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Abstract
This thesis studied effort estimation in software development, focusing on task level
estimation that is done in Scrum teams. The thesis was done at Nokia Networks and the
motivation for this topic came from the poor estimation accuracy that has been found to
be present in software development. The aim of this thesis was to provide an overview
of what is the current state of the art in effort estimation, survey the current practices
present in Scrum teams working on LTE L2 software component at Nokia Networks
Oulu, and then present suggestions for improvement based on the findings.
On the basis of the literature review, three main categories of effort estimation methods
were found: expert estimation, algorithmic models and machine learning. Universally
there did not seem to be a single best method, but instead the differences come from
the context of use. Algorithmic models and machine learning require data sets, whereas
expert estimation methods rely on previous experiences and intuition of the experts.
While model based methods have received a lot of research attention, the industry has
largely relied on expert estimation.
The current state of effort estimation at Nokia Networks was studied by conducting
a survey. This survey was built based on previous survey studies that were found by
conducting a systematic literature review. The questions found in the previous studies
were formulated into a questionnaire, which was then used to survey the current effort
estimation practices present in the participating teams.
41 people out of 100 in the participating teams participated in the survey. Survey results
showed that like much of the software industry, the teams in LTE L2 relied on expert
estimation methods. Most respondents had encountered overruns in the last sprint and
the most often provided reason was that testing related effort estimation was hard. Forgotten subtasks were encountered frequently and requirements were found to be both
unclear and to change often. Very few had had any training on effort estimation. There
were no common practices for effort data collection and as such, it was mostly not done.
By analyzing the survey results and reflecting them on the previous research, five suggestions for improvements were found. These were training in effort estimation, improving the information that is used during effort estimation by collaborating with specification personnel, improving testing related effort estimation by splitting acceptance
testing into their own tasks, collecting and using effort data, and using Planning Poker
as an effort estimation method, as it fit the context of estimation present in the teams.
The study shed light on how effort estimation is done in software industry. Another
contribution was the improvement suggestions, which could potentially improve the
situation in the teams that participated in the survey. A third contribution was the
questionnaire built during this study, as it could potentially be used to survey the current state of effort estimation in also other contexts.
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1

Introduction

The topic of this Master’s thesis is effort estimation in software development in the context of Agile self-organizing teams. The focus of the thesis is on the level of individual
tasks within the teams. Different effort estimation methods are inspected in the literature review to determine what kind of effort estimation methods there are, what to take
into consideration and when they should be used to come up with the most accurate
estimates possible.
The thesis is done for Nokia Networks. A survey was conducted at Nokia Networks
to find out how Scrum teams working on LTE L2 software at the Oulu site estimate
effort for their tasks. As Scrum teams organize their work independently, there can be
differences between the teams’ effort estimation processes. Based on the current state
of the practice and the results from literature review, suggestions for improvement are
presented.
The motivation for the study is to improve the effort estimation process and thus achieve
more accurate estimates. This would then help improve the planning of development activities in the teams working on LTE L2 software at Nokia Networks. Incorrect estimates
can cause many kinds of problems. Poor estimation accuracy is seen as a problem, as
up to 60-80% of the projects overrun their effort estimate or schedule (Moløkken & Jørgensen, 2003). Many kinds of effort estimation methods have been developed to improve
the situation. Methods range from expert estimation based methods through algorithm
based and data driven techniques to machine learning. Different kinds of methods seem
to work the best in different kinds of contexts (Boehm, Abts, & Chulani, 2000; Shepperd
& Kadoda, 2001), so a study is needed to determine how to improve effort estimation in
the context of Nokia Networks and LTE L2 development teams.

1.1

Research questions

The research problem for the thesis is threefold. Firstly, an overview of the current state
of the art of effort estimation methods is needed. Secondly, it is necessary to determine
the current state of the practice of effort estimation in the Scrum teams working on LTE
L2 software. Finally, suggestions for improvement are made by combining the findings
from the literature review with the data of the current situation. Based on this, the
following research questions can be formulated:
1. What is the state of the art in software development effort estimation?
2. What is the current state of the practice of effort estimation within the Scrum
teams of LTE L2 at Nokia Networks?
3. How could the effort estimation practices in LTE L2 at Nokia Networks be improved?
To find out the state of the-art in software effort estimation, a literature review is conducted.
The current state of effort estimation within Scrum teams of LTE L2 is researched using a
survey with a questionnaire as a data gathering method. Questionnaire is created on the
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basis of previous surveys that have investigated effort estimation. To find the relevant
literature on which to base the questionnaire, a systematic literature review is conducted
to find software development effort estimation studies that have utilized a questionnaire
as a data gathering method. The survey conducted during this thesis is limited to teams
working on LTE L2 in Oulu.
The final research question is answered by combining the findings from the previous
questions by analyzing the data collected from LTE L2 teams to find the weak points
and then looking for appropriate solutions in the findings from the literature review.
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2

Literature review of effort estimation methods

An effort estimate is a prediction of how long a development activity will take to finish
(Popli & Chauhan, 2014). Effort estimates can change depending on at what stage they
are done, meaning that there can be different effort estimates within the same project.
This means that an early effort estimate is based on incomplete and uncertain information, then a planning estimate is based on the actual requirement specification and later
on during development the effort is re-estimated. (Moløkken-Østvold et al., 2004)
Software development effort estimation is done for many purposes. Boehm et al. (2000)
listed four distinct reasons for utilizing effort estimation methods. These reasons are
budgeting, trade-off and risk analysis, project planning and control, and software improvement investment analysis. Boehm et al. mention budgeting as the primary reason.
Trade-off and risk analysis means that software project related decisions, for example
scoping, staffing, and tools, are affected by the effort estimate. Project planning and
control means that estimates are used to split cost and schedule based on the software
component, development stage and activities. Software improvement investment analysis means that based on the estimates, it is possible to compare the costs and the benefits
of changes related to tools, reuse and processes.
Estimation accuracy can be determined by comparing the estimate to the actual effort
that is known after the task has been finished. Several different accuracy metrics exist
for determining the accuracy of the estimates in relation to the actual effort. Some of the
popular metrics in research are MMRE (Mean Magnitude of Relative Error), PRED (25)
(Percentage of estimates that fall within 25% of the actual effort needed) and MdMRE
(Median Magnitude of Relative Error) (Usman, Mendes, Weidt, & Britto, 2014).
In the following subchapters the definition of the effort estimation process is presented,
followed with categorizations of different kinds of effort estimation methods with examples of methods falling under these categories. Also different comparison studies of
effort estimation methods are presented. Finally, the chapter concludes with things that
need to be considered when thinking about using different effort estimation methods.

2.1

Definition of the effort estimation process

Effort estimation method means the adopted process that is used to come up with the effort estimates. The process consists of steps that need to be done to produce the estimate
and taking into account information from previous projects. If there are no procedures
in place, the result can be inaccurate. (Popli & Chauhan, 2014)
At basic level, software development effort estimation can be defined in terms of inputs
that it takes and outputs that it produces. Between the inputs and outputs, different
kinds of resources are applied to the inputs using effort estimation method or methods
to create the outputs. The estimation process at this type of basic level is presented in
figure 1, following the definition given by Trendowicz and Jeffery (2014).
Estimates made as the output of the effort estimation process are based on the inputs.
Inputs in the estimation process are the objectives of the estimation and the data that is
used while doing the estimation. This data can be both quantitative data and expertise
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Figure 1. Elements of effort estimation process, based on Trendowicz and Jeffery (2014).

of the people doing the effort estimation. Both types of data may come from previous
projects or other development activities. The amount of data that can be utilized is not
the only factor that contributes to the accuracy of the estimates. Also the quality of the
data is important. Larger dataset is not necessarily better than a smaller one, as other
factors that affect data quality are its redundancy, relevancy and how up-to-date it is.
Technological changes or other sudden changes can quickly render the collected data
useless. (Trendowicz & Jeffery, 2014)
Estimation in figure 1 refers to how the estimation is done in the project, meaning what
kind of effort estimation methods are applied to the inputs (Trendowicz & Jeffery, 2014).
Resources refer to people and tools that are involved in effort estimation. Also included is
the time that the people spend doing the effort estimation. (Trendowicz & Jeffery, 2014)
As an output from the effort estimation process come the estimates themselves. If the
used effort estimation method is a model-based method, another output is the models.
In such a case, the models can then be used in estimating other projects or development
activities. These resulting models represent relationships between the work effort and
the affecting characteristics present in the work environment. (Trendowicz & Jeffery,
2014)
Context of estimation should be taken into account in the used estimation methods or
models by adjusting them to fit to the context. For example, if there is no good history
data in the current context, then that should be taken into account when doing new
effort estimates, as in that kind of a case it is not possible to use methods that require
data from past projects. (Trendowicz & Jeffery, 2014)

2.2

Categorization of effort estimation methods

Effort estimation methods can be grouped together into distinct categories based on
different characteristics of the methods, but there does not seem to be one universally
accepted categorization. Moløkken-Østvold et al. (2004) found in their study it to be
difficult to compare different surveys regarding choosing an effort estimation method,
because studies categorize methods differently. In their study, they grouped the meth-
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ods into three categories: expert judgment-based methods, model-based methods and
”other”, which consisted of different kinds of combination methods and methods that
were not strictly speaking effort estimation methods. Others have also categorized effort estimation methods to three categories, but the categories often differ. Shepperd,
Schofield, and Kitchenham (1996) presented the three following categories: expert judgment, algorithmic models and analogy methods. Later some researchers have raised
machine learning to be the third major category, as Wen, Li, Lin, Hu, and Huang (2012)
note. One of such views is presented by Mendes (2003), who based her categories to
those presented by Shepperd et al. but instead of analogy, the third category is machine
learning. This category then also contains the analogy (or case-based reasoning) methods that Shepperd et al. mentioned.
Jørgensen (2007) compared expert judgment methods and formal models in his paper.
He divided the found effort estimate methods into categories based on how the quantification step of the estimation process was done. The quantification step is the part
of the process that creates the actual effort estimate. If the estimate was formed in the
quantification step based on tacit knowledge, the method was categorized as judgmentbased. If the quantification step was deliberate and mechanical, then he categorized the
method as a formal model. In such categorization, machine learning methods would fall
under formal models.
The categories used in this thesis are expert estimation, algorithmic models and machine
learning following the categorization presented by Mendes (2003). In the following subchapters these effort estimation method categories are explored in more detail. In addition, one method falling under each of these categories is presented in more detail. These
methods, Planning Poker, COCOMO and neural networks, were chosen based on their
popularity. Planning Poker is a very widely used expert estimation based method in
Agile software development (Usman et al., 2014) and COCOMO is one of the most popular estimation models and alongside other similar regression-based algorithmic models
has received a lot of research attention (Jørgensen & Shepperd, 2007). Finally, analogy,
or case-based reasoning, is a machine learning technique that is the most researched
among machine learning based effort estimation methods (Wen et al., 2012).

2.3

Expert estimation methods

Expert estimation methods (or expert judgment-based methods, expertise-based techniques, expert-based effort estimation) are based on the knowledge and experience of
the experts working on the software to provide the estimates. If there is no quantified
empirical data that is required by other methods, expert estimation based methods can
still be used. The drawback of these methods is that the estimates are based on an opinion of the estimator(s) and even if a person has much experience, this does not mean
that his or her estimates are necessarily accurate. (Boehm et al., 2000)
Jørgensen (2007) defined an expert as a person who has the competency to estimate the
software development effort, such as a professional software developer. Even though the
term expert is used to refer to the software professional who does the effort estimation, it
does not necessarily mean that the task under estimation is within the expertise area of
the estimator (Jørgensen, 2004). The advantage of experts estimating the effort compared
to formal methods is that as human beings they have more information available and can
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use it more flexibly than algorithms (Jørgensen, 2007).
As expert estimation methods rely on tacit knowledge that the estimator may or may not
have, it means the steps how to reach the effort estimate are not explicit. Therefore, the
effort estimation process cannot easily be repeated with similar results. (Jørgensen, 2007;
Mendes, 2011.) Most of the steps that are part of an expert estimation process are explicit
and thus reviewable. In case of expert estimation methods, the quantification steps are
not explicit. As these steps of the estimation process are based on intuition (and tacit
knowledge), usually there is no analytical argumentation. Instead, the argumentation
consists of subjective argumentation, which comes up in conversations through such
phrases as ”I think that…”. (Jørgensen, 2007)
Expert estimation methods can be used by a single expert or by a group. Various methods exist for combining estimates created by multiple experts into a single estimate.
Moløkken-Østvold and Haugen (2007) presented four common methods: Delphi-method,
Wideband Delphi, Planning Poker and unstructured group discussion. The previous
presents the methods from heavily structure to having no structure at all. As the structure loosens, interaction between the estimators also becomes more important, with
Delphi having no interaction at all, Wideband Delphi having some interaction and Planning Poker and unstructured group discussions relying heavily on interaction between
the participants (Moløkken-Østvold & Haugen, 2007).
In a study by Moløkken-Østvold and Jørgensen (2004), group processes in software effort
estimation were found beneficial, as they reduced over-optimism compared to individual
expert estimates. The authors report that this is because group discussions during the
estimation reveals additional activities and shed light on the actual complexity of tasks
that were already identified.
Expert estimation methods are the most commonly used estimation methods in the software industry (Moløkken & Jørgensen, 2003; Moløkken-Østvold et al., 2004; Trendowicz,
Münch, & Jeffery, 2011). Despite wide usage in the industry, for a long time they were
not researched as widely as some other methods. Recently the amount of research done
on expert judgment has increased. (Jørgensen & Shepperd, 2007)

2.3.1 Planning Poker
Planning Poker is a widely used effort estimation method in Agile software development
(Britto, Mendes, & Börstler, 2015; Usman et al., 2014). Planning Poker is based on expert
judgment and involves the whole development team in the process. As such, it is a
technique to combine the opinion of multiple experts in order to create an effort estimate
(Moløkken-Østvold & Haugen, 2007).
Developed by Grenning in 2002, Planning Poker is specifically meant for estimation and
planning in Agile teams. In a Planning Poker session, a user story is first presented
and the story is discussed, if further clarification is needed. Then, each team member
chooses an estimate from the available cards, that he or she is comfortable with. All the
team members then present their card at the same time. If everyone selected the same
estimate, then that will be selected as the official estimate. Otherwise people can discuss
the presented estimates to reach a consensus. After discussion, another round is played
until consensus is reached. If the story is deemed too big to estimate accurately, it can
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be returned to the customer to be split into smaller stories. If there is no consensus, the
story can be postponed for later estimation. The process is meant to be fast and still get
valuable input from those who otherwise would not voice their opinions. (Grenning,
2002)
As Agile principles defined in the Agile Manifesto value individuals and interactions
over processes (Beck et al., 2001), Planning Poker being light on processes and relying
on discussion and interaction between estimators follows these principles.
In its original form, the Planning Poker deck consists of cards with numbers 1, 2, 3, 5,
7, 10, and infinity. The numbers can be interpreted as ideal programming days. The
idea behind these numbers is that as the estimates grow bigger, the precision decreases.
As such, if the estimate is bigger than two weeks then the story cannot be accurately
estimated. This means that the story is too big and the infinity card should then be
played. (Grenning, 2002)
In empirical studies researching Planning Poker utilization, it has been well received by
the development teams and they found it to be an enjoyable estimation method (Haugen,
2006; Moløkken-Østvold & Haugen, 2007). Planning Poker estimation was found to possibly identify otherwise forgotten subtasks through the group discussions (MoløkkenØstvold & Haugen, 2007). Moløkken-Østvold and Haugen (2007) concluded that it is
possible that Planning Poker reduces optimism compared to just mechanically combining individual estimates and could also be more accurate than unstructured group estimation, but more research is necessary to prove these conclusions. These findings are
in line with the findings from a group process study conducted earlier by MoløkkenØstvold and Jørgensen (2004).

2.4

Algorithmic models

Algorithmic models have been very popular in effort estimation research. At the most
basic level (shown in formula 1), algorithmic models apply a productivity coefficient (α)
and economies (β) on the estimated size of the task, that can be presented for example
as lines of codes or function points. This kind of calculation then produces the effort
estimate as the output. Algorithmic models need to be adjusted or calibrated to the environment where they are used to produce accurate effort estimates. Otherwise models
directly ”off the shelf” produce inaccurate estimates. (Shepperd et al., 1996)
ef f ort = α × sizeβ

(1)

Regression analysis is often used as the basis of algorithmic estimation models. One
regression-based technique for algorithmic models to use is Ordinary Least Squares, or
OLS, which has been the basis for example for calibrating COCOMO II. This OLS method
has requirements on the data for it to work properly. A lot of data is needed, but also the
data should not have missing items or outliers, such as extreme cases. The variables that
are used as predictor variables should not be correlated to each other and they should
all be either continuous or discrete. (Boehm et al., 2000)
Algorithmic models, or model-based methods, include estimation methods such as COCOMO in its different versions, Use-Case-based estimation, function point analysis meth-
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ods (Moløkken & Jørgensen, 2003), and SLIM (Shepperd et al., 1996).

2.4.1 COCOMO
COCOMO in its different versions is an effort estimation method created by Dr. Barry
Boehm. The original version was published in 1981, so it has been around for a long
time. COCOMO was revised in 1995 to take into account the changes that had happened
in software development since the introduction of original COCOMO. These changes
included emphasis of effort put on designing and managing the software development,
as well as emphasis on reusing software. This revised version is known as COCOMO II
and the original version was retroactively named COCOMO 81. The name COCOMO is
an acronym from the phrase Constructive Cost Model. (COCOMO® II , n.d.)
COCOMO II consists of three submodels: Applications Composition, Early Design and
Post-Architecture. These models can be combined in different ways based on the situation. Applications Composition is used in case of rapid application development that is
aided by tools such as GUI builders or composed from existing components. This model
uses Object Points, which come from counting the different screens and other such
things that need to be in the developed application and these points are then weighed
on a three-point scale based on their complexity. (Boehm et al., 2000)
The second submodel in COCOMO II is the Early Design model. This model takes into
account different possible architectures and exploring the choices and concepts. As it is
called the Early Design model, in an early phase of a project there is not typically enough
information to make very specific estimates. This model relies on function points or
number of lines of codes, five different scale factors and seven multipliers for the effort.
(Boehm et al., 2000)
The third submodel in COCOMO II is the Post-Architecture model. This model requires
a well defined software architecture before it can be used and as such, it can only be
used after the top-level design is complete and detailed information about the project
is available. In this model, software size can be estimated in lines of code or function
points and it can also adjust for reuse of code. Overall, Post-Architecture model takes
into account 17 different effort multipliers and 5 scale factors. (Boehm et al., 2000)
Even though COCOMO in its different versions has been around for a long time, it is not
widely used in the software industry. In a study aimed to present the state of the practice
in software estimation by Trendowicz et al. (2011), the usage of COCOMO was found
marginal. The industry usage is in stark contrast with research interest. In a systematic
literature review by Jørgensen and Shepperd (2007), half of the included papers were
about regression-based estimation methods, which included COCOMO alongside other
model-based techniques.
In a systematic literature review focusing on effort estimation in Agile software development, COCOMO was not present among the methods found in the studies included
in the review (Britto, Usman, & Mendes, 2014). In a related survey study on effort estimation in Agile global software development, 5.26% of the respondents reported that
they used COCOMO, but only together with other methods (Britto et al., 2015). As
such, it seems that COCOMO is rarely used or studied in the Agile software development context. Considering Agile principles that is not surprising. Each model present
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in COCOMO II requires quite detailed designs of the software and as such, it contradicts
the principles presented in the Agile Manifesto about responding to changes instead of
following plans and designing much in advance (Beck et al., 2001).

2.5

Machine learning

Machine learning methods have recently gained attention in software development effort estimation research. Despite the sparked research interest, they have not gained
strong foothold in the industry yet. Machine learning methods are data-driven, which
means that the model for the method is built based on existing historical project data.
Having such data and good quality of the data are crucial elements for constructing a
machine learning based effort estimation model and for validating the model’s accuracy.
(Wen et al., 2012)
In a systematic literature review, Wen et al. (2012) found eight machine learning techniques that had been used for software development effort estimation. These techniques
are case-based reasoning, artificial neural networks, decision trees, Bayesian networks,
support vector regression, genetic algorithms, genetic programming, and association
rules. Case-based reasoning, artificial neural networks, and decision trees were the most
used of these methods. The machine learning methods were used either on their own
or in combination with some other technique. One of such combinations was genetic
algorithms and fuzzy logic. Fuzzy logic was also found to be used together with other
machine learning methods as a way of preprocessing the inputs before applying the
machine learning method.
Several of the machine learning methods applied to effort estimation are still little researched empirically. Some machine learning techniques have not yet been applied to
the software development effort estimation field, so there is still a lot of room for research
in combining machine learning with effort estimation. (Wen et al., 2012)
As with effort estimation methods as a whole, also different machine learning based estimation methods work best in different contexts. As such, before deciding what machine
learning method to use, the different methods need to be considered in the light of the
context of use and the characteristics of the environment compared to the characteristics
of the estimation methods (Shepperd & Kadoda, 2001; Wen et al., 2012).

2.5.1 Analogy
Using a machine learning approach of analogy for effort estimation purposes is a form
of case-based reasoning. Cases consist of abstractions of events from the previous development activities and features. Features can be defined for example by the number
of interfaces, the used development methodology or by the number of functional requirements that there were. These cases of completed projects are then stored in a case
repository. The effort estimation by analogy then happens by looking for the most similar past cases compared to the current project under estimation. (Shepperd & Schofield,
1997)
Estimation by analogy consists of several key activities. The current project first needs
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to be defined as a case. Then, previous similar cases need to be searched for from the
case repository. The information about these cases is then used to create the effort estimate for the current case. The main problems that need to be solved to use this kind
of estimation technique are the way the cases are defined and secondly how the similar
cases are looked for. (Shepperd & Schofield, 1997)
In order to define the way the cases are defined, first it is necessary to choose what
kind of data or features are collected about the cases. This depends on the nature of
the projects. The data also needs to be then collected somehow, and there is no point
of involving variables in the cases, unless the data can actually be collected reasonably.
For data collection there needs to be an organizational definitions and agreements about
what is collected and what is meant by the data that is collected. Unless all agree with
for example the definition of effort, the estimations done by this kind of system will be
flawed. (Shepperd & Schofield, 1997)
As the method relies on finding similar cases from the past projects, there needs to be
a populated case repository before this approach to effort estimation can be used. More
cases there are the better, and as the data collection should be a continuous activity, over
time the case repository gets better. (Shepperd & Schofield, 1997)
Similar cases can be found using different approaches, such as Nearest Neighbor Algorithms, Goal directed preference (cases with similar goals are selected), specificity preference (cases with exact matches on some features are selected over general matches),
or recency preference (recently matched cases are preferred over older matches). Learning can be built into the algorithm, so that the algorithm can weigh the importance of
features present in the cases. (Shepperd & Schofield, 1997)

2.6

Comparison of effort estimation methods

Different effort estimation methods haven been compared to each other in research using
different kinds of research methods. In the following subchapters, different comparison
studies are presented together with the conclusions reached.

2.6.1 Comparison by simulation
Shepperd and Kadoda (2001) compared different methods using simulation. The study included four different techniques used for prediction: stepwise regression, rule induction,
case-based reasoning and neural networks. Stepwise regression is a method based on
regression analysis, while the other methods included were based on machine learning.
During their study, simulated data was created to train the estimation models. Another
data set was created to test the trained estimation models.
The results of this study suggested that there were significant differences between the
methods in regards to what kind of data set was used in them. This means that the estimation context affected the created estimates and different methods fared differently in
different contexts. Data quality also caused additional variation in the results between
different methods. For example, when using data sets classified as ”normal” and ”normal + outlier”, stepwise regression produced the most accurate results, but when using
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”messy” data sets, machine learning methods were more accurate. The size of the training set also affected the tested methods differently. Output from stepwise regression
did not improve much when using a training data set of 100 cases instead of 20 cases,
whereas machine learning methods gained benefit from such a change in all situations.
(Shepperd & Kadoda, 2001)
As a conclusion from their study Shepperd and Kadoda (2001) presented lessons learned.
First lesson is that the characteristics of the available data set is strongly tied to the
success of the estimation method. Looking only at the numbers of their study, Shepperd
and Kadoda say that one could claim that case-based reasoning was the best method
as it outperformed others in most occasions, but when considering how the input data
affected the outcomes, then case-based reasoning would be the wrong choice in two
thirds of the cases. Especially when the data available could be characterized as ”normal”
or near that, the correct choice would instead be stepwise regression according to the
results. Another lesson reported by the authors was that the tested methods were found
vulnerable to false positives and other mistaken choices, which should be taken into
account when deciding whether to trust the results provided by the methods.

