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Abstract

Software time and cost estimates are always challenging due to the quickly changing software
process. Especially Agile project estimations are complex, and the story points differ from person to
person. Due to the person-to-person variations, project managers have difficulty arriving at the
project cost for development projects with different sizes or complexity of systems/software. This
paper proposes a new estimation model named the WEighted COmplexity Factor Estimation
(WECOFE) Model to reduce the complexities of Agile story point estimations. Weighted complexities
factors identify Low, Moderate, and High Project Level Factors and Story Level Factors. For each
level, multiple factors were defined. Derived Weighted complexity based on Project, Requirement,
and Resource Level factors. Each story’s point estimation is explained based on weighted complexity
defined and assigned factors values. Conducted study on various industry projects, showing that the
WECOFE approach is promising by observing the Magnitude of Relative Error (MRE) and Mean
Magnitude of Relative Error (MMRE). Also, performed a t-test for one sprint project with 51 stories,
and paired sample means are equal for WECOFE with actual story points spent by the team.
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Introduction

Scrum methodology is challenging in an agile
context, especially for effort estimation. Estimations
are a difficult feat in modern software projects. Most
of the project’s failures are caused due to improper
effort estimates and noneffective resource
utilization in projects. Organizations use two
effective methods to identify project estimations -
measuring hours and story points. Story point
estimations are popularly used in agile methodology
effectively. There are several ways to define the
agile project estimates — Planning poker, Bucket
System, Dot Voting, T-Shirt sizing, Ordering

Method, and dividing until the maximum size or less
described in an earlier paper by Mallidi and Sharma
(2021) along with challenges. The base principle for
identifying story point estimation is the principle of
relativity. Ahmed et al. (2018) compared traditional
and Agile estimation models regarding Adaptability
and Teamwork. They identified Agile Risk as a
Lack of Understanding of Requirements, Team
meetings, visits, Training, Poor Communication,
and the number of project Personnel.

For example, the complexity level of Task 1 is
decided by the complexity level of Task 2. The
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teams look at each aspect of the project relative to
the other elements of the project/story. The unit of
measure is based on the teams’ difficulty and
complexity of the story. The Scrum master asks the
group to estimate each story’s points using
Fibonacci projections and the developer estimates.
Each developer provides story points to each
activity and validates the story points; if there is a
considerable difference among each developer, the
second round of effort estimation is performed with
justifications. Most of the time process of story
point estimation makes it difficult for the developer
to judge the points due to the relative sizing and
complexity of the software-variation of estimates
observed in projects due to the non-experience of
the developers to identify the story points. Most of
the situation’s developers equate agile story issues
to hours. For example, two developers work on the
same feature with two story points estimation.
However, the time spent completing the task differs
from one resource to another. For example, two
developers have agreed on estimating two story
points for a work item even though their time
estimations are different. All the developers are on
the same page regarding this story point estimations
despite hours being different from one resource to
another. Below are some of the disadvantages of
story point estimations.

e  Take time to understand and master estimation
skills.

e Different from one resource to another and
their justification.

e Astable team is required.

e  Business teams are unable to estimate things to
allocate budgets.

e Possibility of underestimating/overestimating
by the developers by providing some
justifications. Smart developers provide the
higher side of estimations by giving reasons,
but the task may be completed with fewer story
points.

Defined Weights for various technical factors
and Environment factors using UCP based on the
weights of the elements the effort estimates derived
by Rak et al. (2019). The research aims to define a
new estimation model using the Weighted
Complexity of each story. Base values are
determined by the Organization every year.
Organizations conduct yearly wise hackathons and
identify the efforts required to complete one task.
Based on the results, each work item’s story points
are set in a pre-defined format with proper
justification. Projects must use the base values and
add Weighted Complexity factors to arrive at
appropriate story point estimates. Input factors were

identified and defined in this research and
incorporated into a new WECOFE model.

