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Abstract

Despite the fact that many researchers and practitioners agree that organisational issues are equally
important as technical issues from the software cost estimation (SCE) success point of view, most of
the research focus has been put on the development of methods, whereas organisational factors have
received surprisingly little academic scrutiny. This study aims to identify organisational factors
that either support or hinder meaningful SCE, identifying their impact on estimation success. Top
management’s role is specifically addressed. The study takes a qualitative and explorative case
study based approach. In total, 18 semi-structured interviews aided the study of three projects in
three organisations. Hence, the transferability of the results is limited. The results suggest that the
role of the top management is important in creating prerequisites for meaningful estimation, but
their day-to-day participation is not required for successful estimation. Top management may also
induce undesired distortion in estimation. Estimation maturity and estimation success seem to have
an interrelationship with software process maturity, but there seem to be no significant individual
organisational factors, which alone would make estimation successful. Our results validate several
distortions and biases reported in the previous studies, and show the SCE research focus has
remained on methodologies and technical issues.

Keywords: software cost estimation, project management, project success, top man-
agement, organisational factors, software improvement, software process maturity, case
study

1. Introduction

Most software projects still suffer from budget
and schedule overruns [1-4]. Regardless of the
high price of software projects that bring hun-
dreds of billions of euros in losses annually [5-7],
there are still severe deficiencies in the proper
application of software cost estimation method-
ologies in organisations [8-13].

Systematic overruns have continued for
decades, although researchers and practition-

ers have developed hundreds of estimation
methodologies [13, 14]. However, the reason
for the overruns may not reside only in the
estimation methodologies as they are shown
to be able to produce accurate results when
used properly [15, 16]. Thus, the problems
that result in estimation errors may occur be-
cause estimation methodologies are used in-
effectively by organisations [9, 11, 14]. Conse-
quently, organisational inhibitors [10], top man-
agement focus [17] and the sources of distor-


http://www.e-informatyka.pl/wiki/e-Informatica
http://www.e-informatyka.pl/attach/e-Informatica_-_Volume_12/eInformatica2018Art7.pdf

168

Jurka Rahikkala, Sami Hyrynsalmi, Ville Leppénen, Ivan Porres

tions [9, 12] have become the focus of recent
studies.

While most SCE does not use a proper
methodology, the situation is considerably bet-
ter in the area of project management (PM) as,
according to Fortune and White [18], only 5% of
projects do not use any PM tools. Considering
the fact that cost estimation is an inseparable
part of all projects [19], and that the cause of
overruns in software projects may reside in soft-
ware cost estimation (SCE), project management
(PM) or other areas [20-22], the difference in the
extent of the use of methodologies between soft-
ware project management and management of
other types of projects is surprising. Especially,
because commonly used industrial project man-
agement and process improvement frameworks,
such as CMMI [23], PMBOK [19] and IPMA
ICB [24], promote the importance of estimation
and the use of methodologies. The use of proper
methodologies is proven to have a positive effect
on the outcome of both SCE and PM (18,25, 26],
nevertheless only PM professionals utilise these
valuable tools and methods to any great extent.

As scientific literature or industrial advice
does not provide a clear explanation for the gap
in the extent of the use of methodologies between
SCE and PM, one assumption is that the differ-
ence arises from organisational priorities and
does not seem to be related to the availability
of proven cost estimation methodologies. Project
management is widely linked to the execution of
the corporate strategy [27-29], but SCE seems to
have very little visibility among top management.
Also, while project management research paid
close attention to non-technical factors, such as
top management support, communication, skills
and learning [18, 30], SCE research mostly fo-
cused on developing and improving estimation
techniques [14]. This is an important observation,
indicating that the explanation for the difference
in the extent of use of SCE and PM method-
ologies could reside within the research areas
omitted from the study of SCE.

The goal of this study is to identify organisa-
tional factors that either support or hinder mean-
ingful SCE, and to establish their impact on es-
timation success. The study takes a holistic view

with special attention on top management par-
ticipation. A qualitative, exploratory case study
approach is employed, using interviews as the
primary data collection method. In total, three
projects were studied and 18 semi-structured
interviews were conducted.

Some research papers addressing SCE from
the organisational rather than technical view-
point have been published recently [9,10,17,31].
This paper continues on this highly relevant path
but diverges from previous studies by studying
the impact of organisational factors related to
software process or project process on the effec-
tiveness of the use of estimation methodologies.
Improving the understanding of the real-world
dynamics related to the effective use of estima-
tion methodologies may provide practitioners
with valuable tools for improving SCE in organi-
sations. Especially, the gap between the advice
provided by the industrial project management
frameworks and the low extent of use of method-
ologies could be narrowed. This study may also
provide further evidence that organisational is-
sues are equally important as technical ones for
effective SCE, and generate new theories about
the reasons for why the extent of use of method-
ologies is low regardless of the experienced impor-
tance of SCE and industrial advise. This would
justify further study on the organisational dimen-
sion of SCE.

The remaining part of the paper is struc-
tured as follows: Section 2 presents related work
focusing on four areas: software cost estimation,
project management, top management involve-
ment and software cost estimation in industrial
frameworks. Section 3 presents the research ques-
tions. Section 4 introduces the case companies
and projects, and Section 5 elaborates on the
research design. Section 6 presents the results of
the case study and is followed by a discussion of
the key findings in Section 7. Section 8 concludes
the study.

2. Related work

In the following subsections, top management’s
relationship to SCE and PM is reviewed and the
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focus areas of earlier research on these subjects
is summarised.

2.1. Software cost estimation

Software cost estimation is an activity that aims
to produce a prediction of the effort required to
build a software component. As most costs in soft-
ware development projects are personnel costs,
‘cost’ and ‘effort’ are often used interchangeably.
The literature that studies and develops methods
to estimate costs in software projects began in the
1960s [32,33]. However, despite five decades of
research and hundreds of studies [14,34], software
projects still exceed their budgets and timetables.

Jorgensen and Shepperd [14] conducted the
most recent systematic literature review of SCE.

In total, they selected 304 journal articles for

their study and identified eight active research

topics in SCE:

Estimation methods: the key issues include
formal estimation models, expert estimation
processes, decomposition based estimation
processes and combinations of those three.

Production function: the key issues are the
linear versus nonlinear relationship between
effort and size, and the relationship between
effort and schedule compression.

Calibration of models: the key issue is the
calibration of estimation models, e.g. studies
on local versus multi-organisational data and
the calibration of the COCOMO model for
certain types of projects.

Size measures: the key issues include validity
and improvements in the size measures that
are important in estimation models, e.g. the
inter-rater validity of function point counting.

Organisational issues: the key issues are es-
timation processes in a wide organisational
context, e.g. estimation practice, the reasons
for cost overruns, the impact of estimates on
project work, and estimation in the general
context of project management.

Effort uncertainty assessment: the key is-
sue is the uncertainty of effort or size esti-
mates, e.g. methods providing minimum-max-
imum intervals for effort.

Measures of estimation performance: the
key issues include the evaluation and selection

of estimation methods, e.g. how to measure

estimation accuracy or how to compare esti-

mation methods.

Data set properties: the key issue is how to
analyse data sets for the purpose of estima-
tion methods, e.g. data sets with missing
data.

Other: unclassified topics.

The distribution of the topics is presented in

Table 1.

As shown in Table 1, all other categories ex-
cept ‘Organisational issues’ and ‘Other’ focus on
estimation methodologies or other formal meth-
ods for improving the estimation of size, effort
or schedule. Only 16% of the articles discussed
issues other than non-technical issues, i.e. or-
ganisational issues. Thus, SCE research strongly
focuses on formal and technical issues and has
relatively little focus on non-technical topics. Fur-
thermore, the share of the articles focusing on
organisational issues seems to be decreasing, it
was only 14% during the period from 2000 to
2004. The recent study of SCE research trends
shows also that the research focus has remained
consistently on estimation methodologies and
techniques between 1996 and 2016, the emerged
research areas being ‘size metrics’, ‘estimation by
analogy’, ‘tools for estimation’, ‘soft computing
techniques’ and ‘expert judgement’ in five topic
solution [35].

Estimation methodologies produce good re-
sults when applied properly [15,16]. Regardless
of this, overruns still continue. While an obvious
research topic should be the effective application
of estimation methodologies, 84% of the articles
still focus on improving methodologies. Hihn and
Habib-agahi noticed already in 1991 that only
17% of the estimators used proper estimation
methodologies [36]. This, however, seems not to
have affected the research focus either. Also ac-
cording to our experiences, the basic problem of
SCE is that the estimation methodologies are not
applied properly; researchers and practitioners
largely agree on this point [13,14]. Furthermore,
Jorgensen and Shepperd’s [14] review reports
that only eight articles out of 304 were in-depth
case studies and only three evaluated the back-
ground to the estimation processes. This, to-
gether with the technical focus of the research,
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Table 1. Distribution of research topics in software cost estimation.
A single study can belong to multiple categories. Adapted from [14]

1990-  2000-

Perspective 1989 1999 2004 Total
Estimation method 3% 59% 58% 61%
Size measures 12% 24% 16% 20%
Organisational issues 2% 1% 4% 16%
Uncertainty assessment 5% 6% 13% 8%
Calibration of models 7% 8 % 4% 7%
Production function 20 % 4% 3% 6%
Measures of estimation performance 5% 5% 6 % 5%
Data, set properties 0% 1% 2% 1%
Other 0% 2% 1% 1%

confirms that concentrating on real-world issues
that prevent the effective use of SCE methods
is justified as a systematic improvement in SCE
success that can only be realised through the
successful application of estimation methods in
real-world situations.

2.2. Project management

The share of work organised as projects is very
high in organisations, and the results of such
projects are critical for the success of an organi-
sation [37,38]. Due to the significance of PM, the
topic has been broadly studied and the body of
knowledge on it is extensive. Several different cat-
egorisations of PM research areas exist and the
following six perspectives have been presented
by Kolltveit, Karlsen and Grgnhaug [30]:

The task perspective: key issues include the
scope of project management for a task,
project targets, project results and planning
and control.

The leadership perspective: key issues are
leadership, communication, uncertainty and
learning

The system perspective: key issues are sys-
tems, elements of systems, boundaries and
dynamics.

The stakeholder perspective: key issues in-
clude stakeholders, communication, negotia-
tion, relationships, influence and dependence.

The transaction cost perspective: key is-
sues are transactions, transaction costs, pro-
duction costs, and governance structure.

The business by project perspective: key
issues include business, project results,
project success, strategy, profit and benefits.
In their article, Kolltveit et al. [30] identified

562 articles published in International Journal

of Project Management and classified them into

the six above mentioned categories (see Table 2).
Once again, when dividing the areas or as-

pects into technical and non-technical, the task

and transaction cost perspectives can be seen
as technical. The other four can be seen as
non-technical, or at least having most of their key
issues beyond the purely technical focus. As Ta-
ble 2 shows, the focus of the project management
research was shifting from the task perspective
towards the leadership and business perspectives.
This can be seen from the table as with the above
classification into technical and non-technical
aspects, the share of technical perspectives de-
creased from 68% to 18% between the first and
the last period, respectively. This shift of focus
seems reasonable since organisational issues are
reported to be even more important factors in

project success than technical ones [25,39-41].

Top management support (TMS) was even sug-

gested as the most important factor affecting

project success [42], which corresponds well with
the largest share of the leadership perspective
related papers.

In comparison to SCE research, PM research
underwent a major shift from task oriented
or technical topics towards people oriented or
non-technical ones, whereas the SCE research
focus remains on task oriented subjects. Thus, it
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Table 2. The distribution of research perspectives in project management.
A single study can belong to multiple categories. Adapted from [30]

Perspective 1983— 1988— 1993— 1998- 2003— Total
1987 1992 1997 2002 2004
Task 49%  34%  32%  23% 12%  29%
Leadership 8% 16% 25% 28% 33% 23%
System 23% 25% 18% 19% 15% 20%
Stakeholder 1% 3% 1% 5% 6% 3%
Transaction 19% 9% 6% 10% 6%  10%
Business 0% 13% 17% 15% 29%  15%

is also reasonable to assume that the focus of PM
research has placed more focus on how methods
are applied by people and therefore increased
the awareness, effectiveness and extent of use of
the methods. The mere existence of a method
seldom leads to its success.

2.3. Top management focus

Top management support has been found to be
one of the most important critical success factors
for project success in several studies [40,42,43]
and few would doubt the need for TMS [44]. Also,
top management’s interest in PM is increasing
along with the number of PM related articles pub-
lished in top management and business journals
[45]. However, top managers are generally more
interested in non-technical issues of a strategic
nature [46,47].