2.6.2 Comparison through literature
Many studies have been done on different effort estimation methods. To sum up studies comparing effort estimation methods to each other, Jørgensen (2007) reviewed past
studies that compared effort estimates produced with expert estimation methods to estimates produced with estimation models. The aim of his study was to determine which
of these approaches produced more accurate estimates and secondly when to use which
approach or a combination of the two.
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Table 1. Comparison of accuracy in studies reviewed by Jørgensen (2007).

Most Accurate Model vs
Most Accurate Expert
Most Accurate Model vs
Average Accuracy of Experts
Most Accurate Model vs
Least Accurate Expert
Average Accuracy of Models vs
Most Accurate Expert
Average Accuracy of Models vs
Average Accuracy of Experts
Average Accuracy of Models vs
Least Accurate Expert
Least Accurate Model vs
Most Accurate Expert
Least Accurate Model vs
Average Accuracy of Experts
Least Accurate Model vs
Least Accurate Expert

Number of studies
with model more
accurate
0

Number of studies
with expert more
accurate
2

7

1

2

0

0

2

6

10

2

0

0

2

2

6

2

0

Included in the review were 16 studies. Estimation methods found in these studies were
categorized based on their quantification step. The results from the study showed that
neither category performed so much better when compared to the other category that
the other category could be deemed useless. As seen in table 1, comparing the average
accuracy of the categories based on these studies showed that expert estimation based
methods created more accurate estimates in 10 studies. Six studies showed the same
with estimation models. (Jørgensen, 2007)
Further interpreting the table, Jørgensen (2007) presents that if it would be possible to
select the best model for estimation, it would be more accurate than the average or less
accurate experts, but not more accurate than the best expert. If the least accurate model
is used, the results are only better than the worst expert estimates. On the other hand,
least accurate expert also performed worse than models in all the studies included in
Jørgensen’s review.
Jørgensen (2007) argues that the reason for these results is that experts have advantage
over models in the amount of information available to them and that experts can utilize
that information in more flexible ways than models can. Another reason presented by
Jørgensen was that building accurate models for effort estimation might be difficult,
because the relationships between variables in the model are not stable and when only a
small learning data set is available, the models may become overfitted to that particular
data set. Jørgensen argues that together these reasons lead to a situation, where models
are able to weigh variables and reduce biases better than experts, but are not enough
to compensate for their inability to use all useful contextual information efficiently and
the overall low quality of the models. Similarly, results in his earlier study suggested
that when some important domain knowledge is not included in the estimation models
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or substantial changes have happened that are not represented in the models, expert
estimation would be more accurate estimation method (Jørgensen, 2004).
Jørgensen (2007) points out that in other fields models have been found to provide far
better predictions than experts have done. As is evident from research, this kind of
statement does not transfer to software engineering well, as neither approach provides
better results in all circumstances. Comparing software development to such a biologybased domain as medicine, the relationships in the models are not as stable in software
development where things change constantly (Jørgensen, 2007).
The end result of all this is that neither approach to effort estimation can be ruled out in
favor of the other based on the evidence. (Jørgensen, 2007)

2.7

Things to consider when choosing an effort estimation method

Several studies have come to the conclusion that there is no one effort estimation method
or model that is clearly better than others are (Boehm et al., 2000; Shepperd & Kadoda,
2001). Instead, Shepperd and Kadoda (2001) suggest that a more fruitful way to consider
effort estimation methods is to try to find a method that works best in the current context.
In an article about selecting the appropriate machine learning techniques for effort estimation, Bibi and Stamelos (2006) present eight criteria to consider when choosing an
effort estimation method. These criteria go beyond just considering the accuracy of the
estimates provided by the method. The criteria and their explanations are presented in
table 2. These criteria can be used to assess the effort estimation methods and consider
how well a method is applicable in the current context.
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Table 2. Criteria for assessing effort estimation methods by Bibi and Stamelos (2006).

Criteria
How comprehensible is the model?

How applicable is the method?
Does the model address causality?

Does the method handle missing values?

Is uncertainty considered in the models?

What is the accuracy of the models or
method?

Does the method support a dynamic
approach to the problem?

What is the sensitivity of the method?

Explanation
For model based effort estimation methods it is important for the estimator to be
able to understand the model and trust its
output, otherwise the estimates are hard
to reason to others.
Method is more applicable the cheaper,
easier and faster to use it is.
Reasoning behind the estimate should be
interpretable from the models easily, or
otherwise it is hard to present why the
estimate is what it is.
Is it possible to use the method, when the
data from past development is not perfect, but has missing values? If a method
can handle missing data, it is usable in
many more cases than a method that requires perfect data sets.
Does the model consider uncertainty and
if so, how. Uncertainty cannot an element that cannot be eliminated and as
such it should be taken into account in
the estimation process.
Accuracy is one of the most import features of an estimation method. If an estimation method is not accurate, it is not
useful.
As the conditions where estimates are
done change over time, it is important for
the estimation method to handle updated
information. Methods that can do that
have advantage over static methods that
cannot.
Sensitivity means that if several estimation parameters change, can the method
still produce accurate estimates.

As table 2 shows, different model based estimation methods have different requirements
on the data that is needed for the methods to work. Some methods require perfect data
sets, whereas some do not. In a situation where perfect data sets are not present, methods
that would need such data sets are not usable, even if they would otherwise be a better
choice. All model based solutions need a data set and as such it is one aspect to consider
when thinking about the criteria ”how applicable is the method?”
In order to create accurate effort estimates using expert estimation methods, it is not
enough to just select an estimation method and start using it. Jørgensen (2004) presented
twelve expert estimation principles based on empirical evidence, which are presented in
table 3.
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Table 3. Expert estimation principles as reported by Jørgensen (2004).

Principle
1. Evaluate estimation accuracy, but avoid high evaluation pressure
2. Avoid conflicting estimation goals
3. Ask estimators to justify and criticize their estimates
4. Avoid irrelevant and unreliable estimation information
5. Use documented data from previous development tasks
6. Find estimation experts with relevant domain background and good
estimation records
7. Estimate top-down and bottom-up, independently of each other
8. Use estimation checklists
9. Combine estimates from different experts and estimation strategies
10. Assess the uncertainty of the estimate
11. Provide feedback on estimation accuracy and task relations
12. Provide estimation training opportunities

These principles are aimed to help with different kinds of issues that are present when
doing expert estimation. Principles 1-6 are related to reducing situational and human
biases that are present when people are doing effort estimation. Principles 7-10 are about
supporting the effort estimation process. Finally, principles 11-12 aim to improve effort
estimation through feedback and training. (Jørgensen, 2004)
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3

Research methods

The research in this thesis was conducted as a survey using a questionnaire as the data
gathering method. To base the survey on previous research done about software development effort estimation, the questionnaire used in this study was built based on
existing questionnaires. To find suitable survey studies and the questionnaires used in
them, a systematic literature review was done. This chapter presents the theory behind
the research methods used in this thesis.

3.1

Quantitative research

Quantitative research is a research method that is based on data collection using a predetermined instrument(s) and where that data is then analyzed statistically. Taking a
quantitative approach to research means that information is observed and measured numerically. There are multiple different designs for quantitative research, for example
survey research and experimental research. (Creswell, 2013)

3.2

Survey

Survey research is one possible design choice for quantitative research. Survey research
produces quantitative data about trends, attitudes or opinion among the population under inspection. Surveys can use questionnaires or structured interviews as data gathering instruments. (Creswell, 2013)
When designing a survey, the population of the study and the sampling need to be considered. Population refers to all the members of the specific group being studied and
it can be defined by demography, geography, occupation, time or as a combination of
several of these (Kasunic, 2005). Sample means the part of the population that is selected
to participate in the survey. A sampling plan describes how the sample is selected from
the population. The way the sample is produced can affect the quality of the results in
many ways. Bad sampling can lead to biased results, as it can lead to omitting certain
types of people in favor of others, which leads to a sample that does not represent the
population correctly. When studying a representative sample, the findings can then be
generalized to the whole population, which is the aim of a survey study. (Fowler, 2009)

3.3

Systematic literature review

Systematic literature review is a research method that aims to identify, analyze and interpret all the available material that is related to the research question under inspection
(Kitchenham & Charters, 2007). As the process of the systematic literature review needs
to be well defined and the study done systematically, it is a research method that removes
bias and is to some extent repeatable (Kitchenham & Charters, 2007).
The systematic literature review process is illustrated in figure 2. As the figure shows,
during the process a large amount of material is examined systematically and filtered so
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Figure 2. Systematic literature review process illustrated by Kaufman (2011). Licensed
under CC BY-SA 3.0 http://creativecommons.org/licenses/by-sa/3.0.

that only the relevant studies are left. Data from these studies can then be extracted for
further use.
After the need for systematic literature review has been determined, the process starts
by defining the review protocol to be used. It specifies the research question and how
the literature review will be conducted, including a search strategy to find the relevant
studies. The search strategy needs to be documented so that it is clear to the readers
how the search has been done and to make the process repeatable. The search strategy
determines what sources (electronic databases and journals) are searched and how the
search is done. The aim for the search strategy is to detect as much of the relevant
literature as possible. After the search has been done, the inclusion of the articles will
be determined based on inclusion and exclusion criteria, which define what is included
and excluded. When the included studies have been selected, data from them is extracted
using a data extraction strategy defined in the review protocol. (Kitchenham & Charters,
2007)
As Kitchenham and Charters (2007) put it, there are several reasons to utilize systematic
literature review. Firstly, it is a useful research method when there is a need to summarize existing literature. Secondly, it can be used to determine gaps that may exist in the
research, and as such, it can be used to identify areas for future research. A third reason
Kitchenham and Charters (2007) present is that it can be used to provide background for
new research activities and thus connecting them to the existing knowledge.
Kitchenham and Charters (2007) list three main advantages of systematic literature review as a research method. First, as a well-defined methodology it reduces the possibility
of the selected literature being biased, although there is still the issue of publication bias

21
in place. A second advantage of the method is that it can provide information on the
phenomena under inspection across many kinds of settings and with different empirical
methods being used to research them. A third advantage is that in quantitative studies
systematic literature review provides the option to combine data from many studies.
According to Kitchenham and Charters (2007), the main disadvantage of systematic literature review is the amount of work that is needed. They note that compared to traditional
literature reviews, systematic literature review takes a lot more effort to do.
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4

Implementation

This chapter presents the empirical context of the study and how the study was conducted for this thesis.

4.1

Empirical context

Software development in L2 teams is done following Scrum methodology. Development
activities are organized into sprints, which in this case last four weeks. A sprint starts
with sprint planning. In sprint planning product backlog items are selected for implementation during the sprint and are added to the sprint backlog. During sprint planning
the team estimates what they can finish during the sprint in terms of their projected
capacity. (Schwaber & Sutherland, 2014)
In the context of this thesis, the interest is in the effort estimation of the items in the
sprint backlog. As the product backlog consists of higher-level items such as complete
features, the product backlog items are split into smaller tasks, which are then estimated
by the team during sprint planning for the upcoming sprint.
People are organized into 12 feature teams. Overall, 100 people work in these teams.
As Larman and Vodde (2008) defined it, a feature team is a long-lived cross-functional
team that can develop complete features end-to-end within the team. According to the
authors, a feature team consists of people in different roles, such as developers, testers,
architects and analysts. These can be considered more as the primary skills people have
instead of fixed roles, and Larman and Vodde emphasize that in a functional feature team
people can work in different roles when needed. This means that instead of specializing
in some specific part of the system, people become generalizing specialists of the product
and can work in multiple disciplines on it.
The software being developed is the part of the LTE User-Plane radio interface protocol known as Layer-2, or shortly L2, and it is used in the LTE base stations that Nokia
manufactures. As such, it can be classified as embedded software development.
The survey sample for this study is the whole target population, meaning all the people
working in the L2 feature teams in Oulu. As such, the survey sample is a census, a
special case among surveys where the whole target population is part of the survey
sample (Kasunic, 2005). As the target population is less than 200 people, a census is the
recommended sample, according to Kish (1965) (as cited in Kasunic, 2005).

4.2

Implementation of systematic literature review

To come up with proper survey questions to determine the current state of effort estimation in the L2 feature teams, previous effort estimation survey studies were searched
systematically following the process detailed by Kitchenham and Charters (2007). The
aim of this systematic literature review was to find software development effort estimation related surveys using a questionnaire as a data gathering method.
Search terms for systematic literature review are detailed in table 4. These search terms
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are based on those used by Britto, Freitas, Mendes, and Usman (2014). In their study,
a specific interest was placed on effort estimation in global software development. As
global software development is not within the scope of this thesis, search terms related
to global software development were removed. Terminology related to Agile software
development was added where applicable in addition to some effort estimation method
names to catch articles with them mentioned. Different search strings were used together by combining them with AND operator in the search. This search string was
then used in the Scopus database (http://www.scopus.com/) and was applied on titles,
abstracts and keywords to find the relevant articles.
Table 4. Search strings for systematic literature review. Based on search strings presented by Britto, Freitas, et al. (2014).

Concept
Effort
Estimate

Software Engineering

Survey

Search string
(effort OR cost OR resource OR size OR metric OR measure
OR measurement OR ”story point” OR velocity)
(estimation OR estimating OR estimate OR prediction OR
predicting OR predict OR assessment OR forecasting OR
forecast OR calculation OR calculate OR calculating OR sizing OR measure OR measuring OR ”Planning Poker” OR
COCOMO)
(”software engineering” OR ”software development” OR
”software project” OR XP OR ”Extreme Programming” OR
Scrum OR Agile)
(survey OR questionnaire)

The final search string was then:
TITLE-ABS-KEY((effort OR cost OR resource OR size OR metric OR measure OR measurement OR ”story point” OR velocity) AND (estimation OR estimating OR estimate
OR prediction OR predicting OR predict OR assessment OR forecasting OR forecast OR
calculation OR calculate OR calculating OR sizing OR measure OR measuring OR ”planning poker” OR COCOMO) AND (”software engineering” OR” software development”
OR ”software project” OR XP OR ”Extreme Programming” OR Scrum OR Agile) AND
(survey OR questionnaire))
The search for studies was done in stages. These stages are presented below with the
number of articles that were included after the stage was finished.
1. Automated search using the final search string (726 articles)
2. Selection of studies based on their title and abstract (32 articles)
3. Selection based on full text using inclusion and exclusion criteria (11 articles)
Inclusion and exclusion criteria for determining whether an article was selected for inclusion are presented below. The inclusion criteria limited the articles to only such articles that were about effort estimation and utilized a questionnaire to determine the state
of the practice.
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Inclusion criteria:
• Papers that are about software development effort estimation and have utilized a
questionnaire as a data gathering method to determine the current state of estimation practice
Exclusion criteria:
• Questionnaire questions are not presented in the paper in any way
• Questionnaire is about evaluating a specific method with questions specific to that
method
• Papers that are not in English
• Papers that are not available freely or through the university library
In the first stage, the final search string was used to search the Scopus citation database
and the search results were exported for further inspection.
For the second stage these search results were inspected more closely by reading their
titles and abstracts and then included or excluded based on the relevancy of their contents to the topic of this thesis. In most cases it was not possible to identify whether
the study had utilized a questionnaire just based on the title, so it was necessary to go
through the abstracts to find this information. In the case where it was unclear on the
basis of the title and the abstract whether an article was complying with the inclusion
criteria, the full article was skimmed to determine if the article should be included or
excluded. These unclear cases were related to unclear definition of what kind of survey
was conducted and what was the role of the questionnaire utilized in the article.
At stage three, three articles were excluded, as their full text versions were not available.
After full text inspection, 11 articles that complied with the criteria were left. As the aim
of the systematic literature review was to find studies with relevant questionnaires instead of synthesizing the results of the studies, there was no quality assessment done
on the studies. Most of the studies did not report the exact questionnaire used in the
survey. To acquire the questionnaires used, authors of six of those articles were contacted with inquiries for the questionnaires. Two questionnaires were received in this
way: the questionnaire used by Basten and Mellis (2011) and the first questionnaire of
the two used in the study done by MacDonell and Gray (2005). Others either did not
respond to the inquiry or did not have the questionnaire available anymore.
The questions from the questionnaires were then extracted from the articles. If the exact
questionnaire was reported in the article or received from the author, that was used. In
the cases where the full questionnaire was not available, the questions that were presented in the article were used.

4.3

Creating the questionnaire

While working towards the questionnaire to be used to determine the current state of
effort estimation in the L2 feature teams, the questions found in the systematic literature
review process were organized into a table by the topic area of the question and the
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article the question was from. This way questions that were similar to each other were
found. This table was then used to formulate the questions for the questionnaire. The
table is presented in Appendix A.
Questions were formulated based on the existing questions so that they would be applicable to the level of task estimation, on which this thesis is focused. This was done by
changing questions where project level effort estimation was mentioned to either not
mention the level of estimation or changed to refer to a task or sprint. Terminology was
also unified as in the original questions, for example, both terms ”effort estimation” and
”cost estimation” were used. In some cases, the final formulated question was directly
selected from one of studies. In such cases, the original question is bolded in the column
of that article. The formulated questions are found in the table in the second column
from the left.
All in all, after organizing all the questions found in the systematic literature review process into the table and formulating them, the result was 127 different questions. Questions were also organized by their higher-level topic area into categories. Resulting
question categories were respondent background, company information, project information, client related questions, effort estimation methods and processes, things affecting estimates, effort data collection, requirements and finally miscellaneous for the few
questions that did not fit any other category.
Questions to be included in the questionnaire were chosen together with a line manager and the internal supervisor of this thesis, who works as a software developer on
L2 software. The questions to be included in the questionnaire were chosen from the
question table based on how they fit in the context of the L2 feature teams. This meant
that questions in the category ”client related questions” were excluded completely, as
the software development done in these teams is fully internal. The project information
category was also excluded for similar reasons, as they did not fit to the way of working
present in the teams. In addition, questions related to company information were excluded, as in this case all the respondents are working in the same company. If that kind
of information were needed, it would be available through other means. Another category that was eliminated completely was miscellaneous. The questions included were
not directly related to effort estimation and were not seen as useful.
For respondent background questions, only questions about current role, work experience and effort estimation experience were deemed necessary. As the scope of this
thesis is on task level effort estimation, questions related to specific estimates were not
seen as useful, as it was thought to be too hard to select what task to think about. Questions related to the development stage where the estimates are done were also left out of
the questionnaire. The reason behind this was that they were not seen as useful, when
according to Scrum practices used, the tasks are estimated when they come to the sprint
backlog.
After questions to be included in the questionnaire were chosen, answer types and options were determined. This was done on the basis of the articles from which the question originated. For some questions, answer options were added, removed or changed
to better fit the environment and to be consistent with the rest of the questionnaire.
Selected questions were then organized into a questionnaire. The final questionnaire
consisted of seven sections: respondent background, last sprint, effort estimation meth-
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ods and process, effort data collection, requirements, influences coming from outside the
team and things affecting estimates. As there were some limitations with the web survey
system to be used for conducting the survey, some questions needed to be modified to
take these limitations into account. Such changes were splitting questions asking for the
reasoning behind the answer into two questions, where the first question had answer
options and the second question had an open answer box for the reasoning behind the
selection. Another change done due to the web survey system was adding a note about
using ”.” as a decimal separator in questions with numeric answer type, as it was not
possible to disable decimal input and using ”,” would have led to incorrect values being
reported. The instruction was deemed necessary as most respondents were Finnish and
in Finnish, decimals are separated using ”,” instead of ”.”.
While organizing the questions inside the different sections, the ordering of the questions was thought through, so that questionnaire could branch out based on certain
answers. In the end, the questionnaire has six questions that determine what questions
come next. If the respondent answers such question negatively, the questions that inquire more about that topic are then skipped. Such interactivity can positively affect the
rate and quality of the responses (Ganassali, 2008). Web survey systems also make the
usage of such ”filter questions” and skipping easy for the respondent (Kasunic, 2005).
A few questions from outside the question table were added. When selecting the questions to be included in the questionnaire, it came up that it would be interesting to find
out what measurement unit was used to present the estimates. As this kind of question was not present in the question table, question ”What measurement unit is used to
present effort estimates?” was added to the questionnaire. ”Do you participate in effort
estimation?” was added for two reasons: firstly, to find out how many of the respondent
do participate in effort estimation in their team, and secondly to branch the questionnaire so that those who do not participate in effort estimation do not need to answer
to questions about used estimation methods and processes. Follow-up questions were
added to questions about the usage of tools in effort estimation and effort data collection
to determine what tools are used and how, if tools were said to be used.

4.4

Pilot testing the questionnaire

After constructing the questionnaire, it was pilot tested to ensure that it works as intended, both technically in terms of the web survey system used to conduct the questionnaire and content-wise. As Kasunic (2005) defined it, a pilot test is used to simulate
the survey implementation with a few members of the target population, with the intention to expose problems in the questions, questionnaire layout, process, or the web
survey system, if one is used.
To collect feedback on the questionnaire, an evaluation form with a few questions was
used, as advised by Kasunic (2005). The questions asked from the pilot testing participants were the following:
•
•
•
•

Are there unclear questions or answer options?
Is something relevant missing from the questions?
Are there any unclear terms used?
Was the ordering of the questions logical?
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• How long did it take to answer to the questionnaire?
• Did the questionnaire take too long to answer?
• Were there any problems with the web survey system?
Seven people working on L2 software participated to the pilot testing. Most of the feedback received was related to the appearance of the survey. As the web survey system
used did not offer many customization options related to the appearance of the questionnaire, not all of these issues were fixable. Probably the main issue that was left in
regards to the web survey system and appearances was that it was not possible to include a progress indicator. The most reported issue with the appearance was the lack of
spacing between consecutive Likert scale questions, which made them hard to read. Fortunately, it was possible to fix this, so in the final questionnaire those questions became
much more readable and easily distinguishable.
As to the content of the questionnaire, some questions were found confusing regarding to what they referred. Such questions were ”Are software metrics used to measure
software development?” and ”Are tools used in effort estimation?”, which were reported
confusing because they did not specify whether they meant if such things were used in
the respondent’s team or in general. The questions were then revised to emphasize that
they were about the behavior in the respondent’s team. Other similar questions were
also changed this way and it was also emphasized in the foreword of the questionnaire,
that the questions should be considered from the viewpoint of task level effort estimation within teams. ”Are software metrics used to measure software development?” was
also seen as confusing for another reason. Some people were not sure whether it meant
the usage of metrics in general or using them for effort estimation. This was clarified so
that it became clear that it did not mean only metrics in the context of effort estimation.
That was actually being asked in the next question, if the question about metrics usage
in general was answered positively.
Regarding the structure of the questionnaire, the question ”Accuracy is appreciated” was
moved from the section ”effort estimation methods and process” to ”influences coming
from outside the team”, so it better related to nearby questions about stakeholders. All
open-ended questions were made voluntary, as some pilot testers reported that they did
not have anything to answer in them.
Two questions that were initially included in the questionnaire were removed based
on feedback. First, ”How many methods are used to create an effort estimate?” was
removed based on the feedback that the same information was already given in different
form by answering the previous question, ”What effort estimation method or methods
do you use?”. The second question that was removed was ”How much time does the
core estimator spend on effort estimation?”. This was done because of comments that it
was hard to know what another person does. This question was then removed because
of the questions related to core estimator it was probably the hardest one to answer and
while reconsidering the core estimator questions, also the least useful. Also based on
the feedback, the question about methods used by core estimator was made voluntary.
At shortest, the questionnaire was completed in 15 minutes during the pilot testing and
at longest it took approximately 30 minutes, while most pilot testers said it took them
about 20 minutes. None of the pilot test participants reported that the questionnaire
was too long. The length of the questionnaire was a concern before the pilot testing,
as research has shown that long questionnaires have a lower response rate than shorter
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questionnaires (Deutskens, Ruyter, Wetzels, & Oosterveld, 2004). The answering time
of this questionnaire corresponded with the short questionnaire used in the study by
Deutskens et al. (2004) and even though the authors admit that 15-30 minutes is still
relatively long for an online survey, they found that such questionnaire still obtained a
good response rate. As such, the length of this questionnaire was deemed suitable.
As it was not possible to add a progress indicator to the questionnaire, the foreword
of the questionnaire was adjusted to mention how long it would approximately take to
answer and how many pages the questionnaire has. The perceived length of the questionnaire affects the response rate and the drop-outs happen most often in the beginning
of the questionnaire (Ganassali, 2008), so this ensures that respondents had a correct perception of the length.
The final version of the questionnaire is presented in Appendix B.

