which were discussed above (p.12). Savolainen et al. (2011) allege that if project is
finished within budget it does not mean that it has been successful. In that case only the
management of costs has been successful. That can be seen quite surprising result considering
that usually budget is raised up and examined more often than time. Although budget is one of
the most central parts of projects like majority of studies see. That is why roots behind it should
be understood well.
Like former literature review indicated time and budget are often examined together. Even
though previous chapters handled both of the elements partly together it was important to
introduce them separately. Despite the way that they are often represented as a set they are not
following continuously each other. Like Tamai and Kamata (2009) divided projects to four
crowds according to if the project was delivered within time and budget, either time or budget
was over or finally to them, which were both overrun. So there is a great possibility that these
elements follow each other but as well it is not a guarantee and that should be keep in mind for
later chapters.
2.3.3 Profitability
In this study as the measurement of performance (Barnes’ Triangle in Figure 3) we concentrate
on profitability. It can be defined as the ratio of revenue and costs (Forsman 2005 ,69).
Compared to formerly presented aspect of budget, which focusses on perform as estimated,
profitability is achieving financial goals by doing revenue. Project that is delivered on budget
is not always profitable. Of course budget and profitability never can be separated completely.
What would be the use for creating project budgets, which are not profitable?
Naturally, when we talk about profitability we need to think about costs and revenue. To
achieve better profit either costs have to be reduced or revenue have to be added. In many
projects costs are determined in the early stages of project (Alhola 2002, 105-107). Careful
planning is a key determinant again. Software projects usually consist mainly on work effort,
which is variable cost like stated earlier. That is why effort overruns are usually main object to
low profit margins (Molokken-Ostvold 2004). In this situation only way to reduce cost is to
improve work efficiency. From another corner price optimization can be the vital factor to
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maximize revenue. This requires that product’s demand curve is well known and project can be
priced optimally.
Like presented at the beginning of this chapter projects can be divided into parts during its
lifecycle: start-up, planning, execution and closeout. The middle ones of these are the most
crucial if we think projects’ profitability. When we determine budget or follow project
execution, these are the phases that we should pay attention to. They also highlight that
particularly for highly labor intensive industries profitability management is extremely
important. These two phases are the ones that require most of labor work and that is why most
of the changes happen during them. (Alhola & Lauslahti 2002, 96, 101-106)
Kugel (2013) says that in most businesses multiple services and products are offered and almost
always each of these has different degrees of profitability. When we think profitability from the
supplier’s point of view it would be ideal to maximize amount of most profitable project types.
But like Kugel notes, maximizing the revenue is rarely optimal today. Considering different
project types, some cannot never reach same profitability level than others. Although project
profitability is always part of business profitability and should always be also considered as
whole company’s perspective.

3

PROJECT SUCCESS AND FAILURE

The next chapter can be divided into two main themes. The importance of this concept is to
understand the difference between what is examined and what is the affecting component
causing the changes. Project success criteria are the ones we are measuring and which together
form the overall project success. So in other words when we are measuring success or failure
we are evaluating how well project has performed against the success criteria. On the contrast
project success/failure factors are determined as elements which can increase or decrease the
likelihood of success or failure. The factors are the reasons behind the results. (Savolainen et
al. 2011)
This question leads us to the main theme of our study. The problem is can we identify any
factors that correlate with better project success. Do larger scale or longer term projects have
better performance than smaller ones? Or can we reach better results by offshoring at least part
of our projects or does project manager have an impact on the result? In the next sections we
will take a closer look to the selected factors piece by piece. The earlier studies have a lot to
say about the subject and we will orientate more closely some of them.
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Dimensions of project success
After understanding the base idea and components behind project performance, it is easier to
determine success. Sometimes literature handles project performance and success as similar
meanings. The components and affecting factors follow the same pattern. Project performance
actually is the structure behind success. We measure project performance within selected levels
and if project performs well and fulfills the success criteria, we can talk about project success.
Taylor (2000) defines success as “delivering to the sponsor everything specified to the quality
agreed on or within the time and costs laid out at the start”. So project performance in itself
does not tell was project successful or not. Cooke-Davies (2002) makes clear difference
between project success and performance. The project success cannot be measured before the
project is completed while project performance can and hopefully is measured during project’s
life-cycle.
Sometimes the problem of defining success roots from different perspectives of people looking
at the project (Lim et al. 1999). For managers, employees and other stakeholders success
appears in very different ways. For example customer may be satisfied even though end-user
benefits are low. A great number of studies define success as meeting all the criteria associated
with budget, schedule, and functionality. In practice this means that project is finished on time,
within budget and at the same time as offering the promised output. On the other hand, failure
is viewed as a flop to meet the same criteria (Dalcher 2014).
On the contrasts to previous Aaltonen et al. (2011) make a hard boundary between project
success and project management success. Despite almost all the previous literature defines
completing project on time as one the success criteria, Aaltonen et al. say that finishing a project
within budget does not mean that project has been successful, only that the cost management
has succeeded. According to this they think time is more factor than criteria for success.
Every now and then the traditional way to define success can be seen little old fashioned and in
recent years it has received even more criticism. There are projects that are delivered in given
time and budget with lesser functionality. A project can cause lots of costs and be unprofitable
but delivered with desired functionality and within given time. Measured by traditional way are
projects like these completely failed? Many of the fresh research are concentrating to take new
perspectives to define success and finding fresh indicators to measure it. Usually the most
commonly added extra meter is customer satisfaction (Saarinen 1996).
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In their research Aaltonen et al. (2011) examined project success at supplier’s perspective and
made a wide literature review in their effort to define success. They summarized three success
criterions to be most commonly used. Short-term business success, profitable projects and long
term business success for supplier (future business) pop up from the results. These can be
categorized as meeting planning goals, which is the success at the PM level. End user benefits
are, on the other hand, success from end user point of view. The last one is contractor benefits,
which is success at contractor level. The last criteria is divided into short- and longer success
for the supplier.
The main problems of traditional success measuring are associated with the fact that
requirements are set at the beginning of a project. The problem of IT projects is usually that the
originally determined criteria are most likely to chance during project’s life-cycle. De Backer
(2010) point out that this makes it almost impossible to deliver bearable time and budget
estimates. Despite how well determined the used methods are, it has no use if the project goals
are not carefully planned. This requires certain effort from a company to pay attention early
stages of projects to even be able to measure success with these meters trustfully.
Even though traditionally measured project success (time, budget, requirements) has had
criticism measuring success too narrowly, it is still most commonly used criteria in IT project
publications (de Backer et al. 2010). It is highly dependent on what the scholar sees important,
when the meters are chosen. In this particular study we are determining success as its traditional
way utilizing the main dimensions of performance. The definition is formed as supplier’s
aspect. Project success is delivering agreed services and products to customer in planned
schedule and budget with desired functionality so that it is profitable for business.
Whereas when we talk about project failure, there are likewise several reasons for it: failure to
meet the schedule, failure to complete cost objects, and failure to deliver the expected project
scope (Whitney 2013). Usually project in software surveys is defined failed when it is either
cancelled or completed with poor process or product quality (Jorgensen 2014). In order to
define success Yeo (2002) utilizes earlier classification of Lyytinen and Hirscheim. He
categorizes information systems failures into four main groups: correspondence, process,
interaction and expectation failure. In the first one of these systems design objectives are not
met, the second one measures process mainly through budget and time while the last ones
concentrate on end-users’ use and meeting other stakeholders’ requirements. In this study we
are defining failure as a process failure.