The practices through which TMS is demon-
strated for a project have been extensively stud-
ied. Garrity [48] recommends top management
review plans and monitor results. Beath [49]
found that top managers are able to make or-
ganisational changes, while Morton [50] notes
top managers — as project champions — have the
skills to mobilise public opinion, resolve conflicts
between stakeholders and win the hearts and
minds of project teams. Zwikael [25] identified
a list of 10 critical top management support pro-
cesses that influence a project’s success, including
appropriate PM assignment, project manager in-
volvement during the initiation stage and the use
of standard PM software.

TMS was not studied widely in the scope
of SCE. However, Rahikkala et al. [17] found
that top management pays attention to SCE
and recognises that good estimates are critical
for an organisation’s success, as well as for un-
derstanding the consequences of an erroneous
estimate. In general, there is very little infor-
mation about TMS in SCE. This suggests that
the actual top management focus on SCE is
low. Regardless of the reported attention, the
limited use of SCE methodologies supports this
assumption.

2.4. Software cost estimation
in industrial frameworks

Many of the commonly used project manage-
ment frameworks, standards and other related
guidelines address cost estimation. Project Man-
agement Institute’s PMBOK Guide [19], as well
as its Software Extension [51], give detailed guid-
ance on preparing software cost estimates. An-
other popular framework, International Project
Management Association’s Competence Base-
line [24], includes cost estimation as an impor-
tant step. Furthermore, PRINCE2! and ITIL v3
[52] frameworks emphasize estimation and cost
management, as well as the CMMI process im-
provement program [23] and the ISO 21500:2012
standard for project management [53]. Even the
U.S. Government Accountability Office (GAO)
published a 12 step guide for cost estimation?.
Finally, cost estimation is also covered by agile
methodologies [54].
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3. Research questions

The literature review shows that SCE research
has been centred on methodology for decades
without a significant change. In contrast, PM
research is very broad and covers topics such
as methodologies, leadership and business. The
focus of research also shifted from methodologies
towards other areas, currently having a relatively
even distribution on a broad range of topics. In
particular, TMS was studied in the scope of PM
but not SCE. Hence, though SCE and PM belong
to software project delivery, the research focus
is different. In the industrial context, the impor-
tance of SCE is widely recognized, and practically
all major industrial bodies of knowledge provide
guidance for cost estimation.

The above, together with the argument that
proper cost estimation is often omitted [10,36],
suggests that the accountability of the use of
meaningful estimation methodologies is unclear
in organisations. There are no reports that SCE
would be commonly omitted completely, rather
that it is not conducted in a meaningful way. The
previously reviewed project management and pro-
cess improvement frameworks define clearly that
project management is responsible for that the
estimation is done, but not specifically that they
would be responsible for how it is done. This
seems to leave a gap in the software process,
which may be one reason for malpractices and
overruns. This motivates our first initial objec-
tive:

RQ1: What are the real-world factors concern-
ing the organisational context of SCE (or-
ganisational factors) that either support or
hinder the creation of a meaningful software
cost estimate?

In our study, the organisational context refers
widely to the properties and mechanisms of an
organisation, such as top management commit-
ment, leadership, organisational structure, com-
munication, monitoring, recognition and educa-
tion [55]. Effectively, the definition of the or-
ganisational context used in this study does not
exclude any properties or mechanisms of an or-
ganisation, and we seek to identify the aspects
affecting SCE that human subjects can or are

willing to tell us about the topic [56]. Addition-

ally, although the organisational context is the

primary focus, biases emerging from human be-
haviour, as human subjects are centric for the
organisational context, are also considered.

It has been found that technical issues are of
little interest to senior managers [46,47]. One rea-
son for the existence of the previously described
gap may be that SCE is perhaps perceived as too
technical and too specific to software develop-
ment to interest project managers. On the other
hand, although software developers traditionally
focus on technical topics and have little interest
in or power over non-technical issues, they may
not perceive SCE as a technical issue, and con-
sider it as belonging to the project management’s
domain. Technical experts may also be protective
of their domain in order to prevent loss of power
to outsiders [57], while the suspicious and nega-
tive attitudes of senior managers towards I'T and
technical personnel [58] may hinder cooperation
further. Therefore, the second initial objective
of this study is to answer the second research
question:

RQ2: What is the impact of top management in
either supporting or hindering software cost
estimation practices?

Finally, this paper draws attention to the
difference between the extent of the use of SCE
and PM methodologies, as well as to the different
focus areas of research on SCE and PM. Addi-
tionally, the gap between the extensive amount
of industrial advice on cost estimation and the
low extent of the use of SCE methodologies is
addressed. An enhanced understanding of the
reasons behind these differences may help organ-
isations improve their SCE success, positively
affecting project success.

4. Case contexts

The topics covered in this paper have not been
widely addressed prior to this study and our
goal was to collect widely different perspectives
related to the organisational phenomena affect-
ing SCE, and especially top management’s role.
Thus, the cases were selected in such a way that
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they would generate rich information about the
phenomena being studied. The authors focused
on large and small companies, selecting higher
and lower maturity organisations and exemplary
and challenged projects. The case companies
and projects are different in their industrial do-
mains, size, as well as in their processes. The
final decision of including a particular project
in the study was made based on a discussion
with a company representative, confirming that
the project was likely to add new perspectives in
the study. Table 3 depicts the characteristics of
the case study companies and the projects. The
companies wished to remain anonymous.

4.1. Case 1 — Software Vendor’s Tool
project

Software Vendor is a software producing company
of about one hundred and fifty people. Its main
line of business consists of selling consultancy and
support services as well as software products to
businesses. The company is global and has offices
in several countries. In this study the Software
Vendor’s Tool project, which aimed to produce
an application development tool, was analysed.

While the overall project was strictly planned
beforehand, the actual development work was di-
vided into sprints. The development work started
with a prototype version in which technical chal-
lenges were studied. The Product Owner and
Project Manager were named to the project
already in the prototype phase. The Product
Owner was responsible for creating a design doc-
ument for the product, whereas the Project Man-
ager, based on the design document, was respon-
sible for crafting a timetable and cost estimates.
Initially, the project was designed to take three
months with a team of four people. Based on the
estimate and design document, top management
approved and started the project.

The Tool project overran its schedule and
budget by over 200%. However, the project deliv-
ered the planned scope and the Senior Business
Manager reports that the outcome of the project
met his expectations and he attributes the over-
runs to estimation error and project performance
related issues.

4.2. Case 2 — service provider’s
operational control system project

Service Provider is a large software producing
company with thousands of employees, providing
tailor-made and package software, and consul-
tancy services for businesses in various sectors.
The company has premises in several countries.
For the purpose of this research the Operational
Control System project by Service Provider that
aims to produce custom software for a long-term
customer was studied. The Operational Control
System is used for reporting and analysing pro-
cess control data.

The project followed a Waterfall-like soft-
ware development process. The first stage of the
project was requirement elicitation and analysis.
After the specification was approved, the project
was estimated. The estimation was made by de-
velopers and testers, led by the project manager,
who had the overall responsibility of the cost
estimate. The estimate was a result of expert
estimates, placed into a software tool specifically
tailored for the application area.

The project was planned according to cer-
tain restrictions: the budget and the timetable
was fixed. The development started when the
customer and the vendor had agreed upon the
scope. There was a small number of unknown
features that needed further elaboration. The
development work continued straightforwardly
from design through implementation and testing
to delivery. The duration and effort of the project
was 10 months and 600 man-days, respectively.
Regardless of a significant rescoping during the
project, it concluded under budget and on sched-
ule with good customer satisfaction.

4.3. Case 3 — Tech Giant’s network
management system project

Tech Giant is a large company selling products
with software to global business-to-business mar-
kets. The company has tens of thousands of em-
ployees around the world. The Network Manage-
ment System project of Tech Giant was analysed
in this research. The project produced a new
release of a tool for managing the network. The
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Table 3. Case study companies and projects

Company

Software Vendor

Service Provider

Tech Giant

Number of employees
Business area

Approx. 150
Software and services

Several thousands
Software and services

Several thousands
Software and services

Project

Initial/actual size of the
project

Initial/actual duration
of the project

Project type

Estimation methodology

Estimation responsible
Development
methodology

Result

Tool
12/44 person-months
3/11 months

Internal product devel-
opment

WBS and expert estima-
tion

Project Manager
Scrumbut: Waterfall (de-
sign) + Scrum (sprints)
Challenged

Operational Control
System
20/20 person-months

10/10 months

External product devel-
opment, i.e. tailored soft-
ware

WBS and expert esti-
mation, historical data,
peer review

Project Manager
Waterfall-like method

Successful

Network Management
System

Approx. 200/200
person-months

3/3 months

Continuous internal
product development

WBS and expert estima-
tion, historical data

Program Manager
Scrum

Successful

Network Management System has been in use
for several years.

The project was a part of a continuous de-
velopment cycle involving just under 100 people.
A new release of the system is developed every
three months. The development methodology it
used was based on Scrum with two week sprints.
The development teams were distributed over
several locations. The cost estimation was con-
ducted in two phases: firstly, rough planning
for the whole three month release in the prod-
uct management function. Secondly, the backlog
items were estimated in the Scrum teams, the
main responsible being the program manager.
The estimate for the whole release was based
on historical data about certain parts and the
estimates for those parts were prepared by re-
quirement engineers. The backlog items were
estimated by using an expert estimation. The
project concluded successfully and delivered over
85% of the planned scope, which is the goal for
all releases.

5. Case study design

The question of how the organisational phenom-
ena (RQ1) and specifically the actions of top

management (RQ2) affect SCE are investigated
through three case studies. Since this study deals
with contemporary phenomena in a real-world
context — over which the researcher has little
or no control — the case studies were chosen as
a suitable research approach [59]. This study is
exploratory, discovering what is happening, seek-
ing new ideas and generating hypotheses and
research areas [60]. The research uses a multiple
case study design and replication logic [59]. The
richness of the information is maximised by us-
ing both exemplary and average organisations
as cases [61]. The unit of analysis is a single
software cost estimate. The study focuses on the
experiences gained during the preparation of the
cost estimate and the related software process.
To facilitate the identification of organisa-
tional phenomena, it was decided to utilise the
concept of maturity. Software process maturity is
the extent to which a specific process is explicitly
defined, managed, measured, controlled and ef-
fective [62]. Paulk et al. [62] argue that maturity
implies the potential for growth in capability
and indicates both the richness of an organisa-
tion’s process and the consistency with which
it is applied in projects. Furthermore, mature
organisations provide training for processes and
the processes are monitored and improved. In
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general, the concept of maturity measures organ-
isational capability, culture and consistency in
a holistic way, thus it can be expected to usefully
facilitate the discovery of organisational phenom-
ena. Thus the maturity of SCE and software
processes are assessed for this study.

5.1. Instrumentation of SCE maturity

To assess the maturity level of SCE in an organ-

isation, the definition of an ideal SCE procedure

was developed, it covered its most important

aspects as identified in [13]:

1. The use of an estimation methodology:
A clearly defined, established estimation
methodology is used to produce the estimate,
instead of making presumptions.

2. Proper communication of the estimate: The
assumptions, accuracy and intended use of an
estimate are communicated as part of the es-
timate, instead of being presented as a figure
lacking further explanation.

3. Planned re-estimation: An estimate is im-
proved systematically when information
about the assumptions behind an estimate is
increased and updated after the initial esti-
mate.

4. The use of a documented estimation proce-
dure: A documented procedure for producing
and communicating an estimate is followed,
instead of an ad-hoc procedure.

If the above-mentioned areas of SCE are prop-
erly covered, the estimation process should avoid
many of the worst pitfalls and the outcome will
have a fair chance of being useful for project
control. As demonstrated by Lederer and Prasad
[63], using guessing or intuition as an estimation
methodology is connected to budget and sched-
ule overruns. Also, the accuracy of an estimate
increases as a project progresses [64,65], which
encourages the re-estimation and good commu-
nication of an estimate. In addition, one poorly
estimated aspect can become an anchor and may
contaminate a whole project’s estimate [66,67].
Furthermore, a documented estimation proce-
dure protects organisations from poor estima-
tion practices and promotes good practices [13].
Standardised procedures have also been found

to improve the results in PM [19, 68], specifi-
cally in software development [15,69]. Thus, if
an estimate is the result of a rigorous procedure
covering the above mentioned aspects, it is more
likely to be useful.