4.5

Conducting the survey

After the questionnaire was finalized following the pilot testing and fixing of the found
issues, the survey was opened for answering. The survey was conducted using a web
questionnaire hosted on the company intranet. This meant that the survey participants
could answer to the open questions without hesitating and thinking about what could
be confidential information, as the questionnaire was hosted internally in the company.
The link to the questionnaire was emailed to everyone working in the feature teams of
L2 software in Oulu. The questionnaire was open for answers for two weeks, between
18 January 2016 and 1 February 2016.
As sending a reminder about survey participation has been found to increase the response rate significantly (Kasunic, 2005; Dillman, 2011), reminders were sent on 25 January 2016 and 1 February 2016.

4.6

Analyzing the survey data

The collected survey data was analyzed statistically using SPSS Statistics. Frequencies
of the different answers were calculated for all questions.
T-test was used to compare Likert scale answers to previous studies that did not report
the exact answers they had received, but instead reported the means and standard deviation of their answers. When T-test resulted in a P-value lower than 0.05, the difference
was considered as statistically significant. When a statistically significant difference was
encountered in such cases, the effect size was reported using Cohen’s d. Effect sizes from
0.2 to 0.3 were considered small, values close to 0.5 were considered medium and values equal or larger than 0.8 were considered large. Descriptive statistics such as means
and standard deviations were calculated from the survey data to use the T-test and for
calculating Cohen’s d.
Answers to open-ended questions were coded following instructions presented by Gibbs
and Taylor (2010). This meant that the answers were checked to find themes and concepts and after that, the different answers provided by the respondents could be counted
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and compared to each other more easily. These coded answers were then used when analyzing the data.

4.7

Coming up with the improvement suggestions

After the survey data was analyzed, the improvement suggestions were based on the
survey results and previous research found in the literature reviews. Problems that were
found in the survey results were thought through in order to find the main problems
and how these problems could be solved according to the literature. The aim was to
look for problems that were visible throughout the survey and provide improvement
suggestions for those. To get more information about the context, the survey results
and initial improvement suggestions were discussed with a line manager and the internal
supervisor of this thesis to get feedback on the suggestions and shape them to be more
concrete. A more detailed reasoning behind the improvement suggestions is presented
together with the suggestions themselves in chapter 6.
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5

The current state of effort estimation in L2

In this chapter, the results from the survey are presented and interpreted. The results
are compared with the results from previous research for applicable questions. The rest
of this chapter is structured similarly to the sections of the questionnaire. In each subchapter, the results from the corresponding questionnaire section are presented.
The sample of the survey consisted of 100 people working on L2 software in Oulu. Over
the two weeks the survey was open, 41 people participated in the survey. As such, the
response rate of the survey was 41%.

5.1

Respondent background

The first part of the questionnaire consisted of four questions about the respondent background, with questions about their current role, work experience and effort estimation
experience.
Respondents of the survey reported six different roles, of which software developer was
the most common. Only four respondents reported working in testing. These testers
work on higher level testing, as unit testing and acceptance tests are done by the developers working on a feature. Seven of the respondents were Scrum masters. Scrum
masters also work in normal development tasks in their teams. Roles are presented in
table 5.
Table 5. What is your current role in the company?

Role
Software developer
Scrum master
Senior software developer
Tester
Senior tester
Thesis worker

Count
22
7
7
2
2
1

Percent
54%
17%
17%
5%
5%
2%

Even though respondent role was the most often asked question in the studies found in
the systematic literature review (found in five of the 11 included studies), not all of them
reported the results for the question. Table 6 shows the results (percentages and the
number of respondents who reported the role inside the parenthesis) from the studies
that did report them. Results from the study by Grimstad, Jørgensen, and MoløkkenØstvold (2005) differ from others in that respondents could report multiple roles as the
questionnaire was about multiple projects where they had participated. As such, the percentages exceed 100 when added together. In the study by Özkaya, Ungan, and Demirörs
(2011) development related roles were grouped together in the category ”Project Personnel”. Mansor, Kasirun, Yahya, and Arshad (2011) had very few respondents in their
study.
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Table 6. Roles of the respondents in the comparison studies.

Role

Project Personnel
Project Level Manager
Project Support Personnel
Administrative Manager
Developer
Architect
Other

Respondents
in study by
Grimstad et al.
(2005)
21% (141)
92% (271)
48% (141)
2% (6)

Respondents
in study by
Mansor et al.
(2011)
62% (8)
38% (5)
-

Respondents
in study by
Özkaya et al.
(2011)
79% (33)
12% (5)
7% (3)
2% (1)
-

As comparing tables 5 and 6 shows, a big difference in the respondent roles is that other
studies included responses from manager level personnel, whereas here they were excluded by design, as the survey was only targeted to the members of the feature teams.
These comparison studies were also not conducted in a single organization, so they do
not similarly show the distribution of roles within a single organization where estimation is done.
On average, the respondents have worked in their current role for over 5 years, the
median being 3.5 years. Years in current role are presented in table 7. The mean average
for work experience among the respondents was over 12 years, median being 11.5 years.
Years of work experience are presented in table 8 and as it shows, the majority of the
respondents had over 10 years of work experience. On average the experience on effort
estimation was somewhat lower than the whole work experience, as the mean was 8.5
years and median 7 years. Effort estimation experience is presented in table 9.
Table 7. How many years have you worked in your current role in the company?

Years in current role
2 or less years
3 to 4 years
5 to 6 years
7 to 8 years
9 to 10 years
Over 10 years

Frequency
7
17
7
3
2
5

Percent
17.1%
41.5%
17.1%
7.3%
4.9%
12.2%

Two of the previous studies provided information about their respondents work experience. Responses from the study by Hughes (1996) are included in table 8 for comparison
purposes. As can be seen from the table comparing the percentages between studies,
here the work experience was heavily weighted towards the last category of ”over 10
years”, whereas in the study by Hughes the most popular categories were ”7 to 8 years”
and ”9 to 10 years”. As such, it seems that participants in this survey were more experienced than in the study by Hughes. In the study by Basten and Mellis (2011) the
average work experience of the 52 participants was over 16 years. As the average of the
respondents’ work experience was here a bit over 12 years, it is a few years less than
that reported by Basten and Mellis. As there is no information about how the work ex-
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perience was spread among the respondents in their study, further comparison is not
possible.
Table 8. How many years of work experience do you have in software industry?

Years of work experience

2 or less years
3 to 4 years
5 to 6 years
7 to 8 years
9 to 10 years
Over 10 years

Frequency Percent Respondents
in
study by Hughes
(1996)
2
4.9%
13% (2)
6
14.6%
7% (1)
1
2.4%
13% (2)
3
7.3%
27% (4)
5
12.2%
27% (4)
24
58.5%
13% (2)

Table 9 also displays results to a similar question about effort estimation experience
asked in the study by Hughes (1996). Comparing the percentages between the studies,
respondents here had more effort estimation experience than those in Hughes’s study.
Other studies that had questions about effort estimation experience measured the experience in number of projects and as such, those results are not comparable here.
Table 9. How many years have you been participating in software development effort
estimation?

Years of effort estimation

Frequency

2 or less years
3 to 4 years
5 to 6 years
7 to 8 years
9 to 10 years
Over 10 years

6
5
7
7
2
14

Percent Respondents
in
study by Hughes
(1996)
14.6%
40% (6)
12.2%
20% (3)
17.1%
13% (2)
17.1%
13% (2)
4.9%
7% (1)
34.1%
7% (1)

Based on these results, it would be fair to say that most respondents of this survey are
very experienced, as they have worked in their current role for several years and most
have worked in the software industry for over 10 years.

5.2

The last sprint

The second part of the questionnaire consisted of three questions related to effort estimates in the last completed sprint.
The first question was about whether effort estimates were exceeded in the last completed sprint and if they were, how large was the overrun. As can be seen from table 10,
13 of the respondents (31.7%) reported that there had not been any overruns. This means
that 68.3% of the respondents had encountered an overrun of some magnitude in the last
sprint. Severe overruns of over 50% of the estimated effort were reported only by three
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people. Overruns of at most 20% and overruns of 21-50% were almost equally common,
as they were reported by 13 and 12 respondents respectively. As the question took into
consideration only overruns, it is not known whether there were any cases where actual
effort was significantly lower than the estimates.
Table 10 also shows results for a similar question in the study by Grimstad et al. (2005).
The original question in that study was about project level effort estimation (”In your
latest completed project, how large was the overrun of estimates?”). As such, it does
not directly correspond to the question used in this survey, as sprints and projects differ
in scope and length. Still, a similar portion of the respondents in both studies reported
some sort of overruns, as here 68.3% of the respondents reported overruns and in the
study by Grimstad et al. overruns were reported by 69.4% of the respondents. 31.7% of
the respondents of this survey reported that they did not encounter overruns in the last
sprint, whereas in the study by Grimstad et al. 19.2% reported that they did not encounter
overruns in their last completed project. As such, the difference between the numbers
is over 10%, which could mean that it is easier to estimate tasks and sprints (smaller
amount of work) than projects (larger amount of work).
Table 10. Were effort estimates exceeded in the last completed sprint and if yes, how
large was the overrun?

Answer

Frequency

Estimates were not exceeded
Overrun of 20% or less
Overrun of 21-50%
Overrun of above 50%
Do not know

13
13
12
3
-

Percent Respondents
in
study by Grimstad et
al. (2005)
31.7%
19.2% (57)
31.7%
44.8% (133)
29.3%
18.5% (55)
7.3%
6.1% (18)
11.5% (34)

Table 11 shows the results for question about whether the estimates in the last sprint
were considered good. Interestingly, even though a majority of the respondents reported
some kind of overruns happening in the previous question, most of them still considered
the effort estimates good. For comparison purposes, the table includes also the results
from studies by Basten and Mellis (2011) and Verner, Evanco, and Cerpa (2007), which
were the basis for this question. Those previous studies were about effort estimation at
the project level, and as such, there is a difference between the contexts of the questions.
As can be seen from the table, the percentage of respondents who considered their estimates good varies widely between the studies, and in this case, the result falls between
the two previous studies.
Table 11. Were the effort estimates in the last sprint good?

Answer

Frequency

Yes
No

23
18

Percent Percentage
from study by
Basten
and
Mellis (2011)
56.1%
82%
43.9%
-

Percentage
from study by
Verner et al.
(2007)
38%
-
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Twenty respondents replied to the question about why the deviations between effort
estimates and actual effort happened. Some answers contained multiple reasons for the
deviations and those were counted separately. The reasons for deviations can be seen in
table 12. The most often reported reason for deviations was that testing effort is hard to
estimate. Some of reasons provided seem linked to each other. Lack of proper analysis
could lead to overlarge tasks, unforeseen issues and unrealistic estimates. Maintenance
work causing schedules and the work on sprint content to stall as well as sprint content
being assigned to teams contradict Scrum principles.
Table 12. In case of deviations between estimated and actual effort in the last sprint and
from your point of view, why did the deviations occur?

Reason
Testing effort is hard to estimate
Maintenance work stalled work on sprint content
Unforeseen issues
No proper analysis
Problems with other software components
Tasks were too big
Unrealistic estimates
Nature of the tasks made them hard to estimate
Problems with understanding existing code
Schedules and content are assigned to teams

Frequency
8
4
3
2
2
2
2
1
1
1

Table 13. Reasons for deviations between effort estimates and actual effort as reported
by Basten and Mellis (2011).

Reason
Requirement changes
Unclear requirements
Additional requirements
Delay of decisions concerning requirements due to team members’ lack of responsibility and motivation
Internal differences (due to political decisions)
Technical problems
Use of unknown technology
New and inexperienced team members
Change of technology
Occurrence of risks
Lack of sufficient customer communication
Unforeseen problems due to high complexity
Lack of qualified consultants

Table 13 shows the results from the question ”In case of deviations between estimated
and actual effort in the last sprint and from your point of view, why did the deviations
occur?” in the study by Basten and Mellis (2011). Comparing tables 12 and 13, ”unforeseen issues” vs. ”unforeseen problems due to high complexity” show up as similar
reasons. Otherwise there were no direct matches between the different studies.
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5.3

Effort estimation methods and process

Third part of the questionnaire contained questions about effort estimation methods and
processes and the aim of the section was to find out how the effort estimates are done,
including what methods are used, what kind of information is used, who participate in
effort estimation and how familiar with effort estimation the respondents are.
Results for the question ”What effort estimation methods do you know?” are presented
in table 14. The effort estimation methods used as answer options, apart from Planning
Poker, were originally from the study by Basten and Mellis (2011), where they were used
for the question about used effort estimation method. The best-known effort estimation
method among the respondents was Planning Poker, which 31 of the respondents knew.
Planning Poker was followed by general Expert judgment, which was known to 26 respondents. Different model based estimation methods were each known only to few
respondents. From the open answer option, guessing was reported four times in different forms as an estimation method. Another ”method” that originated from the open
answer option was informal discussion with teams. Comparison studies did not report
results for this kind of question.
Table 14. What effort estimation methods do you know?

Estimation method

Frequency

Planning Poker
Expert judgment
Analogy (analogy- and case-based reasoning e.g., analogy with different projects)
Work breakdown (WBS-based and other activity decomposition-based methods)
Function Point (methods based on function
points, feature points, or use case points)
Guessing
Neural Network (methods based on artificial
neural networks)
Regression (regression based methods, including most algorithmic models e.g., COCOMO)
Bayesian (Bayesian or Markov-based estimation models)
Informal discussion within team
Simulation (simulation-based/derived models e.g., Monte Carlo Simulation)
Theory (theory derived models e.g., SLIM)

31
26
10

% who knew
the method
75.6%
63.4%
24.4%

7

17.1%

6

14.6%

4
2

9.8%
4.9%

2

4.9%

1

2.4%

1
1

2.4%
2.4%

1

2.4%

When considering only the effort estimation methods that were given as answer options
(excluding reports of guessing and informal discussion from the open answer option),
two respondents reported knowing no methods at all and one reported knowing all the
methods except for CART. Table 15 shows how many methods the respondents knew.
As can be seen from the table, most knew one or two methods.
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Table 15. Number of effort estimation methods known.

Number of methods known
0
1
2
3
4
10

Frequency
2
13
15
6
4
1

Percent
4.9%
31.7%
36.6%
14.6%
9.8%
2.4%

The next two questions were about the usage of software metrics, and those results are
shown in tables 16 and 17. The usage of software metrics within teams was generally
divided into almost equal portions of those using metrics and those not using them, as 20
respondents reported not using metrics and 21 reported using them. Out of those 21 who
reported using metrics, 10 reported using them also in effort estimation. Even though
both of these questions were based on questions found in a previous study, their results
were not presented in the article on the study. As such, it is not possible to compare the
results.
Table 16. In general, are software metrics used to measure software development in your
team?

Answer
Yes
No
Total

Frequency
21
20
41

Percent
51.2%
48.8%
100.0%

Table 17. Answers to ”Are software metrics used for effort estimation in your team?” by
those who reported using software metrics.

Answer
No
Yes

Frequency
11
10

Percent
52.4%
47.6%

33 of the respondents (80.5%) reported that their team does not use any tools in effort
estimation, as table 18 shows. Those eight who reported using tools replied to the next
question about what tools they use and how and the answers are presented in table
19. Three tools were reported: Accept360 (Agile task board software for sprint and task
management), Planning Poker and burn down chart. Even though Planning Poker is
an estimation method, perhaps the card deck was seen here as a tool. Accept360 was
reported being used for general Scrum management, managing tasks and following remaining effort. The burn down chart was reported to be used for following task and
sprint completion and then used in planning the future sprints based on older sprints.
None of the reported tools were estimation tools in that they would provide estimates
for the tasks, but instead more of supporting tools.
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Table 18. Are tools used in effort estimation in your team?

Answer
No
Yes
Total

Frequency
33
8
41

Percent
80,5
19,5
100,0

Table 19. Tools used in effort estimation reported by those who reported tool usage in
their team.

Tool
Accept360
Planning Poker
Burn down chart

Frequency
4
3
2

The next question was about who participates in effort estimation. Multiple selection
was allowed in this question. The answers to this question are presented in tables 20
and 21. The first table shows answers by respondents and the second table shows how
many times each answer option was selected. As the tables show, in most cases effort
estimation is done by multiple people, as the whole team was the most popular answer
and the answer option some team members was also present in 14 replies, whereas single team member as the only option was selected only twice. Managers participating
in effort estimation was reported twice. Multiple selection on the options of different
amount of team members estimating the effort could be explained by the estimation
being done in different circumstances.
Table 20. Who estimate the effort of the tasks of your team?

Answer
Whole team
Some team members
Some team members; Whole team
Single team member; Some team
members; Whole team
Single team member
Single team member; Whole team
Some team members;Manager(s)

Frequency
24
5
5
3

Percent
58.5%
12.2%
12.2%
7.3%

2
1
1

4.9%
2.4%
2.4%

Table 21. Answers to ”Who estimate the effort of the tasks of your team?” when counting
all options apart from each other.

Answer
Whole team
Some team members
Single team member
Manager(s)

Frequency
33
14
6
2

Following the question about who participates in effort estimation, the next question
was whether the respondent themselves participated in effort estimation. As can be seen
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from table 22, majority of the respondents reported participating in effort estimation in
their team. The next 11 questions were only answered by those who said here that they
participate in effort estimation in their team.
Table 22. Do you participate in effort estimation in your team?

Answer
Yes
No

Frequency
38
3

Percent
92.7%
7.3%

Those participating in effort estimation answered to the question about what method or
methods they use when estimating effort. It was possible to select multiple methods, so
the number of methods selected exceeds the numbers of respondents. As can be seen
from table 23, the most used method was expert judgment, followed by Planning Poker.
Analogy was the third most often reported method. As there were no reports of using
some software tool to perform effort estimation (table 19), it can be assumed that analogy
here means analogies made by experts. Other estimation methods were selected only by
few respondents. Outside from the given answer options guessing was reported twice,
informal discussion once and one respondent reported that no estimation method at all
was used.
Table 23. Answers to ”What effort estimation method or methods do you use?” by those
who reported participating in effort estimation.

Method

Expert judgment
Planning Poker
Analogy (analogy- and case-based
reasoning e.g., analogy with different projects)
Work breakdown (WBS-based and
other activity decomposition-based
methods)
Regression (regression based methods, including most algorithmic
models e.g., COCOMO)
Function Point (methods based on
function points, feature points, or
use case points)
Guessing
None
Informal discussion
Neural Network (methods based on
artificial neural networks)
Other

FrePercentage Percentage
quen- of respon- from
cy
dents
study by
Basten
used
and Mellis
(2011)
25
65.79%
62%
22
57.89%
8
21.05%
44%

Percentage
from
study by
MacDonell
and Gray
(2005)
77%
-

3

7.89%

38%

-

2

5.26%

-

6%

2

5.26%

31%

29%

2
1
1
1

5.26%
2.63%
2.63%
2.63%

-

-

-

-

10%

18%
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Table 24. Methods used in comparison studies.

Method

Percentage
from Yang et al.
(2008)

Capacity-related, price-to-win
Expert judgment
Analogy
Model based methods
Delphi
Function Point
Planning Poker
Use Case Point
Historical Data
Other
None
Not known

53%
70%
70%
15%
-

Percentage
from Peixoto,
Audy,
and
Prikladnicki
(2010)
5%
29%
13%
12%
16%
3%
10%
7%
5%

Table 23 also has results from previous studies for comparison where applicable. The
numbers are presented in a similar style as the percentages from this study, meaning
as a percentage of respondents who reported using the method. Table 24 shows results
from the rest of the studies where the used effort estimation method was asked. From
the comparison studies, only Peixoto et al. (2010) had Planning Poker included. Why
others did not include it could be explained by the scope of estimation in the studies or
by the age of the studies.
Basten and Mellis (2011) did not provide separate percentages for regression, CART,
neural networks, or theory based methods, instead grouping them together in the category ”other”. All combined those were used by 10% of respondents in their study. Also
MacDonell and Gray (2005) reported that 18% of their respondents used estimation methods they categorized as ”Other techniques”. MacDonell and Gray reported COCOMO
and regression based methods separately in their study (COCOMO 6%, regression 0%),
but here they are grouped together to correspond with the used answer options.
Comparing methods used in L2 to those reported in the study by Basten and Mellis (2011)
it is seen that expert judgment was used in similar proportion in both cases (65% vs. 62%),
but other methods were used less in this case. MacDonell and Gray (2005) reported even
bigger usage of expert judgment, as in their study it was used by 77% of the respondents.
Regression based methods were reported in similar percentage here and in the study
by MacDonell and Gray, and similarly to Basten and Mellis, also MacDonell and Gray
reported Function Point based methods being used much more than the respondents in
this survey did.
Expert judgment was also reported by similar percentages in the study by Yang et al.
(2008), but otherwise their results were quite different. In their study, 53% reported
using capacity-related or price-to-win effort estimation methods, meaning that effort
estimates were either based on schedules or defined by project negotiations with the
aim of winning a project bid. In addition, the results from Peixoto et al. (2010) differ
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very much from the results of this survey, as expert judgment was reported only by
5% there and it was the only study where Delphi was present as an estimation method,
as 29% reported using it. Usage of Delphi was explained by Peixoto et al. (2010) as a
company policy.
As Basten and Mellis (2011) noted, the other methods were often reported together with
expert judgment in their study. In this case, Planning Poker was often reported together
with expert judgment.
Table 25. Answers to ”Why was the effort estimation method chosen?” by those who
reported participating in effort estimation.

Answer

Frequency

Percentage
of respondents
selected

Success with method
Not known
Consultant advice
Thorough testing
Market popularity
No knowledge about other methods
Fast
Previous experiences
Always used
Came with Agile transformation
Lectures at universities/colleges/courses
Customer’s demand

15
11
6
5
3
2
3
1
1
1
1
-

39.47%
28.95%
15.79%
13.16%
7.89%
5.26%
7.89%
2.63%
2.63%
2.63%
2.63%
-

Percentage
from
study by
Basten
and Mellis
(2011)
65%
10%
4%
12%
17%

”Success with method” was the most often reported reason for choosing the currently
used effort estimation method(s). 11 respondents said they did not know why the method
was chosen. Five reasons outside the given answer options were reported: method is fast
to use (three times), no knowledge about other methods (two times), previous experiences with estimation (one time), method came with the Agile transformation (one time)
and method has always been used (one time). Answers to the question are presented in
table 25. Compared to the results from Basten and Mellis (2011), ”Success with method”
was the most often reported reason in their study as well, but with much higher percentage. As table 11 showed, respondents in the study by Basten and Mellis mostly considered their effort estimates as good, which would explain also the higher percentage
of reporting ”Success with method” as a reason for using the method.
As is shown in table 26, most respondents are doing effort estimation because their whole
team participates in it. Effort estimation is also one of the responsibilities of the job and
the people also do it because they (or their team) are designated with implementing the
feature being estimated, or they are familiar with things related to the content under
estimation. Multiple selection was possible in this question and most respondents selected more than one option. For comparison purposes, the table also has results from
the study of Hughes (1996). The reason ”Whole team participates in effort estimation”
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was not included in that study. ”Familiarity with the application area” was the most
often reported reason in that study and had a higher percentage of selections than here,
whereas other answer options were selected less often. Differences could be explained
by the age of the study and the level of estimation.
Table 26. Answers to ”Why are you doing effort estimation?” by those who reported
participating in effort estimation.

Answer

Frequency

27

Percentage
of respondents
selected
71%

Respondents
in study
by Hughes
(1996)
-

Whole team participates in effort
estimation
Responsibility for the job
Designated to implement software
that is being estimated
Familiarity with the application
area
Familiarity with the work content

21
15

55%
39%

40% (6)
20% (3)

14

37%

53% (8)

11

29%

7 % (1)

Table 27 shows answers to the question about how often effort estimation is done. As
the table shows, majority of the respondents reported that they estimate effort monthly.
As teams have 4 week long sprints, it seems that effort is estimated once every sprint.
Out of those three who reported doing effort estimation every two months, two of them
were testers. As only four testers replied to the survey and three of them answered this
question, it could mean that some type of testers do effort estimation less often than
people in other roles, or that they participate in it more rarely. As the number of testers
participating in the survey was low, it is not possible to reliably say if this is the case.
The estimation frequency reported most often in the study by Hughes (1996) was every
three months, followed by every 6 months. Such big differences could be explained by
the level of estimation, as that study was concerned with project level estimates.
Table 27. Answers to ”How often are you doing effort estimation?” by those who reported
participating in effort estimation.