Related Work

Various studies were conducted on Agile
estimations and proposed different models for
estimates. Adnan and Afzal (2017) presented an
approach to improve the effort estimation in a
project by comparing the five core components —
multiagent effort estimation system, ontology
knowledge base, knowledge creation, knowledge
tree maintenance, and facility and proposed
Multiagent Effort Estimation System. Altaleb and
Gravell (2019) investigated using a mix of different
Agile estimation techniques, Expert Judgment, and
Planning Poker to avoid underestimation of project
estimations based on a survey of 63% of projects
using Poker, 47% using Analogy, and 38% in Expert
Judgement. Igbal et al. (2019) research that 42.31%
of projects use extreme programming, 32.69% use
scrum, and 25% use Kanban. Gandomani et al.
(2019) chose case studies from two companies; one
adopted Planning Poker for two years, and another
used Scrum and XP for software development.
Thirty-four projects have taken for analysis and
finally analyzed with 29 projects. Compared
Estimated and Actual Size for Estimation Types:
Average and Consensus. Fernandez-Diego et al.
(2020) studied 73 papers on Agile estimations from
2014 to 2020 and suggested that combining existing
data and expert-based estimates is promising.
Altaleb et al. (2020) conducted a comprehensive
analysis and concluded various factors impacting
the effort estimation on mobile projects with the
help of multiple questions to 20 participants across
18 Organizations. Arora et al. (2021) applied
different regression models to the Agile projects for
effort estimations and concluded that Categorical
boosting  (CatBoost)  regression  performed
accurately. Compare the results of the Estimated
Velocity and Actual Velocity of Story Point analysis
and calculate the Project’s variance
(underestimated/overestimated). Canedo and Costa
(2018) observed that Functional and Story point
estimates are more appropriate for the case study.
Gupta and Mahapatra (2019) proposed a Hybrid
Agile Software Development estimation protocol to
identify the estimations and validate the results
against different models. Hacaloglu and Demirors
(2019) studied the applicability of Functional Size
Measurement (FMS) in Agile projects to improve
the estimation process. Hannay et al. (2018) studied
and derived three-point-based estimates: Benefit,
Cost, and Benefit / Cost. Each requirement is a
category to each point base, assigning the estimates
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and helping to eliminate the EPICs from Agile
Project. Hasan and Khan (2019) conclude that agile
estimation is more promising based on Agile
methodology with eXtreme Programming (XP)
along with Test Driven Development (TDD).
Ibrahim et al. (2019) studied maintenance
challenges: Iterative development, focused work
objective, teamwork, customer involvement, face-
to-face communication, light documentation,
frequent testing, collective ownership, and
knowledge transfer. Kaur and Kaur (2019) collected
222 mobile application data and converted the
specifications to COSMIC FMS.

Used Simple Linear Regression to validate the
relationship between test efforts and COSMIN FMS
size and observed promising results. Mahmood
et al. (2022) evaluated 28 selected studies using
MMRE and PRED (25) and found Machine
learning-based Agile estimations are more
frequently implemented. Moyo and Mnkandla
(2020) Developed Secure Solo  Software
Development Model (Secure-SSDM) and evaluated
it with different projects. They recommended
various tools and technologies in every stage of
Secure-SSDM. Romero-Chacén et al. (2019)
present their experience with the Costa Rican
Information System on Disability System (SICID)
platform developed by the Costa Rica Institute of
Technology (TEC) and the Adopted Accessibility
test. Accessibility corrections and Accessibility
reviews are part of the SCRUM process to achieve
the requirement. Rosa et al. (2021) proposed a
sizing measure estimation model for agile projects
considering 36 Department of Defence projects.
Sarwar et al. (2020) proposed 18 hypotheses to
support the SADD model. Each hypothesis was
validated using a statistical method with a Z test to
calculate the hypotheses’ confidence by comparing
the probability 0.05 value was set. The SADD
model incorporated a situational enhancement
process in software development. Shams et al.
(2019) propose combining Work Breakdown
Estimates and Story Points helps the best estimates
of Mobile Application Development. Zozas et al.
(2019) suggest seven factors in JavaScript
estimation are considered — Number of Corrective
tasks (COR_ACT), Cumulative Activity (ACT),
Lines of Code (LOC), and Number of Open Bugs-
developed maintenance indices like Maintenance
Changes Index and Maintenance Effort Index.

Model for Weighted Complexity Factors
Estimation (WECOFE)

Currently, estimating agile projects is purely based
on the resource/developers’ experience. Most of the

time, the estimations are oversized or undersized.
Rak et al. (2019) proposed a use case reuse model
for considering Simple, Medium, and Complex
actors and weights for each use case. Functional and
technical complexities are defined for each use case.
Related work has been done with different authors,
and multiple methods are derived for size and effort
for a given task. Numerous studies have provided
empirical evidence demonstrating that agile effort
estimations are based on Artificial Intelligence (Al)
/ Machine Learning (ML) and traditional ways of
estimates not using Al / ML. However, little
research was carried out to identify effort
estimations to cover the aspects of Functional / Data
complexity, Architecture Complexity, External /
Internal  System Integrations, and Resource
Experience for the task.

Considering the above points proposed, the
WECOFE model for story point estimations by
defining the complexity factors. The Organization
determines raw estimated values annually by
conducting hackathons between groups.
Organizations run yearly wise hackathons and
identify the efforts required to complete one task.
Based on the results, each work item’s story points
are set in a pre-defined format with proper
justification. Projects must use the base values and
add Weighted Complexity factors to arrive at
appropriate story point estimates. Input factors were
identified and defined in this research and
incorporated into a new WECOFE model. However,
in the proposed WECOFE model, Project Level
Factors (PLF) and Story Level Factors (SLF) are
critical factors in identifying the story points for a
given story/requirement, as described in Figure 1.
This model helps the developers define each factor’s
values and the remaining story point calculated by
the model.