17
After previous split between successful and failed projects, IT projects can more accurately be
categorized into five performance groups: Abandoned, Budget Challenged, Schedule
Challenged, Good performers and Star performers. This split is carried out by Sauer et al.
(2007). The budget challengers have higher variance in budget while the schedule challengers
logically in on time delivery. However, if project belong either of the risk groups it unperformed
also from other targets with bigger probability as well. Good performers as for deliver projects
with small variances on all targets and star performers beat planned budget and scope with
significant margins. Rarely project is either successful or completely failed. Some criteria are
fulfilled while others lack. That is why our formerly presented definition of project performance
follows tightly along the subject.
Success and failure factors
Ahead we determined success and the criteria to say that project was successful. The next
logical question of course is how to measure this? If we look only the chosen easily measurable
elements, that should not be the problem. It does not take much an effort to see if the project
was delivered on time, budget and if it was profitable. Thus, if a project succeeds or fails, it
would be useful to either understand what can be done to achieve the same results or avoid the
crucial payoff. To solve this success and failure factors step into picture.
“Factor is one of the elements contributing to a particular result or situation, when multiplied
components together produce a given product” (Dictionary.com 2014). Like Trendowicz and
Jeffery note in their book (2014, 56) there are some factors, which can be universally acceptable
and are approved to consider all software development environments. For these universal
factors they name team size and structure, complexity of project management, integration,
project innovation, maturity of process and complexity in different system interfaces. Taylor
(2000) joins to Trendowicz’ opinion that only one reason cannot explain failure. Failure can
occur at any point and for various reasons. He believes that certain factors more likely reveal at
the same time with failure. One of the maybe most describing definition to summarize the
overall picture is Andrew Taylor’s following statement:
“There is no single cause of IT project failure, no simple solution - but if the various influencing
issues are understood and managed, chances of success will increase
-

Andrew Taylor (2000).

In addition to previous Forsman (2005, 64-65) considers that critical success factors can be
divided into three groups depending on perspective. He raises project and change management
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perspectives as well as strategic and tactical perspectives on top. The first group consist of
authors who think that these factors are universal while other half highlight the context and
project type dependence. The last group of authors underline that success factors can change at
the different phases of a project.
Yeo (2002) approaches factors at opposite perspective. He lists the top five failure factors,
which are linked to projects’ process failure. These factors are related business and project
planning as well as project management and control. The first one is underestimating the
timeline of project whereas the second one is weak definitions of requirements and scope. Also
inadequate project risk analysis and incorrect assumptions regarding risk analysis are
underlined. The last one is too ambiguous business needs and unclear vision. The biggest reason
behind these factors is connected with poor project planning like Yeo signs.
Besides only categorizing factors inverse relationship between project risk and project
performance has been studied (Wallace et al. 2004). Greater software risks decrease the degree
of project performance (Han & Huang 2005). According to Wallace et al. (2004) requirements
risk, planning and control risk, and organizational risk were seen as the strongest affecting
elements to performance. These risks can cause project failures in great probability. Nidumolu
in 1996 has studied variables affecting to performance risk with factor analysis. He found out
that difficulty to estimate costs and completion time of projects are the strongest risk factors.
Also difficulty to estimate software benefits, user needs and operating costs of software
explained the risk variance lot.
Like can be seen there are a great number of aspects that consider which factors affect to project
performance. However, common opinion is clear. There are factors that can be connected to
success or failure. The purpose of next sections is to examine the set of chosen factors and see
how these are connected to success criteria in the existing literature. The selection of these
factors based on bunch of most often mentioned variables in writings. A total of six factors
were identified during the pre-study and selected to our model. It is important to remember that
the selected factors represent only very limited group and not assume that all possible factors
are included in this study.
3.2.1 Project size and duration
Empirical evidence reveals that project size can affect project performance. Some of the studies
show that relationship between project size and underperformance is higher than for example
between budget, duration or team size and performance (Sauer et al. 2007). The results expose
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that projects, which belong to formerly presented groups Abandoned, Budget and Schedule
Challenged, and which represent underperformance, are on average larger size than projects in
Good performers group. However, surprisingly the projects in Star performers group were
clearly larger than projects in previous. Also according to Taylor (2000) small projects are
clearly less likely to fail. 47.4% of successful projects lasted under six months while other
42.1% were delivered within 12 months. So all together 89.5% from successful projects lasted
under a year according to Taylor’s results. This can be kept as really significant finding.
The same inverse connection with size and cost overruns was discovered by Jorgensen (2014).
She noticed that larger projects are, on average, more complex and due to that why more
sensitive to cost overruns. In her study different failure factors in small and medium size
software projects were estimated and examined by using regression model. The Logarithmical
size variable loaded to regression model but with weakest coefficient compared to other
variables in research (Jorgensen 2014). The reasons behind these kinds of results are often
related to risk. The relationship between size and risk is not linear or simple, but there is a
connection that cannot be denied. The risk vary from 25% to 35% in smaller projects, but after
team size reaches over 20 FTE (Full time equivalent) the risk rises up to 58% (Sauer et al.
2007). According to Standish Group’s report (2014) if only the largest projects from CHAOS
database are taken into count there is just 6% chance that the project will be delivered on time
and within budget.
Conversely, there are also results that are against the correlative impact of size to meet project’s
target date or explain altogether poor performance. Gowan et al. (2005) tested if project size is
inversely related to project’s target date. At the study there were primarily only larger sized
projects (annual revenues of one-half billion dollars). The results showed that project size do
not directly affect meeting the project’s target date. The outcomes indicated only a weak
correlation in the relationship between project performance and project size.
As well as in size also project length or duration is often verified to have same inverse
relationship. Sauer (2007) finds in his research that risk of underperforming increases as project
duration (elapsed time) grows. The risk stays at 25% in shorter-term projects but when length
increases beyond 18 months, the risk become almost 50%. According to Chang and Leu (2006)
duration-profit relationship was found, but with relatively low coefficient of determinations
(R2=0.279). They found out that shorter duration projects were more profitable than longer
ones. The projects in their research were mainly several years and correlations were found
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higher when projects were grouped by year. The researchers believe that one reason behind this
trend lies on bigger budgets in longer term projects. In these cases employees tend to charge
their hours from these bigger projects. Gopal et al. (2010) have presented project duration
likewise as ambiguous factor. The variable is significant but contrariwise to other studies longer
projects are associated with higher profits.
Size and duration are logically often pretty tied together. However, assumption about
completely linear connection between duration and effort cannot be done (Barry et al. 2002)
and that’s why according some studies size is verified more powerful factor. Most of the studies
indicated that when project size or duration increase the risk of project failure also rises. Even
though there were also findings against these results, we can end up to say that main flow of
studies indicate that there is a quite strong inverse connection between size and duration to
success.
3.2.2 Project manager
Numerous of studies show that PM is one of the key elements for project success. Nowadays
looking projects at PM’s aspect is prevailing trend. The importance of experienced, motivated,
engaged and communicating PM is considered highly important. It is alleged that some project
management factors have a great impact on the success of software projects. Moreno et al.
(2008) studied the effect of these elements and managed to combine them with the output
attributes: quality, time and effort. In addition, Taylor (2000) thinks that even though PM is not
purely the reason for project success, there is a connection that cannot be left without attention.
He states that most important PM skills are communication and leadership while IT knowledge
was not seen as important.
Mir (2014) explored relationships between PM performance and project success variables. The
results indicated that even there were some correlation supporting connection to business
success, the relationship were not as significant as with other success variables. The researchers
believe that this could be at least partly explained with the fact that business success might not
be visible to everyone in the organization and because of this results might be overlooked.
Usually studies, like Moreno’s (2008), have found more connections with PMs to other success
levels like quality. The affect to profitability is not supported widely but correlations to schedule
and budget are more often found.
The relationship between project management experience and budget is controversial. Project
management literature and studies notes that in spite of development in PM strategies in the
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recent years the project performance hasn’t expressively improved (Yeo 2002). At the same
time there is little formal evidence that experienced PMs are more successful that their less
experienced colleagues (Ingason 2014). Can we assume that maybe after all the effect of PM is
not so significant that has been studied?
When we talk about effect of project manager, we need to differ two main aspects. Like
presented earlier we can talk project management policies or project manager’s personal
attributes and skills. Project management policies often rises from the company even though
are modulated depending on person. The great number of studies are examining the PM effect
on that side, but studies considering impacts of PM’s personal features have arisen during recent
decade. All in all we can talk either of these aspects but studies disagree partly about the
significance of this factor. Majority of studies are for the correlative effect. Even some studies
defend the connection, results not indicate it to be very strong.
3.2.3 Team structure
When we are determining a project plan one of the most important thing is to decide the
structure of project team. Since IT projects are human-based activities and employees work in
teams, the success and failure of project depends much on how good or bad the relations
between team members are (Trendowicz 2014, 56). The different backgrounds of team
members can affect either positively or negatively. More experienced employees can help and
support younger developers and achieve great results. However, in these situations there always
lies a risk that leader-member arrangements are born between different team members. Also at
the same time, more qualified employees cause bigger costs but at the same time should add
the skills and efficiency of total performance.
Effective team building can be a critical determinant of project success (Thamhain, 1987).
Several research has shown that team member diversity affects team performance. Usually the
weight is more in personal and social attributes but Ramasubbu and Balan (2007) have focused
more on knowledge-based diversity. They claimed that knowledge diversity positively affects
team performance because it increases task conflict. However, value diversity indicates
negatively to product outcome.
Sheila Webber (2001), who found that team member heterogeneity is negatively related to
different project functions that affect performance, has also marked up similar findings. She
examined different cross-functional teams and also pointed out that time-allocation that
different team members spend in a project have effect on how they commit to that particular
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project. This can affect individual worker’s performance and through that of course project’s
overall performance. The main reason behind this, however, is that these elements are linked to
team effectiveness via team climate and processes. This leads to assumption that core group
should be small enough and work deviation equal so that team member can feel to be important
part of the project.
The core team size is significant for project profitability and indicates bigger profits when
adding additional team member says Gopal et al. (2010). The main reason behind the results is
explained with less coordination time and effort compared to teams, which have many noncore
team members. Larger teams also manage better possible attritions and have members who are
possibly able to pick up the slack. As well, Pendharkar and Rodger (2009) found nonlinear
variable returns between team size and software development cost. In practice, this seems to
indicate that increasing team size does not linearly increase software development cost. They
prove that when this variable return is used to predict costs the results are better than with linear
models. Since this selecting an appropriate team size can be challenging. Larger teams of course
represent better distribution of skills but on the other hand lead to higher communication and
control costs (Wallace, 2004).
3.2.4 Offshoring
In these days, software companies are distributing more and more of their work across multiple
locations. This can mean either executing part of the intended work at the same country or
abroad. The definition of work dispersion can be explained with how large proportion of work
is executed somewhere else than in the main development center. Literature knows different
terms to name this phenomenon with slightly different weights. In this context we talk about
offshoring.
Offshoring is company’s decision to source development to an overseas. It is wider definition
than outsourcing, because it can also include work that are executed in international
corporations’ internal units that have global operations around world. Nearshoring can be used
when we talk about destinations near, like Poland or Ukraine, but which still are less expensive
than home country itself. Because the complexity and high level of human resource, IS projects
are often at least partly implemented abroad. The most commonly offshored services are
application maintenance, application development and support functions. (Ramasubbu & Balan
2007, 27, 35, 125-134).
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There are numerous of studies considering of offshoring. Many of those concentrate on cost
advantages but also for example effect on efficiency, quality, strategy, collaboration and
resources are examined. Recent studies indicate that companies engaged in IS offshoring are
not fully satisfied with their engagement’s performances. Most of the dissatisfaction roots from
time schedule and quality problems (Ramasubbu & Balan 2007, 27-29). Jorgensen (2014) has
likewise named offshoring or geographical distance one of the main project failure factors in
her study On the other hand, projects were delivered in budget with high probability
(Ramasubbu & Balan 2007, 27-29).
According to Mishra et al. (2014) the project schedule slippages are caused by a drop in
productivity. Their research also indicated that offshoring level affects meeting the schedule
targets when offshoring level increases over 15%. However, the results point out that the
connection is not linear and the schedule loss can be minimized with proper ratio of offshore
manpower. The same study of Ramasubbu and Balan (2007) also compares different subgroups
and summarizes that some of the selected success indicators end up slightly higher results in
nearshore projects than offshore projects (Figure 4(A)). As for, like Figure 4(B) puts together
the difference between low and high offshoring degree, do not make a significant difference in
success.