Answer
Monthly
Weekly
Every 2 months
Every 3 months

Frequency
30
4
3
1

Percent
78.9%
10.5%
7.9%
2.6%

Table 28 shows what kind of information was reported being used when estimating
effort. 24 respondents answered this question. The most often reported information was
previous development experiences. Next up were two actual documents related to the
feature under estimation, the two being feature analysis done by the team that is going to
develop the feature and the feature specification, which details the requirements of the
feature. Also three respondents reported using history data of the past effort estimates
and actual efforts.
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Table 28. Answers to ”What kind of information is used when doing effort estimation?” by
those who reported participating in effort estimation.

Type of information
Previous development experiences
Feature analysis
Feature specifications
Codebase
Existing tests and need for new tests
Discussion with specification makers
General knowledge about the system
History data
All kinds
Deadlines
Experience of the person designated for the task
Individual estimates from team members
Team velocity

Frequency
7
6
6
5
4
3
3
3
1
1
1
1
1

Table 29 shows what kinds of information used in effort estimation were reported in
the study by Hughes (1996). Comparing tables 28 and 29 shows that many of the reported types of information are similar to each other, but the wording differs between
the studies. ”Feature specifications” correspond with ”design requirements”, ”codebase”
with ”base product/source code”, ”feature analysis” could include both ”size/complexity
of the new function” and ”Amount of modified v. new code”, ”History data” corresponds
with ”previous history of the product” and ”Similar previous implementations”, ”team
velocity” corresponds with ”resources available” and ”deadlines” correspond with ”deadline pressure”. As such, there are no big differences between the information that was
reported as being used between the studies.
Table 29. Information used in effort estimation, as reported by Hughes (1996).

Type of information
Design requirements
Resources available
Base product/source code
Software tools available
Previous history of the product (e.g. previous changes)
Size/complexity of the new function
Similar previous implementations
Documentation impacted
Amount of modified v. new code
Test site availability
Bug reports in the software to be amended
Deadline pressure
Customer for the product
Re-usability requirements
Expected life-time of the product
Quality requirements
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Table 30 shows what types of information respondents would like to have when doing
effort estimation. 18 respondents answered this question. Better specifications were
the most often requested type of information, followed by better understanding of the
existing software. Summing up the answers, they fall generally into two categories:
firstly, more and better information about what is going to be developed, and secondly
better understanding of the existing system.
Table 30. Answers to ”What kind of information that is currently unavailable would help
in effort estimation?” by those who reported participating in effort estimation.

Type of information
Better specifications
Better understanding of the current software
Better understanding of testing required
Deeper analysis of the feature under development
History data
Actual scope of the task or feature
Better information about features that are cross-component
Cleaner code
How long test environment building will take
Information sharing between teams
Prototyping

Frequency
6
5
3
3
3
1
1
1
1
1
1

Table 31. Unavailable needed information, as reported by Hughes (1996).

Type of information
‘Rules of thumb’ (including conversion factors)
Available resources (including competence levels)
Data on past projects
Feedback on past estimates
Functional details of similar past projects
More fixed requirements
Related modules and documentation
Future development strategy
Administrative overheads
Tools to be used
Testing site
More specific requirements
Interfaces with other systems
Project priority

Table 31 shows answers from the study by Hughes (1996) for the question about unavailable information that would help in effort estimation. Comparing tables 30 and 31,
similarities exist here too, as they did with information used in effort estimation. Better
specifications correspond with two things reported by Hughes (”More fixed requirements”, ”More specific requirements”), ”history data” corresponds with ”data on past
projects” and ”Better information about features that are cross-component” corresponds
with ”Related modules and documentation” and ”Interfaces with other systems”. The list
by Hughes included a few project related things, which of course were not present here,
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and for example, the competence levels of the team members should be well known here,
as feature teams are long lasting teams.
As table 32 shows, respondents were split almost equally, the difference being only one,
when asked whether they used previous effort estimates when estimating effort for new
tasks. The study that originally had this question did not report its results and as such,
there is no point of comparison available.
Table 32. Answers to ”Are previous effort estimates used when creating new estimates?”
by those who reported participating in effort estimation.

Answer
Yes
No

Frequency
20
18

Percent
52.6%
47.4%

Table 33 shows the types of feedback received on the estimates. As the answers show,
the product owner is the one being concerned with the estimates and gives feedback
based on how the sprint either went or is going during the sprint. Apart from the answers ”Complaints from product owner about estimation accuracy” and ”Team evaluates
accuracy” the answers are not directly feedback about the estimates, but rather feedback
about how the sprint went after or is going in terms of completing the tasks.
Two alarming answers were given: ”estimates are given from above” and ”product owner
disagrees with large estimates”. These answers show a fundamental problem concerning
the utility of effort estimates, as the aim of effort estimation is to produce accurate estimates, not to comply with schedules and demands. It is not possible to make estimates
smaller by demanding it, not without sacrificing accuracy for the sake of compliance,
and the only way to reduce an estimate while retaining accuracy is by reducing the
work content.
Table 33. Answers to ”What kind of feedback do you get on the accuracy of the effort
estimates from parties interested in them, for example product owners or line managers?”
by those who reported participating in effort estimation.

Type of feedback
Product owner gives feedback in Sprint review based on
completion of sprint content
Complaints from product owner about estimation accuracy
Product owner gives feedback about how the sprint is going
Following burn down chart progress
None
Adapting to the situation when estimates are (going to)
overrun
Estimates are given from above
Inquiries about what surprises there have been
No feedback unless Sprint content is not finished
Product owner disagrees with large estimates
Team evaluates accuracy

Frequency
5
3
3
2
2
1
1
1
1
1
1
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Table 34 shows what kind of feedback on effort estimates was reported in the study by
Hughes (1996). Most respondents in that study reported receiving no feedback at all. As
such, the feedback reported here is better, even though not strictly direct feedback on
the estimates.
Table 34. Types of feedback in the order of from most reported to least reported as
reported by Hughes (1996).

Types of feedback
None
Reviews
Very little
From line management
Final project report

As table 35 shows, there were no extreme opinions about the accuracy of the used effort
estimation methods. Over half of the respondents answered that they do not think their
estimation method is particularly inaccurate or accurate. This could mean for example
that the accuracy changes from time to time. Almost equal number of respondents said
their method(s) were inaccurate when compared to those who said their method(s) were
accurate. The study that was the origin for this question did not report their results.
Table 35. Answers to ”How accurate do you think the effort estimation method you use
is?” by those who reported participating in effort estimation.

Answer
Very inaccurate
Inaccurate
Neither accurate or inaccurate
Accurate
Very accurate

Frequency
0
8
21
9
0

Percent
0.0%
21.1%
55.3%
23.7%
0.0%

As table 36 shows, overall most respondents thought that the effort estimation method
they used took either little effort or were neutral about the amount of effort needed.
The study that was the origin for this question did not report their results and as such,
comparison of the results is not possible.
Table 36. Answers to ”How much effort do you think the used effort estimation method
requires?” by those who reported participating in effort estimation.

Answer
No effort at all
Little effort
Neutral
Some effort
Very much effort

Frequency
3
13
13
8
1

Percent
7.9%
34.2%
34.2%
21.1%
2.6%

Tables 37 and 38 show results for the question ”Have you received training on the effort estimation method used?”. Table 37 shows only whether the respondent reported
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receiving training or not, whereas table 38 shows how many times each answer option
was selected, as the question allowed multiple selections. 20 people reported having received training and 18 reported not having received any training, so the results are split
quite evenly. When considering the types of training, formal training was reported only
by six people. The training others have received has then been either self-study or some
sort of informal training. Even though respondents in the study by Peixoto et al. (2010)
reported receiving a bit more training, in that study also formal training was the least
often received type of training.
Table 37. Answers to ”Have you received training on the effort estimation method used?”
when taking only into account either no training or some kind of training.

Type

Frequency

Some sort of training
I have not received training

20
18

Percent Peixoto et
al. (2010)
52.6%
60%
47.4%
40%

Table 38. Answers to ”Have you received training on the effort estimation method used?”
by those who reported participating in effort estimation.

Type of training
I have not received training
Informal training
Self-study
Formal training

Frequency
18
12
12
6

Percentage of respondents
47.4%
31.6%
31.6%
15.8%

From this point on, the questions were again presented to all respondents whether or
not they participated in effort estimation themselves.
Table 39 shows reported usage of the effort estimates. Included are also comparable
results from studies by Yang et al. (2008) and Basten and Mellis (2011), which were the
basis for this question and answer options. The most often reported use case for the
estimates was short-term planning, followed by project-level planning.
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Table 39. What are the effort estimates used for?

Usage

Frequency

36

Percentage Yang et al.
of respon- (2008)
dents
87.8%
50%

Basten
and Mellis
(2011)
-

Short-term planning and
control, e.g.
weekly or
monthly team work plan
Project-level planning and
control, e.g. effort or schedule
distribution
among
development phases
Software process improvement, e.g. assess new process, improve productivity
To audit project success
Not known
To evaluate developers

22

53.7%

84%

-

10

24.4%

37%

-

3
1
1

7.3%
2.4%
2.4%

-

21%
6%

Compared to results from the study by Yang et al. (2008), the two most often selected
answer options were the same, but have flipped their ordering. Short-term planning
was found here to be the most often selected usage for effort estimates. The difference
to results by Yang et al. could be explained by the scope of estimation that is being
considered. As such, the context of effort estimation in this study is inherently about
short-term planning. In the previous studies that are presented here for comparison, no
such distinction has been made.
Project-level planning was reported by 53.7% of respondents. It is probable that this is
the case for all the teams to some extent, but falls under the responsibilities of the product
owner, and as such is not visible to everyone in the teams. Another explanation is that for
project-level planning higher-level estimates are used and those are not directly visible
to the teams or related to the estimates that are done within the teams.
Compared to results from the study by Basten and Mellis (2011), the answer option ”To
audit project success” was selected here by a much smaller portion of the respondents.
The reason behind this could be that as the software development done in L2 feature
teams is not project-oriented and is instead under continuous development, the success
of L2 cannot be audited using effort estimates of this level, the way it could be in a project
that has a distinct start and end.
As is seen from table 40, almost everyone reported that the estimates in their team are
given as one value. Only two respondents reported using a range to present their estimates. As such, it seems that such estimation techniques as three-point estimation are
not used.
Table 40. Are effort estimates presented as one value or as a range?

Answer
One value
Range

Frequency
39
2

Percent
95.1%
4.9%
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Answers to question ”What measurement unit is used to present effort estimates?” are
shown in table 41. Effort estimates are given mostly as hours, as 35 of the respondents
reported that their team is using hours as the unit for effort estimates. One answer was
provided outside the answer options given. This answer was that either hours or days
are used, depending on the situation. This question was not based on any earlier study,
and as such, there is no point of comparison.
Table 41. What measurement unit is used to present effort estimates?

Answer
Hours
Days
Story points
Hours or days

Frequency
35
3
2
1

Percent
85.4%
7.3%
4.9%
2.4%

As table 42 shows, most respondents thought that the methods and processes used for
effort estimation in their team are appropriate. Again here is a contrast with the answers
regarding whether effort estimates were overrun in the last sprint (presented in table 10),
as majority had encountered overruns, but still here the majority responded that they
consider the estimation method and process used to be appropriate.
Table 42. Are the effort estimation method and process used in your team appropriate?

Answer
Yes
No

Frequency
26
15

Percent
63.4%
36.6%

Peixoto et al. (2010) separated answers to a similar question about method appropriateness by the method used by the respondents. In their study the majority considered
the method being used as appropriate, except for those who reported not knowing what
method they used, those who reported using no method at all and those who reported
using general expert judgment. Table 43 shows the overall percentages and results for
the estimation methods that were reported here as most used, e.g. Expert judgment and
Planning Poker. As can be seen from the table, overall a bigger portion of respondents
thought their estimation methods were appropriate in the study by Peixoto et al. compared to what was reported here.
Table 43. Answers to question ”Was the used estimation technique appropriate?” as
reported by Peixoto et al. (2010).

Method
All respondents combined
Planning Poker
Expert judgment

Yes
74 %
75 %
48 %

No
24 %
25 %
52 %

Table 44 shows a cross-tabulation of the questions ”Were effort estimates exceeded in the
last completed sprint and if yes, how large was the overrun?” (adjusted to take only into
account whether there was an overrun or not) and ”Are the effort estimation method
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and process used in your team appropriate?”. As the table shows, 15 respondents reported both that the estimates were exceeded in the last completed sprint and that they
thought the effort estimation method and process used in their team were appropriate.
On the other hand, only two reported the opposite: that their method and process are
inappropriate but there were not any overruns. 11 reported that their method and process are appropriate and there were no overruns, i.e. a good situation. It seems that
accuracy is not the only thing that is considered when thinking of how appropriate the
used estimation method is.
Table 44. Crosstabulation of questions ”Were effort estimates exceeded in the last completed sprint?” and ”Are the effort estimation method and process used in your team appropriate?”.

Are
the
effort
estimation
method and
process used
in your team
appropriate?

No

Were effort estimates exceeded
in the last completed sprint?
No
Yes
2
13

Total
15

Yes

11

15

26

Total 13

28
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21 respondents provided reasoning for why they think the used method and process are
either appropriate or inappropriate in the next question. These are shown in tables 45
and 46. Method being accurate was reported four times as a reason for appropriateness
and was the most often reported reason, followed by method being fast reported three
times. Other answers were more varied. Previous studies did not ask or report why the
estimation methods or processes were considered appropriate or inappropriate.
Table 45. Reasons why the current estimation methods and processes are seen appropriate.

Reason
Accurate
Fast
Works well for the team
Appropriate considering the available information
Easy to use
Method works because the teams is experienced
Works well when tasks are split appropriately

Frequency
4
3
2
1
1
1
1

The number one reason for a method being inappropriate was that the results are inaccurate. Inaccuracy was reported by five respondents, whereas other answers varied
more and were not reported multiple times.
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Table 46. Reasons why the current estimation methods and processes are seen inappropriate.

Reason
Inaccurate
Tasks being estimated are too big
Estimates don’t matter
Inaccurate in regards of acceptance test testcase writing effort
No experience of similar features
No history data
No learning to improve estimates
No one likes effort estimation
Not everyone is participating
Not sure

Frequency
5
2
1
1
1
1
1
1
1
1

21 respondents answered the question about how effort estimates could be improved
from their point of view, providing 26 suggestions, which are shown in table 47. As
the table shows, the most reported improvement suggestion was that the feature to be
developed should be analyzed better before the estimation. As such, it seems that at
least in some cases the estimation is now done with limited information about what is
needed. Issues already reported in other questions, such as bad understanding of the
existing software, lack of history data about estimates and actual effort and estimating
effort needed for testing, came up here again as things that should be improved.
Table 47. How do you think the effort estimates could be improved?

Suggestion
Analyzing the feature before sprint planning
Better understanding of the existing software
Collect and use history data
Grooming the backlog
Should be improved, but no suggestions presented
Tasks should be smaller
Effort estimation for testing should be improved
Testing other methods whether they work better
Dedicated team member to estimate each subfeature, followed by discussion and Planning Poker
Effort estimates should have a practical purpose
Managers should participate in software development and
then they should do the effort estimates. Developers would
only give input on priority.
Specification personnel could be involved in sprint planning
Taking risks into account

Frequency
6
3
2
2
2
2
2
2
1
1
1

1
1

A similar question about improvement suggestions was asked by Hughes (1996). Results
from that study are presented in table 48. Some similar suggestions were reported in
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the study (”collect and use history data” vs. ”Guidelines (incl. metric results) based on
previous projects” and ”Information on previous similar tasks”).
Table 48. Improvement suggestions as reported in Hughes (1996).

Suggestion
Guidelines (incl. metric results) based on previous projects
Feedback on previous estimates
Wider range of work experience
Clearer definitions of scope of headings in estimates
Information on previous similar tasks
Information on resources (level of experience)
Better understanding of the design process
More experienced people doing the estimates
Information about documents for each module
Document checklist
Clearer requirements

Table 49 shows results for the question where it was asked whether there is a specific core
estimator in the team doing the effort estimation. As the table shows, majority reported
that there was no specific person doing the estimation, but still 13 (31.7%) reported having a core estimator in their team. Comparing these results to the other questions ”Who
participate in effort estimation in your team?” and ”Do you participate in effort estimation in your team?” it seems that even though there is a core estimator, that person is
not doing the estimation alone. Instead, in this light it could be that the core estimator
works more as a facilitator overseeing the estimation process. The study that was the
basis for this question did not report results for the question.
Table 49. Is there a specific person who works as a ”core estimator” in your team?

Answer
No
Yes

Frequency
28
13

Percent
68.3%
31.7%

Twelve respondents of those that reported there being a specific core estimator in their
team answered the follow-up question about what estimation methods the core estimator uses. As is seen from table 50, expert judgment was reported by most and three
answered that they did not know how the core estimator does estimates. Apart from a
combination of expert judgment and analogy, no other estimation method was reported
here. The study that was the basis for this question did not report results for this core
estimator question either.
Table 50. What effort estimation method does the core estimator use?

Method
Expert judgment
Not known
Expert judgment and analogy

Frequency
8
3
1
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Table 51 shows the responses to the question about how important effort estimation is
thought to be. A little over half of the respondents said that they find effort estimation
to be important and a fifth of the respondents even considered it very important.
Table 51. How important do you think software development effort estimation is?

Answer
Very unimportant
Unimportant
Neither important or unimportant
Important
Very important

Frequency
0
5
6
21
9

Percent
0.0%
12.2%
14.6%
51.2%
22.0%

Table 52 shows the responses to the question about how satisfied the respondents were
with effort estimation in their team. Extremes were reported only by few, and the most
often reported answer was satisfied. Satisfied was reported by 15 respondents, followed
by a neutral answer by 13 respondents and 10 people reported being unsatisfied with
the way they do effort estimation. As such, the differences in numbers are not that big
here. Compared to the results from Yang et al. (2008), the respondents here were more
satisfied. As the table shows, a majority of the respondents in their study were neutral
about the issue, whereas here satisfied was the most popular answer and the neutral
option was selected only by half the percentage reported in the study by Yang et al.
Table 52. Are you satisfied with the way effort estimation is done in your team?

5.4

Answer

Frequency

Very unsatisfied
Unsatisfied
Neither satisfied or unsatisfied
Satisfied
Very satisfied

2
10
13
15
1

Percent Percentage
from Yang et
al. (2008)
4.9%
1%
24.4%
21%
31.7%
62%
36.6%
16%
2.4%
0%

Effort data collection

The fourth part of the questionnaire consisted of questions related to effort data collection. This meant questions about whether effort data about estimates and actual effort
was collected, what tools were used to collect the data, how the collecting was done and
whether there were any problems with the data collection.
Majority of the respondents reported that they do not use any tools to track actual effort
and effort estimates, as is seen from table 53. Those 14 that reported using such tools
answered further questions about collecting effort data. Except for the last question, all
following questions in this section were only answered by those who reported tracking
effort estimates and actual effort using tools.
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Table 53. Are tools used to track actual effort in relation to estimates?

Answer
No
Yes

Frequency
27
14

Percent
65.9%
34.1%

As for the tools used to track actual effort and estimates, similar tools were reported as
those being used for effort estimation. As is shown in table 54, Accept360 was reported
here most often, followed by burn down chart. As to how these tools are used, Accept360
was also reported being used for burn down charts. As such, burn down chart seems to
be the way the respondents follow their progress. Also Excel was reported being used
to follow estimates and effort.
Table 54. Answers to ”What tools are used to track actual effort and estimates?” by those
who reported using tools to track actual effort and estimates.

Tool
Accept360
Burn down chart
Excel

Frequency
7
5
2

Percent of respondents used
50.0%
35.7%
14.3%

Table 55 shows answers related to whether the effort data of past sprints or tasks is
saved for later use. 8 respondents reported that such data is saved and 6 reported that it
is not saved. As this question was only presented to those who reported tracking effort
estimates and actual effort using tools, it can be assumed that those who did not report
doing that do not save such effort data either. This means that those 8 who answered
to this question positively are the only ones in whose teams this is done and as such it
seems that it is done rarely.
Table 55. Answers to ”Is effort data of past sprints/tasks saved?” by those who reported
using tools to track actual effort and estimates.

Answer
Yes
No

Frequency
8
6

Percent
57.1%
42.9%

Table 56 shows answers to the question about how often the actual effort on task is
reported to the system. Multiple times a week was the most often given answer and
other answer options were selected once or twice each. Never reporting actual effort
was also selected twice. Table 56 also displays results to a similar question from the
study by Özkaya et al. (2011). In the study by Özkaya et al. there was no answer option
for ”end of the sprint”, but instead there was an option for ”end of the month”. With
sprints lasting four weeks in L2 feature teams, both options represent actual effort being
reported monthly. In the study by Özkaya et al. the most often reported data reporting
frequency was daily. As such, it seems that those who report actual effort spent on a
task in L2 feature teams do it usually somewhat more rarely as in the comparison study.
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Table 56. Answers to ”How often is the actual effort used on a task reported to a system
in order to collect effort data?” by those who reported using tools to track actual effort and
estimates.

Answer

Frequency

Multiple times a week
Never
Upon task completion
Weekly
Daily
End of the sprint
End of the month
Hourly
Total

6
2
2
2
1
1
14

Percent Adapted from
Özkaya et al.
(2011)
42.9%
10%
14.3%
14.3%
12%
14.3%
22%
7.1%
44%
7.1%
10%
2%
100.0%
100.0%

The next question was about reasons behind effort data collection. Multiple answers
were allowed here. As the table 57 shows, planning and task monitoring were the reasons most often reported. Compared to the study by Özkaya et al. (2011), planning was
reported much more here. The reason could be that in the study by Özkaya et al., planning in this question meant project level planning, whereas here the scope was only on
sprint planning and as such, it is done more frequently.
Table 57. Answers to ”Why is effort data collected?” by those who reported using tools to
track actual effort and estimates.

Answer

Frequency

Planning
Task monitoring
Performance assessment

10
9
2

Percent Percent from study by
Özkaya et al. (2011)
48%
19%
43%
53%
10%
28%

The next few questions were about finding out what kind of problems there are in effort
data collection. As shown in table 58, 9 out of the 14 who reported using tools to track
actual effort and estimates agreed that working on multiple tasks affects the reporting
of the effort spent. Otherwise it seems that actual effort is reported truthfully, as tables
59 and 60 show that the vast majority of the respondents disagreed with the statements
”I report inaccurate effort data to make my performance look better” and ”Effort data is
reported inaccurately to make the project look better”.
Comparing the results in tables 58, 59 and 60 to results from the study by Özkaya et al.
(2011), it can be seen that in both studies the most often selected answer options to these
questions are the same, but differences in percentages are large. As in this study these
questions were only answered by 14 respondents, a difference of a few answers would
affect the percentages greatly.
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Table 58. Answers to ”Working on multiple tasks at the same time affects reporting of effort
data accurately” by those who reported using tools to track actual effort and estimates.

Answer

Frequency

Agree
Disagree
Total

9
5
14

Percent Percent from study by
Özkaya et al. (2011)
64.3%
71%
35.7%
29%
100.0%
100%

Table 59. Answers to ”I report inaccurate effort data to make my performance look better”
by those who reported using tools to track actual effort and estimates.

Answer

Frequency

Disagree
Agree
Total

13
1
14

Percent Percent from study by
Özkaya et al. (2011)
92.9%
68%
7.1%
32%
100.0%
100%

Table 60. Answers to ”Effort data is reported inaccurately to make the project look better”
by those who reported using tools to track actual effort and estimates.

Answer

Frequency

Disagree
Agree
Total

12
2
14

Percent Percent from study by
Özkaya et al. (2011)
85.7%
53%
14.3%
47%
100.0%
100%

Table 61 shows the answers to the question ”Are there difficulties in collecting effort
data?”. As the table shows, 10 out of 14 respondents thought that there were problems
in collecting effort data. Those who reported difficulties could also answer to the followup question about what kind of difficulties there were. 9 respondents reported such
difficulties and they are listed in table 62. Working on several tasks at once was reported
again as affecting data collection. ”Not everyone is collecting data” and ”same tools are
not used by all teams” mean that there is no data about all the work that is done. Even
if there is, the data is spread across multiple tools and thus not easily usable even when
it exists. Also not all work is necessarily counted towards the task at hand.
Table 61. Answers to ”Are there difficulties in collecting effort data?” by those who reported using tools to track actual effort and estimates.