Figure 2, describes the model for complexity
factors for agile effort estimations. For each
element, define the values concerning Low,
Moderate, and High and add this to Raw estimates.

Project Level Factors (PLF)
Project Level scope refers to factors common for
all the story/requirements. For each sprint or the

Weighted Complexity
Factors

I
I |

Project Level
Factor (PLF)

Story Level Factor
(SLF)

Figure 1. Factors for Agile Estimations
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e  Moderate - The team has good experience in
Estimation Model (WECOFE) Acrchitecture defined for the project
e High - The team has excellent expertise in
Project Level Story Level Architecture represented for the project
Factors (PLF) Factors (SLF)
- Automation (Cl/ CD):
d é“’hg?l‘_’mrzc e Low - Cl/CD is not configured or set up for
£ . B?llilli:i ility (AC) » Functional the project. All deployments are manual.
£ Automation &"Cn)lple’“ty e Moderate - Cl / CD has been configured, and
5 (CIrCD) « Technical the team uses Source Repository and Build
& * Automated Code Complexity tools for deployments. Not fully utilizing CI /
Generation (TC) cD
(ACGC) . .
o Test Driven * Resource e High - CI / CD has been configured, and the
Maturity (RM) . . R "
Development team is using Source Repository, Build tools,
(TDD) and auto configurations for deployments
Figure 2. WECOFE Model Automated Code Generation (ACC):
Table 1. Complexity Definition for PLF * Low - Generate very mlnlmal_ code using
i Development Tools (like generating setter and
PLF Low Moderate High getter)
éIC/:CD 13 111 0i9 . Moderate - Generate code using application
ACC 1 08 06 co_de genergtpr t_ools like no-code / low-code
TDD 1 1.1 1.12 Wlth low utilization ) o
. High - Generate code using application code
Table 2. Complexity Definition for SLF generator tools like no-code / low-code with
SLE Low Moderate High effective utilization
FC 1 11 1.2 e  Test-Driven Development (TDD):
TC 0.8 1 1.2 . Low - No Test-Driven Development
RM 1.2 1 0.8

total Project, the complexity factors are fixed.
Below are the four elements that are related to the
project level. For each project, the factors
considered for effort estimations

e  Architecture Capability (AC)

e  Build Automation (Cl/ CD)

e  Automated Code Generation (ACC)

e  Test Driven Development (TDD)

For each factor, defined the complexity based on
Low, Moderate, and High, and the complexity values
are assigned. Table 1 describes each factor with
complexity factor definition for WECOFE calculation.
Different weights are considered and substituted in the
WECOFE model for calculating MRE and MMRE.
After comparing MRE and MMRE values, the values
defined in Table 1 came up.

For each factor, the complexity is defined
based on Low, Moderate, and High and explained
below, and the complexity values are assigned as

Architecture Capability (AC):

e Low - The team has low experience in
Architecture defined by the Organization. The
team must spend time understanding the
architecture defined for the project.

e  Moderate - Test-Driven Development in the
project with 40-50% coverage

. High - Test-Driven Development in the project
with > 80% coverage

Story Level Factors (SLF)

Story Level scope refers to factors that are
factored into the story/requirement. Below are the
three elements that are related to each story level.
For each story, the factors considered for effort
estimations.

e  Functional Complexity (FC)
e  Technical Complexity (TC)
. Resource Maturity (RM)

For each factor, defined the complexity based
on Low, Moderate, and High, and the complexity
values are assigned. Table 2 describes each factor
with complexity factor definition for WECOFE
calculation. Different weights are considered and
substituted in the WECOFE model for calculating
MRE and MMRE. After comparing MRE and
MMRE values, the values defined in Table 2 came
up.

For each factor, the complexity is defined
based on Low, Moderate, and High and explained
below, and the complexity values are assigned as
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Functional Complexity (FC):

e Low - Not having many business validations
to develop the function. Very straightforward
procedure to implement.

e  Moderate - The requirement has Business
validations.

e  Ex: Banking application validates like fraud
detection, account checks

e  High - The requirement has complex Business
validations. In the function, there are more
than 3 - 4 validations.

Technical Complexity (TC):

e Low - Simple technology for the
implementation of the given function does not
require any complex
validations/logic/algorithms to implement.

e  Moderate - Moderate technology is used to
implement the given function. Moderate
validation/logic/algorithm to implement for
the function.

e High - Complex technology is used to
implement the given process. Complex
validation/logic/algorithm to implement for
the function.