Figure 4 Impact of offshoring according to Ramasubbu and Balan (2007)

There are as well results that indicate that work dispersion negatively affects development
productivity. In this study, there were used 42 projects in large size software Service Company,
which operates at the highest maturity level. When the dispersion starts to increase, the marginal
decrease in productivity is much higher. (Ramasubbu & Balan 2007, 125-134).
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The overall picture of research considering offshoring indicates cost savings, and of course
through this better profitability. However, the risk can be seen much higher so when we observe
projects one by one, forecasting the duration and costs is much harder (Ramasubbu & Balan
2007, 40). The relationship is not seen linear. The key is to find the right offshoring level that
guarantees best results in all the levels after understanding the risk and impact of dispersion.
3.2.5 Contract type
There are two basic forms of contracting in the software industry – fixed price and time-and –
materials (T&M) contracts. In addition, there are some other arrangements, like mixed or hybrid
contracts, which are mainly variations of these two broad types. In T&M contract vendor agrees
to sell his services at a certain rate based on actual effort (for example number of hours) while
in fixed price contracts the fee is negotiated before the start of the project. Usually it is seen
that suppliers prefer T&M contract types because the customer bears major part of risk in these
cases. (Gopal & Sivaramakrishnan 2010)
The results that Gopal and Sivaramakrishnan (2010) had in their research strongly pointed out
that the supplier does make higher profits from time-and-materials contracts. However, this
required that supplier controls the project specific variables like project type or effort. This
finding can be seen important, like the researchers note. Despite that risk premium have been
charged for fixed-price projects, unforeseen circumstances might still occur some losses to
supplier in these contracts.
The same study discriminates strongly the effect of duration in fixed price and T&M contracts.
In T&M projects longer projects indicate more billing and to larger profits. In the contrast, fixed
projects tend to be smaller as a whole and vendor’s aim to shorten project’s delivery time
because fixed price. To summarize Gopal’s and Sivaramakrishnan’s research results we can
assume that contract type effects on profitability and T&M projects are more profitable
compared to fixed price contracts

25
4

EMPIRICAL STUDY

In this part of the study our focal point is in success factors. In order to answer our research
question “What is project success what are the factors affecting to it”, the hidden connections
between the success criteria and factors are examined. The chapter is constructed around two
main dimensions. The first one is based on to test hypotheses and the second one to cluster the
projects by their main characteristics.
Like presented in the earlier chapters several studies give us a hint what to expect certain kinds
of projects. We assume that certain variables in projects’ planning and execution phases have
an impact on its financial and process performance (Chen et al. 2006). However, this needs to
be verified. Based on the former results we have done some expectations about the prospective
outcomes. The main results of earlier studies are summarized and compressed to simpler form.
These are presented on the following hypotheses. Some of the research hypotheses are divided
into three main categories. In the first section main interest is only in the relations between
success criteria. The second section concentrates on factors affecting to estimation accuracy
and the last one likewise tests, which factors affect profitability. The research structure is also
showed in Figure 5 demonstrating the relations between variables.
Success dimensions
H1.1.

There is no linear connection between profitability and estimation accuracy meters.

H1.2.

Time overruns tend to estimate profitability with greater probability than budget
overruns.

H1.3.

Time overruns are relatively greater than budget overruns.

Estimation accuracy
H2.1

Project size is inversely related to project’s target date and budget.

H2.2

Project duration is also inversely related to target date and budget.

H2.3

The bigger project’s offshoring degree is, the more inaccurate project’s estimation
accuracy is.

H2.4

PM has a positive impact on estimation accuracy.

Profitability
H3.1.