Answer
Yes
No
Total

Frequency
10
4
14

Percent
71.4%
28.6%
100.0%
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Table 62. What are the difficulties in collecting effort data?” by those who reported difficulties in effort data collection.

Answer
Multitasking affects tracking effort between tasks
Not everyone is collecting data
Effort estimates are not seen as useful
Same tools are not used by all teams
Solving issues preventing work is not counted towards the task effort

Frequency
3
2
1
1
1

Table 63 shows difficulties in effort data collection as reported in the study by Özkaya et
al. (2011). It seems that the problems reported in their study were more problems that
are encountered while collecting effort data, whereas here they seemed to be at least
partially problems that explain why effort data collection is not done.
Table 63. Difficulties in effort data collection as reported by Özkaya et al. (2011).

Answer
Recording effort data also requires quite a lot of effort.
Software developers consider recording their effort data as a tedious
and unnecessary task.
Effort estimations are made without taking the skill and development
speed of individuals into account.
It is not possible for a developer to work the whole time during the
working hours.
Deviations from project plan due to the scope creep through the project
lifecycle.
Lack of organizational awareness about effort data collection.
Inaccurate effort estimations due to management’s lack of up to date
software and technology knowledge.
False effort data is entered so that records meet the initial estimations.
Especially in R&D projects, the amount of effort required by each task
may vary greatly. This makes effort data collection difficult.
Lack of support and/or pressure of higher management.
Effort data is recorded manually. Lack of automated tools to collect
effort data.

Those who reported difficulties in collecting effort data were also presented a question
about how the effort data collection could be done more accurately. Five different suggestions were given, which are presented in table 64. These can be roughly divided into
two main topics: changes to the way of working so that reporting the effort data would
be easier and more accurate, and secondly changes to the tools that are used for data
collection.
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Table 64. Answers to ”How could effort data be collected more accurately?” by those who
reported difficulties in effort data collection.

Answer
All work should be included in sprint content
Available tools should be used
Good tools
Huge tasks should be split into several smaller ones
Effort data collection should be part of the common way of working

Frequency
1
1
1
1
1

Table 65 shows effort data collection improvement suggestions from the study by Özkaya
et al. (2011). As one can see by comparing the tables 64 and 65, similar things were
suggested by the respondents in both cases. Splitting big tasks into smaller ones were
reported both here and in the study by Özkaya et al. Other similarities are including all
work content in the tasks, the need for good tools and effort data collection being part
of normal work.
Table 65. Effort data collection improvement suggestions as reported by Özkaya et al.
(2011).

Answer
Benefits of effort data collection should be demonstrated to the managers. Employees should be trained and awareness development activities should be performed.
Team leaders should review the recorded effort data in periodic meetings.
Tasks should be broken down to smaller units instead of abstract definitions.
Non-project activities such as meetings, reports, research etc. should
be included as tasks so that effort for those activities can also be
recorded.
Effort data collection tools should be automated and integrated to the
working environment.
Effort data collection tools should give periodic warnings and send reminders to ensure the data is entered regularly.
Employees should be informed that effort data is utilized in many activities such as, effort estimation, training planning, personal career
planning etc.
Persons that provide their effort data properly should be awarded.
Effort data collection tools should be easy to use and flexible.

As the last question of this section all respondents were asked what kind of effort data
they think should be collected that is not being collected at the moment. As table 66
shows, the most reported answer was that effort estimates and actual effort should be
collected, which was reported as often as the other answers combined. Two respondents
also reported that collecting effort data was not needed at all. ”Tracking effort that is
spent outside the sprint content” was also reported twice. That reply is interesting, as
following Scrum practices, there should be no work that comes from outside the sprint
content, at least without consent from the team. Even in that case the work should then
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be added to the sprint backlog.
Table 66. What kind of effort data should be collected that is not collected at the moment?

Answer
Estimates and actual effort
Causes of differences between estimate and actual effort
Collecting effort data is not needed
Tracking effort that is spent outside the sprint content
All kinds of data
Feedback from the developer on the quality of the specification, instructions and discussions with the specification
person and co-operation with others

Frequency
8
2
2
2
1
1

Table 67. Additional effort data that should be collected, as reported by Özkaya et al.
(2011).

Answer
In the effort data collection tools, there should be detailed
pre-defined selections for tasks and attributes, instead of
free text fields which require more time to fill.
The employee should be able to further break down the task
to manage his/her own effort and enter effort data separately for those sub tasks.
Information about the complexity of the task should be entered.
Information about the employees experience about the task
should be entered. Such as whether the task is a routine or
is it being done for the first time, whether the responsible
person(s) had the required experience to complete the task
or not etc.

Table 67 displays summarized responses to a similar question about what currently not
collected effort data should be collected from the study by Özkaya et al. (2011). These
answers were more in-depth than those provided here, perhaps because the respondents
in the study by Özkaya et al. were already collecting effort data more consistently. Instead of wishing to collect data on tasks’ effort estimates and their actual effort, which
was the case here, the responses in their study were about what else should be collected.

5.5

Requirements

The fifth part of the questionnaire was related to the requirement specification of the
software under development. As the requirements define what is going to be developed,
having suitable requirement information when doing the effort estimation is important
to the accuracy of the estimates. All the questions in this section were statements that
the respondents rated on a five-point scale, 1 being ”very untrue”, 3 being a neutral
option and 5 being ”very true”. Comparison studies used a similar scale as their answer
options, unless otherwise specified.
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As table 68 shows, it seems that requirements often change during development, as 46%
of the respondents reported the statement to be true and almost 10% reported it being
very true. In the study by Yang et al. (2008) a similar question was used and its results
were presented as a mean of the 1 to 5 scale answers. In that study the mean was 3.82
and here the mean value of the answers was 3.34. As such it would seem the results are
similar here, but not as drastic. As Yang et al. did not report any other data except for
the mean of the answers, it is not possible to compare the results to see whether there
is any actual statistical difference or not.
Table 68. Answers to statement ”Requirements often change during development”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
3
7
8
19
4

Percent
7.3%
17.1%
19.5%
46.3%
9.8%

Requirements are also found to be unclear, as table 69 shows. Approximately half of
the respondents found the statement ”Requirements are unclear” to be true or very true.
34% of the respondents were neutral about the statement. Results from a similar question
from the study by Yang et al. (2008) had the mean of 3.70, whereas here the mean was
3.51. As in the previous question, Yang et al. did not present any other data for the
question apart from the mean and as such, statistical comparison is not possible.
Table 69. Answers to statement ”Requirements are unclear”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
0
6
14
15
6

Percent
0.0%
14.6%
34.1%
36.6%
14.6%

Table 70 shows responses to the statement ”Forgotten or unforeseen subtasks that were
not taken into account in effort estimation are encountered frequently”. As the table
shows, the majority thought the statement to be true, as 46% considered it true and 27%
said it was very true. A similar question was included in the study by Magazinius and
Feldt (2011). In their results the mean value of the 48 responses was 3.5, with a standard
deviation of 0.97, while here the mean was a bit higher, 3.95 with standard deviation of
0.835. Comparing these values using a t-test, the two-tailed P value is 0.0224, i.e. shows
statistically significant difference. Calculating Cohen’s d based on the given values gives
the value of 0.497, which can be classified as a medium sized difference. Based on this,
it would seem that forgotten and unforeseen subtasks are encountered here more often
than in the comparison study.
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Table 70. Answers to statement ”Forgotten or unforeseen subtasks that were not taken
into account in effort estimation are encountered frequently”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
0
2
9
19
11

Percent
0.0%
4.9%
22.0%
46.3%
26.8%

Overlooked risks also seem to cause inaccurate effort estimates, as table 71 shows. Only
few disagreed with the statement, while if the answers very true and true are combined,
20 respondents, or 49% agreed with it. Approximately one third of the respondents
considered the statement neither true nor untrue. Answers to a similar question in the
study by Yang et al. (2008) had the mean value of 3.06. Here it was higher, as it was 3.37.
Yang et al. did not provide further data on their results and as such, these results cannot
be compared statistically.
Table 71. Answers to statement ”Overlooked risks cause inaccurate effort estimates”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
1
6
14
17
3

Percent
2.4%
14.6%
34.1%
41.5%
7.3%

Table 72 shows responses to the statement ”Requirements are detailed appropriately considering effort estimation”. As can be seen from the table, few considered the statement
to be true, while the most popular answers were ”untrue” and ”neither true or untrue”.
A similar question was part of study by Verner et al. (2007), but in that study the answer
options were only ”yes” or ”no”. In that study 52% of the respondents reported that requirements were appropriate for the estimation to be done. As here only approximately
15% of the respondents agreed with the statement to some extent, it seems that there is
a big difference here, in favor of Verner et al.
Table 72. Answers to statement ”Requirements are detailed appropriately considering
effort estimation”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
2
17
16
4
2

Percent
4.9%
41.5%
39.0%
9.8%
4.9%
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Table 73. Answers to statement ”Changes to requirements lead to re-estimation”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
1
8
9
21
2

Percent
2.4%
19.5%
22.0%
51.2%
4.9%

Table 73 shows responses to the statement ”Changes to requirements lead to re-estimation”.
Over 50% of the respondents reported this being true. Around 20% reported this being
untrue and a similar percentage was neutral about the statement, which could mean that
re-estimation may not always take place, even if requirements change. A similar question was asked by Basten and Mellis (2011) and in their study 38% reported that changes
lead to re-estimation. Rest of the respondents reported either that no changes happened,
no re-estimation was done, or the re-estimation was done but did not lead to changes in
the plan.

5.6

Influences coming from outside the team

The sixth part of the questionnaire was about influences coming from outside the team.
This meant statements about different stakeholders and their attitudes towards effort
estimation and other things that could affect estimates or actual effort that are not controlled by the team. Respondents could then select how truthful they thought a statement was using a five-point scale, 1 being ”very untrue”, 3 being a neutral option and
5 being ”very true”. Comparison studies used a similar scale as their answer options,
unless otherwise specified.
Most respondents were neutral when asked whether stakeholders are committed to the
effort estimates the teams do, as table 74 shows. Almost a third of the respondents agreed
with the statement to some degree, whereas 20% of the respondents disagreed with the
statement to some degree.
Table 74. Answers to statement ”Stakeholders are committed to the effort estimates”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
3
5
20
11
2

Percent
7.3%
12.2%
48.8%
26.8%
4.9%

Over half of the respondents were neutral about the statement ”Stakeholder collaboration is lacking, which leads to inaccurate effort estimates” and almost no one agreed with
it. Compared to a similar question from the study by Yang et al. (2008), where the mean
value of the answers was 3.07, the mean of the answers here was only 2.59. As Yang et
al. did not report any other data about their results, further statistical comparison is not
possible.
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Table 75. Answers to statement ”Stakeholder collaboration is lacking, which leads to
inaccurate effort estimates”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
3
13
23
2
0

Percent
7.3%
31.7%
56.1%
4.9%
0.0%

Most respondents did not have strong opinions for the statement ”Accuracy is appreciated” as seen in table 76, as the most popular answer was ”neither true or untrue”.
Combining answers ”true” and ”very true” , that almost as many agreed with the statement to some extent.
Table 76. Answers to statement ”Accuracy is appreciated”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
0
4
19
12
6

Percent
0.0%
9.8%
46.3%
29.3%
14.6%

Almost half of the respondents agreed to some extent with the statement on managerial
pressure to lower the estimates made by the team, as is shown in table 77. Around a
fifth considered this to be untrue and 10% very untrue. A fifth also considered it neither
true nor untrue. Answers to a similar question in the study by Yang et al. (2008) had the
mean value of 3.22. Here the mean was 3.27. As in previous questions, Yang et al. did
not provide any other data about the answers than the mean.
Table 77. Answers to statement ”There is pressure from management to lower/set the
estimates, which makes them inaccurate”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
4
8
9
13
7

Percent
9.8%
19.5%
22.0%
31.7%
17.1%

A majority of the respondents reported that other projects affect to some extent their
team’s development and cause delays, as table 78 shows. These other projects could
mean other software components that affect L2 development or they could be other
features that are developed by some other team.
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Table 78. Answers to statement ”Other projects affect development and lead to delays”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
0
6
11
19
5

Percent
0.0%
14.6%
26.8%
46.3%
12.2%

Table 79. Answers to statement ”Organizational agendas affect effort estimation”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
4
9
18
8
2

Percent
9.8%
22.0%
43.9%
19.5%
4.9%

The last statement of this section was ”Organizational agendas affect effort estimation”.
As table 79 shows, the most popular answer was ”neither true or untrue”. Compared
to results from the study by Magazinius and Feldt (2011), the results seem quite similar:
Magazinius and Feldt reported a mean of 2.8 from the answers of 48 respondents, with
a standard deviation of 1.0, and here mean was 2.88, with a standard deviation of 1.005.
Using these values to perform a t-test, the resulting two-tailed P value is 0.7083, which
shows no statistically significant difference.

5.7

Things affecting estimates

The seventh and final part of the questionnaire was about things that affect the estimates
and the actual effort. All but the last question used a five-point scale, 1 being ”very
untrue”, 3 being a neutral option and 5 being ”very true”. Comparison studies used a
similar scale as their answer options, unless otherwise specified.
Table 80 shows responses to the statement ”Communication problems affect the effort
used”. Most respondents (36.6%) were neutral about the statement, and both options
true and untrue were selected by 26.8% of the respondents, while the extremes were selected only by few. A similar question about inadequate communication affecting effort
estimation was included in the study by Magazinius and Feldt (2011). In that study the
mean of the 48 answers was 3.4 in the 1-5 scale with a standard deviation of 0.97. Here
the mean of the answers was lower, 2.9, with a standard deviation of 0.97. Conducting
a t-test with these figures, the two-tailed P value is 0.0174 and shows a statistically significant difference. Cohen’s d shows an effect size of 0.52, i.e. medium sized difference.
As such, it seems that bad communication was here on average less of an issue than it
was in the comparison study.
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Table 80. Answers to statement ”Communication problems affect the effort used”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
3
11
15
11
1

Percent
7.3%
26.8%
36.6%
26.8%
2.4%

Only three people considered that discussing differences between effort estimates and
actual effort was uncomfortable, as table 81 shows. The most popular answer was untrue and very untrue was reported 7 times as well. As rest of the answers were neutral
about the statement, it seems that there are no problems related to discussing estimate
overruns. A similar question in the study by Magazinius and Feldt (2011) had the mean
of 2.8 and a standard deviation of 1.0. Here the mean was 2.27 with a standard deviation
of 0.837. A t-test on these values shows two-tailed P value of 0.0087, which means a
difference that is very statistically significant. Cohen’s d value shows an effect size of
0.57, which can be classified as a medium sized difference. Based on these tests, it would
seem that discussing differences between effort estimates and actual effort is less of a
problem here than in the comparison study.
Table 81. Answers to statement ”Discussing differences between effort estimate and
actual effort is uncomfortable”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
7
19
12
3
0

Percent
17.1%
46.3%
29.3%
7.3%
0.0%

Most respondents considered technical issues hard to estimate, as table 82 shows. About
a fourth of the respondents were neutral about the statement and only 5 disagreed with
it to some extent.
Table 82. Answers to statement ”Technical issues are hard to estimate”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
1
4
10
17
9

Percent
2.4%
9.8%
24.4%
41.5%
22.0%

Answers ”untrue” and ”neither true or untrue” were tied for the statement ”There are
not enough resources for effort estimation”, as table 83 shows. Combining the negative
responses together, 19 respondents thought it to be to some extent untrue, whereas there
were only six positive responses. It seems that most consider either that there are enough
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resources for effort estimation or have a neutral stance. In a study by Yang et al. (2008),
answers to a similar question had a mean of 3.17. Here the mean of the answers was
2.61 and as such lower, but as Yang et al. did not provide further data on their results,
statistical comparison is not possible.
Table 83. Answers to statement ”There are not enough resources for effort estimation”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
3
16
16
6
0

Percent
7.3%
39.0%
39.0%
14.6%
0.0%

Table 84 shows responses to the statement ”There is no history data from past tasks,
sprints or projects”. Approximately 20% considered it both ”very untrue” and ”untrue”.
Comparing these responses to the responses to the question ”Are tools used to track
actual effort in relation to estimates in your team?” (table 53), where 66% of the respondents reported that effort estimates and actual effort are not tracked using tools, it would
seem that the responses to this statement show a somewhat higher percentage of history
data availability. An explanation for that and the neutral answers could be for example
that there is some history data, but for example only the actual effort used in tasks is
tracked, not the effort estimates of past sprints.
Table 84. Answers to statement ”There is no history data from past tasks, sprints or
projects”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
8
8
11
12
2

Percent
19.5%
19.5%
26.8%
29.3%
4.9%

Table 85 shows the responses to the statement ”There is a lack of appropriate effort
estimation methods and processes in our team”. Extremes were selected only by few
here. Most respondents were either neutral about the statement or agreed with it, but
the difference between those two and the option untrue was only a few respondents. In
the study by Yang et al. (2008), a similar question had a mean value of 3.10, whereas here
the mean was 3.12, but similarly to the previous questions based on their study, further
comparison is not possible, as they did not report further data on the answers.
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Table 85. Answers to statement ”There is a lack of appropriate effort estimation methods
and processes in our team”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
2
10
13
13
3

Percent
4.9%
24.4%
31.7%
31.7%
7.3%

Table 86 shows the responses to statement ”Personal agendas affect effort estimation”.
The most often selected answer option was the neutral option. Few agreed with the
statement and combining the responses ”very untrue” and ”untrue”, over half of the
respondents disagreed with it to some extent. As such, it seems that personal agendas
affecting effort estimation are not a problem. In a study by Magazinius and Feldt (2011)
the 48 answers to a similar question had the mean of 2.0 and standard deviation of 1.0.
Here the mean was 2.37, with a standard deviation of 1.11. Performing a t-test with these
values shows a two-tailed P value of 0.1018, which shows no statistically significant
difference between the studies.
Table 86. Answers to statement ”Personal agendas affect effort estimation”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
11
11
14
3
2

Percent
26.8%
26.8%
34.1%
7.3%
4.9%

Most respondents agreed with the statement ”Effort estimates are increased ”just in case”
to not exceed them” to some extent, as table 87 shows. In a study by Magazinius and
Feldt (2011), answers to a similar question had the mean of 3.2 and a standard deviation
of 0.83. Here the mean of the answers was 3.1 with a standard deviation of 1.136. A
t-test shows a two-tailed P value of 0.6334, which means that there is no statistically
significant difference between the studies.
Table 87. Answers to statement ”Effort estimates are increased ”just in case” to not exceed them”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
4
9
10
15
3

Percent
9.8%
22.0%
24.4%
36.6%
7.3%

80% of the respondents agreed to some extent with the statement ”Smaller tasks are
hidden inside bigger tasks”, as table 88 shows. Only two respondents disagreed with

67
the statement and six remained neutral. As such, it seems that this behavior is common
among the respondents. A similar question was asked in the study by Magazinius and
Feldt (2011), but in that study the statement was about projects, as it was worded ”Hiding
smaller projects or functionality in estimates for larger projects”. In that study the mean
of the answers to the question was 2.5, with a standard deviation of 0.92. Here the mean
was 4.07, with a standard deviation of 0.818. A t-test shows a two-tailed P value of
less than 0.0001, which shows an extremely significant statistical difference. A Cohen’s
d of 1.8 shows a large difference. The large difference between these studies could be
explained by the difference in the scope of these questions.
Table 88. Answers to statement ”Smaller tasks are hidden inside bigger tasks”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
0
2
6
20
13

Percent
0.0%
4.9%
14.6%
48.8%
31.7%

Responses to the statement ”Staff leave and training participation etc. are taken into
account in effort estimates” were varied, as table 89 shows. The most often reported
answer was untrue, but differences between the answer options were not big. Based on
these results, it would seem that there is no single convention about taking these things
into account when doing sprint planning. A similar question was asked in the context of
estimating project effort in the study by Verner et al. (2007). In that study 47% of all the
respondents responded that staff leaves were taken into account in their effort estimates.
As the individual tasks are not assigned to a specific person at the time of the estimation,
leaves and other absences should be taken into account in how much effort the team is
able to apply to the sprint, i.e. in team velocity.
Table 89. Answers to statement ”Staff leave and training participation etc. are taken into
account in effort estimates”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
6
11
9
8
7

Percent
14.6%
26.8%
22.0%
19.5%
17.1%

Most respondents were neutral about whether evaluating the skills of other developers
was hard for effort estimation purposes, as table 90 shows. Other options mirrored each
other, as the extremes were selected only by few (very untrue was reported by 3 vs. very
true by 2) and untrue and true options both had similar amounts of respondents (8 vs.
10). Yang et al. (2008) had a similar question in their study. In that study the mean of
the answers was 2.90, while here it was 3.0. As with most of the questions in the study
by Yang et al., no further information about the results were reported.
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Table 90. Answers to statement ”It is hard to evaluate the skill level of developers, which
leads to inaccurate effort estimates”.

Answer
Very untrue
Untrue
Neither true or untrue
True
Very true

Frequency
3
8
18
10
2

Percent
7.3%
19.5%
43.9%
24.4%
4.9%

Table 91 lists answers when asked about other causes of inaccurate estimates. Only
seven respondents provided an answer here, but some contained multiple issues. As the
table shows, none of the issues were reported more than twice, and instead varied from
issues with the way of working to issues with tools and the environment. Issues with
estimating testing effort were seen here once again, as two answers mentioned testing
explicitly: ”Issues with acceptance testing” and ”Testing is not planned in enough detail”.
Table 91. Answers to question ”What other causes of inaccurate effort estimates are
there?”.

Answer
Complex environment
Problems with development tools
All kinds
Different working methods within team
Issues with acceptance testing
Slow continuous integration feedback
Testing is not planned in enough detail
Unexpected maintenance work

Frequency
2
2
1
1
1
1
1
1

Table 92. Other causes of inaccurate estimates as proposed by respondents in the study
by Yang et al. (2008).

Answer
The project bidding requirements predefined the project
cost
The survival pressure and business pattern of company
Lack of training and appropriate application of estimation
methods

Table 92 shows what other causes of inaccurate effort estimates were reported in the
study by Yang et al. (2008). As one can see by comparing tables 91 and 92, the reported
issues were very different.
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6

Suggestions for improvements

In this chapter improvements to the effort estimation practices are suggested. The improvement suggestions are based on both the literature review conducted in this thesis
and the findings from the survey that was conducted in L2 feature teams.

6.1

Training

When looking at for how many years the respondents reported having participated in
effort estimation (table 9), it seems that the respondents have a lot of effort estimation experience. When asked about effort estimation methods known, over two thirds
reported knowing either one or two methods (table 15). Even though roughly half of
the respondents reported having received some sort of training on the effort estimation
methods used (table 37), only six respondents reported receiving formal training (table
38). As such, it seems that even though the respondents have a lot of experience when
measured in years, there seems to be a lack of effort estimation related knowledge. This
is also visible in the reasons for using the current effort estimation method, as the second
most popular answer there was ”not known” (table 25).
Effort estimation training could help with this issue. Presenting the effort estimation
methods and method categories available, together with their requirements, characteristics, strengths and weaknesses, would let the feature teams make educated decisions on
how they handle effort estimation. In the case of expert estimation based methods, the
information provided by Jørgensen’s (2004) principles (shown in table 3) could help expert estimators combat biases and over-optimism and further improve their estimation.
Incidentally, one of those principles is training on effort estimation. As training would
give better understanding of effort estimation methods, more methods would be comprehensible to people, and the method being comprehensible was one of the evaluation
criteria by Bibi and Stamelos (2006), as presented in table 2.
Furthermore, some open answers questioned the need for effort estimation altogether
or suggested that their effort estimates do not matter at all. Another aspect of effort
estimation training would be then to shed light to everyone about why effort estimation
is being done and how the effort estimates are used.