Resource Maturity (RM):

e Low - The resource has been working on the
same technology for the past 2-3 years and
requires support from other senior resources.

e  Moderate - The resource has been working on
the same technology for the past 3-5 years and
does not require support from other senior
resources. Having the capability of good
coding and optimization techniques.

e  High - The resource has worked on the same
technology for 5+ years and can write new
innovative programs. Having the capability of
excellent coding and optimization techniques.

Linear Proposition of Weights

The weights of factors for Project Level and
Story Level factors are calculated as linearly
proportional (L refers to attribute Low, M refers to
attribute Moderate, and H refers to attribute High)

L=x+1,M=1landH=1-x
OR
L=x-1,M=1landH=x+1

For Project Level factors — AC, CI/ CD, and
ACC factors and Story Level factors — RE applies
that “Low” requires more effort than attribute
“High” (L > H). Therefore, the weight of attribute
“Low” is higher than the weight of attribute “High.”

For Project Level factors — TDD factors and

Story Level factors — FC and TC applies that “Low”
requires less effort than attribute “High” (L < H).
Therefore, the weight of the attribute “Low” is less
than that of “High.”

Raw Estimation Calculation

Calculate Raw estimations for each
Organization for their project needs. The base
efforts are different from Organization to
Organization. Each Organization adopts various
processes to identify the base estimation for a work
packet. They have proposed the six steps below to
identify raw estimations/efforts.
Step 1: Identify the moderate work packet (ex: Ul
design, DAO implementation, etc.) Definitions are
provided in Table 4.
Step 2: Identify the various resources from the
Origination with different work experiences.
Step 3: Create a moderate work packet for the
specific feature and give it to 3-5 (minimum 3)
developers identified to complete the task. Taking
3-5 developers gives more accurate results due to
not relying on one developer.
Step 4: Identify the actual stories spent on the work
packet for each resource from 3-5 developers.
Step 5: Average the efforts from the 3-5 developers
spent stories to complete the work packet (identified
to work on the prescribed work packet)
Step 6: Note the average Story Point identified for
the work packet. The work packet would be
classified as a Moderate work packet.

Table 3 describes the raw estimations
(moderate efforts) from three Organizations for their
work/projects performed.

Table 4 describes the definitions of each work
item worked by the Organizations. Based on the
description, the teams must complete a particular
Story Point task-the story point as defined in Table 3.

Project Level Adjusted Factors Calculation
Calculate the project-adjusted factor for each
factor identified level of maturity at the time the
sprint starts. The maturity might change from sprint
to sprint. For example, the team’s maturity is low if
working on a new architecture methodology at
Sprint-1, and in later sprints, the maturity increases
to Moderate / High.
e Calculate AC factor as — AC complexity factor -1
e Calculate Cl/ CD factor as — Cl/ CD complexity

factor -1

e Calculate ACC factor as — ACC complexity
factor -1

e Calculate TDD factor as — TDD complexity
factor -1
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Table 3. Moderate Efforts from three Table 4. Definitions of Work Item
Organizations Work Item Description
Work ltem Moderate Estimation Ul Screen having 8 - 10 form fields.
Org-1 Org-2 Org-3 Ul Page Transactions - with Business / JSON / AJAX
Ul Page 2 2 2 Objects _ _ _
Business Logic 3 3 3 Business Logl_c mvolv_es transactions with
Rest Service 3 3 3 ) ) D_atabase, Business Objects / JSON /AJAX
SOAP Service 3 3 3 Business Logic flel_ds ) (8-1_0 elements).  Server-side
External Integration 3 3 3 validations with 8-10 elements, data from Ul
screen / external component.
DAO 2 L5 L5 Business Logic involves transactions with 8-
DB Qh_angeg — 1 1 1 10 elements, along with validations. For
Administrative Activities NA 1 NA Rest Service example, receive JSON object with 8-10
Reports NA 4 NA elements / Create JSON with 8-10 elements
Onboarding New Software NA 3 NA with business logic.
Ul + Business Logic 5 5 5 Business Logic involves transactions with 8-
Ul + Business Logic + 7 65 65 10 objects along with validations. For
DAO : : SOAP Service example, receive SOAP object with 8-10
Business Logic + Rest 6 5 5 elements / Create SOAP with 8-10 elements
Services with business logic (Bottom-up approach).
Business Logic + DAO 5 4.5 4.5 Create an Object with 8-10 elements and
Business Logic + External 6 6 6 External Integration connect it to an external system for sending
Integration data / receiving data.
Ul + Business Logic + Rest 8 8 8 Create / Update / Delate operation with 2-3
Services DAO database tables. Prepare statements and
Ul + Business Logic + Rest execute procedures if required.
Services + External 11 11 11 Altering the existing table structure (adding,
Integration DB Changes deleting, and altering constraints) and related
Ul + Business Logic + Rest 10 95 95 changes in the code base.
Services + DAO ) Ul + Business Logic Ul and Business Logic class implementation
Bug - Ul 1 NA NA with 8-10 objects
Bug - Business Logic 1 NA NA Ul + Business Logic Ul, Business Logic, and DAO class
Bug - DAO 1 NA NA + DAO implementation with 8-10 objects
Bug - Services 1 NA NA Business Logic + Business Logic and Rest Service
Bug - External Integration 1 NA NA Rest Services implementation with 8-10 objects
Business Logic + Business Logic and DAO  class