High offshoring level has positive impact on profitability.

H3.2

PM has no significant influence to financial performance etc. profitability.

H3.3

Different team structures has an impact on project success.

H3.4

T&M projects are more profitable than fixed price projects.
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Figure 5 Research Structure

The Case Company and data collection
The sample data for this study is collected from the Case Company during autumn 2014. The
Case Company is large size software and consultancy Service Company that operates widely
all over the world. The company operates in international and growing markets and due to that
it provides ideal research environment to examine globally distributed and diverse projects. The
Case Company’s business is project-based and the operations that it offers are custom-tailored.
Since, like listed earlier, project overruns and failures are very usual in the world of software
business, the Case Company was interested in to understand their project success better in order
to develop their overall project performance.
The projects that were investigated were all delivered by a unit of the company in Finland. This
unit is in charge of developing business application and software systems for customers. In this
study we concentrate on to examine number of smaller software projects under one large
account in the Case Company. The projects in the study can be categorized into two main types:
application development and expert work. Application development work is concentrated on
early stages of development process like planning and definition phases as well as
implementing, designing and customizing applications for customer needs. The expert work
includes work that customer orders from predetermined person/personnel. These projects are
mainly delivered from Finland, are shorter and smaller and require more specific skillset as well
as pre-knowledge about the applications.
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At the beginning of data collection process we had 78 projects from which 38 were completed,
11 rejected or cancelled and 28 still active. The projects were delivered within the recent two
years period. The required data was gathered from multiple company’s internal systems and
databases. Principal sources included project database, detailed reported hours material, cost
and invoicing information. Collecting the data was more difficult that originally estimated.
Several sources were used to have all the needed information. The data was processed and
targeted to project-specific form by using several MS Excel tables and different calculation
methods.
As predicted, some projects were forced to be removed because the lack of some variables or
unreliable results. The active projects were automatically removed because none of the success
elements could be calculated yet. One of the most important dimensions of project success,
estimation accuracy, caused some problems due to missing estimation dates and amounts from
contracts. To reach reliable and truthful results all the cancelled and rejected projects were also
eliminated. End of this data cleaning process 33 projects were chosen to be used in the
quantitative research process.
Research method and the analysis variables
We introduced in the earlier chapters a number of control variables into our model. These
variables serve two main purposes: (1) provide deeper understanding of application
development project nature and (2) help us to answer the results of earlier studies and creating
our empirical model. We have selected six different control variables based on careful
examination of earlier literature view and available data. Variables used in the analysis were
partly continuous and partly nominative. Continuous variables are mainly financial and
absolute metrics straight from database like number of hours. Nominative variables are used to
classify some meters with clear differ to separate groups. These variables are presented in
Table1. It also summarizes earlier represented research references, which have used the same
variables in their studies.

28
Table 1 Analysis variables

Variable

Measurement

Research reference

Project size

Number of reported hours

Taylor (2000)

Invoiced amount (€)

Gowan et al. (2005)
Sauer et al. (2007)
Jorgensen (2014)
The Standish Group (2014)

Project duration

Number of days

Chang and Leu (2005)
Gopal et al. (2010)
Barry et al. (2002)

Offshoring level

Project Manager

1 = Not Distributed

Ramasubbu & Balan (2007)

2 = Partly Distributed

Mishra et al. (2014)

3 = Highly distributed

Jorgensen (2014)

PM experience (based on experience level)
(scale 1-4) (1 =lowest, 4 =highest)

Moreno (2008)

PM status
1 = familiar with the Company
2 = new in the Company
Team Structure

Taylor (2000)
Mir (2014)
Ingason, 2014
Yeo (2002)

Number of project employees

Pendharkar & Rodger (2009)

Team experience (A-J)

Webber (2001)

(A =lowest, J =highest)

Trendowicz, (2014)
Ramasubbu et al. (2007)
Gopal et al. (2010)
Thamhain, (1987).
Wallace (2004)

Contract Type

1 = T&M project

Gopal & Sivaramakrishnan (2010)

2 = Fixed price project

Project size is measured with two different dependent variables. Number of hours (h) is
calculated using the total number of reported hours to project despite the status. These hours
include both approved and unapproved hours, which are not invoiced from the customer.
Invoiced amount (€) summarizes all net price invoicing after subtracting possible credit notes.
Most of the projects were small and distributions of both of the variables were centered on the
left side so we also took logarithmical changes for both of them. Distributions can be seen from
the Appendix I (1.1 and 1.2).
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Project duration was selected to be calculated based on the actual days. Length of project was
get as remainder of project end date and start date (when actual work was started). At the
variable of end date the real end date, when the actual work was finished, was selected instead
of project finishing date. So the extraction caused from administrative tasks after project was
excluded. Project duration is evenly distributed approximately between 50 to 400 days
(Appendix I (1.3)) so any changes to variable were not done.
As the measurement of Offshoring level projects are classified into three groups. The offshored
work is mainly done in India but few percent of work is completed in some nearshore countries.
All the claimed hours are calculated together and offshored work amount was compared against
the Finnish numbers. Not distributed projects (1) are completely produced in Finland, Partly
distributed projects (2) are 0-70% produced in offshoring centers and highly distributed projects
(3) are mainly delivered abroad (70-100%). Like Appendix I (1.4) shows 54.2% of projects are
not distributed at all and the other two groups have almost the same number of projects with
little over 20% share.
Project manager measurement is divided into two variables. PM experience illustrates skills of
PM by dividing PMs into groups. This is done by using the experience level (described more
exactly at the following chapter below) as the measurement of capability and skills. The
managers are divided into four groups where 1 represent the lowest and 4 highest experience
level. The second fixed variable is PM status, where managers are categorized depending on
how long they had been working and how well they knew the Case Company. The group 2
(“new in the company”) consist of employees that have transferred from Customer Company
into the Case Company and have been working in the Case Company under two years’ time
period. The group 1, on the other hand, includes employees with longer career and better
knowledge about the Case Company. Distributions are represented in Appendix I (1.5).
Team structure was examined with two different variables (Appendix I (1.6)). Number of
employees includes all the personnel that has reported their work to projects either billable or
non-billable hours. Meter of experience constructed around classification between different
types of personnel, which based on employees’ experience or harshly said “expertise level”.
These expertise levels or pay ranges are scaled from A-J, where J represent the highest and
most experienced employees or top managerial level. In our study there are employees from
base band level F to more experienced managerial level I. Most of the work is done in bands F
or G. The level F is the base level where most of the employees belong. Work done in level F
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varies evenly between 0-100 percent and gives a good comparison group to more experienced
workforce. That why it is used as meter of experience. The indicator in other words inversely
measures experience level where 100% represents that work is completely executed in level F.
Contract type is based two level scale where T&M projects get value 1 and fixed projects value
2. Time and material (T&M) projects are based on the use of resource for certain tasks. In fixed
price projects invoicing price is settled in contract signing phase. Most of our projects are T&M
based (72.7%, Appendix I (1.7)).
To measure the overall project success we used three success dimension variables. As a meter
of project profitability return on sales (ROS) was selected to analysis variable. The proportional
profit was calculated as extraction between total revenue (invoiced amount) and project costs
and divided it with the project size (invoiced amount). This meter is named to Success1 in the
following sections. To measure process performance we examined budget and schedule. We
observed these elements at two different perspectives. Success3 describes percentage value of
budget overrun measured with contract estimation and actual invoice details (actual invoice
amount - estimated invoice amount)/estimated invoice amount). Success2 measures time
overrun with difference between contract and actual end date. Proportional overrun percentages
were calculated and recoded into inverse values in order to have higher values to represent the
success (schedule underrun) and lower ones failure. We are using these meters only in few tests
because our main purpose is to measure estimation accuracy. It is usually even more important
to be able to estimate projects as exact as possible. High estimates can accrue misallocation of
resources and low estimates can cause problems for example in quality (Lee A., et al. 1998).
AbsSucces2 and AbsSuccess3 were created to represent estimation accuracy and were
calculated by using absolute values of the two above mentioned meters. The closer received
value is to zero the more accurately project was estimated.
Figure 6 shows descriptive statistics of analysis variables. Because variables were measured as
ratio scale one sample Kolmogorow-Smirnow test was used to test if the variances follow
normal distribution (Appendix II (2.1)). Only profitability (Success 1) was normally distributed
and for the two other variables null hypothesis were rejected. Profitability varies evenly from 100% to 66.8 % with mean of 5.4 percent. Means for accuracy meters are 29. 58% for schedule
and 27.25% for budget. Logically both of the accuracy graphs are skewed to the left because
values in right side represent very high inaccuracy, which is not so common.
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Figure 6 Distributions of success criteria