6.2

Better information before estimation

Feature analysis done by the team implementing the tasks under estimation and the
feature specification for them were reported multiple times when asked what kind of
information was used when doing effort estimation (table 28). Despite that, better specifications were the most requested information that was not available at the moment
and better analysis was also requested by multiple respondents, as is shown in table
30. ”Analysing the feature before sprint planning” was also the most often suggested
improvement for effort estimation, as shown in table 47. In the same table, the improvement suggestion ”Specification personnel could be involved in sprint planning” presents
a problem.
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Even though work is done in feature teams, it seems that specifications are not (at least
always) done in the same team as the implementation. Observing the work environment
shows this to be true, as the specification personnel are in their own team and do not
work with the software directly, but are rather more concerned with specifications at
the protocol level and with 3GPP specifications. This means that there can be a gap
between the specification person who creates the software specification and the team
implementing and testing the feature.
This all leads to a situation where effort estimates are done with incomplete information.
Even if according to Agile principles change is welcomed (and it also seems to happen
often, as table 68 shows), unclear information is different from changing information
and makes accurate effort estimation hard. Requirements were found to be unclear and
forgotten and unforeseen subtasks were also encountered frequently (tables 69 and 70).
Better information would help with such issues. Teams could spend more time doing
their feature analysis before splitting tasks and estimating their effort. Secondly, collaboration between the specification person and the feature team could be improved, which
would hopefully make the requirements clearer, make the feature analysis by the team
easier and reduce the number of forgotten or unforeseen subtasks. In addition, such collaboration could improve specifications, as the ones making them and ones using them
could discuss in what form the specifications should be and what problems there are
with them. Better information reduces reliance on irrelevant and unreliable information
in estimation, which follows one of the principles by Jørgensen (2004) (table 3).

6.3

Improving effort estimation for testing

Estimating effort that is spent on testing was an issue that was visible throughout the
survey results. Testing effort being hard to estimate was the number one reason reported for why deviations had occurred in the last completed sprint, as reported in table
12. ”Better understanding of testing required” was also reported multiple times as information that is not available but would help with effort estimation, as shown in table 30.
Inaccuracy when estimating test effort was also reported as a reason for why the currently used effort estimation practices were seen as inappropriate, as is shown in table
46. Improving effort estimation for testing was also reported as an improvement suggestion, as is shown in table 47. Finally, two issues related to testing were reported as
other causes of inaccurate estimates, as shown in table 91. Going through the answers
the problem with testing seems to be mainly in acceptance testing.
Estimating effort for testing being hard also seemed to be an issue unique to L2 feature
teams, as none of the studies used for comparison reported such issues. As such, the
literature could not present any solutions to the problem either. The results did not
surprise the internal supervisor of this thesis at Nokia, when they were discussed with
her.
An improvement suggestion for this was formed through discussion. If acceptance testing was split into its own tasks and as such their effort would also be estimated separate
from implementation, more attention would be paid to the estimation of testing. This
would also then enable the following and improving of the estimation accuracy of testing effort, as it could be followed independently from the implementation. Unit testing
would remain as part of the implementation tasks, as it is so close to the implementation.
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Consequently this would also make the tasks smaller, which was also both reported as
an improvement suggestion and as big tasks being a problem in the survey (tables 46,
47, 64).
Related to the previous suggestion, involving the specification maker when coming up
with the needed test cases could help, as they have an understanding of how the system
should work and consequently what needs to be tested. This could help by reducing
unforeseen subtasks encountered in testing tasks, as it would give more information to
begin with.
It can also be that there are technical issues that make testing and by proxy the estimation
of testing effort hard. Solving such problems would also probably help with estimating
the testing effort as it would make testing easier, but they are outside of the scope of this
thesis.
Through this improvement suggestion Jørgensen’s (2004) principle (table 3) of evaluating
estimation accuracy is fulfilled by keeping an eye on the accuracy of testing related
estimation. Also by involving specification makers in test case design, irrelevant and
unreliable information is avoided, which was another principle presented by Jørgensen.

6.4

Data gathering and usage

Practices for effort data gathering seemed to be varied. 27 of the 41 respondents reported
that actual effort was not tracked in relation to effort estimates using a tool (table 53).
Even those who reported doing such tracking, almost half reported that the effort data
of the past sprints or tasks is not saved for later use (table 55). Of those 14 who reported
tracking actual effort and effort estimates, 6 said they reported the actual effort spent on
a task multiple times a week, 2 said never reporting it and daily, weekly and ”upon task
completion” were reported also as a reporting frequency, as is shown in table 56. Again,
out of those who reported tracking effort estimates and actual effort, 10 (71%) reported
there being difficulties in the data collection (table 61). It seems that not everyone is
collecting effort data of their work or it is done using different ways or tools between
teams (tables 62 and 84).
As such, if effort data is to be utilized, effort data collection should be part of the common way of working, as one respondent reported as a way to collect effort data more
accurately in table 64. Collecting effort data for the tasks and sprints would give multiple
benefits.
The first benefit is that collecting effort data would allow a systematic way to follow
how well the effort estimates correspond with the actual effort. The accuracy of the
effort estimates could then be followed using approaches such as PRED(25), MdMRE or
MMRE. This would give definite answers to how accurate the effort estimates are.
Following estimation accuracy would also make giving feedback on estimates easier.
Most answers to the question ”What kind of feedback do you get on the accuracy of
the effort estimates from parties interested in them, for example product owners or line
managers?” (table 33) were not about feedback directly aimed at effort estimates. If
inaccurate estimates are seen as a problem, then attention should be paid to the estimates
and their accuracy by giving feedback to the feature teams on the accuracy of their
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estimates.
The second benefit is that collecting effort data would open the possibility of using a
wider range of effort estimation methods in the future, if there is an interest in such
options. Having effort data is a prerequisite for using algorithmic models and machine
learning methods (Boehm et al., 2000; Wen et al., 2012), and as such they could not be
used at the moment across all L2 feature teams. Even expert estimation based methods
and analogies would benefit from having the actual data instead of just relying on experience and memory, as it would reduce the human biases present in expert estimation
methods (Jørgensen, 2004).
One thing to keep in mind with effort data collection is the Agile work environment. As
the Agile Manifesto demotes the importance of processes and tools (Beck et al., 2001),
it should be kept in mind that effort data collection should not become a cumbersome
process.
Data gathering complies with Jørgensen’s (2004) principle (presented in table 3) of using
documented data from previous development tasks in expert estimation. Other principles that would be complied with following this improvement suggestion would be the
possibility to evaluate estimation accuracy and provide feedback.

6.5

The effort estimation methods used

As the answers to question ”What effort estimation method or methods do you use?”
displayed in table 23 show, effort estimation is mainly done using expert estimation
methods. Usage of expert judgment as the estimation method was reported by 65.79%
of the respondents and Planning Poker was reported by 57.89%. The third most popular
method, analogy, could also be considered an expert estimation method in this case, as
there was no evidence of doing it systematically, for example in the form of reports of
some software tool being used to find the analogies.
When comparing results between studies related to effort estimation methods (table 23)
and were the effort estimates considered good (table 11), it would be easy to draw the
conclusion that better estimation methods were used by the respondents in the study
by Basten and Mellis (2011). As effort estimates were considered good by 82% of the
respondents in their study compared to 56% in L2, it could be assumed that this was
because of using a better estimation method. Indeed, there are differences in the methods
used, as Basten and Mellis reported much higher use of both work breakdown methods
and Function Point based estimation.
In reality, drawing a line between the answers of these two questions is probably not
that easy. First, as Basten and Mellis (2011) point out in their study, a majority of the respondents considered their effort estimates good even when there were large overruns.
As such it, does not mean their estimates were necessarily accurate even if they considered them good. A similar situation was present here too, to a lesser extent, as 68.3%
reported overruns of their estimates having happened in the last sprint (table 10) but
still 56% considered the effort estimates as good (table 11). Further, as table 44 showed,
over a third of the respondents reported both overruns and thinking that their effort
estimation practices are appropriate.
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Secondly, as many studies have shown, estimation accuracy is not tied to the particular
effort estimation method used but instead different methods work best in different contexts (Boehm et al., 2000; Shepperd & Kadoda, 2001; Jørgensen, 2007; Wen et al., 2012).
Even if another study reported better accuracy with different estimation methods, the
better accuracy would not necessarily transfer to another context just by picking the
same effort estimation method.
Instead, the best way to consider different effort estimation methods would be to look at
the context and what would fit there, as Shepperd and Kadoda (2001) suggested. At the
moment there is no capability to take any model based effort estimation methods into
wide use, as there is no historical effort data, which would be necessary for those types
of methods. What is left then are the different kinds of expert estimation methods.
As a suggestion for an effort estimation method, using Planning Poker in all the teams
could improve effort estimation. 57.89% of the respondents reported already using it,
but that means almost half of the respondents do not use it. There are a few reasons for
suggesting wider use of Planning Poker.
Firstly, the survey results showed problems that group based effort estimation methods
such Planning Poker can help with. Majority of the respondents reported forgotten or
unforeseen subtasks being encountered frequently (table 70) and group processes such
as Planning Poker have been found to bring up such issues (Moløkken-Østvold & Jørgensen, 2004; Moløkken-Østvold & Haugen, 2007).
Secondly, Planning Poker as an estimation method fits Agile software development well,
as it was developed with that in mind to be a fast and easy process for coming up with
estimates (Grenning, 2002). Fast and easy to use were also present in some open answers
for estimation method appropriateness (table 45).
A third reason for using Planning Poker would be that while it is a method low on processes, it still brings a defined structure to the effort estimation process. These processes
should work as safeguards, allowing everyone to express their views and to combat
tasks that are too big. One important part of this process is that when too large tasks are
encountered, it is part of the Planning Poker process to split them into smaller pieces
(Grenning, 2002). As already stated, some respondents reported large task as being a
problem.
However, there are issues with this recommendation. As Planning Poker was already
used by 57.89% of the respondents, it is possible to compare the results of those who
reported using it and those who did not. Comparing results between these two groups
using a t-test for the question ”Forgotten or unforeseen subtasks that were not taken into
account in effort estimation are encountered frequently” (table 93), there was no statistically significant difference. What this suggests is that even though Planning Poker
should reduce the amount of forgotten or unforeseen subtasks through group discussion, there was no sign of that in these survey results. For the question ”Are you satisfied
with the way effort estimation is done in your team?” there was a statistically significant difference - the mean was lower for those who had reported using Planning Poker,
meaning that on average they were less satisfied (table 94).
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Table 93. Comparison of answers to ”Forgotten or unforeseen subtasks that were not
taken into account in effort estimation are encountered frequently” between those who
reported using Planning Poker and those who did not.

Group
Mean
SD
SEM
N
Two-tailed P value

Planning Poker used Planning Poker not used
3.86
4.06
0.834
0.929
0.178
0.232
22
16
0.4910 (No statistically significant difference)

Table 94. Comparison of answers to ”Are you satisfied with the way effort estimation is
done in your team?” between those who reported using Planning Poker and those who
did not.

Group
Mean
SD
SEM
N
Two-tailed P value

Planning Poker used Planning Poker not used
2.82
3.44
0.853
0.892
0.18186
0.223
22
16
0.0367 (statistically significant difference)

These results do not show definite results for Planning Poker being a bad fit though.
First, most of the respondents reported using multiple estimation methods, and as such
the results in tables 93 and 94 may not be tied to only using Planning Poker. As most of
the respondents reported participating in effort estimation in their team (table 22) and
effort estimation seems to be mostly done by multiple people (tables 20 and 21), it could
be the case that there are group processes for combining estimates in place even when
not using Planning Poker. That would also have the similar effect of revealing forgotten
subtasks and reducing over-optimism, as reported by Moløkken-Østvold and Jørgensen
(2004).
Considering Planning Poker in the light of the criteria by Bibi and Stamelos (2006) presented in table 2, Planning Poker is very applicable as a method, as it is cheap, easy and
fast to use. The method does not rely on existing data and as such, missing values do not
matter. As the people doing the estimation can use their knowledge in a more flexible
way than models can, it is also a very dynamic approach to effort estimation. In addition, the people who do the estimation should be able to provide the reasoning behind
their estimates, when the estimation is done properly. What cannot be clearly quantified in Planning Poker is knowledge about uncertainty and sensitivity of the method
and other aspects in model relations, as those cannot be measured similarly for an expert
estimation method.
As a group based estimation method, Planning Poker fulfils principles 3 and 9 of Jørgensen’s
(2004) expert estimation principles (presented in table 3), as estimators are asked to
present their reasoning behind the estimates and combine the estimates reaching a consensus after the discussions. In addition, other principles can be included to the estimation process as needed.
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7

Discussion

This chapter presents the main findings of this study and discusses them together with
the earlier research. The research questions will be answered and the answers are contemplated in light of the previous research.
The first research question was ”What is the state of the art in software development effort
estimation?”. Considering this question through effort estimation methods, this question
can in fact have multiple answers, depending on whether considering research interest
or usage in the industry. The software industry has largely relied on expert estimation
methods (Moløkken & Jørgensen, 2003; Britto et al., 2015). Research interest on the
other hand has been mostly on algorithmic models, specifically those based on regression
techniques such as COCOMO (Jørgensen & Shepperd, 2007).
While software development has moved to Agile methodologies, it seems that research
attention has also moved in this context more towards expert estimation based methods.
As Usman et al. (2014) found out in their systematic literature review of effort estimation in Agile software development, the most often found effort estimation methods in
those studies were expert estimation methods. At the same time usage of COCOMO as
a primary estimation method was nonexistent in the Agile global software development
context (Britto et al., 2015). It could be that COCOMO is in a similar situation as it was
before the introduction of COCOMO II, when it had fallen behind as software development methodologies moved forward. As its models require detailed plans and Agile
methodologies march forward, this is an easy assumption to make.
Even though the research interest in formal estimation models has been high, they have
not been shown to perform better than expert estimation methods. When changes happen, which is often the case in software development, the models do not represent the
changed situation correctly without adjustments. As Jørgensen (2004, 2007) has argued
based on multiple studies, in these kinds of situations expert estimation methods can
perform better, as they are more flexible. The bigger investment requirements in form
of data sets, together with the lack of proof of better results, could be why the software
industry has not really adopted estimation models and has instead opted on using expert
estimation methods.
While many kinds of effort estimation methods exist, software development effort estimation is still very much a problematic field. Estimation accuracy is often poor (Usman
et al., 2014) and as a result effort overruns are frequent (Moløkken & Jørgensen, 2003).
It also seems that models have proven to be more accurate than experts in producing
predictions in other fields, but for software engineering and effort estimation that is not
true, perhaps because changes cause constant alterations in the relationships present in
the models (Jørgensen, 2007).
The second research question was ”What is the current state of the practice of effort estimation within Scrum teams of LTE L2 at Nokia Networks?”. Figure 3 summarizes the
current state of effort estimation in L2 feature teams by filling the effort estimation process diagram of Trendowicz and Jeffery (2014) using the information from the survey
results. Overview of the current state is explained in the following paragraphs.
As figure 3 shows, everything inside the largest box is part of the context, meaning that
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they are part of the contextual information that affect the estimation process. Outside
any other box in the left side are three things that affect the whole estimation process:
Scrum, feature teams and the unavailability of history data. Scrum determines what is
being estimated and when it is being estimated, as the sprint planning phase, in which
the estimation for the tasks that are to be done during the sprint is done, is a part of
Scrum. Feature teams mean that teams consist of people in different roles, and as such
there should be multiple point of views present in the team and also in effort estimation
when multiple people participate in it. Based on survey responses, there does not seem
to be consistent practices between the teams in regards of effort data collection, meaning
tracking at least the actual effort and the effort estimates. As such, there is no history
data that could be used with effort estimation methods that rely on data.

Figure 3. Current state of effort estimation in L2 feature teams summarized.

Inputs defined the information that is used in effort estimation. Here the inputs are
objectives, meaning the tasks under estimation, and the experience of the estimators, as
there is no history data available. Contextual information based on the survey results
related to the inputs is presented inside the box. As can be seen from the figure 3, effort
estimation is done on information that is unclear and prone to changes. The tasks being
estimated are big and the technical environment where they are going to be implemented
is considered complex, which makes the estimation harder. In addition, there seems to
be some pressure towards low estimates.
As there were no report on using tools that produce estimates, the resources available
for estimation are people. The respondents were on average very experienced in their
roles and had done effort estimation for several years. Very few had received any formal training on effort estimation though, and knowledge of different effort estimation
methods was scarce. In general, most respondents seem to participate in effort estimation and most reported that multiple people, if not the whole team, participate in effort
estimation.
Estimation in figure 3 contains the used effort estimation methods, which based on the
survey results are expert judgment and Planning Poker. Success with the estimation
method was the most often reported reason for using the method, but a big portion
of respondents also said they did not know why they were using the current method.
As an output from the estimation come estimates. As there are no model-based effort
estimation methods in use, there are no models as output.
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Four issues related to effort estimation present in the context are presented on the right
side of figure 3. These issues are encountered after effort estimation for the sprint has
been done, meaning that they are issues that affect the actual effort, but are not taken
into account in the effort estimation. These issues are ”Problems with testing related
effort estimation”, ”Small tasks hidden in bigger tasks”, ”Work coming from outside the
sprint backlog” and ”Frequently encountered forgotten subtasks”.
Testing related issues were visible throughout the survey results. Most respondents had
encountered overruns in the last completed sprint - while still over half of them considered the effort estimates good. The most often reported reason for deviations between
the effort estimate and the actual effort was that testing effort is hard to estimate. Another reason was that maintenance work stalled work on sprint content. Work coming
outside the sprint content was also present in other open answers. Based on responses it
seems that effort estimation is often based on incomplete or unclear information. During
the sprint, forgotten subtasks are then encountered frequently, resulting in more effort
needed than what was estimated. This could be related to hiding small tasks inside bigger
ones.
Based on previous research, it was not a surprise that the most often used effort estimation methods were based on expert estimation or that most of the respondents reported
that they had encountered overruns in the last completed sprint. Issues of testing related effort estimation were unique to L2 feature teams, as none of the previous studies
reported such issues. A few answers to different questions also suggested additional
work coming during the sprint outside of the sprint content, such as maintenance work,
which was the second most often reported reason for deviations. That issue was also not
found in the previous studies. Such issues could also be seen as being outside the scope
of effort estimation, even though it indirectly affects the estimates. Instead, such issues
could be found in studies about following Scrum practices.
What was not present in the survey results compared to many previous studies were
many issues related to direct client work and project-oriented work, as the context was
different in this regard. For example, questionable effort estimation methods like priceto-win were not reported here. Missing were also some technical issues such as use of
unknown technologies, as technologies do not change in this context as often as with
changing projects.
Comparing the survey results to previous studies shows context specific differences, but
on a high level the survey results did not differ that much from previous studies. The
biggest differences were in the answers to the open questions.
As the questionnaire used in this thesis was created on the basis of multiple questionnaires found in a systematic literature review, none of the individual studies correspond
directly with it. Thus, the results from the survey of this thesis could not be compared directly to any of those previous studies. Instead, certain parts could be compared to each
study. While there was overlap on the main issues related to effort estimation, the studies’ focus ranged from distortional social behaviors (Magazinius & Feldt, 2011) through
assessing the current situation of effort estimation (Yang et al., 2008; Basten & Mellis,
2011) and effort data collection (Özkaya et al., 2011) to studies interested in studying or
improving specific effort estimation methods (Hughes, 1996; Takagi, Mizuno, & Kikuno,
2005). As a result, the questionnaire and the conducted survey of this thesis dealt with
effort estimation in a very wide scope.
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The third and final research question was ”How could the effort estimation practices in
LTE L2 at Nokia Networks be improved?”. Based on the survey results, five improvement
suggestions were presented: training on effort estimation, improving information that
is used to do effort estimation, improving effort estimation for testing, gathering and
using effort data, and a suggestion on effort estimation methods based on the context.
As Jørgensen (2004) pointed out, in order to improve expert estimation based effort estimation, attention must be paid to it in the form of feedback and training. Jørgensen’s
principles (presented in table 3) would probably offer a good starting point for expert
estimation training topics, as they bring attention to the issues of bias present in expert
estimation and also help counter them. The only included previous study that had effort
estimation training related questions was by Peixoto et al. (2010). In that study a similar
lack of formal training on effort estimation was also present. One study is not enough
to say that lack of training is a usual problem in effort estimation, but it is an interesting
aspect to consider. Other studies that paid attention to training were not encountered
during the systematic literature review process or otherwise, but it would be interesting
to see whether this has been researched at length.
The next two improvement suggestions, improving the information that is used to do
effort estimation and improving effort estimation for testing, are specific to the organization and way of working in L2 feature teams. As such, these improvement suggestions
do not come from literature, but instead of considering the survey results and thinking
about what would work in this context. The problem of unclear and incomplete requirements were present in other studies (for example more fixed requirements were wished
for in the study by Hughes (1996), as shown in table 31), whereas the problems with
testing related effort estimation seem to be unique to this survey, as already stated.
The fourth improvement suggestion, data gathering and usage, would allow among other
benefits a more robust way of following estimation accuracy. It would also then be possible to compare different effort estimation methods in the same way as they have been
compared in previous studies using accuracy metrics such as MMRE. Based on this study
it is not possible to do similar comparisons as for example Moløkken-Østvold and Haugen (2007) did when they compared the estimation accuracy of different methods. Even
though the survey provided information on the estimation accuracy, there are no definite numbers available. Comparing the different methods using these accuracy numbers
from the survey would also be problematic, as most respondents reported multiple estimation methods being used. This means it is not certain what was used when doing
those estimates.
The final improvement suggestion was a suggestion on effort estimation methods. As
previous research has often repeated, the best effort estimation depends on the context
where it is applied (Boehm et al., 2000; Shepperd & Kadoda, 2001; Jørgensen, 2007; Wen
et al., 2012). As such, this method suggestion was based on the contextual information available from the survey. Lack of data, Agile Scrum teams, and often-encountered
forgotten subtasks were the main reasons that pointed towards Planning Poker as the
suggested effort estimation method. Planning Poker brings some structure to an otherwise possibly completely unstructured expert estimation process while tackling some of
the same issues that Jørgensen’s (2004) principles aim at.
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8

Conclusions

This thesis provided an overview of software development effort estimation and studied
the effort estimation practices in L2 feature teams at Nokia Networks Oulu.
A literature review was conducted in order to determine the current state of the art in
effort estimation. During the literature review, several different categorizations of effort
estimation methods were encountered. Different effort estimation methods were introduced through a categorization that split the different methods into three categories: expert estimation methods, algorithmic models and machine learning. Algorithmic models
and machine learning both share the need of data sets in order for them to be used, in
contrast to expert estimation methods, which can be applied by the people taking part
in the software project, i.e. experts.
A systematic literature review was conducted in order to find previous survey studies on
effort estimation practices. The systematic literature review process resulted in finding
11 primary studies that complied with the inclusion criteria. The questionnaires used
in these studies were then extracted and were used to build a questionnaire that would
then be used to survey the effort estimation practices in L2 feature teams. The extracted
questions were organized into a table based on their topic and author to find similar
questions and based on the extracted questions, questions to be used in this study were
formulated so that they were appropriate to this context and consistent with each other.
The questions to be used in the questionnaire were then chosen from these formulated
questions together with staff members to ensure they were relevant. In addition, a few
questions were added to the questionnaire from outside the question table to fill some
areas that were not covered by previous questionnaires.
41 people out of the 100 members of the feature teams participated to the survey. The
survey showed that the most often used effort estimation methods were Expert judgment and Planning Poker, i.e. methods based on expert estimation. Most respondents
reported having encountered overruns in the last completed sprint and around 30% of
the respondents reported overruns of at maximum 20% of the effort and similarly around
30% reported overruns of 21-50%. The most often reported reason for these deviations
from the effort estimates was that testing effort is hard to estimate. Respondents wished
for better specifications before effort estimation. Forgotten subtasks were encountered
often and requirements were also seen as changing often and being unclear. Most respondents had not received formal training on effort estimation or any training at all.
Another problem found in the survey was that there is no common way of collecting
effort data, which means that it is done in different ways or not at all. This results in a
situation where there is no history data to be used in effort estimation.
Based on the survey results and previous research found in the literature reviews, improvement suggestions to the problems found in the survey were presented. In total
five suggestions were made, which were: training on effort estimation, improving the
information that is used on effort estimation, improving testing related effort estimation
by splitting acceptance testing into their own tasks, collecting and using effort data, and
finally using Planning Poker as an effort estimation method.
The main contribution of this thesis is the survey results, which provide insight into
how effort estimation is done in the software industry by surveying the practices in L2
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feature teams at Nokia Networks. Further on, the improvement suggestions contribute
towards making the situation better in those teams that participated in the survey. Another contribution is the questionnaire instrument that was built as part of this thesis.
As the questionnaire was built based on multiple questionnaires used in past studies, it
surveys the effort estimation practices on a wide scale.