5.2. Instrumentation of process maturity

In order to ensure that the relevant phenomena
are discovered, the scope of this investigation
will be extended outside the actual SCE and as-
sess the maturity of the software processes in the
studied organisations by using the Capability Ma-
turity Model (CMM) [62]. The CMM establishes
a set of publicly available criteria describing the
characteristics of mature organisations. CMM
presents the process maturity of an organisation
in a scale from 1 (low maturity) to 5 (high ma-
turity). For the CMM assessment the general
characterisations of maturity levels presented by
Paulk et al. and [62, pp. 9-14] key software pro-
cess area goals [62, pp. 59-64] are used. Together,
the CMM characteristics and goals cover a wide
range of process areas, so it is probable that
reviewing these items will facilitate the discovery
of organisational factors affecting SCE, helping
to answer RQ1 and RQ2. While CMM is rather
old, it still describes well the relevant properties
and mechanisms of an organisation, making it
a relevant tool for discovering phenomena in the
organisational context.

Higher maturity organisations have been
found to perform better in software development
[70,71]. The maturity assessment is also related
to process areas rather than to techniques, to
what rather than to how, making it agnostic to
any specific development methodology. There-
fore, the software development and estimation
maturities are relevant to the discussion of organ-
isational phenomena. The CMM is also specifi-
cally intended to be used for software process as-
sessment and software capability evaluations [62].

The CMM evaluation for the case study com-
panies was made by the researchers during the
interviews and documentation review. We would
like to point out that we followed good audit-
ing practices and the main author had over five
years of experience of auditing and holds an ISO



176

Jurka Rahikkala, Sami Hyrynsalmi, Ville Leppénen, Ivan Porres

9001:2008 Lead Auditor certificate. Therefore, we
believe that the CMM requirements conformance
evaluations conducted as part of the research are
valid and we gained a good overall understanding
of an organisation’s CMM level, even though the
focus was still primarily on SCE. In this study
the main interest were SCE related topics and
CMM acted only as a facilitating instrument.

5.3. Subject selection

The subject sampling strategy was to interview
the management and representatives about other
roles related to the case projects. In total 15
people were interviewed in 18 interviews (key
informants were interviewed twice), as presented
in Table 4. All participants attended interviews
voluntarily and anonymously and the collected
data is treated confidentially.

5.4. Data collection procedures

The data for this study was collected within seven
weeks. The primary data collection methods were
semi-structured interviews [60] and a review of
documentation. In total 15 people were inter-
viewed and 18 documents reviewed. The docu-
ments included typical project documentation,
such as cost estimates, project plans, meeting
minutes and status reports, to gain a better un-
derstanding of the procedures and SCE methods
used. The case studies were completed one at
a time to allow the reflection and refinement of
the research and interview questions [72]. All the
interviews (but not key informant interviews)
related to a single case study were conducted
on the same day, with the exception of one in-
terview for the last case study. Each interview
lasted approximately one hour. Each interview
day was preceded by a key informant interview
day during which background information about
the case was collected from a person in a central
role in the case study area. The key informant
interviews addressed the following topics:

1. Project background, size, status and success.
2. Project team members and their roles.

3. Estimation methodology and success.

4. Software development methodology.

5. Software process maturity, capabilities and
track record.

The semi-structured interviews were based
on a predefined list of questions. Any interest-
ing facts and observations that were mentioned
led to additional questions being asked on that
subject. The interview instrument was developed
by three researchers and adapted slightly for the
individual case studies. All the interviews were
conducted by two researchers, who interviewed
one subject at a time. The interview instrument
is provided in Appendix A, it consists of the
following main areas:

1. Introduction.

2. Personal, team and project background.

3. Current state of SCE in the organisation.

4. Experiences of the organisational phenomena
affecting SCE.

5. Ending (uncovered topics).

5.5. Data analysis procedures

The primary steps for deriving conclusions from
the experiences of the study subjects included
1) semi-structured interviews, which were sound
recorded, 2) collection of documentation, 3) tran-
scription of the interviews, 4) the coding of tran-
scripts and documents, 5) grouping the coded
pieces of text, and 6) making conclusions. The
NVivo 10 application was used for aiding the
process, and special care was taken to maintain
a clear chain of evidence. The overall process of
analysis was conducted as outlined by [73].
During the coding phase, each interview tran-
script and collected document was reviewed state-
ment by statement, and statements containing
information about organisational factors (RQ1)
or top management participation (RQ2) were as-
signed a code representing the findings category.
After that, readily coded main categories were
reviewed statement by statement to identify sub-
categories. The subcategories were also identified
from the original transcripts. After a couple of
iterations, the subcategories emerged from these
two approaches. The performed analysis was of
the inductive type, meaning that the patterns
and categories of the analysis come from the
data, instead of being pre-defined. Themes that
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Table 4. Interviewees and their role in the projects

Software Vendor Service Provider

Tech Giant

Product Owner (key informant)

Senior Business Manager
Senior Technology Manager
Project Manager

Testing Manager

Project Manager (key informant)
Business Manager

Requirements Engineer
Software Developer

Program Manager (key infor-
mant)

Line Manager

Senior Manager

Requirements Engineer

Head of Product Management
Head of Programs

were often raised in the interviews were identi-
fied and coded. The application used for coding
(NVivo 10) maintained the evidence trail from
the coded pieces of text back to the documents,
transcripts and interviewees automatically. The
coding of the texts was primarily conducted by
one of the researchers. Another researcher con-
ducted a shorter coding of the data, with fewer
iterations, independently, to validate the results
of the coding. Any differences were discussed
and resolved, and the categorisation was refined.
The final categorisation formed a structure for
reporting the findings of the study.

After the coding of the data, the coded state-
ments were grouped together to form initial hy-
pothesis, or candidates, for conclusions. The pro-
cess progressed iteratively, and was, once again,
conducted primarily by one of the researchers,
while another researcher conducted an indepen-
dent analysis with fewer iterations to validate
and refine the results. After a certain number
of iterations, and until the end of analysis, the
analysis of the statements was conducted by two
researchers together. The other two researchers
reviewed and validated the results. During the
process of forming a hypothesis, interviewees
were asked clarifying or additional questions,
where deemed necessary, to resolve any unclar-
ities and to provide additional confidence for
the hypothesis. The traceability was secured by
marking all statements used for forming the hy-
pothesis with identification codes, enabling back
tracing to the coded statements.

In addition to the interview data and docu-
mentation, the researchers’ memos written dur-
ing the interviews were used as information
sources and as part of the data analysis. The
collected project documentation provided mostly

background data for the case projects, and to
some extent, information regarding top manage-
ment’s participation in different phases of the
projects. From the organisational context point
of view, the documentation provided some infor-
mation about the software process and related
decision making. The role of the collected doc-
umentation was mostly to provide background
information and to support statements made by
the interviewees.

5.6. Validity procedures

The qualitative case study methodology involves
the researchers themselves as the instrument of
the research, which poses a risk that the results
are biased by the researchers’ subjective opin-
ions. More generally speaking, Robson [60] identi-
fied three types of threats to validity: reactivity,
researcher bias and respondent bias. Reactiv-
ity means that the presence of the researcher
may influence the study, and particularly the
behaviour of the study objects. Researcher bias
refers to the preconceptions of the researcher,
which may influence how questions are asked
and answers are interpreted. Finally, respon-
dent bias originates from the respondents’ at-
titudes towards the research, which may lead,
for example to withholding information or giving
answers the respondents think the researcher
is looking for.

Because of the researcher related threat to va-
lidity, a discussion of the effects of the involvement
of particular researchers is appropriate [60]. The
main author of this article has been involved in
professional software development since 1996, in-
cluding companies from start-ups to international
giant corporations. Additionally, he has been con-
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ducting academic research within the area of SCE

since 2012, holds an ISO 9001:2008 Lead Auditor

certificate, and has over seven years of experience
of quality management system audits. The other
authors are from academia, having their main
focus in software process, software development
methodologies and software economy. Together
they have published hundreds of research papers,
and used different methodologies extensively in
their research, including qualitative case studies.

The reactivity, researcher bias and respon-
dent bias threats to the validity of the study
were addressed through six strategies provided by

[60]: prolonged involvement, triangulation, peer

debriefing, member checking, negative case anal-

ysis and audit trail. The summary of the taken
countermeasures to negate the validity threats
are summarised below:

Prolonged involvement: While the study ob-
servations were completed during a short pe-
riod of time, all the researchers had followed
the case study companies for at least two
years and were intimately aware of recent
developments in the software development
methodologies being used. All case organisa-
tions had participated in a national research
programme, Need4Speed (www.nds.fi), en-
abling the confidential sharing of informa-
tion between the organisations and the re-
searchers.

Data source triangulation: Multiple data
sources were used, including interviews with
persons in different roles, project documenta-
tion and informal observations.

Observer triangulation: Interviews were con-
ducted by two researchers together. This also
reduced the strain caused by conducting up
to six interviews during one day. Additionally,
the interviewees had a short break before each
interview, and a longer break in the middle
of the day. Important analysis steps were con-
ducted by two researchers independently, and
emerging issues were discussed and refined.

Methodological triangulation: The data
analysis included qualitative interviews and
the analysis of project documentation.

Theory triangulation: Several perspectives
were considered for interpreting the results,

including the perspectives of the subjects,

researchers and other peer group members.

Peer debriefing: Peers, including practitioners
and researchers, reviewed the research in dif-
ferent research phases. One research paper
based on the conducted research has already
been published [17]. The results of this re-
search have been reviewed by the Need4Speed
research programme steering group.

Member checking: Interviewees reviewed
both transcripts and analysis, providing feed-
back and commentary.

Negative case analysis: Elements that seemed
to contradict the conclusions of the analysis
were identified and alternative explanations
discussed.

Audit trail: Strict scrutiny was practiced to
maintain a clear audit trail from data collec-
tion to the final conclusions. All interviews,
transcripts, codings and other analysis are
archived.

Considering that this study is based on three
projects, exploratory of nature, and that the
study topic has not been widely explored prior
to this study, generalizability of results is low.
However, the study consists of three case compa-
nies and 15 interviewees with different roles, and
it provides in-depth findings and detailed infor-
mation of the study itself. Thus, transferability
of the study should be fair, although case studies
are always coloured by their specific context.

6. Results

The following sections present the findings re-
lated to organisational phenomena (RQ1) and
top management actions (RQ2) affecting SCE.
The findings are divided into four main categories
(the role of management, communication, process
maturity and attitudes) that were found in the
analysis and classification of the results by the
authors. Additionally, the main categories are
divided into subsections as appropriate. The
main observations related to the second research
question are located in Section 6.1 whereas the
sections 6.2-6.3 contribute the first research
question.
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Table 5. Summary of management role findings

Case 1 Case 2 Case 3
Company Software Vendor Service Provider Tech Giant
Project Tool Operational  Control Network Management
System System

Estimate purpose

Participation in estimation

Resource provisioning

Demonstrated importance

Goal setting

Other

Ensuring the resources,
scope and schedule bal-
ance, ensuring the min-
imum viable scope and
fast delivery

The project plan con-
taining the estimate
studied at a summary
level, management not
aware of the estimation
practices

Estimators had enough
time for preparing the
estimate, prototypes
used for supporting
estimation

Estimates considered as
important, confirmed
by interviewees

Goals perceived as re-
alistic, realism pursued,
no support for real-
ism from historical data,
clear expectations of
the scope and schedule,
pressure to fit the esti-
mate to expectations
No shared project vi-
sion

Preparing an offer for
a customer

The estimate reviewed
on a summary level,
management aware of
the estimation prac-
tices, the project man-
ager scrutinized the es-
timate

Estimators had enough
time for preparing the
estimate

Estimates considered as
important, confirmed
by interviewees, impor-
tance linked to cus-
tomer promises

Goals perceived as re-
alistic, realism pursued,
hundreds of annually
delivered projects sup-
ported realism

Ensuring the resources,
scope and schedule bal-
ance

The estimate reviewed
on a summary level,
management not aware
of the estimation prac-
tices, the product owner
scrutinized the estimate

Estimators wished to
have more time, proto-
types used for support-
ing estimation

Estimates considered as
important, confirmed
by interviewees, impor-
tance linked to cus-
tomer promises

Goals perceived as re-
alistic, realism pursued,
four annual releases for
the same product sup-
ported realism

6.1. Management role

Findings related to the management’s role are
presented in the following sections.
Table 5 summarises the findings.

