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Abstract

In recent years, agile methods of software development
have gained a lot of attention in the field of software engi-
neering. Several estimation techniques have been proposed
by several authors and developers in recent years. This
paper performs a Systematic Literature Review aiming to
identify the most used metrics e/or methods in the develop-
ment of agile software and the most used size metrics re-
garding effort estimates, deadlines and costs in a planning
of agile software project. The results suggest that Planning
Poker is the most popular technique for agile teams in the
planning phase, Story Point and Point of Function are the
most used metrics in agile projects for estimating size, time,
effort, productivity and cost.

Keywords: Agile Software Development; Software
Estimates; Software Metrics; Story Point; Planning Poker.

1. Introduction

The concept of agile development was proposed in 2001
by the Agile Team, and then several software development
teams and companies recognized and accepted the concept,
so its use gradually increased in software projects [ 1.

The methods for agile software development are a set of
practices that have been created by experienced profession-
als. These methods can be seen as a reaction to the tradi-
tional method of development, which emphasizes a ratio-
nalized, engineering-based approach stating that problems
are fully specifiable, and that, optimal and predictable solu-
tions exist for any kind of problem [2].

Software metrics are often used to understand, control
and improve what is done and how it is done in a software
development process. Some of the motivations for using
metrics are: project planning and estimation, project man-
agement and follow-up, quality understanding and business
objectives, communication, processes, and improved tools
for software development [3]]. Thus, the measurement is
applied in the process of software development or attributes
of a product with the objective of improving it continuously.
This technique used throughout the software development
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project assists in estimating, quality control, productivity
assessment and project control [4].

When estimating effort, duration, and cost of software
development projects, software size is a prerequisite. The
functional size of the software to be delivered is a solid basis
for estimating a software development project, and one of
the most common ways of obtaining the functional size of
software is through Function Point Analysis (FPA).

Combining the size of a system, in function points for ex-
ample, with other metrics, allows the accomplishment of es-
timates for the development project and definition of a plan
of actions focused on meeting the goals [5]]. The success
of agile software development and estimates still continue
to challenge current projects and organizations. Despite the
importance of metrics and estimates for software develop-
ment projects, research related to the theme in the context
of agile projects still remains scarce, making estimates and
planning inefficient and/or imprecise [6].

The main contribution of this paper is to identify which
methods and metrics are considered more adequate for esti-
mating agile software development.

2. Planning and Estimating Software Projects

The basis for software metrics was established in the
1970s. The first article on the subject was published in
1968 [7]]. From these works, more work and interesting re-
sults emerged.

Measurements were mainly created to ensure that indica-
tives could be obtained for optimization of production costs,
since in the 1990s billions of dollars were spent on software
that did not meet the needs of companies at the time [4]].

When calculating metrics, you can refine one of the most
important tasks of Project Management, which is planning.
According to [4], software measurement makes possible a
better understanding of the software engineering process
and the product (which it produces) to managers and pro-
fessionals. Using direct and indirect measures, productiv-
ity and quality metrics can be defined. It is also possible
to identify the estimated effort, cost and time for a project
project.

Estimation is one of the main activities of software plan-
ning. They provide data that allows you to predict the time
required and the costs of the project. It is not possible to
prepare a schedule and budget without the use of estimates.



Estimates are performed based on metrics. With the ap-
plication of estimates it is possible to collect metrics that
allow to predict the amount of people needed, the time re-
quired and the costs for the development of the project.
”Thus, it becomes important to invest in the implementation
of an estimation process” [8]. Size, duration, productivity,
and effort metrics are the most commonly used [9]].

2.1 Planning and Estimating Agile Software Projects

Agile methodologies propose a large set of techniques
for estimating and planning projects, especially in terms of
non-algorithm-based models [10], [11]. Most agile esti-
mation techniques focus on the use of User Stories (US).
User Stories were first introduced by eXtreme Program-
ming (XP) [12] and then popularized by [[10].

There are several techniques for estimating agile soft-
ware projects, however the ones that will be discussed here
are: Planning Poker [[10]], and Ideal Day [[13].