Like in many quantitative studies our goal is to establish a relationship for predicting values of
one variable given of another one by using equations (SPSS Inc.1997, 157).To make it more
illustrative these correlations and differences between groups are presented in different graphs
if possible.
To test the significant differences between success measures and fixed success factors mainly
one Way Kruskal-Wallis. These tests do not have assumption for equal variances for variables.
Mann-Whitney test was used in cases with only two groups. If there were more than two groups
and variances were unequal, Kruskal Walls results were used. Spearman’s rank correlation
analysis were used with dependent variables if the assumption of normality was not fulfilled.
Spearman’s correlation is also usually kept better meter if the number of cases is not very large
(10-30). If significant results or correlations among groups were observed, separate analysis
were used to analyze closer the effects. This part is followed by K-means clustering, which was
used to examine the Case Company’s project portfolio. The aim was to achieve as big difference
between the means for each cluster on each dimension to assess how distinct our k clusters are.
K–means clustering bases on process, where aim is to assign each case to the nearest center
iteratively.
Critical factors for project success
In the next sections we are going to explore more carefully piece by piece the stated hypotheses.
Used test methods are shortly represented, results summarized and compared to hypotheses.
H1.1.There is no linear connection between profitability and estimation accuracy meters.
The relations between the selected success variables were examined with Spearman’s
correlation matrix (Appendix III). To this review we also included original success meters for
schedule and budget overruns. Like predicted most of the correlations were not significant. The

32
results prefigures for example that project’s profitability is not dependent either on the budget
or schedule over/underruns or estimation accuracy. The only statistically significant result was
between time accuracy and budget overrun (0,428), because correlation between time overrun
and time accuracy (-0,913) is not logical to keep very significant. That simply shows that only
few cases undercut planned time scope and had positive values in time overrun meter. This
indicates that budget overruns are somewhat correlated with schedule overruns and accuracy
but on the contrast no linearly acceptable correlation can be found against profitability.
According to this hypothesis is supported.
H1.2.Time overruns tend to estimate profitability with greater probability than budget
overruns.
The previously presented correlation matrix (Appendix III) answers also to our second problem.
We stated that there is no significant difference between either of the estimation accuracy
variables with profitability. The correlation matrix shows that profitability is most correlated
with time overruns (Success2) and time estimation accuracy (AbsSuccess2) even though
correlations were not significant (p>0.05). Results show that higher estimation default (-23.8%)
or time overrun (-17.9%) can be connected to lower profitability at some level. On the other
hand both budget factors had correlation level at very low stage. Budget overruns had
correlation only -0.8% and estimation accuracy -16.4%. Neither of the factors were significant
and even if we can see differences between correlations, based on these results we have to reject
the hypothesis. We cannot reliably say that there is difference between the factors.
H1.3.Time overruns are relatively greater than budget overruns.
We approached our third hypothesis from somewhat different perspective. The results are
presented at the following graph (Figure 7). The projects are organized descending order based
on absolute values of time overruns. Like graph shows most of the budget overrun results seem
to stay considerably under the time overrun line. Just in few cases budget overrun overs the
schedule overrun.

Figure 7 Schedule and budget overruns
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Related-samples Wilcoxon Signed rank test was chosen to compare deviation between the
groups. This method is useful for small variable sets and does not require normal distribution.
The results showed that there is significant difference between time and budget overruns.
Statistics from Wilcoxon test prove that in most cases difference is negative (Appendix II (2.1,
2.3)). The mean in time overruns is also clearly higher, almost 25%. These results support our
original hypothesis that time overruns tend to be greater than budget overruns.
H2.1 Project size is inversely related to project target date and budget.
Spearman’s correlation was used to see if there are any correlations between selected project
size variables and success elements. Appendix III shows that correlations were relatively low
with both of the variables. The strongest correlation was between profitability and number of
hours, but only 10.4% with non-significant p-value. According to Jorgensen (2014)
logarithmical variables predict better correlations and that is why also recoded size variables
were tested, but without any change in the correlations. Earlier studies disagreed already in
beforehand impacts of size and we can join to that discussion. We assumed that bigger projects
would have been more inaccurately estimated but according to the results test hypothesis was
rejected.
H2.2 Project duration is also inversely related to target date and budget
The impact of project length and success elements was firstly observed with Spearman’s
correlation matrix (Appendix III). Both time and budget accuracy were found to be significant
variables. The correlation to budget accuracy was a bit greater (0,514) than to schedule accuracy
(0,451). The scatter plots in Figure 8 show that rather much variety around fit line can be seen.
In the first graph correlation to profitability is also illustrated even though this correlation was
not statistically important.

Figure 8 Correlations between length and success criteria
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We assumed that project length would be inversely correlated with project success and our test
supported this hypothesis. Y-axes in Figure 8 measure length and the longer project is we can
see that the bigger values estimation meters get. Whilst profitability level decreases as size gets
larger. Longer projects can be associated with more inaccurate estimations, which means worse
performance.
H2.3/H3.1. The bigger project’s offshoring level is, the more inaccurate project’s estimation
accuracy is but high offshoring level has positive impact on profitability.
The impact of offshoring level was tested with Independent-Samples Kruskal-Wallis Test. The
effect was inspected by using all three of the success criteria. Figure 9 illustrates more clearly
the differences between different offshoring groups. Profitability is remarkably lower with
partly offshored projects and clearly highest in highly offshored projects group. Test results
also support what was seen in graphs and test’s null hypothesis was rejected (Appendix II (2.1)).
Even though the graphs show clear differences in means between offshoring level and schedule
and budget accuracy, the t-test results set too high significance level so null-hypotheses were
retained.

Figure 9 Mean values of success meters in different offshoring groups

According to earlier studies high offshoring level have a positive impact on profitability. We
can support this hypothesis. Like former research, dispersion sometimes correlates with
negative outputs. Contrary to results of Ramasubbu and Balan (2007) the degree of offshoring
was, however, significant. Partly offshored group was clearly the most underperformed one
with mean -16.9%. The profitability was low and at the same time estimation levels were most
inaccurate. Benefits of offshoring came to light only after the offshoring level was big enough.
Profitability increased to 31.8%. Even if the head office is located in another place, production
is again concentrated mainly in one place and communication comes easier. All in all we can
say that, yes offshoring has positive impact when it is done in high level and hypothesis is
supported. Dispersion itself have negative impact and this impact is not linear.
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H2.4/ H3.2 PM has a positive impact on estimation accuracy but no significant influence to
financial performance etc. profitability
The impact of PM was tested with two previously represented meters. Independent sample
Kruskal-Wallis tests was used to exam differences between group meas. The results clearly
showed that neither of the variables had an impact on success dimensions (Appendix II (2.1,
2.5)). The biggest variance was between budget accuracy and PM experience, where higher
value in highest PM experience group (I) differs clearly from other groups (Figure 10). In total
variances are very evenly distributed both in PM experience groups and PM status groups,
which tells us that there is no impact between PM to our success criteria. Like assumed PM has
no impact on profitability and H3.2 is supported but against another of the hypothesis there
were no impact on estimation accruracy and H2.4 is rejected.