6.1.1. Estimate visibility and purpose

In Case 1, the Tool project, Senior Business
Manager studied the project plan containing the
estimate considering the strategic importance
of the project to the company. In Case 2, the
Operational Control System project, the business

manager responsible for the important customer
relationship reviewed the estimate. Practically,
the visibility of the estimate correlated with the
ownership of the project and the daily involvement
of the managers with the project domain. There
was no visibility of the estimate beyond the review
as the project was no longer part of the manager’s
daily responsibilities. In Case 3, the Network Man-
agement System project, the most senior manager
aware of the estimate was the manager of the
whole product family. There are roughly 1,000
experts involved in the system development, so the
estimate was visible to relatively senior managers.
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In Case 2, the estimate was used for preparing
an offer for a customer and planning the project,
while in Case 1 and Case 3, the managers re-
ported that they needed the estimate to ensure
that the resources, scope and schedule were in
balance with each other. In Case 1, the Senior
Business Manager reported that the estimate was
needed to ensure the project scope was the mini-
mum viable and that the project would deliver
the results as soon as possible.

6.1.2. Participation in estimation

None of the managers studied the estimate in
detail. In Case 1, the Senior Business Manager
reviewed the estimate only as part of the project
plan. In Case 2 and Case 3, the managers re-
viewed the estimates on a summary level. None
of the managers participated in the estimation
work, and the managers in Case 1 and Case 3
were not aware of the estimation practices. In
Case 2, the manager was aware of the practices
because cooperation with the customer was said
to be very intense; the customer wanted to dis-
cuss processes related to daily cooperation. While
the managers were not involved in estimation on
a practical level, the managers in cases 2 and 3
stated that they challenged the estimate when
necessary. Also, in these two cases, the Project
Manager and Product Owner, respectively, scru-
tinized the estimate. An awareness of such scruti-
nizing allowed the managers to have greater trust
in the estimate. That is, there was no need for
them to personally study the estimate in detail.

6.1.3. Resource provisioning

In Case 1 and Case 2, the Tool and Operational
Control System projects, the estimators reported
that they had enough time to prepare the esti-
mates. In Case 3, the Network Management Sys-
tem project, the estimators wished to have more
time. However, although the estimation work was
very time consuming and complex, when consid-
ering the previous good results, the time reserved
for estimation seems to have been reasonable.
The perceived lack of time was connected to the
complexity and size of the estimation domain.

Also, an estimator in Case 3 wondered whether
additional time would actually improve the esti-
mates. In Case 1 and Case 3, building prototypes
was also used as a method for acquiring addi-
tional information to use for estimation, which
supported the idea that management provided
adequate resources for the estimation work.

6.1.4. Demonstrated importance

In all cases the projects had strong support
from management, and the managers empha-
sized the importance of the estimates. In Case 2
and Case 3, the estimate was strongly linked to
keeping the promises given to customers. All the
interviewees concurred that management consid-
ered the estimates to be of high importance.

6.1.5. Goal setting

All interviewees reported that the project goals
seemed realistic and achievable at the beginning
of the project, and that everybody pursued re-
alistic estimates. In Case 2, Service Provider
delivers hundreds of projects yearly, while in
Case 3, Network Management System has four
releases per year, thus its management is likely
to have a realistic picture of its organisational
performance. This probably also supports the
setting of realistic and achievable goals for re-
leases and projects. In Case 1, the Tool project
was using a new development methodology for
the first time, meaning relevant historical data
about the process performance was lacking and
goal setting was unsupported.

In Case 1, Senior Business Manager expressed
the strategic importance of the project, which he
had initiated personally, prior to the estimation.
Also a roadmap vision, which presented a release
date, had been communicated for the product.
Furthermore, the scope of the project was con-
sidered to be the minimum viable, meaning that
the scope could not be reduced. As a result, the
estimator was facing a situation in which both
the scope and schedule were effectively set, which
is always a challenging situation from project
planning point of view. The estimator describes
having perceived pressure to fit the estimate to
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these expectations and having started to doubt
the estimates when they did not match initial ex-
pectations. Case 1, the Tool project, thus seems
to have experienced the anchoring phenomena
[66,67], i.e. the estimate is affected by an ex-
pressed starting point. However, Senior Business
Manager of Case 1 points out that flexibility in
resources and schedule was emphasised prior to
estimation.

6.1.6. Provided direction

The interviewees in Case 1 report that there were
different expectations for its outcome: Senior
Business Manager expected a strong commercial
product, while others were building a pre-version,
which would contain the full scope of features but
not on the quality level expected of a commer-
cial product. The expectation of the rest of the
team was that the quality issue would have to
be addressed in the next version of the product.
This difference in the expectations was probably
a significant source of estimation error. Actions
for error detection and customer feedback collec-
tion add to the amount of work required, as do
fixing bugs and improving functionalities based
on customer feedback.

6.2. Communication

The role of the written documents, as required
by the processes, was significant in Case 1 and
Case 2, which followed Waterfall-like develop-
ment methods. The projects had significantly
invested in preparing the documents on which
the estimates were heavily reliant. Interviewees
from both projects reported that the documents
were detailed and of high quality. Also the Net-
work Management System team in Case 3 used
documentation as part of its estimation but — as
is typical of agile development — it did not have
an official role. The documents were prepared on
demand when necessary, including pre-studies,
memos, presentations and user stories. In ad-
dition to the documents, Software Vendor in
Case 1 had developed a prototype to get more
information on the application area. Prototypes
are artefacts, which are likely to support suc-

cessful estimation because they contain signif-
icant amounts of relevant information on the
estimated application area and answer many
questions relevant to estimation [74]. Tech Giant
in Case 3 also reports that it occasionally uses
prototypes, while the Business Manager from
Service Provider adds that prototypes would be
useful but are not utilised at the moment.

While the interviewees recognised the impor-
tance of the written documents, all the inter-
viewees in Case 2 and Case 3 emphasised that
the process of preparing an estimate is more im-
portant than the result itself. The Requirements
Engineer and the Project Manager in Case 3
describe the importance of mutual understand-
ing, and all reported that truly understanding
each other’s needs is crucial. The Requirements
Engineer pointed out that estimates become ever
more reliable through discussions and said that
he is satisfied when all the questions are answered.
The Requirements Engineer also highlighted the
fact that working together provides confidence
in each other. Group estimation sessions were
used regularly in both Case 2 and Case 3. The
Senior Manager in Case 3 concluded that a good
estimate is based on good skills in preparing
the specifications and having a broad knowledge
about the application area and software devel-
opment — the majority of the Network Manage-
ment System project team members in Case 3
had worked on the product for five or more years.
Communication seems to be central to estimation
in Case 3 because issues like multiple locations
and time zones hindering estimation were men-
tioned. Agile grooming was also mentioned as
an important forum for estimation and related
communication.

In Case 2, the Project Manager and Testing
Manager reported that good cooperation and fact
based communication with customers supported
estimation. They also emphasised the role of feed-
back. The interviewees at Case 2 described team
members as competent in their area of expertise,
stating that estimates were prepared together to
a large extent. The Testing Manager added that
the atmosphere was open in general. Peer esti-
mation was used on both the programming and
PM level. The Project Manager stated that being
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able to receive consultation or a peer review from
another project manager is more important than
using information systems to support estimation.
The Business Manager added that the project’s
estimation succeeded because they understood
the customer’s needs. The Software Developer
expanded on that by saying the estimation suc-
ceeded because all the details relevant to the
case were found. The Testing Manager described
an estimation as meaningful if the right experts
were consulted and involved in discussions.

In Case 1, the communication relied more on
the documentation. The project manager who
prepared the estimate described it as being stored
on a shared folder, although no feedback was re-
ceived. The estimate was based on a design docu-
ment, which was prepared by the Product Owner.
The Project Manager revealed that there had
been some discussions with the Product Owner
to scope down certain features but the Product
Owner and the Senior Technical Manager re-
ported that the estimate had not been challenged
at any phase. However, they both stated that
they had been sceptical about the estimate but
could not point out exactly where the problems
resided, and therefore did not raise their reserva-
tions. In general, the interviewees reported very
few occasions when the estimate would have been
discussed. The communication relied mostly on
documents prepared by individuals. However, the
Senior Technical Manager and Product Owner
reported that the atmosphere was open and there
was no pressure not to discuss a topic.

6.3. Process maturity

6.3.1. Estimation maturity

All of the case study companies had a docu-
mented software process describing how estima-
tion was related to the whole and which docu-
ments were required, but only Service Provider
in Case 2 had a written procedure for the estima-
tion itself. However, Tech Giant in Case 3 had
established estimation procedures, although not
documented. Service Provider (Case 2) and Tech
Giant (Case 3) had used the same practices for
several years, whereas this was the first time for
Software Vendor (Case 1) using the estimation

procedure in question. The interviewees at Tech
Giant and Service Provider reported that they
had a history of making successful estimates,
while the interviewees at Software Vendor stated
that they tend to underestimate and have a poor
track record in estimation.

The progress of the project was monitored
from the estimation point of view in all case
projects. In Case 1, the estimate was presented
as a single point estimate. In Case 2, the esti-
mate was presented as a range, consisting of an
optimistic, pessimistic and nominal scenario. In
Case 3, the target was to deliver at least 85% of
the nominal estimate, which can also be seen as
a range. The actual project team was more or
less known in all projects at the time of estima-
tion. The interviewees in Cases 2 and 3 report
that the general estimation capabilities are good,
emphasising the importance of professional com-
petence in estimation. The interviewees in Case 1
reported that their estimation capabilities and
experience are low. There has also been training
related to estimation practices in Case 2 and
Case 3. In Case 2, at Service Provider, there
was a named person who was responsible for
developing estimation practices, which was not
the case at the other two companies.

Applying the CMM scale from 1 (low matu-
rity) to 5 (high maturity) and related behavioural
characteristics [62, pp. 9-14] to SCE maturity,
Service Provider (Case 2) was assessed as be-
ing on the highest level, level 5. Their estima-
tion procedures produce reliable results, which
are adjusted to specific application areas and
technologies and there is systematic work to
improve estimation practices. According to our
assessment, Tech Giant (Case 3) is on level 4,
meaning that while there is room for improve-
ment, the standard processes are defined and
established and produce reliable results. Finally,
Software Vendor (Case 1) is on level 2, meaning
that the processes are defined and may support
the production of consistent results. However, in
practice, the process discipline was low and the
defined practices cannot be applied in real-world
situations consistently and successfully.

Table 6 summarises the findings on the SCE
procedures used in our case projects; categorised
according to the SCE capability criteria defined
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in Section 4.2. The SCE maturity, when set
against the criteria in Table 5, seems to cor-
relate well with the CMM maturity levels and
the related behavioural characteristics: Service
Provider and Tech Giant have practices in place
for repeating processes and gaining predictable
results. This issue will be discussed more in Sec-
tion 6.1. There was no standard practices that
support the development of consistency at Soft-
ware Vendor.

6.3.2. Software process maturity

In Case 1, the process used for Tool was relatively
new, implemented in the first half of 2014, and
was followed by an organisational change in the
second half of 2014. The company was adopting
Scrum methodology and abandoning the process
used in the case project. The Senior Technical
Manager of the company said that the primary
focus has always been on programming at the
cost of other things, such as leadership and PM.
The interviewees also referred to similar overruns
in projects resembling Tool.

In Case 2, the project manager reported that
they deliver hundreds of projects yearly using the
same delivery process as used in the case project.
The processes are stable and under constant de-
velopment. According to the Project Manager
and Business Manager, the results have been
generally good, which was also true of the case
project. There was also a training related to the
different aspects of the software project delivery
model.

Also, Tech Giant in Case 3 has used the
current Scrum based process for approximately
seven years. According to the Line Manager, the
process was under constant development, which
was supported by comments from other inter-
viewees. However, the two representatives from
product management report that there is still
much room for improvement, especially regarding
the basing of estimates on current data instead of
historical data and the managing of dependencies.
Regardless of the pointers for improvement, the
product management representative, and other
interviewees, described the overall software de-
velopment performance as good.

To recapitulate, according to our assessment
of the overall software process maturity, Software
Vendor (Case 1), Service Provider (Case 2) and
Tech Giant (Case 3) are on the CMM levels 2, 5
and 4, respectively. A summary of the assessment
findings is presented in Appendix B.