2.1.1 Planning Poker

Estimates are limited to specific numbers (each number is
written in a card). Each member is holding a deck of Plan-
ning Poker cards with values like O, 1, 2, 3, 5, 8, 13, 20,
40 and 100, which is the sequence that are more popu-
lar [14], [15]. However, it is not a standard. Each value
represents the number of story points [16] which the team
estimates. Story points are the most common unit of mea-
sure used for estimating the effort involved in completing a
user story or resolving an issue.

Story points refer to customer requirements and describe
specific functionalities. When the feature has been fully dis-
cussed, each estimator privately selects one card to repre-
sent his or her estimate. If they are all the same, the func-
tionality receives the estimate; If not, members proposing
the highest and lowest estimates explain their points of view
and new rounds are played until a consensus is reached. So
the team predicts the speed (the number of points they can
deliver in an iteration, through historical data, a test iteration
or an educated guess) and down the length of the iteration.
The number of iterations is obtained by dividing the total
number of points by velocity. Likewise, the project dura-
tion is calculated by multiplying the number of iterations
by size.

2.1.2 Ideal Day

Widely used in Agile Software Projects, Ideal Day corre-
sponds to the amount of work that a professional in the area
can complete in a day of work [[13]], [[17].

The speed is calculated from the number of hours the
team spends to implement a work equivalent to an Ideal
Day [18]). If the item goes through a day of work, it is sug-
gested to decompose this item into smaller items that can be
implemented in just one day. According to [18]], calculate

the estimated days use the following formula:

IED

DE = I TEDREAL

At where: DE: represents the estimated number of days
to complete the task; IED: represents the time needed to
implement the item. This deadline is defined by the team;
IEDREAL: represents the percentage that indicates the es-
timate of how much time of day the developer will be dedi-
cated to the implementation of the item.

3 Systematic Literature Review

The objective of the systematic review [19] was to iden-
tify scientific works that present methodologies and metrics
solutions for agile software development methodologies to
identify: Common project measurement and control prac-
tices; Size metrics used; Research trends in agile develop-
ment; and Open questions and research topics related to im-
proving the estimates of agile development projects. The
research was performed in four steps:

e Step 1: Perform automatic search and manual in or-
der to identify a preliminary list of studies. Duplicate
studies were discarded. The |StArt tool was used as
support for the documentation, extraction and structur-
ing of the primary studies.

e Step 2: Identification of potentially relevant studies,
based on title and abstract analysis, discarding studies
that are clearly irrelevant to the research. If there was
any doubt about a study regarding its inclusion or ex-
clusion, the next step was to check whether the study
was relevant or not.

* Step 3: Selected studies in previous steps were re-
viewed by reading the introduction, methodology sec-
tion and conclusion and applying the inclusion and ex-
clusion criteria. If reading the above items was not
enough to make a firm decision, the study was read in
its entirety.

e Step 4: thus, a list of primary studies was obtained
and subsequently subjected to critical examination us-
ing the criteria established.

In order to characterize the methods for estimating agile
software projects, two different questions were formulated:

¢ RQ.1. What are the metrics and methods used to make
effort estimates, deadlines, and costs for agile software
project planning?

¢ RQ.2. Function point metrics can be used to make esti-
mates of effort, deadlines, and costs for agile software
planning? If so, is it the most appropriate estimate?
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The search string definition was based on the population,
intervention, comparison and the result [20]. Population:
The population is the agile software development. To search
the population, the keyword ”Agile Software Development”
were used. Intervention: The intervention is to estimate
effort, cost, time and to identify how the Function Points
Analysis is performed in agile software projects. Therefore,
the terms: metric, prediction, estimation and function points
were considered. Comparison: The focus of the study was
not limited to comparative studies. Therefore, the compar-
ison was not considered in the research strategy. Result:
The main focus is for the research for estimation metrics
and methods that are used in scientific studies and/or indus-
try, as reported by researchers. Thus, the research contained
words like empirical, validation, evaluation, etc.

3.1 Study Selection Criteria

The following selection criteria were defined for the se-
lection of primary studies:

1. The year of publication of the studies should be be-
tween 2007 and 2018. However, classical sources with
definitions (books with classical concepts or pioneer-
ing articles) were also considered.