Step 1 calculates the Total Unadjusted Project Level
Complexity (UPLC) measured using the formula
below.

UPLC = Zi I | (Pi (Complexity) — 1)

Fori =1, 2.... n (n represents the total number of
Project Level Factors, in this case, four factors) and
Pi represents each Project factors value.

Story Level Adjusted Factors Calculation
Calculate the Story level adjusted factor for
each factor identified level of maturity at the time of
sprint start. The maturity might change from task to
task. For example, the maturity of the job is Low if
working on a highly complex task, and the same
charge may be Moderate in later Sprints if the same
resource has experience.
e Calculate FC factor as — FC complexity factor -1
e Calculate TC factor as — TC complexity factor -1
e Calculate RM factor as — RM complexity factor -1
e Calculate TDD factor as — TDD complexity
factor -1

Step 2 calculates the Total Unadjusted Story Level
Complexity (USLC) measured using the formula
below.

USLC = Zi I | (i (Complexity) — 1)

DAO implementation with 8-10 objects

Business Logic class and External Service
Integration  implementation with  8-10
objects

Business Logic +
External Integration

Ul + Business Logic
+ Rest Services

Ul, Business Logic class, and Rest Service
implementation with 8-10 objects

Ul + Business Logic
+ Rest Services +
External Integration

Ul, Business Logic class, Rest Service, and
External Service integration implementation
with 8-10 objects

Ul + Business Logic
+ Rest Services +
DAO

Ul, Business Logic class, Rest Service, and
DAO implementation with 8-10 objects

Fori=1, 2.... n (n represents the total number of
Story Level Factors, in this case, three factors), and
Si represents each story factor’s value.

Calculate WECOFE Adjusted Factors

The above two sections calculated “Project
Level Adjusted Factors” and “Story Level Adjusted
Factors.” Using this value calculate the “Total
Unadjusted Complexity Factor (TUCF)”. for a story
to identify the final/accurate story point to develop.
Step 3 calculates the Total Unadjusted Complexity
Factor (TUCF) by adding up UPLC and USLC
values.

TUCF=1+UPLC+USLC

Finally, calculate the estimation by
multiplying the “Raw Estimations” with the
“TUCF” value. These values give us a valid Story
point compared to other estimation models.
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Calculate the WEighted COmplexity Factor
Estimation (WECOFE) by Raw efforts multiplied
by the TUCF value. The derived value is in decimal
format, then rounded to the higher side of the
number.

WECOFE=Raw Estimates * TUCF

Conducted core work via an experimental base
for existing data from different projects received
from various Organizations. The purpose of
conducting a series of experiments conducted to
systematically evaluate the complexity factors of
forecasting techniques and their variants (MRE and
MMRE). This enabled the comparative analysis of
existing methods used in Agile, like Expert
Judgment / Story Point analysis of estimation, along
with the novel estimation model proposed. Finally,
the model was applied to and calibrated on several
sprints with different Projects and sizes.

Data Collection and Model (WECOFE)
Validation

In this envisaged study, multiple sources were
passed through to gather Agile projects to
experiment with the WECOFE model. Data
collected from three software organizations
involves project managers and software architects to
identify the Story work packet belonging to and
assign them the factors defined in the new model.
The techniques used for data collection are direct,

Table5. Story Point, MMRE - Existing VS
WECOFE

PS ASP ESP WSP ME MW
P1-S1 77 62 78 0.19 (0.03)
P1-S2 213 168 211 0.20 0.01
P1-S3 9 84 94 0.11 0.02
P1-54 151 130 152 0.11 (0.01)
P2-S1 59 49 60 0.17 (0.01)
P2-S2 105 87 106 0.22 (0.02)
P3-51 15 15 15 (0.05) 0.00
P3-S2 12 16 12 (0.45) 0.00
P3-S3 10 8 10 0.22 0.00
P3-54 10 12 10 (0.33) 0.00
P3-S5 11 14 11 (0.20) 0.00
P3-S6 4 4 4 0.00 0.00
P3-57 6 7 6 0.17) 0.00
P3-S8 16 15 16 (0.04) 0.00
P4-51 29 21 24 0.22 0.10
P4-S2 52 47 50 0.10 0.03
P4-S3 119 113 121 0.03 (0.01)
P4-S4 75 64 76 0.11 (0.01)
P4-S5 54 42 56 0.20 (0.06)
P4-56 91 84 89 0.12 0.02
P4-S7 79 69 72 0.13 0.07
P4-58 59 51 59 0.12 (0.01)
P4-59 68 61 69 0.10 (0.01)
P4-510 73 65 74 0.14 (0.01)
P4-S11 59 62 58 (0.04) 0.01
P4-512 94 77 86 0.22 0.06
P4-513 90 84 89 0.12 0.01
P4-514 63 57 62 0.11 0.01