Figure 10 PM experience deviations

H3.3 Different team structures has an impact on project success
We approached team structure as two perspectives. Selected factors team size and team
experience were measured as ratio scale so Spearman’s correlation was used again. Surprisingly
there were not any major correlations between team structure and profitability. With number of
employees correlation was almost unexciting (1.8%) Earlier was stated that greater variety in
teams increases flexibility but also makes it harder to estimate actual delivery and costs of the
project. Statistically significant (p=0.024) correlation was found between number of employees
and budget accuracy. 41.2 % of variance between groups was explained. Like scatterplot A in
Figure 11 shows the more employees there are, more likely budget accuracy suffers. Team
experience followed the same line. There were not significant correlation with profitability or
time accuracy, but correlation coefficient with budget accuracy was 38.9% (p=0.24). Scatterplot
B in Figure 11 illustrates the same than previous. Team experience was measured as percentage
value (0-100%) where values further from zero represented more unexperienced team. More
unexperienced team increased the dispersion and inaccuracy in budget estimations.
Heteroscedasticity is clearly seen in both of the scatter plots.
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A Employees - Budget accuracy

B Team experience – Budget accuracy

Figure 11 Scatter plots of significant connections between budget accuracy and team structure

The former results from team structure were supported with our findings. We could find
correlations that are logically explained. Inexperience in teams may cause some problems to
evaluate coming costs and number of hours that are needed to deliver the project. Also when
more people are in part of project the estimation can suffer. However, we could not find any
correlation between profitability and team structures.
H3.4 T&M projects are more profitable than fixed price projects.
To compare means between contract types Independent-Samples Mann Whitney U Test was
chosen to be used. It does not require normal distribution from dependent variables unlike many
other methods for example one sample T-test. According to test results null hypotheses were
retained for profitability and Schedule accuracy. There could not be found any significant
difference between T&M based and fixed price projects. The null hypothesis was rejected in
test between contract group and budget with significance level on 0.045.

Figure 12 contract type statistics

37
Figure 12 compares means whiting the subgroups to overall success numbers. It shows that
fixed price projects are more accurately budgeted than T&M based. This of course cannot be
kept very surprising finding. It looks like at some reason in one fixed price project has had
different invoiced amount that originally agreed. Despite the results weren’t significant at other
success levels from the graphs we can notice some interesting observations. Distributions in
both groups are almost as wide even there are almost twice as much projects in T&M group.
Results pretty clearly demonstrates that profitability or overall success cannot be explained with
project group even if fixed price projects give us nearly certain promise of incomes.
Project portfolio analysis
This part of empirical study is mainly descriptive. The purpose is not to create theory that can
be generalized to consider widely the whole industry, first of all because of limitations of used
research method and as much since limited number of examined projects. The purpose is to
create overall picture for the Case Company of their project portfolio.
Considering our other sub question “can projects be divided into performance groups and are
there any characteristics between these groups” we used K-means clustering method. As a
difference to discriminant analysis, clustering methods do not require you to know the exact
group membership or even the number of clusters beforehand (SPSS Inc. 1997, 263). At the
purpose of cluster analysis is detect group profiles in pre-unknown groups in data. Because our
data was heterogeneous and there was so slight correlation between the three success criteria
that clustering was natural choice instead of for example factorial analysis, which requires
correlation between variables. Combinatorial K -means cluster was selected to provide
performance profiles for our projects. Because all the success criteria were measured at same
scale, there were no need to standardizing the values beforehand. Notice that even if cluster
analysis is good and effective technique it is used more in ad-hoc situations and cannot offer
empirically generalized model as straightforward.
Our formerly stated performance measures were used to combine our cases to nearest ones in
order to visualize how the Case Company’s projects are commonly performed. As a difference
to earlier, we used the original values instead of absolute values in schedule and budget
measures so that the real difference between groups could be analyzed. We tested cluster
membership first with four and then three clusters since in K-means clustering the number of
clusters is not defined automatically. In the three-cluster test first run’s cluster 1 stayed mainly
the same. Cluster 4 formed new cluster 2 and clusters 2 and 3 combined into one cluster. After
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graphical examination and Independent-Samples Kruskal-Wallis Test the three-cluster result
was chosen to be used in the further analysis.
According to the results, we could found three different portfolios that described the cases best
(See also Appendix IV (4.1)). Profitability in the first cluster is slightly positive but time
overrun is over twice bigger than in other groups, almost 70%. On the other hand, also estimated
invoicing amount is predicted clearly smaller than actual amount compared to other clusters.
The second group includes projects that are the most unprofitable ones. In these projects
estimated time is higher than actual but not nearly as much as in the first group. Also the
budgeted invoicing amount lag far behind estimated. The last cluster includes most of the cases,
almost two thirds of them. The projects in this group are the most profitable ones and the mean
of estimated time scope is almost same than in cluster two. So the biggest problem is that
projects are delivered late. The mean of budgets is nearly same than actual so in this point of
view these projects are succeeded well.
Figure 13 shows scatter plots the same observations more demonstratively and compares
deviations between success variables one by one. Greater values in every variable represent
better performance results (bigger profitability, schedule underrun or bigger invoicing amount).
First graph shows that cluster 1 stays clearly under others profitability level and cluster 2 has
smallest in other plots. Third and the biggest cluster has clearly widest dispersion in graphs and
some outliers as well.

Figure 13 Performance clusters

To compare distances between final cluster centers more carefully we also looked over another
table form K-means clustering test (see appendix IV (4.2)). The table shows that the biggest
difference is between cluster one and two, while the clusters two and three are nearest to each
other. This can also be detected from graphs in Figure 13. In turn, ANOVA test indicated that
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budget over/underrun is the best explanatory variable and Schedule underrun (Success2) the
weakest one. The ANOVA results from K-means clustering cannot be used to test the
significance level about the mean variables because case groups are formed in the
multidimensional space to measure distance between them. That is why the results are purely
descriptive. One way Kruskal-Wallis test also proved that there is significant difference
between the group means in all meters (profitability, schedule and budget profitability).
To examine clusters closer some descriptive statistics were created to support the search. From
the Appendix IV (4.5) we can see for example that in cluster 1 all the projects were T&M
projects and most of them were completed in the cheapest price group and were offshored.
Seven out of nine fixed price projects grouped into cluster 3. Almost all the projects in cluster
3 had PM from experience class 1 or 2 and status 2. Little over half of these projects were not
distributed at all. There were not any big deviance in the distributions in categorical variables
in cluster 2. From the dependent variables we can see that on the average projects cluster 1 are
almost twice longer than in other groups. These projects are slightly smaller than in other
clusters if we compare number of hours but have more employees working in them. Size of
projects in cluster 2 on the other is almost three quarters smaller than in the other clusters.
For all that we can conclude that separate performance groups can be found and identified from
sum of cases. This is good way to analyze projects as a group. According to previous, we can
assume that among these projects the vast majority are profitable and budgeted accurately but
ran over estimated time. Clusters 1 and 2 are playing much smaller role in the whole portfolio
with only few members and can be questioned are these just outliers in the concept or do these
play significant role. Nevertheless, we assumed that there would have been greater differences
between characteristics of different clusters. Differences between founded clusters were
examined only descriptively because cluster sizes varied so much.
Findings and limitations of the research
Previously executed tests viewed comprehensively the relations between success measures and
factors. At the beginning of chapter 4 some assumptions were done about the paths and
relationships between the variables. As a conclusion for this chapter, test results for all the
hypotheses are presented below (Table 2). Six out of eleven hypotheses were supported and
rest of them did not reach significance level high enough.
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Table 2 Hypothesis overview

Hypothesis

Path

Hypothesized
relationship

Hypothesis
supported

H1.1

Profitability  Estimation accuracy

±

Supported

H1.2

Time overrun ≥ Budget overrun profitability

-

Rejected

H1.3

Time overrun ≥ Budget overrun

≥

Supported

H2.1

Project size  Estimation Accuracy

-

Rejected

H2.2

Project duration  Estimation Accuracy

-

Supported

H2.3

Offshoring level  Estimation Accuracy

+

Rejected

H2.4

PM  Estimation Accuracy

+

Rejected

H3.1

Offshoring level  Profitability

±

Supported

H3.2

PM  Profitability

*

Supported

H3.3

Team structure  Overall Success

-

Supported

H3.4

T&M ≥ fixed  Profitability

+

Rejected

To summarize the results one main notice is that even if we assumed to have variables that
affects strongly to profitability, most of the correlations affected only to accuracy meters. Only
offshoring had clear connection with profitability level. Project length correlated with both of
the accuracy meters and three more variables with budget accuracy: team experience, number
of employees and contract type. The summary of correlations is represented in the following
table 3.

