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Abstract

Objective: we aim to enhance the agile sizing units to lessen the subjectivity of estimations and the dependency of the
personal experience by introducing factors that would provide a clear basis and estimation guidance for size estimation,
especially Epics estimation yet maintaining the agility of size estimation. Methods/Analysis: we surveyed a number of
approaches that used to estimate software size in traditional software development. However, these size approaches have
limitations and may not be suitable for agile software projects. In agile projects, size is estimated based on the experience
of the team by Story Point (SP). SP is the common sizing unit that is assigned based on the relative size of the User Story.
However, Story Point as it stands is subjective and is not defined in a standard way, and is ill-suited to large projects.
Findings: in this research, we propose a framework and introduce a new sizing unit for estimating Epics called Enhanced
Story Point sizing unit (ESP). Enhanced Story Point is calculated based on three factors affecting size estimation espe-
cially in the early phase of the software projects i.e. requirements phase. These factors are Uncertainty, Functionality, and
Complexity of project requirements. We applied our framework on three case studies that used an agile process in order
to manage their work and each team used Story Points unit as a unit of the project size. We evaluated our results by using
two measures; Effort Variance and Magnitude Relative Error (MRE) for each Epics. Then we compared the results before
and after using our framework i.e. when using SP and ESP. Improvement: an empirical evaluation demonstrates that our
proposed work outperforms traditional estimation by Story Point in effort variance, especially in case of low-experience in
estimation using existing Story Points of the team.
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1. Introduction

Estimating software projects is one of the most important
and essential software development activities and at
the same time, is one of the challenges and complex
processes. An accurate estimation can contribute to
increasing efficiency and improve the performance of

*Author for correspondence

the project?. The most important decisions are taken
at the early stages of software development projects. In
these early stages, requirements are the main source for
estimation. Estimating project basic metrics such as size,
effort, cost, and changes, all depend on requirements>.
Therefore, problems in requirements lead to a project
inaccurate estimation. Many factors and attributes may
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affect project estimation such as uncertainty of the
requirements, complexity, requirements quality and
others. Requirements uncertainty is one of the root
causes of changing requirements. These uncertainties
are increasing in fast-changing markets®. Uncertainty
requirements is natural, especially when the size estimate
is being made early in the development process. Here,
the clients and developers are still negotiating, trying
to determine what needed®. Thus, many attributes can
cause uncertainty in requirements. Five attributes,
which consider encompassing many others attributes are
discussed’.

Knowing and measuring the complexity of the
requirements may also affect estimation value. Software
complexity is a well-known concept within the software
engineering domain. The complexity of requirement
can be measured by many factors such as Input-Output
Complexity (IOC), Functional Requirements (RE),
Non-Functional = Requirements  (NFR), Personal
Complexity Attributes (PCA), Product Complexity (PC),
Design Constraint Impose (DCI), Interface Complexity
(IFC), User/Location Complexity (LCO) and System
Feature Complexity (SFC)°.

Estimating the effort, cost,and duration isanimportant
estimation metrics, which may affect the project success”.
These metrics can be estimated by defining the size of the
project which can be used as an input attribute.

To estimate the size of a software project, various
estimation approaches can be used. We classified these
approaches; Metrics-based
approach such as Line of Code, Functionality-based
approach such as Functional Points (FP), Use Case
Points (UCP) and others. This approach required more
details and attributes to define and estimate the size of
project, which is may not available in the early phase of
development i.e. requirements elicitation. Third approach
is Relative-based approach, which is simple to calculate,
however it depends on estimator’s experience. This
approach is based on the relative comparison between
projects or requirements such as Expert-Judgment,
Analogy, and Story Points (SP). Story Points is a relative
sizing unit, which used to estimate the size of agile
software projects.

approaches into three

Agile requirements may less formal and not always
explicitly denoted as requirements engineering, also the
requirements are not always documented®. Requirements
in agile software projects are written in different terms
based on the level of details: Epics, User Stories, and
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others. Epic is a high-level requirement that is mean
the functionality is not clear and need to be identified.
The Epic is defined as ‘a big User Story, which should be
broken down into smaller User Stories. However, splitting
stories is not a simple task in agile projects®. User Story
is a brief statement that describes the functionality or a
piece of work the system needs to do for the user.