real-time data collected directly from JIRA boards
and indirect methods, which involve the supply of
raw data without interacting with project teams.
Ethical approvals have been taken to start collecting
the data from the JIRA boards and masking the data
into the readable format without impacting the end
customer security constraints. Acceptance of the
concerned team has been taken before collecting the
raw data from the JIRA board. As per the concern
from the project owner, the data can be used after
masking, the same way used in this study.

The Magnitude of Relative Error (MRE) is the
commonly used parameter to identify the error in
estimations. Below is the formula for MRE as

_|Actual Effort — Estimated Effort]

MRE Actual Effort

Calculate the MRE value for each
story/requirement, which means the difference
between the Actual and Estimated efforts identified.
Calculate the Mean Magnitude of Relative Error
(MMRE) value for the sprint level and the average
MRE value for each sprint.

n
X._{MRE

MMRE=
N

JIRA sprint planning data was collected from
the four projects and masked the data to obey ethical
processes. Table 5 contains project sprint data
spanning from 2 to 14 sprints. The sprint cycle
comprises 2-3-week time. Data received projects
use Java, J2EE, Spring, and Spring Boot as core
software, Architectures as Microservices / N-Tier /
Streaming, and Domains as Banking and Trading
Systems. Table 5 heading definition is PS — Project
Sprint, ASP — Actual Story Point, ESP — Estimated
Story Point, WSP — WECOFE model Story Points,
ME - MMRE Existing, and MW - MMRE
WECOFE.

The MMRE indicates the calculated relative
value by which the estimated effort is an
underestimate or overestimate in comparison to the
actual effort. N represents the number of MRE
occurrences in the sprint. WECOFE applied for the
existing four projects executed for the last two years
and projects. Table 5 calculates the MMRE values
for existing and new models for 28 sprints for four
projects, and each sprint spans from 2 and 3 weeks.
Finally, compare and show accurate results for the
new WECOFE model approach. P1 to P4 represent
the different project names, and S1 to S[n]
represents the sprint cycle. Observed that the
project’s estimated story point (ESP) estimates are
higher/lower than the actual story points (ASP).
In most cases, the MMRE value is more than 0.10
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(ME > 10%) for comparing existing estimated story
points, meaning the deviation is more than 10% of
existing efforts. In the WECOFE model, the
variation is less than 0.10 (MW < 10%) for all the
cases in Table 5. Therefore, the new WECOFE
model is more efficient in estimating the Agile
Project. The usage of the model is also simple for
the developer. First, the developer assigns the
Complexity attributes with Low, Moderate, and
High ranges. Figure 3 shows the Actual, Estimated,
and WECOFE model story points and the results
show WECOFE is closer to actual story points than
the existing model.

Parametric testing (paired t-test)

Consider one sprint P1-S2 from Table 5 to
perform parametric testing using a t-test paired two
samples for means measured as described in Table 5.
For the Project within the validation set, story points
effort estimated by Existing and WECOFE are listed
in Table 6. The null hypothesis states that there is no
difference in estimation accuracy (measured by story
points) of estimated project effort between the
application of the Existing and WECOFE model. The
alternative hypothesis states that there is a difference.

From Table 7, perform the t-test: Paired Two
Samples for means for hypothesis testing-the two
samples (Actual Vs. Existing Estimates and Actual

Vs. WECOFE estimates). The number of degrees of
freedom is f=n -1 =51 —1 =50, and the P value is
4.4824133438423E-10. Therefore, rejecting the null
hypothesis at the 0.05 level for the data set Actual
Estimates Vs. Existing Estimations set. Figure 4
compares the Mean and variance for Existing and
Actual story points, clearly showing the difference in
Mean.