6.3.3. Attitudes

All the interviewees in this study recognised the
importance of estimation. The reasons for the
experienced importance varied. In Case 3, the Se-
nior Manager argued that estimation facilitates
the planning process before the actual work, con-
necting work to reality. In Case 1, the Project
Manager stated that estimation is important
from the planning perspective and the Testing
Manager in Case 2 concurred. Nevertheless, es-
timation was experienced as a high importance
one. In all case projects, the project manager
had the overall responsibility for preparing the
estimate. All of the project managers reported
that their commitment to the estimate was high.

In Case 1, the general attitudes towards es-
timation were negative. For example the Se-
nior Technical Manager, Project Manager and
Product Owner argued that estimates were not
trusted because they were likely to fail. The
Senior Technical Manager stated that people
were indifferent to the estimates because the
usual reaction to overruns was just to continue
the project. The Project Manager reported that
he did not like giving an estimate and was
afraid that the estimate would be interpreted
as a commitment. During the re-estimation of
the functionalities, the Project Manager de-
scribed having given upper-bound estimates due
to the high level of uncertainty, which also
led to the implementation team’s reluctance
to estimate.

In Case 2, the Customer Manager describes
the general attitude towards estimation as good
and all the other interviewees agreed, reporting
that estimation was a meaningful and motivating
task. However, the Testing Manager and Software
Developer report that when they are asked for
quick and rough estimates, the work does not
feel meaningful. They felt that some experts in
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Table 6. Summary of SCE capability findings

Case 1 Case 2 Case 3
Company Software Vendor Service Provider Tech Giant
Project Tool Operational Control Sys- Network Management

tem

System

Use of an estimation
methodology

Proper communication
Re-estimation and
follow-up

Documented estimation
procedure

Other

(—) No defined standard
practice

(+) Assumptions pre-
sented

(—) Single point

(4+) Regular follow-up

(=) No documented or
established procedure

(=) Short experience,
low competence, poor
track record

(+) Work break-down,
historical data, software
tool

(+) Assumptions pre-
sented, range

(4+) Regular follow-up

(+) Documented proce-
dure adjusted for the ap-
plication area, improved
continuously

(+) Long experience,
high competence, good
track record

(+) Agile grooming,
work break-down,
historical data
(+) Assumptions pre-
sented, range

(4+) Regular follow-up

(+) Established, but (—)
Not documented

(+) Long experience,
high competence, good
track record

their company, at Service Provider, take estima-
tion too lightly, not necessarily recognising it as
demanding and important work, although the
importance of an estimate is understood by all.
The Project Manager commented that estimates
are sometimes given reluctantly because they are
then interpreted as commitments. The Require-
ments Engineer reported that estimation was not
necessarily a pleasant task due to its difficulty.
However, the interviewees agreed that estimation
generally worked well.

In Case 3, the Requirements Engineer and
Project Manager stated that estimation was not
a pleasant task, though the discussions are seen
as meaningful and relevant. Like the two in-
terviewees in the Operational Control System
project, the Requirement Engineer in the Net-
work Management System project said making
quick, rough estimates was not motivating. The
Line Manager noted that estimators may be
afraid that the estimates may not be as de-
sired or that inaccurate estimates will lead to
re-planning and corrective actions in the later
phases of a project. Estimating was seen as
an onerous responsibility. The Senior Manager
commented that the development organisation
should improve their estimation practices in or-
der to improve the accuracy.

7. Discussion

The following Section 7.1 presents the key find-
ings of this study. The remainder of this sec-
tion will present the academic (Section 7.2) and
practical implications (Section 7.3) of this study,
addressing the study’s limitations and giving
pointers for future research (Section 7.4).

7.1. Key findings

This study focused on gaining insight into top
management’s role in SCE and discovering or-
ganisational phenomena that either support or
hinder successful SCE. There were two main re-
search questions: (RQ1) What are the real-world
organisational factors that either support or hin-
der the creation of a meaningful software cost
estimate? (RQ2) What is the impact of top man-
agement in either supporting or hindering soft-
ware cost estimation practices?

The primary findings of the study are sum-
marised in Table 7. It was demonstrated that
communication, attitudes and process maturity
seem to support and hinder the creation of mean-
ingful SCE (RQ1). Furthermore, top manage-
ment’s support and realism were found to sup-
port the results of SCE, although anchoring and
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the lack of a shared project vision were found to
hinder SCE (RQ2). Finally, many of the factors
affecting SCE, such as communication, providing
resources and shared vision, have been found
to affect project execution as well. This overlap
is natural, since both SCE and project execu-
tion are inseparable parts of a software project.
Our study, however, focuses on SCE influences,
and presents evidence on factors affecting SCE
specifically.

7.2. Implications for theory

It has been argued that only a very few papers
examine the organisational context of SCE and
how its methodologies are applied in real-world
situations [14]. According to Jgrgensen and Shep-
perd [14], the basic problems experienced by
software companies in relation to SCE are not
technical. Hence, this paper has specifically fo-
cused on the organisational context related to
SCE and in increasing the understanding of the
prerequisites for meaningful SCE. This paper
also demonstrates that SCE research remains
focused on technical issues, while the focus of
PM research has undergone a major shift from
a technical to a managerial focus.

The primary finding of this study is that there
seems to be a connection between the software
process maturity, estimation maturity and es-
timation success. The maturity as a construct
consists of several factors. This study did not
identify individual significant organisational fac-
tors, which alone would make estimation suc-
cessful. The connection between the maturity
and estimation success suggests that successful
estimation is a sum of several factors, such as
communication, competence, experience and at-
titudes.

The more specific results from this study show
that commonly used estimation techniques, WBS
and expert estimation, can produce good results,
if the overall project management and software
practices are established and produce consistent
results. This paper also suggests that commu-
nication is an important factor in the scope of
SCE. Furthermore, the findings suggest that SCE
should not set any specific requirements for top

management, other than that they should carry
out their basic responsibilities effectively and
avoid the harmful anchoring of estimates.

The finding of this study also correlate well
with the previous studies in the area of organ-
isational context and human factors. From the
organisational context point of view, Magazi-
novic and Pernstal [10] researched causes for
estimation error, also validating results of Led-
erer and Prasad’s [75] earlier study. They found
that management goals affect the results of esti-
mation. This seemed to happen also in Case 1 of
this study. Also, in the same study, they found
that unclear requirements are a source for esti-
mation error, and that organisations do not have
guidelines for conducting cost estimation. Case 1
suffered from unclear requirements, and Case 1
and Case 3 did not have guidelines for estima-
tion. Furthermore, Magazinius, Borjesson and
Feldt [9] found that personal agenda, manage-
ment pressure and attempt to avoid re-estimation
may affect the estimate. This seemed to be
the case also in the Tool project of this study.
The promotion of the project [76] may also ex-
plain parts of the tight target setting for the
Tool project.

Cognitive bias is another non-technical topic
related to SCE, which has gained attention re-
cently. While the primary focus here was in the
organisational context, it was discovered the pres-
ence of anchoring [66] in Case 1. There also
seemed to be, at least to some extent, an at-
titudinal tendency in all cases to find hindrances
for estimation outside the respondent’s direct
influence, corresponding with [77].

Based on the results presented above, this
paper supports the assumption that the esti-
mation challenges experienced in companies are
not only technical, but are also related to the
organisational context, specifically to the project
management and software process maturity. Also,
easy to use estimation techniques may not be
used by chance but because of the fact that these
methods require less organisational capabilities
for their successful application. These findings,
along with similar findings, should justify SCE
researchers shifting their research focus from tech-
nical topics to managerial and processual ones.
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Table 7. Summary of findings from the case projects by category

Case 1 Case 2 Case 3
Company Software Vendor Service Provider Tech Giant
Project Tool Operational Control Network Management
System System
Outcome Challenged Success Success

Management role

Communication

Process maturity

Attitudes

(4+) Strong support, real-
ism pursued, enough re-
sources

(=) Anchoring, no shared
project vision

(+) Detailed plans and
specifications, prototype
(—) Estimate prepared by
one person, lack of discus-
sions and cooperation

(4+) Documented software
process, regular follow-up
(=) No documented esti-
mation procedure, non-es-
tablished processes, no con-
tinuous improvement, no
training arranged, low es-
timation experience and
competence, no historical
data used

(+) Importance recognised
(4+) Project manager com-
mitment high

(=) Generally not pleas-
ant, generally negative at-
titudes, indifference to fail-
ure, reluctance

(+) Strong support, real-
ism pursued, enough re-
sources

(+) Detailed plans and
specifications, mutual un-
derstanding and insight
pursued, cooperation in-
tensive process, expertise
and competence empha-
sised, shared project vision
(4+) Documented software
process, documented esti-
mation procedure, estab-
lished processes, continu-
ous improvement, training,
historical success, high es-
timation experience and
competence, estimate as
a range, regular follow-up

(4) Importance recognised,
estimation regarded as
meaningful and motivating,
general opinion that esti-
mation works well

(+) Project manager com-
mitment high

(=) Quick, rough estimates
not motivating, sometimes
unpleasant because of diffi-
culty, some people do not
recognise its seriousness, es-
timates interpreted as com-
mitments

(+) Strong support, real-
ism pursued, enough re-
sources

(+) Aide memoir documen-
tation, mutual understand-
ing and insight pursued, co-
operation intensive process,
expertise and competence
emphasised, shared project
vision

(4+) Documented software
process, established pro-
cesses, continuous improve-
ment, training, historical
success, high estimation ex-
perience and competence,
estimate as a range, regu-
lar follow-up

(—) No documented estima-
tion procedure

(+) Importance recognised,
discussions regarded as
meaningful and motivating,
general opinion that esti-
mation works well

(4+) Project manager com-
mitment high

(—) Generally not pleasant,
quick, rough estimates not
motivating, estimates in-
terpreted as commitments,
fear of failure, some reluc-
tance

7.3. Implications for practice

7.3.1. Top management role

This study addressed the top management’s role
in software cost estimation. In the following, we
will discuss the practical advice found in this
research. These are categorized into four groups:
top management’s role, the importance of com-
munication, organization’s process maturity and
general attitudes towards SCE.

This study suggests that by supporting SCE
through the basic TMS practices found in this
study, demonstrating SCE’s importance, review-
ing plans, providing resources and ensuring
a shared vision and commitment, top manage-
ment can create an environment for successful
SCE. Earlier studies support this conclusion. For
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example Boonstra [78] has found that the pro-
vision of resources, the establishment of a clear
and well defined project framework, communica-
tion with the project team, being knowledgeable
about a project and using power to resolve con-
flicts are important behavioural categories for top
management. Zwikael [25] has reported similar
findings, and concludes that, e.g. an organisa-
tional structure that is supportive of a project,
communication between the project manager
and the organisation and appropriate project
manager assignment have a positive impact on
project success. However, the previously defined
behaviour is likely to be enough only in an envi-
ronment where management has already created
the necessary capabilities and gained the required
experience for successful software work.

On the other hand, the results indicate that
if there is a lack of a shared vision or a lack
of commitment, the negative impacts on SCE
can be significant. This finding receives support
from earlier studies. White and Fortune [18] re-
port that ‘Clear goals/objectives’ was the most
frequently mentioned success factor for projects.
Fortune and White [40] report that ‘Clear real-
istic goals’ was the second most cited factor for
success. However, clearly expressed expectations
may also become harmful anchors and distort
SCE, as found in this and other studies [66,67].

In summary, successful SCE seems not to re-
quire any specific actions from top management,
if the general maturity of a work environment is
good. Thus, it is enough if management performs
its role effectively by providing typical TMS be-
haviour. However, top management should avoid
situations in which their expectations could be-
come anchors that negatively affect SCE.

7.3.2. Communication

The results provide evidence that communication
related issues are important factors in successful
SCE, when work breakdown structure (WBS)
and expert estimation are in use. In both of
the successful projects, Cases 2 and 3, the in-
terviewees reported that mutual understanding
and understanding the requirements were sought
by management. Furthermore, there were many

opportunities and forums for discussions on the
issues. Hence, cooperation was described as good
and the expertise as sufficient for reaching an
adequate level of understanding.

There are plenty of similar findings from other
areas related to the importance of communica-
tion. In the scope of project cost management,
[31] it was found that early interaction with key
stakeholders and the establishment of clear lines
of communication for sharing professional and
project based knowledge are crucial during the
inception phases of projects. Furthermore, the sig-
nificant role of communication in managing the
coordination process was addressed by Malone
and Crowston [79]. Communication was found
to be a common success factor when discussing
change in software projects and teams [80] and
the best way to build trust in development teams
[81]. Communication was also found to make soft-
ware development more efficient in companies
[82] and was shown to be one of the cornerstones
of agile development [83]. In the scope of SCE,
Jorgensen [77] noted, in a case study, that poor
communication skills or team dynamics might
have had an impact on the SCE’s result in one
team.