Story Points is a subjective unit for estimating how big
‘size’ of User Story'’. Most agile teams depend on experts’
subjective assessment, which may lead to inaccuracy and
inconsistencies between estimates since metrics based on
Story Points cannot be used to compare teams, projects,
departments or organizations'2. Agile teams used several
techniques to assign SP into User Story such as planning
poker*¢, Team Estimation Game (TEG)Y, T-shirt
technique!® and others techniques®.

In case of estimating Epic, no many research papers
have been discussed how to estimate the Epics. However,
according to teams’ opinions we found that: some teams
use a planning poker technique with its large number 40 or
80Y. Other teams use 20, 40 or 100%. The terms “infinity”
or “too big” are also used?. Some teams use the Low (L),
Medium (M) and High (H)?*2. These opinions do not
base on a clear rule or criteria to guide the estimation
of Epics. Most teams are not recommending estimating
Epics and they ask from manager to split the Epic into
User Stories before the estimation.

In order to improve estimating size in agile software
projects and enhance Story Points sizing unit, several
research papers have been introduced over the years. We
classified these endeavors into three types of enhancement.
First type of enhancement is using Story Points with
some modifications®%. A case study*® was introduced to
estimate size by using Story Point. This study proved that
the Story Point technique could increase the efficiency of
the team. A framework has proposed to enhance the effort
estimation by using Sprint Points instead of Story Points*.
However, Sprint Points are calculated based on the initial
Story Points, then adjusting these SP by applying Sprint
Points approach. The authors in* proposed a Story Point
approach with various optimization techniques, which
2 proposed
a Story Point approach to estimate the effort in agile

used to improve the estimation accuracy. In

software projects. However, this work is not supported
by any case study or any data analysis to evaluate the
performance of this approach.

Second type is enhancement by using Functional
Size Measures (FSM) such as Function Points (FP)>2%%,
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COSMIC? and Use Case Points (UCP)® and others. The
authors in’ examines whether Function Points would
be compatible with Story Points in agile projects. In
proposed a study that used Function Points (FP) in agile
projects and tried to correlate them with Story Points. The
result was as follows: FP is not used to estimate how long
it will take to implement a story or complete a release.
FP correlates poorly with estimated and actual task hours.
Using FP is not as accurate to predict how long it will take
to complete a project already underway.Function Points
sizing unit was used in addition to Story Point to estimate
the effort of a project development?.

In® used the COSMIC method to quantify the
functional size of each User Story in order to enhance
the estimation. They counted the four sub-types (Entry
(E), eXit (X), Read (R) and Write (W) and the sum of it
is returned as the number of COSMIC Function Points
(CFP). Use Case Points technique also used to estimate
User Stories®. They proposed to assign Story Points based
on complexity and time. The complexity of the User
Stories was categorized into three levels easy, moderate
and complex based on the Use Case Points attributes.
However, the time factor is not discussed in detail. This
research was not evaluated by case study.

In*! introduced a comparative study between Function
Points, Case Points and Story Points. They concluded that
Story Points are useful for estimating with historical SP
data, easy to calculate, difficult to validate, low objectivity
and high subjectivity.

Third type of enhancement is using adjustment
factors. The authors in** proposed a model that
incorporates eight factors affecting the cost, size, and
duration of the agile project. Those factors are identified
on the grade of low, medium and large. The sum of these
grades is called as Unadjusted Value (UV). The project is
decomposed into User Stories and a Story Point count is
assigned to each story, and then calculated the New Story
Point (NSP) by adding the UV to the Story Point that
was assigned before. Another study®* addresses factors
that directly impact the agile estimation process, but
these factors are proposed without any specific values or
weights assigned to them.

However, the enhancement using first type is still
human-dependent estimation, which based on the
personal experience. Estimating using second type, will
add more complexity of the calculation and in the same
time, the calculation steps itself may take more time to
complete. And according to the third type, more time was
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spent in the estimation phase and still, the initial SP is
based on the experience of the estimator.