The detailed t-test analysis is provided in
Table 8 for Actual Vs. WECOFE model
estimations. The number of degrees of freedom is f
=n -1 =51 — 1 = 50, and the P value is
0.322125645100244. Therefore, accepting the null
hypothesis at the 0.05 level for the data set Actual
Estimates Vs. WECOFE model estimations.
Figure 5 compares the Mean and variance for
WECOFE and the Actual story point, clearly
showing the means are equal. While comparing, the
graphs indicate that the WECOFE is more
promising results. Presented on details sprint
activities in Table 9 with heading definition as FC —
Functional Complexity, TC -  Technical
Complexity, RM — Resource Maturity, RE — Raw
Estimations, CF — Final Calculated Complexity
Factor, ASP — Actual Story Points, ESP — Estimated
Story Points, WSE — WECOFE Story Points, ME —
MRE for Actual Story Points, and MW — MRE for
WECOFE story points. Table 9 indicated that the
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MRE values for Existing efforts against Actual
efforts are more than 15 % in most stories. Out of 51
stores, effort deviation is, in most cases (>80%).
While comparing the efforts calculated from the
WECOFE model, the effort deviation is “0.00” for
more than 80% of cases. This table shows that the

Table 6. Calculation of paired t-test
Item Description Input
Input Paired Samples (x1, y1),

(x2,y2)

Where x1 represents Estimates story points and y1 represents
Actual story points for a Project i

newly defined model gives better results than expert ~ Ho u, =0 where d; =x;- y; The
judgment estimation in most cases used in the IT expectation of the Mean of
! . . X the difference is 0
industry for story point estimations. Criteria Two sides if H,:
py # 0, Reject the H,
Conclusions Table 7.  T-test Existing efforts Vs. Actual effort
t-Test. Paired Two Sample for Means

For the last decade, various Agile estimations Existing Story Points  Actual Effort (SP)
models have been derived by Organizations and  Mean 3294117647 4176470588

; ; ; ; Variance 1.331764706 1.468235294
adopted.ln estimations. However, every resource in - o ions 5 e
the Project may have its way of estimating the  Pearson Correlation 0.76309179
stories and observing the non-consistency between g?’#g::ﬁ;zed Mean 0
them. The paper introduces the Complexity ps 50
Factor technique, the WECOFE model, for L ?;at b one-til ;Zﬁg%ogg

. - - - - <=t) one-tal . -
Story Point estimation for Agile projects. i ciical one-tal 1675905025
Adopted/experimented with the model for various  P(T<=t) two-tail 4.49E-10
actual projects with various sizes and showed better ~-L&ritical two-tail 2.008550112
estimation results for Agile projects. The MMR and Table 8. T-test WECOFE efforts Vs. Actual
MMRE values are noted for 28 sprints with 1790 efforts
story points spent by the developers. As part of t-Test. Paired Two Sample for Means
further work, there is the possibility of taking some Estimates -WECOFE Actual Effort (SP)
more projects/sprints with a high number of {\//Iean ﬁggigiggi ﬁggggggi
- - - H arlance . .
technical and functional stores and applying statical  opecrvations 51 51
parametric testing to calculate optimal deviation for  Pearson 0.973413069
the WECOFE. The t-test has been performed and ﬁgggt'ﬁte';;e g 0
clearly shows that the variance between WECOFE  Mean Difference
is more accurate while comparing the null tD;tat 52
hypothesis is rejected while Existing estimation.  per<=y) one-tail 0.161062823
Further, the t-test has to perform the n-number of f: (CTritictf;ltonelte}ill ég;g?gggig
. . - <=t) two-tal R
projects to validate the Mean and variance | yitcal wo-tail 2008550112
difference between the data sets.
Spring Name: Squirtle Sprint 2, 3 Weeks sprint
Project Level Factor Values

Architecture Capability (AC) Moderate Automated Code Generation (ACC) Low
Build Automation (CI/ CD) High Test Driven Development (TDD) Low
Table 9. Sprint activities for project P1-S2 (1)

Key Work Item FC TC RM RE CF ASP ESP WSP ME MW
Squirtle-148 Business Logic + Rest Services Low Moderate Moderate 6 1 6 5 6 0.17  0.00
Squirtle-149 Ul + Business Logic Moderate High High 5 11 6 5 6 0.17  0.00
Squirtle-150 Ul + Business Logic Low Low Moderate 5 0.8 4 3 4 0.25 0.00
Squirtle-151 Business Logic + Rest Services Low Low High 6 0.6 4 3 4 0.25 0.00
Squirtle-152 Business Logic Low Moderate Moderate 3 1 3 3 3 0.00 0.00
Squirtle-153 Business Logic Moderate Moderate Moderate 3 11 4 3 4 0.25 0.00
Squirtle-154 Business Logic Moderate  Moderate ~ Moderate 3 11 4 3 4 0.25 0.00
Squirtle-156 Business Logic Moderate  Moderate  High 3 0.9 3 3 3 0.00 0.00
Squirtle-159 Rest Service Moderate Low Moderate 3 0.9 3 2 3 0.33  0.00
Squirtle-203 Ul + Business Logic Moderate Moderate High 5 0.9 5 4 5 0.2 0.00
Squirtle-208 External Integration Moderate Moderate Moderate 3 11 4 3 4 0.25 0.00
Squirtle-209 External Integration Low Low Moderate 3 0.8 3 3 3 0.00 0.00
Squirtle-212 External Integration High Moderate  High 3 1 3 3 3 0.00 0.00
Squirtle-213 External Integration Low Moderate  Moderate 3 1 3 3 3 0.00 0.00
Squirtle-214 External Integration Moderate  Moderate ~ Moderate 3 11 4 3 4 0.25  0.00
Squirtle-217 External Integration Moderate Moderate Moderate 3 11 5 3 4 0.40 0.20
Squirtle-233 Business Logic + External Integration Low Moderate Moderate 6 1 6 4 6 0.33  0.00
Squirtle-234 Business Logic + External Integration Low Moderate Moderate 6 1 6 4 6 0.33  0.00
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Table 9. Sprint activities for project P1-S2 (2)