8.1

Limitations of the study

As the survey conducted was limited to one sub group in one company, there are limits
with the generalization of these results. Even though the results may not be widely generalizable, they do shed light to how effort estimation is done in the software industry.
It is also worth thinking about how generalizable the results are across the participating
L2 feature teams. As the response rate of the survey was 41%, there could perhaps be
participation bias, so that for example those who do not participate in effort estimation
did not answer the survey. As most respondents did report that the whole team or multiple team members participate in effort estimation, it does seem that such a scenario
would not be likely though. For some reason, there were no answers from anyone who
worked on specifications, even though specification personnel are part of the feature
teams. This means that not all roles present in the teams were represented in the survey.
Another limitation of this study is that the suggested improvements to effort estimation
practices were not implemented as part of the study. This means that the effectiveness of
the suggested improvements to the effort estimation process has not been proven within
the teams participating in this study.
The past surveys found in the systematic literature review differed in their population
and the level of estimation that was under inspection. Some surveys were conducted in
a specific company (Verner et al., 2007), some were limited to a certain country (Yang et
al., 2008; Mansor et al., 2011), and some had a very wide population through conference
participants or the internet (Grimstad et al., 2005). Whether these differences caused any
difference in comparing results is not known. Studies with a wider survey population
do not resemble a situation of a single organization, so for example representation of
different roles participating in effort estimation is not similarly visible from such studies.
On the other hand, those surveys portray a larger overview.
The studies found in the systematic literature review did not in all cases report their
questionnaire instrument in detail. This lead to some interpretation when extracting
the questions from the studies. Similarly even when studies reported that particular
questions were included in the questionnaire, their results were not always reported.
This lead to situations when even though the question was based on earlier research,
there were no previous results to use for comparison. There were also problems with how
the results were reported in some studies, as it made detailed comparison impossible.
Such cases were for example responses to the Likert scale questions, which were only
reported as a mean of all the answers.
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8.2

Further research

The most obvious opportunity for further research in the context of Nokia Networks
would be to research the implementation of the improvement suggestions presented as
part of this thesis. As this thesis was limited to surveying the effort estimation practices
and presenting improvement suggestions based on the survey results, it is not possible to say whether the suggestions work. Studying how to implement the suggestions,
possible problems encountered during the implementation and scientifically measuring
their effect would probably offer enough content for another thesis.
Another possibility for further research would be to do a comparison study of different effort estimation methods in this same context. Many studies have done empirical
comparison studies of different effort estimation methods and such comparisons could
be replicated in this context. Such comparison could perhaps be Planning Poker vs. unstructured expert estimation as was done by Haugen (2006). If there is interest to take a
model based estimation method into use, based either on algorithmic models or machine
learning, another possibility would be to compare those either to each other or to expert
estimation methods based on empirical testing in this context.
The questionnaire created as part of this thesis could also be used to survey the current
situation of effort estimation in another context, either within or outside Nokia. As
the systematic literature review process and the creation of the questionnaire, unasked
questions and the origin of the questions are documented, it would also be possible to
tweak the questionnaire to different contexts.

82

References
Basten, D., & Mellis, W. (2011). A current assessment of software development effort
estimation. In International symposium on empirical software engineering and measurement (pp. 235–244).
Beck, K., Beedle, M., Van Bennekum, A., Cockburn, A., Cunningham, W., Fowler, M., …
Thomas, D. (2001). Agile Manifesto. Retrieved 21.1.2016, from http://agilemanifesto
.org/
Bibi, S., & Stamelos, I. (2006). Selecting the Appropriate Machine Learning Techniques
for the Prediction of Software Development Costs. In I. Maglogiannis, K. Karpouzis, & M. Bramer (Eds.), Artificial intelligence applications and innovations se
- 62 (Vol. 204, pp. 533–540). Springer US.
Boehm, B., Abts, C., & Chulani, S. (2000). Software development cost estimation
approaches—A survey. Annals of Software Engineering, 10, 177–205.
Britto, R., Freitas, V., Mendes, E., & Usman, M. (2014). Effort Estimation in Global
Software Development: a Systematic Literature Review. 2014 IEEE 9th International
Conference on Global Software Engineering, 135–144.
Britto, R., Mendes, E., & Börstler, J. (2015). An Empirical Investigation on Effort Estimation in Agile Global Software Development. 2015 IEEE 10th International Conference
on Global Software Engineering, 38–45.
Britto, R., Usman, M., & Mendes, E. (2014). Effort Estimation in Agile Global Software
Development Context. XP 2014 Workshops, LNBIP 199, 182–192.
COCOMO® II. (n.d.). Retrieved 18.1.2016, from http://sunset.usc.edu/csse/research/
COCOMOII/cocomo_main.html
Creswell, J. W. (2013). Research design: Qualitative, quantitative, and mixed methods
approaches. Sage publications.
Deutskens, E., Ruyter, K. D., Wetzels, M., & Oosterveld, P. (2004). Response rate and
response quality of surveys: An experimental study. Marketing Letters, 15(1), 21–
36.
Dillman, D. A. (2011). Mail and Internet surveys: The tailored design method–2007 Update
with new Internet, visual, and mixed-mode guide. John Wiley & Sons.
Fowler, F. J. (2009). Survey Research Methods (4th ed.). SAGE Publications, Inc.
Ganassali, S. (2008). The Influence of the Design of Web Survey Questionnaires on the
Quality of Responses. Survey Research Methods, 2(1), 21–32.
Gibbs, G., & Taylor, C. (2010). How and What to Code. Retrieved 2.2.2016, from http://
onlineqda.hud.ac.uk/Intro_QDA/how_what_to_code.php
Grenning, J. (2002). Planning poker or how to avoid analysis paralysis while release planning. Retrieved 17.11.2015, from http://www.renaissancesoftware.net/files/articles/
PlanningPoker-v1.1.pdf
Grimstad, S., Jørgensen, M., & Moløkken-Østvold, K. (2005). The clients’ impact on effort
estimation accuracy in software development projects. In Proceedings - international
software metrics symposium (Vol. 2005, pp. 5–14).
Haugen, N. C. (2006). An empirical study of using planning poker for user story estimation. Proceedings - AGILE Conference, 2006, 2006, 23–31.
Hughes, R. T. (1996). Expert judgement as an estimating method. Information and
Software Technology, 38(2), 67–75.
Jørgensen, M. (2004). A review of studies on expert estimation of software development
effort. Journal of Systems and Software, 70(1-2), 37–60.
Jørgensen, M. (2007). Forecasting of software development work effort: Evidence on

83
expert judgement and formal models. International Journal of Forecasting, 23(3),
449–462.
Jørgensen, M., & Shepperd, M. (2007). A Systematic Review of Software Development
Cost Estimation Studies. IEEE Transactions on Software Engineering, 33(1), 33–53.
Kasunic, M. (2005). Designing an Effective Survey.
Kaufman, J.
(2011).
Systematic reviews - what authors do.
Retrieved
14.1.2016, from http://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/uploads/
Whatauthorsdo41215.pdf
Kitchenham, B., & Charters, S. (2007). Guidelines for performing Systematic Literature
Reviews in Software Engineering (Tech. Rep.).
Larman, C., & Vodde, B. (2008). Scaling Lean & Agile Development: Thinking and Organizational Tools for Large-scale Scrum. Pearson Education.
MacDonell, S. G., & Gray, A. R. (2005). The viability of fuzzy logic modeling in software
development effort estimation: Opinions and expectations of project managers. International Journal of Software Engineering and Knowledge Engineering, 15(5), 893–
918.
Magazinius, A., & Feldt, R. (2011). Confirming distortional behaviors in software cost estimation practice. In Proceedings - 37th euromicro conference on software engineering
and advanced applications, seaa 2011 (pp. 411–418).
Mansor, Z., Kasirun, Z. M., Yahya, S., & Arshad, N. H. H. (2011). Current practices of software cost estimation technique in Malaysia context. Communications in Computer
and Information Science, 251 CCIS(PART 1), 566–574.
Mendes, E. (2003). A Comparative Study of Cost Estimation Models for Web Hypermedia
Applications. Empirical Software Engineering, 8(2), 163–196.
Mendes, E. (2011). Knowledge representation using Bayesian networks — A case study
in Web effort estimation. Proceedings of the World Congress on Information and
Communication Technologies, 612–617.
Moløkken, K., & Jørgensen, M. (2003). A review of surveys on software effort estimation. Proceedings of the 2003 International Symposium on Empirical Software Engineering(1325).
Moløkken-Østvold, K., & Haugen, N. C. (2007). Combining estimates with planning
poker - An empirical study. Proceedings of the Australian Software Engineering Conference, ASWEC, 349–358.
Moløkken-Østvold, K., & Jørgensen, M. (2004). Group Processes in Software Effort
Estimation. Empirical Software Engineering, 9(4), 315–334.
Moløkken-Østvold, K., Jørgensen, M., Tanilkan, S. S., Gallis, H., Lien, A. C., & Hove, S. E.
(2004). A survey on software estimation in the norwegian industry. Proceedings International Software Metrics Symposium, 208–219.
Özkaya, A., Ungan, E., & Demirörs, O. (2011). Common practices and problems in
effort data collection in the software industry. In Proceedings - joint conference of
the 21st international workshop on software measurement, iwsm 2011 and the 6th
international conference on software process and product measurement, mensura 2011
(pp. 308–313).
Peixoto, C. E. L., Audy, J. L. N., & Prikladnicki, R. (2010). The importance of the use of an
estimation process. In Proceedings - international conference on software engineering
(pp. 13–17).
Popli, R., & Chauhan, N. (2014). Cost and effort estimation in agile software development.
Optimization, Reliabilty, and Information Technology (ICROIT), 2014 International
Conference on, 57–61.
Schwaber, K., & Sutherland, J. (2014). The scrum guide. Retrieved 18.1.2016, from http://

84
www.scrumguides.org/docs/scrumguide/v1/Scrum-Guide-US.pdf
Shepperd, M., & Kadoda, G. (2001). Comparing software prediction techniques using
simulation. IEEE Transactions on Software Engineering, 27(11), 1014–1022.
Shepperd, M., & Schofield, C. (1997). Estimating software project effort using analogies.
IEEE Transactions on Software Engineering, 23(11), 736–743.
Shepperd, M., Schofield, C., & Kitchenham, B. (1996). Effort Estimation Using Analogy.
Proceedings of the 18th International Conference on Software Engineering, 170–178.
Takagi, Y., Mizuno, O., & Kikuno, T. (2005). An empirical approach to characterizing
risky software projects based on logistic regression analysis. Empirical Software
Engineering, 10(4), 495–515.
Trendowicz, A., & Jeffery, R. (2014). Software Project Effort Estimation: Foundations and
Best Practice Guidelines for Success. Springer International Publishing.
Trendowicz, A., Münch, J., & Jeffery, R. (2011). State of the practice in software effort
estimation: a survey and literature review. Software Engineering Techniques, 4980
LNCS, 232–245.
Usman, M., Mendes, E., Weidt, F., & Britto, R. (2014). Effort Estimation in Agile Software
Development: A Systematic Literature Review. In Proceedings of the 10th international conference on predictive models in software engineering - promise ’14 (pp.
82–91). ACM Press.
Verner, J., Evanco, W., & Cerpa, N. (2007). State of the practice: An exploratory analysis
of schedule estimation and software project success prediction. Information and
Software Technology, 49(2), 181–193.
Wen, J., Li, S., Lin, Z., Hu, Y., & Huang, C. (2012). Systematic literature review of machine
learning based software development effort estimation models. Information and
Software Technology, 54(1), 41–59.
Yang, D., Wang, Q., Li, M., Yang, Y., Ye, K., & Du, J. (2008). A survey on software cost
estimation in the Chinese software industry. In Esem’08: Proceedings of the 2008
acm-ieee international symposium on empirical software engineering and measurement (pp. 253–262).

85

Question table
Appendix A

Answerer
background

Answerer
background

Answerer
background

Answerer
background

Answerer
background

Answerer
background
Answerer
background

Topic area

How many
years of work
experience do
you have in
software
industry?

In what
discipline is
your
education?

What is your
education
level?

How many
years have you
worked in your
current role in
the company?

What is your
current role in
the company?

E-mail address

Gender

Formulated
question

"How many years
have you been
working in the
software industry?"

"Please state the
discipline you hold
your degree in!
Only if applicable."

"What is your
highest educational
level?"

"In how many
projects have you
been involved
within your current
job position?"

"What is your
current job title?"

"Please state your
gender!"

Basten & Mellis
(2011)

Grimstad et al.
(2005)

"What has been
your role(s) in
the above
mentioned
projects?"

Hughes (1996)

"Years of software
experience"

"What is your
position in the
company?"

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

"e-mail
address"

"Position"

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

"participant's
duty in the
organization"

"number of
years the
participant has
worked in the
organization"

Answerer
background

Topic area
In how many
software
development
projects have
you been
involved?

Formulated
question

"In how many
software
development
projects have you
been involved?"

Basten & Mellis
(2011)

Grimstad et al.
(2005)
Hughes (1996)

"How many
projects have
"Years of
you participated estimating
in estimating?" experience"

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

How many
years have you
been
participating in
software
development
effort
estimation?
Company
where you are
working

"domain of
activity"

"In how many
projects have you
been involved in
effort estimation?"

Company
information
"What is your
Business sector company's main
of the company business sector?"

"certifications
for quality
and/or
maturity level"

Answerer
background

Company
information

Company
certifications
"What is your
company´s
approximate annual
turnover?"

"organization's
name"

Company
information

Company's
annual
turnover

"Company"

Company
information

Company
information

Topic area

Business sector
of the project
where you
have done
"What was the
effort
project’s main
estimation
business sector?"

Your
department's
annual
turnover
Number of
employees
working in
software
development in
your
department

Number of
employees in
the company

Formulated
question

"Approximately,
how many of them
work in the
Software
Engineering
Department?"

"How many
employees are
approximately on
your company´s
payroll?"

Basten & Mellis
(2011)

"Has the projects
you have
participated in
estimating been
for an internal or
an external
client?"

"What sector
have you
primarily been
estimating for?"

Grimstad et al.
(2005)

Company
information

"Was the project
internally or
externally
contracted?"

"What is your
Software
Engineering
Department´s
approximate annual
turnover?"

Project
information

Was the project
internal or
done to an
external client?

Company
information

Project
information

Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

"Number of
staff involved
in software
development
"

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Topic area

Project
information
What kind of
contract was
made for the
project?

"What kind of
development
approach was used
for this project?"

"What kind of
contract was
concluded for this
project?"

"Please state the
type of the
software!" "Please
Type of
state the system
projects
type!" "What kind
estimated and of software was
developed
developed?"
"What was the
What was the average number of
team size in the project team
project?
members?"

Basten & Mellis
(2011)

Project
information

Development
method used

Formulated
question

Project
information

Budget of the
project

Project
information

Project
information

Grimstad et al.
(2005)

"The project
used an
incremental/iter
ative
development
method."
"In your latest
completed
project, what
was the budget
(approximately)?
"

Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

"What type of
software have
you developed
(made
estimation) so
far?" "What is
type of
software you
has
developed?"

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Formulated
question

Verner et
al. (2007)

Topic area
Were there any
special
"Was there any kind
characteristics of speciality for this
in the project? project?"

Peixoto et al. Takagi et al.
(2010)
(2005)

Project
information

Development
goals were
clear

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Project
information

Project had
enough staff

"The project had
realistic plans
and budgets"

Hughes (1996)

Project
information
Project
planning and
budget were
realistic

"Project
had a
schedule"

Grimstad et al.
(2005)

Project
information
Project had a
schedule

"Project
manager
had input
into initial
delivery
date"

Basten & Mellis
(2011)

Project
information

Project
manager
participated in
deciding initial
delivery date

"PM could
negotiate
schedule"

"The goals of the
project were
clearly defined
and
communicated."

Project
information
Project
manager could
negotiate
schedule

"Adequate
staff
assigned to
the
project"

Project
information

Yang et al.
(2008)

Özkaya et al.
(2011)

Project
information

Project
information

Topic area

In percentage,
how much of
the functional
requirements
were fulfilled
on time?

Development
activities were
changed in
order to meet
the schedule

Schedule
changes
happened
during the
project

Formulated
question

"Please state the
percentage of
fulfilment of
specified functional
requirements!"

"With regard to the
overall
development
process, were there
any deviations from
the
planned course of
action that are not
obvious outside the
project?
E.g., less effort used
for quality
assurance due to
higher effort
demand during
implementation."

Basten & Mellis
(2011)

Project
information

Grimstad et al.
(2005)

"The project had
the flexibility to
reduce scope
(functionality/qu
ality) in order to
meet plan and
budget"

Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

"Schedule
changed
through
the
project"

"Delivery
date
affected
developme
nt process"

Yang et al.
(2008)

Özkaya et al.
(2011)

Client related
questions

Project
information

Project
information

Topic area

In projects
where
estimates have
been overrun,
which client
related factors
have
contributed to
the overrun?

Client type

Staff was added
late to the
project to meet
schedule

In percentage,
how much of
the nonfunctional
requirements
were fulfilled
on time?

Formulated
question

"Please state the
percentage of
fulfilment of
specified nonfunctional
requirements!"

Basten & Mellis
(2011)

"Was the client
from the public or
private sector?"

Client related
questions

Grimstad et al.
(2005)

"In projects
where estimates
have been
overrun, which
client related
factors have
contributed to
the overrun?"

Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

"Staff
added late
to meet
aggressive
schedule"

Yang et al.
(2008)

Özkaya et al.
(2011)

Client related
questions

Topic area

What kind of
priority did the "Did the client have
project have
any kind of priority
for the client? for this project?"

In the projects
where
estimates were
not overrun, or
there were only
minor
overruns,
which client
related factors
contributed to
prevention of
overrun?

Formulated
question

"The client had
allocated
sufficient
resources for an
efficient project
execution (test
environment,
end-users, etc)"

"The project had
high priority in
the client
organization"

"In the projects
where estimates
were not
overrun, or
there were only
minor overruns,
which client
related factors
contributed to
prevention of
overrun?"

Grimstad et al.
(2005)

Client related
questions

Client had
allocated
enough
resources to
the project for
efficient
execution

Basten & Mellis
(2011)

Client related
questions

Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Client related
questions

Client related
questions

Topic area

What effort
estimation
methods do
you know?

Communication
with client
worked well

The clients had
the right skills
for an efficient
project
execution

Formulated
question

"The
communication
between client
and vendor were
adequate"

"The clients had
the right skills
for an efficient
project
execution"

Grimstad et al.
(2005)

Effort
estimation
methods and
processes

Are software
metrics used to
measure
software
development?

Basten & Mellis
(2011)

Effort
estimation
methods and
processes

Hughes (1996)

"Which cost
estimation
methods do you
know?"

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

"Do you use
software
metrics
(measures of
the software
development
process
and/or
product that
are used for
project
management
purposes)?"

Peixoto et al. Takagi et al.
(2010)
(2005)

"Insufficient
skills or
knowledge of
the estimation
method"

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Effort data
collection

Effort
estimation
methods and
processes

Things
affecting
estimates

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Topic area

Are tools used
to track actual
effort in
relation to
estimates?

Are tools used
in effort
estimation?

Stakeholders
are committed
to the
estimates

Were effort
estimates
exceeded in the
last completed
sprint and if
yes, how large
was the
overrun?

Are software
metrics used
for effort
estimation?

Formulated
question

Basten & Mellis
(2011)

Grimstad et al.
(2005)

"In your latest
completed
project, how
large was the
overrun of
estimates?"

Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)
"If yes, do
you use
software
metrics for
effort
estimation?"

Peixoto et al. Takagi et al.
(2010)
(2005)

"Lack of
stakeholders’
commitment
for
estimation"

Verner et
al. (2007)

"Project
was
underestim
ated"

Yang et al.
(2008)

[Causes of
inaccurate
estimations]
"Lack of
estimation
tools"

Özkaya et al.
(2011)

"effort
collection tools
used in the
organizations"

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Effort data
collection

Topic area

How many
methods are
used to create
an effort
estimate?

What effort
estimation
method or
methods do
you use?

Who
participate in
effort
estimation in
your team?

Is effort data of
past
sprints/tasks
saved?

Formulated
question

"Which kind of
estimation method
was used?
Please select
multiple methods if
a combination of
more than one
method was used."

"Please state the
primary background
of the estimator(s):
Technical
Managerial
Other"

Basten & Mellis
(2011)

Effort
estimation
methods and
processes

Grimstad et al.
(2005)
Hughes (1996)

"How do you
estimate the
cost?"

"Have you
saved the
estimated data
of recent
projects?"

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

[If yes, do
you use
software
metrics for
effort
estimation?]
"If yes, which
particular
techniques
do you use
for effort
estimation?"

"How many
methods do you
apply for a
single
estimation?"

Peixoto et al. Takagi et al.
(2010)
(2005)

"Estimation
technique
used"

"Developer
s had input
to the
estimates"

Verner et
al. (2007)

[Causes of
inaccurate
estimations]
"Estimation
lack
involvement
of
developers"

Yang et al.
(2008)

"Estimation
methods
used"

Özkaya et al.
(2011)

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Topic area

What kind of
information
that is not
available would
be needed for
effort
estimation?

What kind of
information is
used when
doing effort
estimation?

How often are
you doing
effort
estimation?

Why are you
doing effort
estimation?

Why was the
effort
estimation
method
chosen?

Formulated
question

"For what reasons
was this estimation
method chosen?"

Basten & Mellis
(2011)

"What feedback
do you get on the
accuracy of your
estimates?"

"Information
needed[in
estimation]"

"Information used
[in estimation]"

"Frequency of
estimating"

"Reason why
asked to do
estimate"

Hughes (1996)

Effort
estimation
methods and
processes

What kind of
feedback do
you get on the
accuracy of the
estimates?

Grimstad et al.
(2005)

Effort
estimation
methods and
processes

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Topic area

Was there a
risk buffer
applied to the
estimate and if "What was the
so, what was
project's risk
it?
buffer?"

What was the
estimate for
the latest task
you were
estimating,
excluding a risk
buffer if it was
used?

What are the
effort
estimates used "What was the
for?
estimate used for?"

How do you
think the effort
estimates could
be improved?

Formulated
question

Basten & Mellis
(2011)

Effort
estimation
methods and
processes

What was the
actual effort
needed to
"What was the
finish that task? actual effort?"

"What was the
planned effort?
Planned effort
means the effort
that was most likely
to be used
(excluding any risk
buffers)."

Effort
estimation
methods and
processes

Grimstad et al.
(2005)
Hughes (1996)

"list the things
that would most
help to produce
better estimates"

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

"Where are
estimates
used?"

Özkaya et al.
(2011)

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Topic area

Accuracy is
appreciated

Were the
effort
estimates in
the last sprint
good and why?

In case of
deviations
between
estimated and
actual effort in
the last sprint
and from your
point of view,
why did the
deviations
occur?

Formulated
question

"In case of
deviations between
estimated and
actual effort and
from your point of
view, do
you think the
estimate was a
"good" one?
Please state shortly
why you think so!"

"In case of
deviations between
estimated and
actual effort and
from your point of
view,
why did the
deviations occur?"

Basten & Mellis
(2011)

Grimstad et al.
(2005)
Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

[How common
is that]
"Accurate
estimates are
awarded"

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

"Estimates
of effort
and
schedule
were good"

Yang et al.
(2008)

Özkaya et al.
(2011)

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Topic area

At what level
the estimation
is done?

Is that the right
time to make
an estimate
that you
commit to?

At which
development
stage do you
make the
estimate you
commit to?

Initial estimate
is expected to
be correct

Formulated
question

Basten & Mellis
(2011)

Grimstad et al.
(2005)
Hughes (1996)

[How common
is that] "First
estimates are
expected to
correspond to
the end result
(actuals)"

"Generally, at
which point of
time in the
project were
you asked for
the first binding
cost
estimation?"
"In your
opinion, is this
the right point
of time for a
binding
estimation?"

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

"Stages in
which effort
estimates are
made"

Levels of
prediction(
System/Com
ponent/Task/
Both task and
component)

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

"At what
software
developmen
t phases
does your
organization
usually
make cost
estimations?
"

Özkaya et al.
(2011)

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Topic area

Have you
received
training on the
effort
estimation
method used?

Are the effort
estimation
method and
process used in
your team
appropriate
and why?

How accurate
do you think
the estimation
method you
use is?

Are effort
estimates
presented as
one value or as
a range?