Estimating by Functionality-based approach, have a
set formula and a clear basis to calculate the size of the
requirements of the project. If the agile sizing is lacking
a clear basis, thus the idea of using the basis of objective
sizing units that is used in the traditional approaches as
a reference in agile projects sizing is worth considering.
However, estimators in functionality-based approach
spend a considerable time in estimating the size of the
project. In addition, the exercise of estimation is not
simple*. This complexity and long time needed to estimate
the size of the requirements does not suite the simplicity
and the agility that characterize the agile manifesto and
the agile principles*>%. Thus, there is a need to enhance the
agile sizing units to lessen the subjectivity of estimators
and the dependency of the personal experience of esti-
mators by introducing factors that would provide a clear
basis for size estimation yet maintaining the agility of size
estimation.

2. Proposed Framework

Our overall research goal is to build an estimation
framework to estimate the Epics (big User Stories) and
produces an Enhanced-Story-Point (ESP) as a sizing unit
of Epic size. Thus, our proposed framework can be used
when an Epic has just been created. ESP is based on three
factors that may affect the estimation in the early phase of
life cycle. These three factors are Uncertainty, Functionality,
and Complexity. Each factor has some attributes and is
introduced by a number of steps to get ESP.

Figure 1 shows our proposed framework that we
have designed for enhancing Story Point. The proposed
framework provides detailed steps for estimating the size
of an agile project and provides basis for the estimation
unlike the existing agile estimation techniques. Our
proposed framework has four main steps: First, for
each Epic, rate the uncertainty attributes. Second, for
each Epic, list the Functional Requirements/User Story
then count the functionality. Third, for each Functional
Requirement/User Story, count the complexity. Fourth,
calculate the Enhanced Story Points (ESP).

A brief description of our framework can be
summarized as follows: for each Epic, three main steps
are performed; first, rate the uncertainty attributes
between team members and compute the uncertainty
value. Uncertainty has five attributes that consider the
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Figure 1. Our proposed framework.

reasons for requirements uncertainty. Second, extract
keywords from the Epic by using textual analysis
approach then list it as functional requirements or User
Stories. Third, for each Functional Requirement/User
Story, we calculate the basic factors of the complexity.
These basic factors: input, output, and interface. In the
end, we calculate ESP as a summation of the uncertainty
value with the complexity of the functional requirements.
We will discuss these four steps in detail in the following
section.

Step 1: Rate the Uncertainty Attributes

We use five attributes of the requirement uncertainty to
measure the uncertainty in the each Epic. In this step,
we define five values i.e., 1-5 for each attribute, 1 is less
uncertain and 5 are more uncertain. For each Epic, team
members follow some steps to calculate the uncertainty
value as follows:

1. Each member of the team chooses one value based on
his/her expectations and experience

o For example, the attribute “Product vision &
strategy clarified”; the developer rates it as 2" and
tester said that he thinks it is ‘3, another member
gives it ‘3’.

2. All the team members will discuss to agree on one
value for each attribute.

o For example, the attribute “Product vision and
strategy clarified’, after discussion all team members
reach value 3. The Delphi technique®” can be used for
this step.

3. Sum all the index as Certainty Index (CI)
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CI=3 Index (1)

Step 2: Count the Functional Requirement (FR)

Epics are written with little details of functionality so
the functional requirements may not be clear for the
team especially in the first meeting. Therefore, we apply
a Textual Analysis approach to extract some keywords
(verbs), which indicates functionality. Textual analysis
is a technique that is used to extract information
systematically from unstructured data®®¥. Two steps are
followed to count the FR:

+ Extract some keywords (verbs) from the Epic.
o List these keywords (verbs) as Function Requirements/
User Stories.

Then, count how many FR in each functional requirement
or User Story as follows.

FR=No.of Functionality (2)

Step 3: Calculate the Basic Factors of Complexity

For each FR/US, we will count the Basic Factor of the
complexity i.e., Input, Output, and Interface.

BF=No.of Inputs+ No.of Outpu+ No.of Interfaces (3)

Then, calculate the complexity of the functional
requirements as:

CFR=Y" (FR* BF) (4)

Where n is the number of functional requirements.
Step 4: Calculate the Enhanced Story Point (ESP)

ESP is the calculation of uncertainty index and complexity
of functional requirement.