On a practical level, these findings suggest
that project managers, software professionals
and other project team members should focus
on achieving an understanding of requirements
through discussion, instead of focusing on com-
pliance, techniques and documentation.

7.3.3. Process maturity

All of the case projects used easy to implement
[84] estimation methodologies, such as WBS,
expert estimation and group estimation. The
methodologies seem to produce useful results in
a mature environment. Established processes and
at least moderate maturity seem to be the key to
successful application of estimation methodolo-
gies. This conclusion also receives support from
earlier research. The success of expert estimation
has been shown by Jgrgensen [85] and studies on
the impact of CMM levels on estimation results
show that companies who have levels from three
to five produce significantly more accurate re-
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sults than companies on the lower maturity levels
[13,86, p. 10]. However, although the estimation
accuracy and CMM level seem to correlate with
each other, we would like to point out that there
seems to be no significant correlation between
the project management maturity (PMM) of an
organisation and the project success [87]. The cor-
relation between the CMM level and estimation
accuracy observed in this study occurs within
the studied area of maturity, SCE being part of
the software process maturity.

Maturity as a construct consists of several fac-
tors, like experience, skills and processes. While
we report several maturity related findings con-
nected to successful estimation, like training, ex-
perience and continuous improvement, we believe
that none of the individual factors is likely to
lead to success on its own. However, a lack of
one of those factors may have significant nega-
tive impacts. Thus, based on our findings, we
decided to focus on maturity as a whole, instead
of individual factors.

Software process maturity (or project man-
agement maturity), estimation maturity and at-
titudes seem to have a clear interrelationship. If
software process maturity is good, estimation ma-
turity seems to be good, furthermore attitudes
become more positive. This is not surprising,
because SCE is part of a software project and
managed under the relevant software project or
software process management. The CMM model
does not include attitudes in its attributes, al-
though, for example, [88] suggest attitudes are
an important factor in project management ma-
turity, in addition to knowledge and action. How-
ever, the true relationship between these three
is beyond the scope of this study.

Considering the previous and the findings
presented in Table 7, it seems intuitive that the
overall maturity correlates with the estimation
success. This is supported by Flowe and Thor-
dahl [86] and findings from Boeing, presented by
McConnell [13, p.10]. Furthermore, each of the
elements of maturity is likely to contribute to
estimation success also individually. For example
Jorgensen [85] has provided evidence that train-
ing opportunities, good estimator competence
and use of an estimation checklist improve esti-

mation success. In other words, the more there
are elements of high maturity present, the higher
is the probability of estimation success, and vice
versa, low presence of high maturity elements
increases uncertainties in estimation.

Our advice for organisations would be to in-
clude a simple maturity self-assessment in the
software cost estimation process, for example
based on a publicly available criteria like CMM
or CMMI. If the maturity is assessed to be low,
a thorough uncertainty analysis is appropriate.
Even the knowledge of high level of uncertainty
may help managers in their decision making, even
though the uncertainties could not be mitigated.
Also, we understand that self-assessments are per-
haps not typical for low maturity organisations.
However, the use of a simple maturity assessment
is far easier than accounting the whole industrial
and scientific body of knowledge as individual
items. In the beginning, the awareness of the high
level of uncertainty could help to make better
decisions, and in the longer term act as a list of
development pointers towards higher maturity.

For the practitioners in higher maturity or-
ganisations, it would be recommended to address
specific estimation challenges, like estimating
change requests or estimating testing. For exam-
ple, those two areas seem to be sources of errors
[11] and serve to decrease motivation, even in
exemplary organisations. Also the relationship
between the estimate, target and commitment
is not always clear, which was reported as re-
sulting in a reluctance to make estimates; the
importance of making a distinction between these
three aspects is addressed by McConnell [13].

7.3.4. Attitudes

In cases 2 and 3, project managers had the overall
responsibility of preparing the estimate, while
the actual estimation was done by software devel-
opers. In both projects the estimation was seen as
an important and relevant task, and the project
managers reported that they were committed to
the estimates.

However, in both projects the developers’ at-
titudes towards estimation were negative. Esti-
mation was not considered as a pleasant task and
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reluctance and low motivation were reported, es-
pecially originating from lack of trust and quickly
emerging needs requiring flexibility. Negative at-
titudes, low motivation and reluctance have been
found to decrease the quality of work [89]. Al-
though estimates and outcomes have correlated
well in these two projects, it is likely that the
risk of estimation error increases when negative
attitudes are present, especially in low maturity
organisations. Trust and flexibility as values have
been found to have a positive effect on project
outcome [90]. A trivial advice is to support a pos-
itive atmosphere around estimation. However,
further research is needed to provide better and
more specific advice on this topic.

7.4. Limitations and future work

Although a number of countermeasures to va-
lidity threats were taken (see Section 5.6) and
the transferability of the results was improved
by collecting a rich set of data, this research
has certain limitations. This research considered
the organisational phenomena at a general level,
without taking the project or organisation spe-
cific characteristics, like development methodol-
ogy or company size, into account in the study
design.

The findings provide evidence that, at a gen-
eral level, organisational issues, like the role of
management, process maturity and communi-
cation, are important factors in SCE. However,
although we believe that the results are transfer-
able to similar project settings, the organisational
challenges may vary between different contexts.
For example, some organisational properties or
mechanisms may have been overlooked, such as
the size of the company, which causes variation
between projects. In addition, there are different
reasons for the cost estimates: one company was
using them to set the price to the customer while
the others were seeking balancing content and
timing of their products with the estimates.

Therefore, we encourage further studies in
different project and company contexts to see if
the same phenomena are repeated, or if there are
other context specific phenomena not discovered
in this study. Quantitative studies would also

provide insight in how commonly the reported
phenomena repeat in organisations.

This study also provides evidence that there
is an interrelationship between the estimation
maturity and project management maturity. This
is an important observation, and should be con-
firmed with a quantitative study that considers
a large number of projects as well as studied
qualitatively to understand the phenomenon. For
example, it might just be that companies with
a low CMM level do not recognize that there are
situations when it is inappropriate to estimate
at all (e.g., new development and estimation
methods, new product with no client). This is
a lack of risk management procedures, not just
an estimation problem.

The findings of this paper are based on three
projects, and do not provide a generalizable level
of confidence for their relationship. The SCE
maturity and software process maturity were
also assessed only to the extent necessary for
the purposes of this study. We suggest that fur-
ther studies establish a more precise model for
assessing SCE maturity and conduct the actual
maturity assessment with maturity as the sole
focus of the study.

As an exploratory study, the purpose was also
to generate new theories and pointers for further
research. One interesting observation revealed
by this study was that the attitudes towards
estimation were negative among the developers
participating in estimation, whereas the attitudes
of the project managers were positive and the
level of commitment to the estimation high. Neg-
ative attitudes may be a source of estimation
errors, and increase the probability of overruns.
This should be studied further, since negative
attitudes hinder any work.

From the construct point of view, the aim was
to discover organisational factors affecting SCE.
We covered many relevant aspects related to the
organisational context in which the estimation
took place. Thus, we studied what we planned to
study and felt that we developed a clear picture
of each of the studied projects.

Generally speaking this study found manage-
ment and process related topics to be equally
important from the SCE point of view as esti-
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mation technique related topics. This suggests
that SCE research would benefit from approach-
ing those topics from a PM or software process
point of view, and that elements from these areas
should be synthesised into SCE research. Lastly,
as demonstrated in the introduction of this pa-
per, e.g. PM research is more advanced than SCE
research on management and other organisation
related issues.

8. Conclusions

Many researchers and practitioners argue that
organisational issues are equally important from
the software estimation success point of view as
technical issues. Some of the often cited works
related to this important topic have been Lederer
and Prasad [75], Jorgensen and Shepperd [14]
and Magazinovic and Pernstal [10]. Regardless
of this knowledge of the importance of organ-
isational issues in SCE, the focus of the SCE
research has remained heavily on estimation
methodologies and other technical issues.

The findings of this paper have potential to
contribute to the current body of knowledge on
organisational issues related to SCE, and specifi-
cally on top management’s role, in several ways,
regardless of the limited transferability of the
results. By using the exploratory case study ap-
proach and interviewing 15 practitioners involved
in software development in three organisations,
we have found that the role of top management
is important in creating prerequisites for mean-
ingful estimation, but their day-to-day partici-
pation is not required for successful estimation.
Top management may also induce undesired dis-
tortion in estimation. We have also found that
estimation maturity and estimation success seem
to have an interrelationship with software pro-
cess maturity, but there seem to be no significant
individual organisational factors, which alone
would make estimation successful. Additionally,
our study validated many of the distortions and
biases reported in the earlier studies, and showed
that the SCE research focus has remained on
estimation methodologies.

Low maturity organisations may be able to
reduce overruns through a better understanding
of their increased risk level and the existence of
good estimation practices. We suggest therefore
that future studies and software process improve-
ment activities should pay more attention to low
maturity organisations and their specific needs.

Acknowledgements

The authors gratefully acknowledge the support
of Tekes — the Finnish Funding Agency for In-
novation, DIMECC Oy and the Need for Speed
(http://www.nds.fi) research programme. The
funders had no role in the study design, data
collection and analysis, decision to publish, or
preparation of the manuscript.

References

[1] Y.K. Dwivedi, D. Wastell, S. Laumer, H.Z. Hen-
riksen, M.D. Myers, D. Bunker, A. Elbanna, M.N.
Ravishankar, and S.C. Srivastava, “Research
on information systems failures and successes:
Status update and future directions,” Informa-
tion Systems Frontiers, Vol. 17, No. 1, 2014, pp.
143-157.

[2] D.L.Hughes, Y.K. Dwivedi, A.C. Simintiras, and
N.P. Rana, Success and Failure of IS/IT Projects.
Springer International Publishing, 2016.

[3] T. Halkjelsvik and M. Jgrgensen, “From origami
to software development: A review of studies
on judgment-based predictions of performance
time.” Psychological Bulletin, Vol. 138, No. 2,
2012, pp. 238-271.

[4] The Standish Group International, “The
CHAOS manifesto: Think big and act small,”
2013.

[5) D.  Galorath, Software project fail-
ure costs  billions. Better estimation
&  planning can  help, (2012). [On-
line]. http://galorath.com/blog/software-

project-failure-costs-billions-better-estimation-
planning-can-help/ [Accessed 16 September
2014)].

[6] J. McManus and T. Wood-Harper, A study
in project failure, (2008). [Online]. http:
//www.bcs.org/content/ConWebDoc/19584 [Re-
trieved 19/4/2012].

[7] R.R. Nelson, “IT project management: Infa-
mous failures, classic mistakes,and best prac-


http://www.n4s.fi
http://galorath.com/blog/software-project-failure-costs-billions-better-estimation-planning-can-help/
http://galorath.com/blog/software-project-failure-costs-billions-better-estimation-planning-can-help/
http://galorath.com/blog/software-project-failure-costs-billions-better-estimation-planning-can-help/
http://www.bcs.org/content/ConWebDoc/19584
http://www.bcs.org/content/ConWebDoc/19584

The Role of Organisational Phenomena in Software Cost Estimation

191

[10]

[16]

17

[18]

[19]

[20]

tices,” MIS Quarterly Ezecutive, Vol. 6, No. 2,
2007, pp. 67-78.

M. Jgrgensen, “Communication of software cost
estimates,” in Proceedings of the 18th Interna-
tional Conference on FEvaluation and Assessment
in Software Engineering — FEASE’14. ACM Press,
2014, p. 28.

A. Magazinius, S. Borjesson, and R. Feldt, “In-
vestigating intentional distortions in software
cost estimation — An exploratory study,” Jour-
nal of Systems and Software, Vol. 85, No. 8, 2012,
pp. 1770-1781.

A. Magazinovic and J. Pernstal, “Any other
cost estimation inhibitors?” in Proceedings of the
Second ACM-IEEFE international symposium on
Empirical software engineering and measurement
- ESEM’08. ACM Press, 2008, pp. 233-242.

J. Rahikkala, V. Leppénen, J. Ruohonen, and
J. Holvitie, “Top management support in soft-
ware cost estimation,” International Journal of
Managing Projects in Business, Vol. 8, No. 3,
2015, pp. 513-532.