Formulated
question

Basten & Mellis
(2011)

Grimstad et al.
(2005)
Hughes (1996)

[How common
is that] "Point
estimates are
used instead
of intervals"

"Please judge
the estimation
methods in
term of the
result accuracy
estimation"

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

"Problems
with the
reported
estimation
method"

Peixoto et al. Takagi et al.
(2010)
(2005)

"Is the
estimation
process used
appropriate?"

"Training
experience
with
estimation
technique"

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Topic area

How much
effort do you
think the used
effort
estimation
method
requires?

Formulated
question

"Do you use
them [previous
estimates] for
new
estimations?"

"Please judge
the following
estimation
methods by the
effort necessary
for the
estimation."

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Effort
estimation
methods and
processes

Are previous
estimates used
when creating
new estimates?

"Who is the
core person
involved in
estimation in
your
company?"

Hughes (1996)

Effort
estimation
methods and
processes

Is there a
specific person
who works as a
"core
estimator" in
your team?

"How long that
person involves
in estimation
process?"

Grimstad et al.
(2005)

Effort
estimation
methods and
processes

How much time
does the core
estimator
spend on effort
estimation?

Basten & Mellis
(2011)

Effort
estimation
methods and
processes

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Topic area

Effort
estimation
methods and
processes

How important
do you think
software
development
effort
estimation is?

What method
does the core
estimator use?
What size
measure is
used to
measure the
size of the
tasks?

Formulated
question

Effort
estimation
methods and
processes

Are you
satisfied with
the way effort
estimation is
done in your
team?

Effort
estimation
methods and
processes

Effort
estimation
methods and
processes

Basten & Mellis
(2011)

Grimstad et al.
(2005)
Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

"What are the
methods used
by that
particular
person?"
Subquestion: "If
you select
Algorithmic
Model, please
choose the
model used?"

"What is your
size measure?"

Peixoto et al. Takagi et al.
(2010)
(2005)

"Insufficient
awareness of
the
importance of
the
estimation"

Verner et
al. (2007)

Yang et al.
(2008)

"The
importance
of software
cost
estimation"

"How are
you satisfied
with the
software
cost
estimation
in your
organization
?"

Özkaya et al.
(2011)

Topic area

Barriers
preventing
applying a
model based
solution

Formulated
question

[How common
is]
"Inadequate
communicatio
n"

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Effort
estimation
methods and
processes

Communication
problems affect
the effort used

[How common
is that]
"Deviations
between
estimates and
actuals are
uncomfortable
to discuss"

Hughes (1996)

Things
affecting
estimates

Discussing
differences
between effort
estimate and
actual effort is
uncomfortable

Grimstad et al.
(2005)

Things
affecting
estimates

Technical issues
are hard to
estimate

Basten & Mellis
(2011)

Things
affecting
estimates

Peixoto et al. Takagi et al.
(2010)
(2005)

"Insufficient
estimation for
the technical
issues"

Verner et
al. (2007)

Yang et al.
(2008)

Barriers or
difficulties
of applying
cost models

Özkaya et al.
(2011)

Things
affecting
estimates

Things
affecting
estimates

Things
affecting
estimates

Topic area

There are not
enough
resources for
effort
estimation

There is
pressure from
management
to lower/set
the effort
estimates,
which makes
them
inaccurate

Stakeholder
collaboration is
lacking, which
leads to
inaccurate
effort
estimates

Formulated
question

Basten & Mellis
(2011)

Grimstad et al.
(2005)
Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

[How common
is] "Ordering
of too low
estimates"

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

[Causes of
inaccurate
estimations]
"Lack of
stakeholder
collaboratio
n"

[Causes of
inaccurate
estimations]
"Pressure
from senior
manager
and client to
set or
change the
estimation
results"

[Causes of
inaccurate
estimations]
"Not enough
resource for
estimation"

Özkaya et al.
(2011)

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Formulated
question

[Causes of
inaccurate
estimations]
"Not
efficient
historical
projects"

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Topic area

There is no
history data
from past tasks,
sprints or
projects

[Causes of
inaccurate
estimations]
"Lack of
product risk
assessment"

Hughes (1996)

Things
affecting
estimates

There is no risk
assessment

[Causes of
inaccurate
estimations]
"Lack of
appropriate
software
cost
estimation
methods
and
process"

Grimstad et al.
(2005)

Things
affecting
estimates

There is a lack
of appropriate
effort
estimation
methods and
processes

Basten & Mellis
(2011)

Things
affecting
estimates

Özkaya et al.
(2011)

Things
affecting
estimates

Things
affecting
estimates

Things
affecting
estimates

Topic area

Estimates are
based on
budget

Other projects
affect
development
and lead to
delays

Cost control
planning is
lacking

Formulated
question

Personal
agendas affect
effort
estimation

Changes to
requirements
lead to reRequirements estimation

Things
affecting
estimates

Basten & Mellis
(2011)

"Did change
requests lead to reestimation during
the project?"

Grimstad et al.
(2005)

"The project
were delayed by
projects running
in parallel"

Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

[How common
is that]
"Estimates are
based on
budget"

[How common
is that]
"Personal
agendas affect
the estimates"

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

[Causes of
inaccurate
estimations]
"Lack of cost
control
according to
plan"

Özkaya et al.
(2011)

Things
affecting
estimates

Topic area

Effort is
underestimate
d to make ideas
look good

Organizational
agendas affect
effort
estimation

Formulated
question

[How common
is] "Increase of
estimates to
avoid
functionality"

[How common
is that]
"Decrease of
estimates to
sell ideas"

[How common
is that]
"Organizationa
l agendas
affect the
estimates"

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Things
affecting
estimates

Tasks or
projects are
overestimated
to avoid doing
them

[How common
is]
"Increase/decr
ease prior to
negotiations"

Hughes (1996)

Things
affecting
estimates

Taking project
negotiations
into account in
effort
estimates

[How common
is] "Increase of
estimates to
ensure not to
overspend"

Grimstad et al.
(2005)

Things
affecting
estimates

Effort
estimates are
increased "just
in case" to not
exceed them

Basten & Mellis
(2011)

Things
affecting
estimates

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Formulated
question

[How common
is] "To keep
sustainable
work pace"

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Topic area
Effort
estimates take
into account
sustainable
work pace

[How common
is] "Hiding
smaller
projects or
functionality in
estimates for
larger
projects"

Hughes (1996)

Things
affecting
estimates

Smaller tasks
are hidden
inside bigger
tasks

Grimstad et al.
(2005)

Things
affecting
estimates
Luck or bad
luck
significantly
affected the
outcome of the
sprint/task/proj
ect

Basten & Mellis
(2011)

Things
affecting
estimates
Job securing is
considered in
effort
estimates

"Luck or bad luck
had a significant
impact on the
outcome of the
project"

Things
affecting
estimates
Staff leave and
training
participation
etc. are taken
into account in
effort
estimates

[How common
is] "Job
securing"

Things
affecting
estimates

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

"Staff leave
was taken
into
account"

Yang et al.
(2008)

Özkaya et al.
(2011)

"When I work
on many small
tasks, I may
record them as
a single task,
even if the task
descriptions do
not match."

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Formulated
question

[Causes of
inaccurate
estimations]
"Hard to
assess the
ability of
developers"

Hughes (1996)

Topic area
It is hard to
evaluate the
skill level of
developers,
which leads to
inaccurate
effort
estimates

[Causes of
inaccurate
estimations]
"other
causes
(Open
question)"

Grimstad et al.
(2005)

Things
affecting
estimates

What other
causes of
inaccurate
effort
estimates are
there?

Basten & Mellis
(2011)

Things
affecting
estimates

Özkaya et al.
(2011)

Effort data
collection

Topic area

How would you
rate the
importance of
following
variables to be
used in an
effort
estimation
model?
System size,
System
complexity,
Developer
experience,
Developer
tools,
Developers'
methodology,
Team size

Formulated
question

Basten & Mellis
(2011)

Grimstad et al.
(2005)
Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

"Variables to
be
considered in
a predictive
model of
effort
(Answer
options "not
important",
"Could be
included",
"Should be
included",
"Must be
included")
System size,
System
complexity,
Developer
experience,
Developer
tools,
Developers'
methodology
, Team size"

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Formulated
question

"effort
collection
frequencies"

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Topic area

How often is
the actual
effort used on a
task reported
to a system in
order to collect
effort data?

"the purpose of
effort
collection
within the
organization"

Hughes (1996)

Effort data
collection

Why is effort
data collected?

"I may be
unable to
record my
effort data
accurately as I
work for
multiple tasks
at a time."

Grimstad et al.
(2005)

Effort data
collection

Working on
multiple tasks
at the same
time affects
reporting of
effort data
accurately

Basten & Mellis
(2011)

Effort data
collection

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Formulated
question

"I think that the
collected effort
data is also
used for
evaluating my
performance.
Therefore, I
might alter the
values while I
am recording
my effort
data."

Hughes (1996)

Topic area

I report
inaccurate
effort data to
make my
performance
look better

"In certain
specific
situations such
as project
deadline,
project
milestone,
progress billing,
auditing, etc. I
might be
expected to
alter my effort
data or record
the effort spent
on a task under
another one."

Grimstad et al.
(2005)

Effort data
collection

Effort data is
reported
inaccurately to
make the
project look
better

Basten & Mellis
(2011)

Effort data
collection

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Formulated
question

"Difficulties
experienced in
gathering effort
data"

Hughes (1996)

Topic area

Are there
difficulties in
collecting effort
data and if so,
what are they?

"suggestions
for more
accurate effort
data collection
methods"

Grimstad et al.
(2005)

Effort data
collection

How could
effort data be
collected more
accurately?

Basten & Mellis
(2011)

Effort data
collection

"suggestions on
any additional
information
that should be
gathered about
work while
gathering effort
data"

[Causes of
inaccurate
estimations]
"Requireme
nts are
volatile"

What kind of
effort data
should be
collected that is
not collected at
the moment?

"The
requirement
specification
were frequently
expanded"

Effort data
collection

Requirements
changed during
Requirements development

Basten & Mellis
(2011)

Grimstad et al.
(2005)

"Clarifications
made by the
client were later
changed so that
work had to be
re-done or
thrown away"

Formulated
question

Requirements
Requirements are unclear

"Unforeseen
tasks occurred
frequently"

Topic area

Forgotten or
unforeseen
subtasks that
were not taken
into account in
effort
estimation are
encountered
Requirements frequently

Overlooked
risks cause
inaccurate
effort
Requirements estimates

Requirements
are detailed
appropriately
considering
effort
Requirements estimation

Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

[How common
are]
"Overlooked
tasks and
risks"

[How common
are]
"Overlooked
tasks and
risks"

Peixoto et al. Takagi et al.
(2010)
(2005)

"Insufficient
estimation for
the implicit
requirements"

Verner et
al. (2007)

"Estimation
done with
appropriat
e
requiremen
ts info"

Yang et al.
(2008)

[Causes of
inaccurate
estimations]
"Requireme
nts are
unclear"

[Causes of
inaccurate
estimations]
"Lack of risk
assessment
and
managemen
t"

Özkaya et al.
(2011)

Topic area

Formulated
question

How many
entities in an
entity
relationship
diagram (ERD)
would you
regard as best
suiting the
following
descriptions of
the size of a
system?
SMALL
MEDIUM
Miscellaneous LARGE

Basten & Mellis
(2011)

Grimstad et al.
(2005)
Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)
"How many
entities in an
entity
relationship
diagram
(ERD) would
you regard as
best suiting
the
following
descriptions
of the size of
a system?
SMALL
MEDIUM
LARGE"

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Topic area

Formulated
question

How many
modules (total
of the numbers
of screens,
reports and,
menus) in a
system's
functional
hierarchy
would you
regard as best
suiting the
following
descriptions of
the size of a
system?
SMALL
MEDIUM
Miscellaneous LARGE

Basten & Mellis
(2011)

Grimstad et al.
(2005)
Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)

"How many
modules
(total of the
numbers of
screens,
reports and,
menus) in a
system's
functional
hierarchy
would you
regard as
best suiting
the following
descriptions
of the size of
a system?
SMALL
MEDIUM
LARGE"

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)

Topic area

Formulated
question

How many
years of
experience as a
software
developer
would you
regard as best
suiting the
following
descriptions of
experience?
LOW
AVERAGE
Miscellaneous HIGH

Basten & Mellis
(2011)

Grimstad et al.
(2005)
Hughes (1996)

MacDonell & Magazinius & Mansor et al.
Gray (2005) Feldt (2011)
(2011)
"How many
years of
experience
as a software
developer
would you
regard as
best suiting
the
following
descriptions
of
experience?
LOW
AVERAGE
HIGH"

Peixoto et al. Takagi et al.
(2010)
(2005)

Verner et
al. (2007)

Yang et al.
(2008)

Özkaya et al.
(2011)
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Appendix B

Questionnaire

This survey is a part of a Master’s thesis about software development effort estimation
within the feature teams working on L2 in Oulu. The aim of the survey is to determine
what is the current state of effort estimation in the feature teams, meaning how the
effort of the tasks under development is estimated, how accurate the estimates are and
what kind of things affect both the estimates and the actual effort needed to finish a task.
Based on the current state I will then present possible suggestions for improvement in
my thesis.
In this survey the effort estimation is considered on the level of task estimation within
the teams. As such, when answering the questions, think how effort estimation is done in
your team. Other levels of effort estimation, such as product or project level estimation,
are outside the scope of this study. Actual effort is used to refer to the actual effort that
was needed to finish the task.
The answers to the survey are anonymous. Answering to the survey should take 15-25
minutes and there are at most 7 pages in the survey with varying amount of questions
based on your answers. The survey is open until 1.2.2016. Please answer to the survey,
as the more answers there are the better.
Using the back button in your browser to go back to previous page of the survey is not
advised, as it may lead to a save conflict and not being able to finish the survey.
If you have any questions related to the survey or my thesis, you can email me at
juho.leinonen@nokia.com.

Answerer background
1. What is your current role in the company?
• Open question (Single line)
2. How many years have you worked in your current role in the company? If you
use decimals, please use ”.” as a separator.
• Open question, number of years (Number)
3. How many years of work experience do you have in software industry? If you use
decimals, please use ”.” as a separator.
• Open question, number of years (Number)
4. How many years have you been participating in software development effort estimation? If you use decimals, please use ”.” as a separator.
• Open question, number of years (Number)

Last sprint
1. Were effort estimates exceeded in the last completed sprint and if yes, how large
was the overrun? (single selection)
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•
•
•
•

Overrun of 20% or less
Overrun of 21-50%
Overrun of above 50%
Estimates were not exceeded

2. Were the effort estimates in the last sprint good?
• Yes
• No
3. In case of deviations between estimated and actual effort in the last sprint and
from your point of view, why did the deviations occur?
• Open question (Multiple lines of text)

Effort estimation methods and processes
1. What effort estimation methods do you know? (multiple selection)
• Planning Poker
• Expert judgment
• Regression (regression based methods, including most algorithmic models;
e.g., COCOMO)
• Analogy (analogy- and case-based reasoning; e.g., analogy with different
projects)
• Work breakdown (WBS-based and other activity decomposition-based methods)
• Function Point (methods based on function points, feature points, or use case
points)
• CART (methods based on classification and regression trees)
• Simulation (simulation-based/derived models; e.g., Monte Carlo Simulation)
• Neural Network (methods based on artificial neural networks)
• Theory (theory derived models; e.g., SLIM)
• Bayesian (Bayesian or Markov-based estimation models)
• Other(s):
2. In general, are software metrics used to measure software development in your
team? (single selection)
• Yes
• No
3. Only if question 2 was answered yes: Are software metrics used for effort estimation in your team? (single selection)
• Yes
• No
4. Are tools used in effort estimation in your team? (single selection)
• Yes
• No
5. Only if question 4 was answered yes: What tools are used and how?
• Open question (Multiple lines of text)
6. Who estimate the effort of the tasks of your team? (multiple selection)
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•
•
•
•
•

Single team member
Some team members
Whole team
Manager(s)
Other

7. Do you participate in effort estimation in your team? (single selection)
• Yes
• No
8. Only if question 7 was answered yes: What effort estimation method or methods
do you use? (multiple selection)
• Planning Poker
• Expert judgment
• Regression (regression based methods, including most algorithmic models;
e.g., COCOMO)
• Analogy (analogy- and case-based reasoning; e.g., analogy with different
projects)
• Work breakdown (WBS-based and other activity decomposition-based methods)
• Function Point (methods based on function points, feature points, or use case
points)
• CART (methods based on classification and regression trees)
• Simulation (simulation-based/derived models; e.g., Monte Carlo Simulation)
• Neural Network (methods based on artificial neural networks)
• Theory (theory derived models; e.g., SLIM)
• Bayesian (Bayesian or Markov-based estimation models)
• Other(s):
9. Only if question 7 was answered yes: Why was the effort estimation method chosen? (multiple selection)
•
•
•
•
•
•
•
•
•

Success with method
Consultant advice
Thorough testing
Structured analysis
Lectures at universities/colleges/courses
Review of other companies’ experiences
Market popularity
Not known
Other:

10. Only if question 7 was answered yes: Why are you doing effort estimation? (multiple selection)
•
•
•
•
•
•

Familiarity with the application area
Responsibility for the job
Designated to implement software that is being estimated
Familiarity with the work content
Whole team participates in effort estimation
Other

11. Only if question 7 was answered yes: How often are you doing effort estimation?
(single selection)
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•
•
•
•
•
•

Weekly
Monthly
Every 2 months
Every 3 months
Every 6 months
Every 12 months

12. Only if question 7 was answered yes: What kind of information is used when
doing effort estimation? (multiple selection)
• Open question (Multiple lines of text)
13. Only if question 7 was answered yes: What kind of information that is currently
unavailable would help in effort estimation?
• Open question (Multiple lines of text)
14. Only if question 7 was answered yes: Are previous effort estimates used when
creating new estimates? (single selection)
• Yes
• No
15. Only if question 7 was answered yes: What kind of feedback do you get on the accuracy of the effort estimates from parties interested in them, for example product
owners or line managers?
• Open question (Multiple lines of text)
16. Only if question 7 was answered yes: How accurate do you think the effort estimation method you use is?
• Likert scale 1-5 not accurate at all - very accurate
17. Only if question 7 was answered yes: How much effort do you think the used
effort estimation method requires?
• Likert scale 1-5 no effort at all - very much effort
18. Only if question 7 was answered yes: Have you received training on the effort
estimation method used? (multiple selection)
•
•
•
•

Formal training
Informal training
Self-study
I have not received training

19. What are the effort estimates used for? (multiple selection)
• Project-level planning and control, e.g. effort or schedule distribution among
development phases
• Short-term planning and control, e.g. weekly or monthly team work plan
• Software process improvement, e.g. assess new process, improve productivity
• To staff projects
• To audit project success
• To evaluate developers
• Not known
• Other
20. Are effort estimates presented as one value or as a range? (single selection)
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• One value
• Range
21. What measurement unit is used to present effort estimates? (single selection)
•
•
•
•

Hours
Days
Story points
Other

22. Are the effort estimation method and process used in your team appropriate? (single selection)
• Yes
• No
23. Regarding your answer to the previous question, please describe why you think
the used method and process are appropriate or are not appropriate.
• Open question (Multiple lines of text)
24. How do you think the effort estimates could be improved?
• Open question (Multiple lines of text)
25. Is there a specific person who works as a ”core estimator” in your team? (single
selection)
• Yes
• No
26. Only if question 25 was answered yes: What effort estimation method does the
core estimator use? (multiple selection…?)
• Expert judgment
• Regression (regression based methods, including most algorithmic models;
e.g., COCOMO)
• Analogy (analogy- and case-based reasoning; e.g., analogy with different
projects)
• Work breakdown (WBS-based and other activity decomposition-based methods)
• Function Point (methods based on function points, feature points, or use case
points)
• CART (methods based on classification and regression trees)
• Simulation (simulation-based/derived models; e.g., Monte Carlo Simulation)
• Neural Network (methods based on artificial neural networks)
• Theory (theory derived models; e.g., SLIM)
• Bayesian (Bayesian or Markov-based estimation models)
• Other(s):
• Not known
27. How important do you think software development effort estimation is?
• Likert scale 1-5 Very unimportant - very important
28. Are you satisfied with the way effort estimation is done in your team?
• Likert scale 1-5 Very unsatisfied - very satisfied
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Effort data collection
1. Are tools used to track actual effort in relation to estimates in your team? (single
selection)
• Yes
• No
2. Only if question 1 was answered yes: What tools are used to track actual effort
and estimates and how are they used?
• Open question (Multiple lines of text)
3. Only if question 1 was answered yes: Is effort data of past sprints/tasks saved?
(single selection)
• Yes
• No
4. Only if question 1 was answered yes: How often is the actual effort used on a task
reported to a system in order to collect effort data? (single selection)
•
•
•
•
•
•
•
•

Hourly
Daily
Multiple times a week
Weekly
Upon task completion
End of the sprint
Never
Other

5. Only if question 1 was answered yes: Why is effort data collected? (multiple selection)
•
•
•
•
•

Task monitoring
Planning
Performance assessment
Not known
Other

6. Only if question 1 was answered yes: Working on multiple tasks at the same time
affects reporting of effort data accurately (single selection)
• Agree
• Disagree
7. Only if question 1 was answered yes: I report inaccurate effort data to make my
performance look better (single selection)
• Agree
• Disagree
8. Only if question 1 was answered yes: Effort data is reported inaccurately to make
the project look better (single selection)
• Agree
• Disagree
9. Only if question 1 was answered yes: Are there difficulties in collecting effort data?
(single selection)
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• Yes
• No
10. Only if question 9 was answered yes: What are the difficulties in collecting effort
data?
• Open question (Multiple lines of text)
11. Only if question 9 was answered yes: How could effort data be collected more
accurately?
• Open question (Multiple lines of text)
12. What kind of effort data should be collected that is not collected at the moment?
• Open question (Multiple lines of text)

Requirements
This section contains statements about requirements related to the tasks being estimated
1. Requirements often change during development
• Likert scale 1-5 Very untrue - very true
2. Requirements are unclear
• Likert scale 1-5 Very untrue - very true
3. Forgotten or unforeseen subtasks that were not taken into account in effort estimation are encountered frequently
• Likert scale 1-5 Very untrue - very true
4. Overlooked risks cause inaccurate effort estimates
• Likert scale 1-5 Very untrue - very true
5. Requirements are detailed appropriately considering effort estimation
• Likert scale 1-5 Very untrue - very true
6. Changes to requirements lead to re-estimation
• Likert scale 1-5 Very untrue - very true

Influences coming from outside the team
This section contains statements about influences coming from outside the team that
could affect either the effort estimates or the actual effort
1. Stakeholders are committed to the effort estimates
• Likert scale 1-5 Very untrue - very true
2. Stakeholder collaboration is lacking, which leads to inaccurate effort estimates
• Likert scale 1-5 Very untrue - very true
3. Accuracy is appreciated
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• Likert scale 1-5 Very untrue - very true
4. There is pressure from management to lower/set the effort estimates, which makes
them inaccurate
• Likert scale 1-5 Very untrue - very true
5. Other projects affect development and lead to delays
• Likert scale 1-5 Very untrue - very true
6. Organizational agendas affect effort estimation
• Likert scale 1-5 Very untrue - very true

Things affecting estimates
This section contains statements about things that could affect the effort estimates or the
actual effort
1. Communication problems affect the effort used
• Likert scale 1-5 Very untrue - very true
2. Discussing differences between effort estimate and actual effort is uncomfortable
• Likert scale 1-5 Very untrue - very true
3. Technical issues are hard to estimate
• Likert scale 1-5 Very untrue - very true
4. There are not enough resources for effort estimation
• Likert scale 1-5 Very untrue - very true
5. There is no history data from past tasks, sprints or projects
• Likert scale 1-5 Very untrue - very true
6. There is a lack of appropriate effort estimation methods and processes in our team
• Likert scale 1-5 Very untrue - very true
7. Personal agendas affect effort estimation
• Likert scale 1-5 Very untrue - very true
8. Effort estimates are increased ”just in case” to not exceed them
• Likert scale 1-5 Very untrue - very true
9. Smaller tasks are hidden inside bigger tasks
• Likert scale 1-5 Very untrue - very true
10. Staff leave and training participation etc. are taken into account in effort estimates
• Likert scale 1-5 Very untrue - very true
11. It is hard to evaluate the skill level of developers, which leads to inaccurate effort
estimates
• Likert scale 1-5 Very untrue - very true
12. What other causes of inaccurate effort estimates are there?
• Open question (Multiple lines of text)