ESP=CI+CFR (5)

3. Case Studies

The case study investigates whether a development team
that applied the Enhanced Story Point (ESP) achieved
improved performance of estimation compared to when
they use Story Point (SP). The reminding part of this
section describes the projects and how data were collected.
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3.1 Case studies and Teams Studied

We will apply our framework on three case studies.
First case study is Lead Management Project, one proj-
ect of a company in Egypt. This project consists of three
Epics. This company has a medium level of experience
(3-5 years). We named it ‘Case Study 1. The second
case study is a reference example introduced by Chon,
this case study is a learning case that discussed a game
development. Cohn, who introduced this case study have
a high level of experience. We named it ‘Case Study 2.
The final case study is a graduation project. This project is
Visualization Dashboard and web application for a com-
pany. This case study consists of four Epics and the team
members have no or low level of experience to deal with
agile projects. We named it ‘Case Study 3.

3.2 Data Collection

The data used in this study is collected as ‘estimated size
by Story Points) ‘estimated effort hours’ and ‘actual effort
hours’ per Epic. Our dataset consists of three case studies
with 12 Epics and 88 User Stories. Each case study has
a different scenario and different numbers of the team
members. They counted the Story Points and estimated

effort based on their experience.

3.3 Measures
We use two measures to assess our result as follows:

) Actual Effort — Estimated Effort
Effort Variance(EV)= (6)
Estimated Effort

. . Actual Effort — Estimated Effort
Magnitude of Relative Error (MRE) = (7)
Actual Effort

4. Results and Analysis

After we analyzed the data that was estimated by Story Points
based on the experience of the team, we calculated the Effort
Variance between estimated and actual effort (EV_SP) and
Magnitude of Relative Error (MRE_SP) to show the estima-
tion error in case of estimating by SP. Then, we applied our
framework and estimated the same Epics using Enhanced
Story Point (ESP) which discussed in Section 2. In order
to evaluate our work and compare/analyze the results, we
should know the estimated effort in case of using our pro-
posed framework i.e. by using ESP (Estimated Effort (ESP)).
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Then, we calculated the Effort Variance between estimated
and actual effort (EV_ESP) and Magnitude of Relative Error
(MRE_ESP). Finally, we compared the estimated effort
variance based on ESP with that based on SP. We will start
with case study 3 to provide a simple example of our estima-
tion steps. The analysis of the result as follows:

Case Study 3

As we noticed above, this case consists of four Epics. We
will apply our four main steps of our framework and
calculate the ESP for each one of those Epics. We discuss
our steps with an Epic example in details as follows:

For Epic 1: As a user, I can create and update account
information in OGV web application.

Step 1: Rate the Uncertainty Attributes

The first step is determining the uncertainty in the Epic
with five attributes of requirement uncertainty. Here in
this epic, the team members accepted on these indices of
uncertainty:

o Product vision and strategy clarified = 2
o Key stakeholders involved =2

« Project dependencies identified = 1

« Project business cases identified = 3

o Requirements specifications analyzed = 1

Then, sum all these indices is our Certainty Index (CI)
based on Equation (1)

Cl=2+2+1+3+1=9

Step 2: Calculate the Functional Requirement (FR)

The second step is extracting keywords from the Epic in
order to know the functional requirements and list it as
User Stories.

For the same Epic 1:

Epic 1: As a user, I can create and update account
information in OGV web application.

Two key verbs/keywords are extracted from Epic 1:
Create and Update Account information. From these
two verbs, we create five functional requirements based
on functional decomposition techniques. Then we wrote
it as User Stories as follows:

o Asauser,I can sign up for a new account in OGV web
application.

o Asauser, I can login to access the account.

o Asauser, I canlog out from the account.
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o Asauser, I can update account information.
o Asauser, I can change user password.

Step 3: Calculate the Basic Factors of Complexity

The third step is to count the basic factors of the
complexity. For each User Story, we count the input,
output, and interface. The first User Story in this Epic
“As a user, I can sign up for a new account in OGV
web application™. The user enters his/ her information
to create the account; this can be counted as one input.
The website homepage which appears when a user signs
up can be counted as one output. The user information
will be stored in personal file information and this can
be counted as one interface file. Then we sum the entire
basic factor as Equation (3)

Basic Factors (BF) = 3
Then, compute the Complexity of Functional
Requirement as shown in Equation (2) and (4)

FR=1and BF=3

(CFR)=1%*3=3

We repeat these steps until all User Stories of the
Epic are finished. Table 1 shows the Functionality and
Complexity factors of the first Epic in case study one.