2. Works that propose methods or metrics to realize esti-
mations and agile software projects planning.

3. The work has reference to software metrics and func-
tion points in agile development.

As criterion of exclusion of the studies was considered
the non-fulfillment of some of the inclusion criteria, as well
as:

1. Works that do not propose methods and metrics to re-
alize agile software projects estimations.

2. Duplicated works or published as Short Paper.

3.2 Results

The Systematic Literature Review (SLR) is a form of
secondary study that aims to identify and analyze the rel-
evant research for a given research question [21]. As a re-
sult, a total of 291 papers were found. After applying the
inclusion criteria, 27 primary studies were classified.

In summary, in the first stage, where the search string
was inserted in the digital libraries, a total of 291 articles
were obtained. In the second stage, the results were filtered
by reading their title, abstract, and keywords, and a total
of 189 articles were selected. In the fourth stage, another
filter was applied, through the complete reading of the ar-
ticle, with the object of finding the answers to the research
questions. After this stage, 22 articles had been chosen to
answer the research questions.

In addition to the 22 studies selected in the automatic
search, 5 other studies were selected through manual search.
After finishing the 3 analysis stages, 27 articles had been
selected for data extraction. Table 1] shows all the selected
papers.

The results of the SLR according to each defined re-
search question were: RQ.1: The most appropriate estima-
tion model for agile projects is Story Point [36]. Thereby,
it has been realized that Planning Poker is one of the most
popular techniques for agile teams in planning and estimat-
ing effort before starting each iteration.

The size estimation techniques are grouped together with
the effort estimation techniques, because within the context
of agile development, effort estimation is often derived from
Velocity estimates and calculations [36] and [35]]. The Ex-
pert Judgment and Use Case Points technique are also fre-
quently used estimation techniques in the context of agile
software development. The techniques of estimating effort
in the agile context and its occurrence in the selected works:
Expert Opinion - 8; Estimate based on model (COCOMO,
etc.) - 5; Planning Poker - 11. Use-Case Points - 3; Custom
Templates - 2; Number of Lines of Code - 4; Fuzzy based
Framework for Estimation - 1.

Through the number of Story Points and Velocity of the
development team you can calculate the term of develop-
ment of a certain functionality [36]. For example, if the
total number of Story Points for the desired functionalities
is 200 and the Velocity of the team is 20, then it can be con-
cluded that the team will need 20 iterations to complete the
development of the respective functionalities. However, the
User Story Point (USP) is not objective and can not define a
standard practice for estimating the size and complexity of
the software [25]].

Innovative work has been identified in the area of agile
project estimates. The paper [27] for example, proposes a
structure that depends on the use of fuzzy logic and aims
to help in the production of accurate estimates. In the pa-
per presented by [23] it is proposed to modify the Use-
Case-Points (UCP) method to make it suitable for agile soft-
ware development by naming this new version for interac-
tive UCP version (iUCP).

The work proposed by [38] presents a proposed model
of effort prediction caused by changes in software require-
ments. The model integrates the analysis of the impacts of
the changes with the COCOMO effort estimation model to
improve the precision of the effort estimates from changes
in agile software development projects.

The Bayesian Network model was proposed to help agile
project managers estimate project effort. It is a graphical
model that describes the probabilistic relations between the
related variables [47]].

According to the works analyzed, Story Points is the
most used size metric to carry out the estimations of agile