Invoiced

Length

PM experience

PM status

Team experience

Empoloyees

Contract type

Profitability

*

*

*

+/-

*

*

*

*

*

Schedule Accuracy

*

*

+

*

*

*

*

*

*

Budget Accuracy

*

*

+

*

*

*

+

+

+

Offshoring level

No of Hours

Table 3 Association map between analysis variables

It is important to understand limitations of this study so that it would be easier to understand
conclusions in right scale and on the other hand avoid making too wide generalizations. The
main limitations consider industry, the Case Company and economic situation.
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Like stated earlier IT projects differ widely from many other project types. Projects in the
research were mainly development or expert work, which both differ for example from
maintenance work a lot. Maintenance takes over 60 % of software and application life cycle
costs and due to that are usually mainly produced in offshoring centers. That is why the results
are strictly limited to consider only development and expertise work types. Another important
limitation is considering the Case Company. It is central to remember that projects itself were
relatively small but delivered inside multinational Company, that had long traditions and
experience managing projects These projects may differ notably from projects that are part of
smaller Company’s or start up’s domain. Size of the project should be considered as well
because all the projects in the study were mostly under six months. The economic situation
today affects in every industry and this is not exception. This might have had an impact for
shrinking projects during their delivery or bigger offshoring degrees. All the used cost and
revenue details were in euros so exchange rate changes and currency appreciations need to be
taken account of.
One key point to remember is that the approach of this study is referred to as the evaluation
approach. The aim is to answer the question “what causes projects to success”. This is likely to
lead us to positive outcomes in projects. The results cannot be utilized straight to consider that
project with certain characteristics are going to fail or success. More likely it is better to think
that these factors affect to project risk and adding or dropping the risk level have an effect on
performance.
Like our cluster analysis indicated most of the projects resembled each other a lot. To find more
differences and correlations between project profiles, we would have needed more data for
example at longer scale or also under other accounts. The similarity between projects was most
probably one reason to low coefficients and high p-values. The findings we got can be quite
notable on behalf that this amount of projects with quite similar structure supported earlier
findings even partly. The second part of empirical study was mainly descriptive. This limits its
use in wider context and it should always be consider separately. It can be used for illustrative
purposes, but we do not claim that projects usually follow the same deviation and concept.
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CONCLUSION AND FURTHER DISCUSSION

In these days projects are rarely anymore delivered as singular unit. They have become main
business model for many companies. Multi-project environment and project based
organizations are more and more common in these days. This challenges current and future
managers to find effective management styles for projects. We found that the nature of IT and
software projects is quite unique. The projects are delivered in rapidly changing world. The
need to adapt quickly and understand customer needs is essential. IT projects are highly humanand knowledge-intensive with intangible character and usually changing requirements. This
leads to difficulties to control software projects and ends up often to project failure.
One of the main reasons that led us to this research subject was these problems behind IT project
success. We found that there are several ways to explain and measure project success and it is
dependent on from which stakeholder’s perspective we are looking at it. We defined project
success utilizing performance dimensions (time, budget, profitability) as delivering agreed
services and products to customer in planned schedule and budget with desired functionality so
that it is profitable for business.
This led us to find answer one of our main questions “which are the factors affecting to project
performance”. We argued that there are common factors that can be associated with better
project performance. The former literature is in line to our assumption and despite different
results and aspects agrees that some characteristics in software projects lead to better results or
increase the risk of failure. It was interesting to see that for some factors there were lots of
different opinions how they affect to success. This support the idea from some previous studies
(Frosman, 2005) that at least in some level these factors are tied to the context.
The literature review gave us an idea what to assume from certain factors. Based on these we
formed hypotheses to test more accurately if we can support these earlier findings. This study
supported that project length, team structure variables and contract type affect the estimation
accuracy of the projects while offshoring level has an impact on project’s profitability. High
offshoring level was connected with more profitable projects but partly distributed projects
performed worse than others. Team structure was seen significantly increasing budget
inaccuracy when team size increases and team experience is lower. Contract type did not affect
to profitability level as thought, but fixed price projects were more accurately budgeted. We
also found that profitability is not correlated with estimation accuracy even though they both

43
are selected to measure success. Thus, time overruns seem to be bigger than budget overruns
and somewhat correlated with each other.
During theoretical review it was interesting to see that not all the prior expectations were
fulfilled. Logically it was expected that all the success criteria follow step by step each other
but neither former literature nor empirical part supported this statement. This led us to examine
variables one by one instead of for example using factor analysis. Either the analysis of success
factors were not as straight forward as would have believed. There were lots of results about
success and failure factors but it looked like the first problems occur already before
understanding what success is and what is wanted to be measured.
Though, we were able to divide projects into different performance groups. We found that
typical problem for all the project portfolios was inaccuracy in schedules. Most of our Case
Company’s projects were specified into cluster with high profitability and accurate budget
estimation, but projects in this group were approximately 22% late. These results resemble a
lot earlier deviation of Sauer et al. (2007). Completely same classification cannot be used but
their results are good example that these elements do not always walk hand in hand. Abandoned
group (cancelled or rejected) was left out of examination before the tests because those could
not have been measured as all the scales. First cluster can be named as “Budget and Schedule
Challenged”, second Failed (all meters under goals) while last one “Good performers” (even
though time overruns), according to Sauer.
The selected research method fitted well into context and supported our goals and helped to
find answer to our research problem. It would be easy to say that now, after being familiarized
with factors that are affecting different success dimensions, we could create identical project
structures and estimations. Nevertheless, it is important to remember couple essential points.
The earlier discuss handled the subject only at one aspect. The observed dimensions were
objective and do not mean overall success for any project. Even though financial goals, schedule
and budget are achieved, there are numerous elements that need to be considered.
One of the main objectives was to conduct an experimentation, which tests the relationships
between project-success variables in the Case Company. One of the clear advantages of the
study is that it can identify more risky projects already before the execution phase. The second
goal was to assess, through cluster analysis and validation, how well the projects can be
categorized to performance groups and determine characteristics for them. Inversely this can as
well be used to estimate coming output when the main attributes of projects are known.
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This paper constitutes a supporting step to understand project success and its nature in IT world.
Only recognizing the success factors does not help if this information is not used for example
in project’s planning phase or while developing project risk estimation or cost models. The
results can furthermore help management to understand their project portfolio and problems
and to see more clearly overall picture instead of looking one project at time.
This study examined projects under one quite fresh customer project in the Case Company. It
would be interesting to see how this information and methods could be used as well in larger
context. One interesting aspect would be to track how upcoming projects improve and do they
follow the same pattern as former ones. Also including more factors from quality and product
side to measure success as well as containing projects from other accounts could help to make
more significant findings in the future. To prove results of these analyses in wider context
another test round with more projects would be required, but hopefully these findings and
gathered data can be utilized already now to add knowledge and help to analyze improvements
in the Case Company.
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APPENDIX DESCRIPTIVE STATISTICS
1.1 Project size 1. Number of hours  logarithmical change

1.2 Project size 2. Invoiced amount  logarithmical change

1.3 Duration

1.4 Offshoring level
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1.5 PM (1PM experience and 2 PM status)

1.6 Team Structure (1. Number of employees and 2. team experience)

1.7 Contract type
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APPENDIX II TEST RESULTS
2.1 Hypothesis Test Summary

Null Hypothesis

Test

Sig.