Step 4: Calculate the Total Enhanced Story Point

Last step we sum the Complexity of Functional
Requirement (CFR) with Certainty Index (CI) as our
Enhanced Story Point as shown in equation (5)

ESP=9+11=20
In order to compare Effort Variance before and
after using ESP, we should calculate the estimated

effort in case of using ESP. This can be calculated as
follows:

Table 1. Basic factors of the complexity for Epic 1

The Story Points (SP) of Epic 1 is 13 and the estimated
effort is 163 hours. From this, we can calculate the
Estimated Effort (ESP) as:

) ESP * Estimated Effort (SP)
Estimated Effort (ESP) = - (8)
Story Points

Estimated Effort (ESP) = (20*163) /13 = 251 hours

We calculated the Effort Variance (EV) and Magnitude
of Relative Error (MRE) for ESP to evaluate our result. The
result shows that for an Epic 1 when we estimate effort
based on ESP, the Effort Variance decreased from 0.61
(61%) to 0.04 (4%). In addition, the MRE also decreased
from 0.37 to 0.04. This means that the estimation based
on our proposed ESP is closer to the actual which shows
that the factors we used has affected positively the
estimation value and the result is better than estimation
based on Story Point. Figure 2 shows the estimated and
actual effort of SP and ESP of the four Epic in case study 3.

M R E is high in Epic 2 compared with Epic 1 that is
because in Epic 2 when team members discussed the
uncertainty attributes, they assigned low values compared
with other Epics; more tasks with low uncertainty on this
Epic make our ESP and Estimated Effort (ESP) far from the
actual effort. To avoid this problem in the future, we may
introduce confidence factor for the estimate. However, the
result when we use ESP is better than when using SP. In Epic
3, the result shows that the effort variance also decreased
from 0.60 (60%) to 0.16 (16%) and MRE in this Epicis 0.14,
which shows that using ESP is better than using SP.

About Epic 4, Estimated Effort (ESP) is more than the
actual effort and the effort variance was a negative value,
this because the value of the uncertainty here is higher
than other Epics. In the early stage of this project i.e. in
the requirement stage, the team was not having enough
knowledge about alert management and what it should do.
The basic information they had is just that we can add a
simple alert to the system. When we compare the estimated

Epic User stories Input Output Interface CFR

Epic 1 As a user, I can sign up for a new account 1 1 1 1(1+1+1)=3
in OGV web application
As a user, I can login to access the account 1 1 - 1(1+1+0)=2
As a user, I can log out from the account 1 1 - 1(1+1+0)=2
As a user, I can update account 1 - 1 1(1+0+1)=2
information
As a user, I can change user password 1 - 1 1(1+0+1)=2

Total 11
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Actual and Estimated Effort for Case Studies
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Figure 2. Actual effort and estimated effort for the case
studies.

effort based on ESP with the estimated effort based on SP,
we note that the ESP is better than SP since the MRE was
decreased from 0.36 to 0.15 for SP and ESP respectively.

Case Study 1

In this case study, we have three Epics with an absolute
average effort variance 21%. After we applied our steps
to get ESP, the effort variance was varying from Epic
to another. The result shows that for an Epic 5 when
we estimate by ESP, the effort variance decreased from
-0.21 (-21%) to -0.05 (-5%), which seem to be better than
estimated by SP. In addition, the MRE also decreased
from 0.25 to 0.08. The MRE is high in Epic 6 compared
with others Epics that is because in Epic 6 we counted the
number of interfaces based on this rule “each functional
requirement or User Story has one interface”. (It is worth
noting that the estimate could have been closer to the
actual if this functional requirement was counted as one
interface for all of the six User Stories. This shows that
our framework could not be automated and will depend
on a specialist to count the basic factors of complexity.
For an Epic 7, the result when using ESP is somewhat
better than estimated by SP since the MRE is decreased
from 0.28 to 0.21 for SP and ESP respectively as shown
in Figure 2.