Table 1: Selected Papers for Data Extraction

Number | Tittle Author

1 Measuring and predicting software productivity: A systematic map and review 2] |
2 iUCP: Estimating Interactive-Software Project Size with Enhanced Use-Case Points 23] |
3 Enhancing Quality in Scrum Software Projects 4] |
4 On the Current Measurement Practices in Agile Software Development 5] |
5 Survey on agile metrics and their inter-relationship with other traditional development metrics 6] |
6 Towards a Fuzzy based Framework for Effort Estimation in Agile Software Development 271 |
7 Function Points, Use Case Points, Story Points: Observations From a Case Study. [28?
8 Estimating, planning and managing Agile Web projects under a value-based perspective 29] |
9 Effort, duration and cost estimation in agile software development [30?
10 Cost and effort estimation in agile software development B1] |
11 How is effort estimated in agile software development projects? B32] |
12 Identification of inaccurate effort estimates in agile software development B3] |
13 Effort estimation in Agile software development: A survey on the state of the practice 34] |
14 Effort estimation in Agile Software Development: A systematic literature review 35] |
15 Model-based dynamic cost estimation and tracking method for agile software development 36] |
16 NORPLAN: Non-functional requirements planning for agile processes B7] |
17 Predicting effort for requirement changes during software development 38] |
18 Method for personal capability assessment in agile teams using personal points 39] |
19 Understanding and improving effort estimation in agile software development [40] |
20 Agile metrics for a university software engineering course "SI
21 Applying Software Metrics with Scrum [42] |
22 On using planning poker for estimating user stories 5] |
23 Efficiency factor and risk factor based user case point test effort estimation model [43] |
24 Empirical validation of three software metrics suites to predict fault-proneness of object-oriented [44) |

classes developed using highly Iterative or agile software development processes

25 Does the use of Fibonacci numbers in planning poker affect effort estimates? [45] |
26 Improving the user story Agile technique using the INVEST criteria [46] |
27 Bayesian network model for task effort estimation in agile software development 47 |




projects, however it can also be verified that Function Points
are still widely used, often being combined with other met-
rics.

RQ.2: Function point metrics can be used to make esti-
mates. A dynamic cost estimating model for agile software
projects can be used, namely, it has the ability to adapt dur-
ing the development process and with changes in require-
ments [36]]. This model adopts function points such as esti-
mation metric and a tracking algorithm, the project time es-
timating the size of the functionalities using function points
and calculating the cost to derive the duration of the project.

To derive the project plan, three procedures are per-
formed. 1. The project team calculates the function points
of the desired functionalities; 2. The estimation model,
which is composed of the remaining function points, is gen-
erated; 3. The project team develops a plan for the release,
iteration, and delivery using estimated cost metrics, such as:
people per month and number of lines of code.

Although some papers suggest adaptations of tradi-
tional models for estimating and measuring agile software
projects, one of the weaknesses of agile communities may
still be the failure to estimate and measure projects using
standard metrics such as function points that are largely
known and used within the industry, but which cover only
the functional requirements (Jones 1998), different from
Story Points, for example, that do not correspond to a soft-
ware size and not even the actual effort, but to estimates
(not measurement), and that cover the functional and non-
functional requirements.

Some selected studies also state that Point of Function is
not suitable for estimating agile projects because of their
granularity and insufficient support for feedback and re-
quirements change. Therefore, they firmly support the idea
that companies that work in a traditional or agile way col-
lect traditional measures of size (such as Function Points)
for portfolio management, project management and bench-
marking; and that companies working according to an agile
method also do this, in addition to collecting size measures
in an agile-size metric (such as Story Points) for estimation
purposes.

4. Conclusions and Future Work

Through the execution of this work, it was possible to
perceive the relevance of size, effort, cost and time esti-
mates in the context of agile software development, and
therefore, methods and estimation metrics have been in-
creasingly discussed in scholarly works that seek the best
and most precise metrics used in a given agile context.

Through the Systematic Review of Literature (SLR) it
was possible to identify the methods and the main size met-
rics used in estimations in the context of agile software de-
velopment. Among the most used techniques are: Planning
Poker, Expert Opinion and Function Point Analysis. The
most used metrics for estimates are Story Points and Func-

tion Points.

The primary studies identified in the SLR showed that
the methods and the metrics for estimates are mostly applied
to a given context of agile development with adaptations in
order to fit the project in question. Thus, it can also be con-
cluded that the estimation metrics must always be adapted
to fit the project context, since each project will have its own
characteristics which influence the result of the estimates.

The case study showed that the estimates using the Func-
tion Points metric had deviation percentages of the actual
values from the estimated values lower than the estimates
made using the Story Points metric. This is due to the fact
that the team has a lot of experience with the use of esti-
mates with the Function Points metric, so the initial values
of the productivity estimates and the hour value of 1 FP
were much closer to the actual value, which consequently
made the rest of the estimates more precise.

However, it is necessary to perform other experiments
using real projects of different characteristics to be able to
affirm with certainty that the Function Points metric is more
accurate than the Story Points metric in agile development
projects.
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