Key Work Item FC TC RM RE CF ASP ESP WSP ME MW
Squirtle-247 Ul + Business Logic Low Moderate ~ Moderate 5 1 5 4 5 0.20  0.00
Squirtle-248 Ul + Business Logic Low Moderate  Moderate 5 1 5 4 5 0.20  0.00
Squirtle-256 Ul + Business Logic Low Moderate  Moderate 5 15 5 2 5 0.60  0.00
Squirtle-155 Business Logic + Rest Services Low Moderate High 6 0.8 5 3 5 0.40  0.00
Squirtle-157 External Integration Low Moderate Moderate 3 1 3 2 3 0.33  0.00
Squirtle-158 External Integration Low Moderate Moderate 3 1 3 3 3 0.00 0.00
Squirtle-160 Ul + Business Logic + DAO Moderate Moderate Moderate 7 11 8 9 8 -0.13  0.00
Squirtle-161 External Integration Moderate  Moderate ~ Moderate 3 11 5 4 4 020 0.20
Squirtle-162 External Integration Low Moderate  Moderate 3 1 3 2 3 0.33  0.00
Squirtle-163 External Integration Low Moderate  Moderate 3 1 3 3 3 0.00 0.00
Squirtle-164 Business Logic + External Integration Moderate Low Moderate 6 0.9 6 4 6 0.33  0.00
Squirtle-165 Business Logic + Rest Services Low Moderate Moderate 6 1 6 4 6 0.33  0.00
Squirtle-207 External Integration Low High High 3 1 3 2 3 0.33  0.00
Squirtle-210 Business Logic Moderate High High 3 11 4 4 4 0.00 0.00
Squirtle-211 External Integration Moderate  Moderate  High 3 0.9 3 2 3 0.33  0.00
Squirtle-215 External Integration Moderate  Low Moderate 3 0.9 3 2 3 0.33  0.00
Squirtle-216 External Integration Low Moderate  Moderate 3 1 3 3 3 0.00 0.00
Squirtle-218 External Integration Moderate Moderate Moderate 3 11 4 3 4 025 0.00
Squirtle-219 Ul + Business Logic Low Moderate High 5 0.8 4 4 4 0.00 0.00
Squirtle-220 Ul + Business Logic Low Moderate Moderate 5 1 5 4 5 0.20  0.00
Squirtle-221 Rest Services Low Moderate Moderate 3 1 4 4 3 0.00 0.25
Squirtle-222 Ul + Business Logic Low Moderate Moderate 5 1 5 5 5 0.00  0.00
Squirtle-223 Ul + Business Logic Low Moderate  Moderate 5 1 4 3 5 025 -0.25
Squirtle-224 Ul + Business Logic Low Moderate Moderate 5 1 5 3 5 0.40  0.00
Squirtle-225 Ul + Business Logic Low Moderate High 5 0.8 4 3 4 0.25 0.00
Squirtle-232 External Integration Low Moderate High 5 0.8 3 3 3 0.00 0.00
Squirtle-235 External Integration Moderate Moderate High 3 0.9 3 3 3 0.00 0.00
Squirtle-236 Business Logic Low Low Moderate 3 0.8 3 3 3 0.00 0.00
Squirtle-237 Business Logic Low Low Moderate 3 0.8 3 2 3 0.33  0.00
Squirtle-238 Business Logic + External Integration ~ Low Moderate  High 6 0.8 5 4 5 0.20  0.00
Squirtle-239 Business Logic + External Integration ~ Low High High 6 1 6 3 6 0.50  0.00
Squirtle-246 External Integration Low Moderate High 3 0.8 3 2 3 0.33  0.00
Squirtle-249 External Integration Low High High 3 1 3 2 3 0.33  0.00
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