Case Study 2

After we applied our framework and calculated the ESP,
the result was as follows: for the first Epic (Epic 8), our
estimated points (ESP) are greater than SP, that’s because
the basic function of each game means more actions i.e.
start, save, restore and others that the user clicks it. All
these actions can be counted as inputs and at the other
hand, the action that results from each click is counted as
an output. Thus, the estimated effort in case of using ESP
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is more than the actual effort. However, in this Epic, our
(MRE) has decreased from 0.13 to 0.07. For Epic 9, when
we estimated using ESP, the Estimated Effort (ESP) effort
is greater than existing Estimated Effort (SP) “i.e., when
estimated by SP” and close to the actual effort. Thus, the
effort variance is decreased from 0.13 (13%) to 0.09 (9%)
and in addition, the MRE has decreased from 0.11 to 0.08.

Epic 10 is related to the appearance of the game,
only two inputs that the user can do: the first input is
when the user selects background music and the sec-
ond input is when choosing the background board’ style.
The rest of functional requirements can be counted as
outputs or interface files. However, according to the first
discussion between the team members, this Epic has lots
of uncertainty. For thus, our ESP hers is more than SP and
the Estimated Effort (ESP) closer to the actual effort.

Finally, for Epic 11, and Epic 12, when we estimated
using ESP, the effort variance and the MRE are higher
than when estimated by SP especially in Epic 12. The
reason for that is that in our framework, we do not count
processes i.e., for these Epics (Epic 11 and Epic 12), one
action can be done by the user, which is selecting the level
of the strength and the output is the game board with
the selected level. However, the process is more difficult
because there are many possible ways to win. Moreover,
many spaces on the board take more effort and time from
the programmers and testers to do it. Figure 2 displays
the estimated and actual effort of SP and ESP of the five
Epics in case study 2.

The Effort Variance (EV) and (MRE) for the three case
studies with twelve Epics is displayed in Table 2.

We compare the results of the three case studies by
calculating Average Effort Variance when estimated by SP
(Avg_EV(SP)) and when estimated by ESP (Avg_EV(ESP))
for each case study as shown in Table 3. We concluded that:

The enhancement for Case Study 3 (Low-Experience)
is the highest one, where the Avg EV (SP) was 0.61
(61%) vs Avg_EV (ESP) was 0.09 (9%). Our view point
of the reason of that is summarized as follows: Case
Study 3 is a graduation project so the team members
did not have previous experience in agile approach;
they assigned their estimated points based on the tasks
they are familiar with for each Epic, not on complexity.
They did not follow any defined rules to estimate. As the
result of that, their Avg EV(SP) is high (61%). When
we applied our proposed framework and discussed with
the team members our rules and steps, especially the
uncertainty attributes and how can be effective or may
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Table 2. Effort variance and MRE for both SP and ESP for each Epic

Case StudyId  Epicld Using Story Points (SP) Using Enhanced Story Points (ESP)
SP EV_SP MRE_SP ESP EV_ESP MRE_ESP
Case study 3 Epic1 13 0.61 0.38 20 0.04 0.04
Epic 2 25 0.60 0.37 30 0.33 0.25
Epic 3 31 0.62 0.39 44 0.14 0.12
Epic 4 21 0.61 0.41 28 -0.13 0.15
Case study 1 Epic 5 16 -0.20 0.25 14 -0.07 0.08
Epic 6 24 -0.21 0.26 31 -0.34 0.47
Epic 7 64 -0.22 0.28 39 0.27 0.21
Case study 2 Epic 8 29 0.13 0.11 35 -0.07 0.07
Epic 9 29 0.13 0.11 30 0.09 0.08
Epic 10 24 0.12 0.11 28 -0.03 0.04
Epic 11 22 0.13 0.11 21 0.18 0.15
Epic 12 28 0.13 0.11 20 0.37 0.27

have a positive effect on the estimated value, the result
was improved and the estimated by ESP was better than
that estimated by SP. The results show that estimation
based on ESP is better with an Avg_EV(ESP) is 9%. In
addition, the MRE is decreased from 0.36 to 0.09.

In the Case Study 1 (Medium-Experience), results
when we applied ESP are better than their estimation
using SP; the Average Variance was decreased from -21%
to -5%. This is because the team has good experience
with agile projects and SP. Therefore, the enhancement
that our framework introduced is not as high as the case
study 3.