J.J. Ahonen, P. Savolainen, H. Merikoski, and
J. Nevalainen, “Reported project management
effort, project size, and contract type,” Jour-
nal of Systems and Software, Vol. 109, 2015, pp.
205-213.

S. McConnell, Software Estimation: Demystify-
ing the Black Art. Microsoft Press, 2006.

M. Jorgensen and M. Shepperd, “A systematic
review of software development cost estimation
studies,” IEEE Transactions on Software Engi-
neering, Vol. 33, No. 1, 2007, pp. 33-53.

B. Pitterman, “Telcordia technologies: The jour-
ney to high maturity,” IEEFE Software, Vol. 17,
No. 4, 2000, pp. 89-96.

L. Putnam and W. Myers, Five core metrics: The
Intelligence Behind Successful Software Manage-
ment. Dorset House Publishing, 2003.

J. Rahikkala, S. Hyrynsalmi, and V. Leppénen,
“Accounting testing in software cost estimation:
A case study of the current practice and impacts,”
in Proceedings of 14th Symposium on Program-
ming Languages and Software Tools, J. Num-
menmaa, O. Sievi-Korte, and E. Mékinen, Eds.
University of Tampere, 2015, pp. 64-75.

D. White and J. Fortune, “Current practice
in project management — An empirical study,”
International Journal of Project Management,
Vol. 20, No. 1, 2002, pp. 1-11.

A Guide to the Project Management Body of
Knowledge: PMBOK Guide, Std. ANSI/PMI
99-001-2013, 2013.

N. Cerpa and J.M. Verner, “Why did your
project fail?” Communications of the ACM,

[21]

[23]

[24]

[29]

[30]

Vol. 52, No. 12, 2009, p. 130.

L. McLeod and S.G. MacDonell, “Factors that
affect software systems development project out-
comes,” ACM Computing Surveys, Vol. 43, No. 4,
2011, pp. 1-56.

H.N.N. Mohd and S. Shamsul, “Critical suc-
cess factors for software projects: A comparative
study,” Scientific Research and FEssays, Vol. 6,
No. 10, 2011, pp. 2174-2186.

CMMI Product Team, “CMMI for develop-
ment. version 1.3,” Software Engineering Insti-
tute, Carnegie Mellon University, Tech. Rep.
CMU/SEI-2010-TR-0336, 2010.

G. Caupin, H. Knoepfel, G. Koch, K. Pan-
nenbécker, F. Pérez-Polo, and C. Seabury,
Eds., IPMA Competence Baseline Version 3.
International Project Management Association,
2006. [Online]. http://www.ipma.world/assets/
ICB3.pdf

O. Zwikael, “Top management involvement in
project management,” International Journal of
Managing Projects in Business, Vol. 1, No. 4,
2008, pp. 498-511.

T. Cooke-Davies, “The ‘real’” success factors on
projects,” International Journal of Project Man-
agement, Vol. 20, No. 3, 2002, pp. 185-190.

M. Lycett, A. Rassau, and J. Danson, “Pro-
gramme management: A critical review,” Inter-
national Journal of Project Management, Vol. 22,
No. 4, 2004, pp. 289-299.

P. Dietrich and P. Lehtonen, “Successful man-
agement of strategic intentions through multi-
ple projects — reflections from empirical study,”
International Journal of Project Management,
Vol. 23, No. 5, 2005, pp. 386-391.

S. Srivannaboon and D.Z. Milosevic, “A two-way
influence between business strategy and project
management,” International Journal of Project
Management, Vol. 24, No. 6, 2006, pp. 493-505.
B.J. Kolltveit, J.T. Karlsen, and K. Grgnhaug,
“Perspectives on project management,” Interna-
tional Journal of Project Management, Vol. 25,
No. 1, 2007, pp. 3-9.

H.K. Doloi, “Understanding stakeholders’ per-
spective of cost estimation in project manage-
ment,” International Journal of Project Manage-
ment, Vol. 29, No. 5, 2011, pp. 622-636.

B. Nanus and L. Farr, “Some cost contributors to
large-scale programs,” in Proceedings of the April
21-23, 1964, spring joint computer conference
on XX — AFIPS ’6/ (Spring). ACM Press, 1964,
pp. 239-248.

E.A. Nelson, “Management handbook for the
estimation of computer programming costs,”
Defense Technical Information Center, Technical


http://www.ipma.world/assets/ICB3.pdf
http://www.ipma.world/assets/ICB3.pdf

192

Jurka Rahikkala, Sami Hyrynsalmi, Ville Leppénen, Ivan Porres

[34]

[35]

[44]

[45]

Documentary Report ESD-TR-67-66, 1967.
[Online]. http://www.dtic.mil/dtic/tr/fulltext/
u2/648750.pdf

L.C. Briand and I. Wieczorek, in Encyclopedia of
Software Engineering. John Wiley & Sons, Inc.,
2002.

S.K. Sehra, Y.S. Brar, N. Kaur, and S.S. Sehra,
“Research patterns and trends in software effort
estimation,” Information and Software Technol-
ogy, Vol. 91, 2017, pp. 1-21.

J. Hihn and H. Habib-agahi, “Cost estimation
of software intensive projects: A survey of cur-
rent practices,” in Proceedings of the 13th In-
ternational Conference on Software Engineering.
IEEE Comput. Soc. Press, 1991, pp. 276-287.
R. Turner, The handbook of project based man-
agement, 2nd ed. McGraw-Hill, 1999.

D.I. Cleland, “The strategic context of projects,”
in Project portfolio management — selecting and
prioritizing projects for competitive advantage,
L. Dye and J. Pennypacker, Eds. Center for Busi-
ness Practices, 1999.

L.F. Luna-Reyes, J. Zhang, J. Ramoén Gil-Garcia,
and A.M. Cresswell, “Information systems de-
velopment as emergent socio-technical change:
A practice approach,” European Journal of Infor-
mation Systems, Vol. 14, No. 1, 2005, pp. 93-105.
J. Fortune and D. White, “Framing of project
critical success factors by a systems model,”
International Journal of Project Management,
Vol. 24, No. 1, 2006, pp. 53-65.

T. Okoro, “Diverse talent: Enhancing gender
participation in project management,” Proce-
dia — Social and Behavioral Sciences, Vol. 226,
2016, pp. 170-175, proceedings of the 29th IPMA
World Congress WC2015 (28-30 September — 1
October, Panama).

R. Young and E. Jordan, “Top management
support: Mantra or necessity?” International
Journal of Project Management, Vol. 26, No. 7,
2008, pp. 713-725.

R. Schmidt, K. Lyytinen, M. Keil, and P. Cule,
“Identifying software project risks: An interna-
tional Delphi study,” Journal of Management
Information Systems, Vol. 17, No. 4, 2001, pp.
5-36.

M.L. Markus, “Implementation politics: Top
management support and user involvement,”
MIT, Center for Information Systems Re-
search, Alfred P. Sloan School of Man-
agement, Tech. Rep. CISR 75, 1981. [Oun-
line|. https://dspace.mit.edu/bitstream /handle/
1721.1/48186/implementationpo00mark.pdf
Y.H. Kwak and F.T. Anbari, “Analyzing project
management research: Perspectives from top

management journals,” International Journal
of Project Management, Vol. 27, No. 5, 2009, pp.
435-446.

J. Thomas, C. Delisle, K. Jugdev, and P. Buckle,
“Selling project management to senior executives:
The case for avoiding crisis sales?” Project Man-
agement Journal, Vol. 33, No. 2, 2002, pp. 19-28.
L. Crawford, “Senior management perceptions of
project management competence,” International
Journal of Project Management, Vol. 23, No. 1,
2005, pp. 7-16.

J.T. Garrity, “Top management and computer
profits,” Harvard Business Review, Vol. 41, No. 4,
1963, pp. 6-12.

C.M. Beath, “Supporting the information tech-
nology champion,” MIS Quarterly, Vol. 15, No. 3,
1991, p. 355.

G. H A Morton, “Become a project champion,”
International Journal of Project Management,
Vol. 1, No. 4, 1983, pp. 197-203.

Software Extension to the PMBOK Guide,
5th ed. Project Management Institute, Inc &
IEEE Computer Society, 2013.

S. Adams, ITIL V3 foundation handbook. The
Stationery Office, 2009, Vol. 1.
Guidance on  Project Management,
2150:2012, 2012.

M. Cohn, Agile Estimating and Planning, ser.
Robert C. Martin Series. Pearson Education,
Inc., 2005.

M. Petrini and M. Pozzebon, “Managing sustain-
ability with the support of business intelligence:
Integrating socio-environmental indicators and
organisational context,” The Journal of Strategic
Information Systems, Vol. 18, No. 4, 2009, pp.
178-191.

A. Magazinius and R. Feldt, in Proceedings of the
2010 ICSE Workshop on Cooperative and Human
Aspects of Software Engineering — CHASE’10.
ACM Press, 2010, pp. 92-95.

J. Smyrk, “Why most IT projects are really IT
without the project,” in Third world project man-
agement conference, Gold Coast, Australia, 2002.
R. Young and E. Jordan, “Lifting the game:
Board views on e-commerce risk,” in The Adop-
tion and Diffusion of IT in an Environment of
Critical Change, D. Bunker, D. Wilson, and S. El-
liot, Eds., 2002, pp. 102-113.

R.K. Yin, Case Study Research: Design and
Methods, 3rd ed. SAGE Publications, Inc., 2003.
C. Robson, Real World Research: A Resource for
Social Scientists and Practitioner-researchers,
2nd ed. Blackwell Publishing, 2002.

M. Patton, Qualitative Research and Evaluation
Method, 3rd ed. SAGE Publications, Inc., 2001.

Std.


http://www.dtic.mil/dtic/tr/fulltext/u2/648750.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/648750.pdf
https://dspace.mit.edu/bitstream/handle/1721.1/48186/implementationpo00mark.pdf
https://dspace.mit.edu/bitstream/handle/1721.1/48186/implementationpo00mark.pdf

The Role of Organisational Phenomena in Software Cost Estimation

193

[62]

[71]

[72]

M.C. Paulk, B. Curtis, M.B. Chrissis,
and C.V. Weber, “Capability maturity
model for software,” Software Engineer-

ing Institute, Carnegie Mellon University,
Tech. Rep. ESC-TR-93-177, 1993. [Online].
https://www.sei.cmu.edu/reports/93tr024.pdf
A L. Lederer and J. Prasad, “Nine management
guidelines for better cost estimating,” Commu-
nications of the ACM, Vol. 35, No. 2, 1992, pp.
51-59.

T. Little, “Schedule estimation and uncertainty
surrounding the cone of uncertainty,” IEEE Soft-
ware, Vol. 23, No. 3, 2006, pp. 48-54.

B.W. Boehm, R. Madachy, B. Steece et al., Soft-
ware cost estimation with Cocomo II. Prentice
Hall PTR, 2000.

M. Jgrgensen and D.I. Sjgberg, “The impact
of customer expectation on software develop-
ment effort estimates,” International Journal of
Project Management, Vol. 22, No. 4, 2004, pp.
317-325.

J. Aranda and S. Easterbrook, “Anchoring and
adjustment in software estimation,” in Proceed-
ings of the 10th European Software Engineering
Conference Held Jointly with 13th ACM SIG-
SOFT International Symposium on Foundations
of Software Engineering. ACM Press, 2005, pp.
346-355.

D. Milosevic and P. Patanakul, “Standard-
ized project management may increase devel-
opment projects success,” International Journal
of Project Management, Vol. 23, No. 3, 2005, pp.
181-192.

J.J. Jiang, G. Klein, H.G. Hwang, J. Huang, and
S.Y. Hung, “An exploration of the relationship
between software development process maturity
and project performance,” Information & Man-
agement, Vol. 41, No. 3, 2004, pp. 279-288.
D.R. Goldenson and D.L. Gibson, “Demon-
strating the impact and benefits of CMMI™™:
An update and preliminary results,” Defense
Technical Information Center, Tech. Rep., 2003.
[Online]. http://www.dtic.mil/dtic/tr/fulltext/
u2/a418481.pdf

D.R. Goldenson and J.D. Herbsleb, “After
the appraisal: A systematic survey of process
improvement, its benefits, and factors that
influence success.” Defense Technical Information
Center, Tech. Rep., 1995. [Online]. http://www.
dtic.mil/dtic/tr/fulltext/u2/a300225.pdf

H.K. Klein and M.D. Myers, “A set of principles
for conducting and evaluating interpretive field
studies in information systems,” MIS Quarterly,
Vol. 23, No. 1, 1999, p. 67.