Decision

1

The distribution of Success1 is normal
with mean 0,054 and standard deviation
0,37

One-Sample KolmogrorovSmirnov Test

,20012

Retain the null
hypothesis

2

The distribution of AbsSuccess2 is normal
One-Sample Kolmogrorovwith mean 0,296 and standard deviation
Smirnov Test
0,27

,20012

Reject the null
hypothesis

3

The distribution of AbsSuccess3 is normal
One-Sample Kolmogrorovwith mean 0,272 and standard deviation
Smirnov Test
0,33

,20012

Reject the null
hypothesis

4

The median of differences between
TimeOver and Success3 equals 0.

Related-Samples Wilcoxon
Signed Rank Test

,002

Reject the null
hypothesis.

5

The distribution of Success1 is the same
across categories of OffshoringLevel.

Independent-Samples
Kruskal-Wallis Test

,014

Reject the null
hypothesis.

6

The distribution of AbsSuccess3 is the
same across categories of
OffshoringLevel.

Independent-Samples
Kruskal-Wallis Test

,125

Retain the null
hypothesis.

7

The distribution of AbsSuccess2 is the
same across categories of
OffshoringLevel.

Independent-Samples
Kruskal-Wallis Test

,340

Retain the null
hypothesis.

8

The distribution of Success1 is the same
across categories of PMexperience.

Independent-Samples
Kruskal-Wallis test

,811

Retain the null
hypothesis.

9

The distribution of AbsSuccess2 is the
Independent-Samples
same across categories of PMexperience. Kruskal-Wallis test

,817

Retain the null
hypothesis.

10

The distribution of AbsSuccess3 is the
Independent-Samples
same across categories of PMexperience. Kruskal-Wallis test

,194

Retain the null
hypothesis.

11

The distribution of Success1 is the same
across categories of PMstatus.

Independent-Samples
Mann-Whitney U Test

,4281

Retain the null
hypothesis.

12

The distribution of AbsSuccess2 is the
same across categories of PMstatus.

Independent-Samples
Mann-Whitney U Test

,4281

Retain the null
hypothesis.

13

The distribution of AbsSuccess3 is the
same across categories of PMstatus.

Independent-Samples
Mann-Whitney U Test

1,0001

Retain the null
hypothesis.

14

The distribution of Success1 is the same
across categories of ContractType.

Independent-Samples
Mann-Whitney U Test

,3701

Retain the null
hypothesis.

15

The distribution of AbsSuccess2 is the
Independent-Samples
same across categories of ContractType. Mann-Whitney U Test

,8271

Retain the null
hypothesis.

16

The distribution of AbsSuccess3 is the
Independent-Samples
same across categories of ContractType. Mann-Whitney U Test

,0451

Reject the null
hypothesis.

Asymptotic significances are displayed. The significance level is ,05.
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2.2 Descriptive Statistics

N

Minimum

Maximum

Mean

Std. Deviation

Variance

Success1

33

-1,031

,668

,05411

,369810

,137

Success2

33

-,83

,42

-,2703

,29395

,086

Success3

30

-,90

1,04

,0174

,42884

,184

AbsSuccess2

33

,00

,83

,2958

,26749

,072

AbsSuccess3

30

,00

1,04

,2725

,32774

,107

2.3 Descriptive Statics for Schedule and Budget overruns

TimeOverrun
Mean

BudgetOverrun

,2701

,0174

33

30

,29306

,42884

Minimum

-,42

-,90

Maximum

,83

1,04

Variance

,086

,184

,2521

,0000

N
Std. Deviation

Median
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2.4 Descriptive Statics for offshoring groups
Report
OffshoringLevel
Highly Distributed

Success1
Mean

,3457

,2408

,316363

,26140

,37575

Minimum

-,267

,00

,00

Maximum

,639

,83

1,04

,05055

,2333

,1764

,328432

,26029

,25092

Minimum

-,558

,00

,00

Maximum

,668

,75

,76

Mean

-,16876

,3925

,4803

Std. Deviation

,388590

,28419

,35766

Minimum

-1,031

,00

,00

Maximum

,207

,76

,91

,05411

,2958

,2725

,369810

,26749

,32774

Minimum

-1,031

,00

,00

Maximum

,668

,83

1,04

Mean
Std. Deviation

Partly Distributed

Total

AbsSuccess3

,31799

Std. Deviation

Not Distrbuted

AbsSuccess2

Mean
Std. Deviation

2.5. PM experience – Success criteria
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APPENDIX III SPEARMAN’S CORRELATION MATRIX
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APPENDIX IV CLUSTER STATISTICS
4.1 Final Cluster Centers

Cluster

Number of Cases in each Cluster
Profitability (Success1 )

1

2

3

4

7

19

-,053

-,339

,211

-,68

-,21

-,22

,78

-,41

,02

Time underrun(Success2)
Budget overrun (Success3)

4.2 ANOVA test – Difference between cluster centers

Cluster
Mean Square

Error
df

Mean Square

df

F

Sig.

Success1

,797

2

,086

27

9,281

,001

Success2

,384

2

,064

27

5,951

,007

Success3

1,809

2

,064

27

28,466

,000

The F tests should be used only for descriptive purposes because the clusters have been chosen to maximize the differences among
cases in different clusters. The observed significance levels are not corrected for this and thus cannot be interpreted as tests of the
hypothesis that the cluster means are equal.

4.3. Independent-Samples Kruskal-Wallis Test to exam statistical difference between cluster means.

Null Hypothesis

Test

Sig.

Decision

The distribution of Success1 is the
Independent-Samples
Reject the null
,006
1 same across categories of Cluster
Kruskal-Wallis Test
hypothesis.
Number of Case.
The distribution of AbsSuccess2 is
Independent-Samples
Reject the null
,017
2 the same across categories of Cluster
Kruskal-Wallis Test
hypothesis.
Number of Case.
The distribution of AbsSuccess3 is
Independent-Samples
Reject the null
,006
3 the same across categories of Cluster
Kruskal-Wallis Test
hypothesis.
Number of Case.
Asymptotic significances are displayed. The significance level is ,05.
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4.4 Boxplot graphs describing mean differences and variances between clusters
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4.5 Descriptive statistics for Clusters

Cluster Number of Case
1
Mean

2

Count

Column %

Mean

3

Count

Column %

Mean

Success1

-,053

-,339

,211

Success2

-,68

-,21

-,22

Success3

,78

-,41

,02

AbsSuccess2

,68

,21

,26

AbsSuccess3

,78

,41

,11

Finland

,503

,801

,725

India

,311

,126

,275

HOURSALL

1681

484

1820

EMPLOYEES

10

4

7

Time Over

,68

,21

,22

Length

268

152

167

Team experience

,749

,479

,625

OffshoringLevel Highly Distributed

PMexperience

PMstatus

Team

ContractType

Count

Column %

1

25,0%

1

14,3%

5

26,3%

Not Distributed

0

0,0%

4

57,1%

11

57,9%

Partly Distributed

3

75,0%

2

28,6%

3

15,8%

1

2

50,0%

3

42,9%

8

42,1%

2

1

25,0%

3

42,9%

9

47,4%

3

1

25,0%

0

0,0%

2

10,5%

4

0

0,0%

1

14,3%

0

0,0%

1

2

50,0%

3

42,9%

3

15,8%

2

2

50,0%

4

57,1%

16

84,2%

A

3

75,0%

1

14,3%

9

47,4%

B

0

0,0%

3

42,9%

2

10,5%

C

0

0,0%

1

14,3%

4

21,1%

D

1

25,0%

2

28,6%

4

21,1%

T&M

4

100,0%

5

71,4%

12

63,2%

Fixed price

0

0,0%

2

28,6%

7

36,8%