Finally, for Case Study 2 (High-Experience), our
enhancement is low, compared with Case Studies 1 and
3. This case study is a reference example introduced by
Cohn, which discussed and explained how to estimate
by SP in details. Team members have a high experi-
ence to define all the rules of estimating User Stories
with SP. In addition, an agile coach joined their meet-
ings and supported the team with their SP estimation
and User Story understandings. Discussions between
the team members and the agile coach increased the
success of the whole agile project management. All
those reasons made the estimated points (SP) much
closer to the actuals. The Average Effort Variance in
their estimation points (Avg_EV(SP)) was 0.13 (13%)
while the Average Effort Variance of our estimated
ESP (Avg EV(ESP)) is 0.11 (11%) as shown in Table
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Table3. Average effort variance for the three case
studies

Case Avg EV(SP) Avg EV(ESP) Enhancement
Study_id

1 2021 (-21%)  -0.05 (-5%) 0.16 (16%)

2 0.13 (13%) 0.11 (11%) 0.02 (2%)

3 0.61 (61%)  0.09 (9%) 0.52 (52%)

3. Figure 3 shows the average effort variance for each
case study.

When we calculated our enhancement percentage in
each case study, the results seem a positive enhancement
as shown in Figure 4.

5. Experience Impact

As we mentioned above, estimating size in agile projects is
based on the personal experience of the estimator(s), which
means that if the estimator(s) has good experience with
agile methods and Story Points estimation; there is a higher
probability of having a more accurate estimation. Our
framework is meant to provide guidance to estimator(s)
to ease out the impact of the personal experience. While
analyzing the case studies, we have observed that the
experience parameter has an impact on the estimation
results. Thus, according to our observation, we classified
the estimator(s) of each case study into three types as fol-
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Figure 3. Decreased the average effort variance for each
case study when using ESP.

Enhancement in Effort Variance Using ESP

60% - 52%

50% -

40% -

30%
Improvement 4y | 16%

10% - 2%

0% T T ]
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Figure 4. Enhancement in average effort variance using
ESP in the three case studies.

lows: The estimator of the first case study (Case Study 3)
is within the ‘Low-Experience’ level, while the estimator
of the second one (Case Study 1) is within the ‘Medium-
Experience’ level and the estimator(s) of the third study
is within the ‘High-Experience’ level. Figure 5 displays
the change (increase/decrease) enhancement using ESP
according to level of team experience in the estimation
phase that achieved by using our proposed framework.
Notice that ESP results are higher in case of project teams
with Low level of experience.

6. Conclusion and Future Work

It is difficult to estimate the size of the project accurately
in the early phase of the project because in the early
phase, there is uncertainty about the project scope and
the functionalities are still not clear. Moreover, there
are inherent requirements changes, which increase
the uncertainty of requirements and functionalities.
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Impact of Estimation Experience Level

60%
2%

40%

-Improvement 0% 16%
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Figure 5. Impact of estimation experience level.

Estimating the size of the agile software projects is based
on tame experience. Story Points (SP) is a unit measure of
size used to assign a relative value to User Stories. However,
if the team does not have the experience to estimate by SP
or to deal with agile projects, the estimation may not be
accurate.

In this study, we presented Enhanced Story Point
(ESP) to enhance size estimation on agile software
projects and help the team members to reach an
accurate estimation especially when no-experience
cases. ESP is based on three factors that may affect
estimation accuracy; these factors are Uncertainty,
Functionality, and Complexity. We applied the frame-
work on three case studies with 12 Epic and 88 User
Story. These three case studies have used an agile pro-
cess in order to manage their work and assigned SP
based on their experience and on the knowledge of the
project requirements (User Stories). For each Epic, we
calculated the Effort Variance and Magnitude Relative
Error (MRE) in case of estimation by Story Points (SP)
and the result is varying from case to another accord-
ing to the level of each estimation team’s experience.
After that, we applied our framework and calculated
the Enhanced Story Point (ESP) as a unit to measure
the size of each case study.

We classified these three case studies into three
levels: Medium-Experience, and
High-Experience level. The result shows that estima-

Low-Experience,

tion based on ESP resulted in improvements in case
of Low-Experience (Case Study 3) level is higher
than Medium-Experience (Case Study 1) and High-
Experience (Case Study 2) level, while the improvements
in ‘High-Experience’ level is lowest one. The results are
promising, however, more case studies are needed to be
studied assessed and evaluated. In a future work, more
Epics and case studies will be applied to validate our
findings.
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