[73]

[74]

[75]

P. Runeson and M. Hoést, “Guidelines for con-
ducting and reporting case study research in soft-
ware engineering,” Empir Software Eng, Vol. 14,
No. 2, 2008, pp. 131-164.

J. Arnowitz, M. Arent, and N. Berger, Effective
Prototyping for Software Makers. Elsevier, 2007.
A L. Lederer and J. Prasad, “Causes of inaccu-
rate software development cost estimates,” Jour-
nal of Systems and Software, Vol. 31, No. 2, 1995,
pp. 125-134.

A. Magazinius and R. Feldt, “Confirming dis-
tortional behaviors in software cost estimation
practice,” in 37th EUROMICRO Conference on
Software Engineering and Advanced Applications.
IEEE, 2011, pp. 411-418.

M. Jgrgensen, “Top-down and bottom-up ex-
pert estimation of software development effort,”
Information and Software Technology, Vol. 46,
No. 1, 2004, pp. 3-16.

A. Boonstra, “How do top managers support
strategic information system projects and why
do they sometimes withhold this support?” Inter-
national Journal of Project Management, Vol. 31,
No. 4, 2013, pp. 498-512.

T.W. Malone and K. Crowston, “The interdisci-
plinary study of coordination,” ACM Computing
Surveys, Vol. 26, No. 1, 1994, pp. 87-119.

D. Stelzer and W. Mellis, Software Process: Im-
provement and Practice, Vol. 4, No. 4, 1998, pp.
227-250.

K. Henttonen and K. Blomqvist, “Managing
distance in a global virtual team: The evo-
lution of trust through technology-mediated
relational communication,” Strategic Change,
Vol. 14, No. 2, 2005, pp. 107-119.

M. Paasivaara and C. Lassenius, Software Pro-
cess: Improvement and Practice, Vol. 8, No. 4,
2003, pp. 183-199.

K. Beck, M. Beedle, A. Van Bennekum, A. Cock-
burn, W. Cunningham, M. Fowler, J. Gren-
ning, J. Highsmith, A. Hunt, R. Jeffries et al.,
“Manifesto for Agile software development,”
http://www.agilemanifesto.org, 2001.

M. Jorgensen, “Practical guidelines for
expert-judgment-based software effort estima-
tion,” IEEFE Software, Vol. 22, No. 3, 2005, pp.
57-63.

M. Jgrgensen, “A review of studies on expert
estimation of software development effort,” Jour-
nal of Systems and Software, Vol. 70, No. 1-2,
2004, pp. 37-60.

R.M. Flowe and J.B. Thordahl, “A correlational
study of the SEI’s capability maturity model
and software development performance in DoD


https://www.sei.cmu.edu/reports/93tr024.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/a418481.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/a418481.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/a300225.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/a300225.pdf

194

Jurka Rahikkala, Sami Hyrynsalmi, Ville Leppénen, Ivan Porres

contracts.” DTIC Document, Tech. Rep., 1994.
[Online]. http://www.dtic.mil/dtic/tr/fulltext/
u2/a288890.pdf

H.J. Yazici, “The role of project management
maturity and organizational culture in per-
ceived performance,” Project Management Jour-
nal, Vol. 40, No. 3, 2009, pp. 14-33.

E.S. Andersen and S.A. Jessen, “Project matu-
rity in organisations,” International Journal of
Project Management, Vol. 21, No. 6, 2003, pp.
457-461.

[89]

[90]

A. Raja, W. Mohsin, N. Ehsan, E. Mirza, and
M. Saud, “Impact of emotional intelligence and
work attitude on quality of service in the call
centre industry of Pakistan,” in IFEFE Interna-
tional Conference on Management of Innovation
& Technology. IEEE, 2010, pp. 402-407.

Y.J.T. Zidane, B.A. Hussein, J.0). Gudmunds-
son, and A. Ekambaram, “Categorization of or-
ganizational factors and their impact on project
performance,” Procedia — Social and Behavioral
Sciences, Vol. 226, 2016, pp. 162-169.


http://www.dtic.mil/dtic/tr/fulltext/u2/a288890.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/a288890.pdf

The Role of Organisational Phenomena in Software Cost Estimation 195

Appendix A. Interview instrument

Introduction (approximately 5 minutes)

— A brief introduction to the study.

— An introduction of the benefits of partici-
pation

— Anonymity and confidentiality.

Personal, team and project background (ap-

proximately 5 minutes)

— Interviewee’s personal history and job po-
sition in the company.

— Background of the estimated project and
the development methodology that was
used.

Current state of SCE in the organisation (ap-

proximately 25 minutes)

— Describe the procedure for creating the
estimate.

— Describe the method for creating the esti-
mate of the effort required.

— Describe the responsibilities related to
maintaining and improving the software
and estimation practices.

— Describe the outcome of the estimation.

— Describe the approach to re-estimation
during the project.

Experiences of organisational phenomena af-

fecting the four SCE aspects (approximately

20 minutes)

— Describe the management, project man-
ager and personal expectations of the es-
timate.

— Describe the overall SCE skills and mo-
tivation in your organisation during the
estimation.

— Describe the demonstrated importance
and attitudes regarding the estimate.

— Describe the ways in which top manage-
ment and other stakeholders were involved
in SCE.

— Did the project have clear goals and real-
istic expectations?

— Was there pressure to make the estimate
smaller or other pressures?

— Was the estimate allowed to change over
time?

— Was there enough time allocated for
preparing the estimate?

— Did all stakeholders seek realistic and ac-
curate estimates?

—  What was the level of commitment of dif-
ferent stakeholders to the estimate?

—  What were the primary issues hindering
and supporting successful estimation?

5. Ending (approximately 5 minutes)

— Any other relevant observations that we

have not covered?

Appendix B. Software process CMM
level assessment
summary

The following tables B1, B2, B3 and B4 presents
our CMM assessments for levels 2, 3, 4 and 5,
respectively, to the case study companies.
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Table B1. The key process areas for level 2: repeatable

Software  Service Tech
Process area Goal Vendor Provider Giant
Requirements  Manage- System requirements allocated to software are  Yes Yes Yes
ment controlled to establish a baseline for software
engineering and management use.
Requirements  Manage- Software plans, products, and activities are Yes Yes Yes
ment kept consistent with the system requirements
allocated to software.
Software Project Planning Software estimates are documented for use in ~ Yes Yes Yes
planning and tracking the software project.
Software Project Planning Software project activities and commitments Yes Yes Yes
are planned and documented.
Software Project Planning  Affected groups and individuals agree to their N/A N/A N/A
commitments related to the software project.
Software Project Tracking Actual results and performances are tracked Yes Yes Yes
and Oversight against the software plans.
Software Project Tracking Corrective actions are taken and managed to  Yes Yes Yes
and Oversight closure when actual results and performance
deviate significantly from the software plans.
Software Project Tracking Changes to software commitments are agreed N/A N/A N/A
and Oversight to by the affected groups and individuals.
Software Subcontract The prime contractor selects qualified software N/A N/A N/A
Management, subcontractors.
Software Subcontract The prime contractor and the software sub- N/A N/A N/A
Management contractor agree to their commitments to each
other.
Software Subcontract  The prime contractor and the software subcon- N/A N/A N/A
Management, tractor maintain ongoing communications.
Software Subcontract The prime contractor tracks the software sub- N/A N/A N/A
Management, contractor’s actual results and performance
against its commitments.
Software Quality Assur- Software quality assurance activities are Yes Yes Yes
ance planned.
Software Quality Assur- Adherence of software products and activities Yes Yes Yes
ance to the applicable standards, procedures, and
requirements is verified objectively.
Software Quality Assur- Affected groups and individuals are informed Yes Yes Yes
ance of software quality assurance activities and
results.
Software Quality Assur- Noncompliance issues that cannot be resolved N/A N/A N/A
ance within the software project are addressed by
senior management.
Software Network Manage- Software configuration management activities N/A N/A N/A
ment Management are planned.
Software Network Manage- Selected software work products are identified, N/A N/A N/A
ment Management controlled, and available.
Software Network Manage- Changes to identified software work products N/A N/A N/A
ment Management are controlled.
Software Network Manage- Affected groups and individuals are informed N/A N/A N/A

ment Management

of the status and content of software baselines.

Notes: Yes — assessment provides evidence of fulfilling the goal; N/A — fulfillment of the goal was not assessed.
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Table B2. The key process areas for level 3: defined

Software  Service Tech
Process area Goal Vendor Provider Giant
Organization Process Focus Software process development and improve- No Yes Yes
ment activities are coordinated across the
organization.
Organization Process Focus The strengths and weaknesses of the soft- N/A N/A N/A
ware processes used are identified relative
to a process standard.
Organization Process Focus Organization-level process development and No Yes Yes
improvement activities are planned.
Organization Process Defini- A standard software process for the organi- Yes Yes Yes
tion zation is developed and maintained.
Organization Process Defini- Information related to the use of the orga- N/A N/A N/A
tion nization’s standard software process by the
software projects is collected, reviewed, and
made available.
Training Program Training activities are planned. No Yes Yes
Training Program Training for developing the skills and knowl- No Yes Yes
edge needed to perform software manage-
ment and technical roles is provided.
Training Program Individuals in the software engineering No Yes Yes
group and software-related groups receive
the training necessary to perform their
roles.
Integrated Software Manage- The project’s defined software process is N/A N/A N/A
ment a tailored version of the organization’s stan-
dard software process.
Integrated Software Manage- The project is planned and managed ac- Yes Yes Yes
ment cording to the project’s defined software
process.
Software Product Engineering The software engineering tasks are defined, Yes Yes Yes
integrated, and consistently performed to
produce the software.
Software Product Engineering  Software work products are kept consistent N/A N/A N/A
with each other.
Intergroup Coordination The customer’s requirements are agreed to No Yes Yes
by all affected groups.
Intergroup Coordination The commitments between the engineering N/A N/A N/A
groups are agreed to by the affected groups.
Intergroup Coordination The engineering groups identify, track, and N/A N/A N/A
resolve intergroup issues.
Peer Reviews Peer review activities are planned. No Yes Yes
Peer Reviews Defects in the software work products are  Yes Yes Yes

identified and removed.

Notes: Yes — assessment provides evidence of fulfilling the goal; No — assessment provides evidence of not fulfilling the goal;
N/A — fulfillment of the goal was not assessed.
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Table B3. The key process areas for level 4: managed

Software  Service Tech
Process area Goal Vendor Provider Giant
Quantitative Process Manage- The quantitative process management No Yes Yes
ment activities are planned.
Quantitative Process Manage- The process performance of the project’s N/A N/A N/A
ment defined software process is controlled
quantitatively.
Quantitative Process Manage- The process capability of the organi- No Yes Yes
ment zation’s standard software process is
known in quantitative terms.
Software Quality Management The project’s software quality manage- Yes Yes Yes
ment activities are planned.
Software Quality Management Measurable goals for software product N/A N/A N/A
quality and their priorities are defined.
Software Quality Management Actual progress toward achieving the N/A N/A N/A

quality goals for the software products
is quantified and managed.

Notes: Yes — assessment provides evidence of fulfilling the goal; No — assessment provides evidence of not fulfilling the goal;
N/A — fulfillment of the goal was not assessed.

Table B4. The key process areas for level 5: optimizing
Software  Service Tech
Process area Goal Vendor Provider Giant
Defect Prevention Defect prevention activities are planned.  Yes Yes Yes
Defect Prevention Common causes of defects are sought N/A N/A Yes
out and identified.
Defect Prevention Common causes of defects are priori- N/A N/A N/A
tized and systematically eliminated.
Technology Change Management Incorporation of technology changes are N/A N/A N/A
planned.
Technology Change Management New technologies are evaluated to deter- N/A N/A N/A
mine their effect on quality and produc-
tivity.
Technology Change Management Appropriate new technologies are trans- N/A N/A N/A
ferred into normal practice across the
organization.
Process Change Management Continuous process improvement is No Yes Yes
planned.
Process Change Management Participation in the organization’s soft- No Yes Yes
ware process improvement activities is
organization wide.
Process Change Management The organization’s standard software No Yes Yes

process and the projects’ defined soft-
ware processes are improved continu-
ously.

Notes: Yes — assessment provides evidence of fulfilling the goal; No — assessment provides evidence of not fulfilling the goal;
N/A — fulfillment of the goal was not assessed.
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