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Abstract

Effort estimation is one way to evaluate a software project and understand its schedule and
budget. It is one of the most important aspects of the software development life cycle. The
failure of not recognizing the accurate effort estimation may lead to increase the financial
costs of the companies and their clients which will cause negative impact on their job duties

and their future marketing plans besides the client disappointment and dissatisfaction.

The Palestinian IT sector is considered to be one of the most developing and promising
sectors. However, the studies that investigate the methods and techniques of effort estimation
are most likely missing. For that reason, we were motivated to study the status of the software
development companies in Palestine in order to better understand how the technical teams

estimate the needed effort of their software projects.

The purpose of this study is (i) to survey the existing effort estimation techniques used by
prominent Palestinian software development companies and analyze their practices, and (ii)
to suggest an appropriate effort estimation technique that can suite the nature and needs of
these companies and to validate this technique via real application within actual software

projects in a selected subset of these companies.

Based on our survey and analysis, we have selected an existing effort estimation technique
called (Triangulation) as the most appropriate EE method for the small companies and for the
Palestinian software development industry, then we have designed an extension of this
technique in order to (fine-tune) for the company’s exact needs and provide it with some
flexibility to make some changes and adjustments (e.g., decrease project delivery time by

increasing resources). Moreover, this technique was applied on the Palestinian software



projects to validate its results.

We believe this study can be a valuable resource for Palestinian software development
companies; and they can use it as a guideline to help them get better and more accurate effort
estimates, which in return can reduce costs and provide better and more accurate scheduling

and staffing needs.

Keywords

Software development, effort estimation technique, ensemble effort estimation, Software

engineering, Agile.
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Chapter 1

Introduction

This chapter introduces the thesis. It describes the problem statement, purpose, research

questions, limitations, contributions, methodology and organization of the thesis.

1.1 Introduction

The importance of effort estimation for software projects is as important as any other stage in
project management. It is defined as the process of predicting the number of working hours or
the time needed to develop software. It is usually expressed in units of working hours or unit
months of work. Nowadays, software development is costly and difficult. Any failure to
estimate the cost or time of a software project can increase financial burdens on the project
and waste resources. It has also been found that inaccurate effort estimation can lead to a

complete failure of the project [1].

Providing a model for estimating effort with high quality and accuracy is an integral part of
the success of the software project. Comparing the estimated efforts with actual efforts can be

used as an indicator of the accuracy of the estimation model used.

It has been shown in many studies [2] [3] [4] [5] [6] [7] [8] [9] that effort estimation can be
dealt with in different ways. Various methods of effort estimation are used for software
projects. Also, each method or model has its strengths and weaknesses regarding the quality

of the estimates it produces.



Software estimation models can be classified into three main categories: Algorithmic
Methods, Non-Algorithmic Methods, and Learning Oriented Models [10]. All models have
many challenges and in some cases some models are combined to improve the quality of the

estimate.

Algorithmic Estimation like COCOMO (Cost Constructive Model), Putnam’s Model,
Parametric Based Models and Analogy Based Models, these methods are based on

mathematical models which produce function of a number of variables Puntametc.

Non-Algorithmic Methods or are expressed in Expertise Estimation such as poker planning,
Top-Down or Bottom-Up Estimation, and Price-to-Win Estimation. Domain experts,
historical data, and team skills are the main factors affecting the quality of the estimate [11]
According to studies conducted by [8] [9], expert-based models are the most widely used
models in effort estimation. These Methods are used when there is complexity to collecting

data and requirements.

The IT (Information Technology) sector in Palestine is one of the promising and ever-
growing sectors. However, studies dealing with effort estimation approaches and techniques
in Palestinian IT sector are still largely missing. It has been noted that software development
companies in Palestine usually have small to medium-sized development teams (e.g., up to 20
programmers). Therefore, we were motivated to conduct a case study of Palestinian software
development companies to increase our understanding of how technical teams approach
estimating software efforts and to explore the challenges they face. We aim to provide
Palestinian Software Development companies with a feasible set of recommendations and
practical ideas that would help them improve their effort estimation and thus save them

valuable resources.



This study suggests using an existing technique to improve the accuracy of estimating the
efforts of software development companies and help them calculate the estimation of effort,
which is Triangulation, which gives better results and higher accuracy especially to small
and medium-size projects. We have also designed and tested an extension of the triangulation
technique, which in turn enables Palestinian companies to adjust (and fine-tune) the project
delivery time by making some adjustments on the project’s resources and parameters, and

therefore predicting the cost more accurately.

1.2 Problem Statement

Effort Estimation and Estimation Accuracy are one of the major challenges for software
development projects [12] [13] [14]. The Palestinian IT sector is a promising sector and has a
respectable number of mature and new companies working in the software development
industry [15]. This sector is one of the most fast-growing in Palestine which employs

thousands of professionals.

Based on previous studies dealing with an understanding of effort estimation in software
companies in Palestine, there was a 25% overrun in project costs due to inaccuracy in
estimating effort for software projects [16], and there is also a lack of research in the field of
effort estimation in Palestine. Also, Unfortunately, there is a lack of knowledge among the
Palestinian companies on how to estimate effort using published tools and techniques, which
in turn usually affects their project planning (e.g., scheduling, human resources, budgeting,
etc); Therefore, these companies usually suffer from continuous delays in delivering their
products due to the failure to accurately estimate the effort needed to get the job done from

the beginning. This usually leads to increased financial costs for the companies and for their



customers, which will have adverse consequences on their businesses and marketing plans as
well. On the part of customers, there is a problem of not knowing the pricing of the software
in order to clarify the prices of the software industry in Palestine. On the other hand,
Palestinian engineers are assigned tasks in any given Sprint (within SCRUM to Agile
development methodology), and they are asked to set a time to accomplish this task, and the
engineer has to deliver the task on time. So, engineers need a way to calculate time to get this

task done on time.

Based on a survey we conducted in 2021, it was found that a large percentage of software
engineers in Palestinian companies do not use any formal techniques for estimating effort, but
instead, they resort to common knowledge and personal experience. Accordingly, it was
found that there is a clear lack of knowledge of methods for calculating effort estimation
among engineers and/or project managers in Palestinian companies, and therefore there is a
real need for this research, to be able sort out this issue, and to find a reference EE (Effort
Estimation) model for these companies, not only in Palestine, but also for all countries which

have similar status and Software industry requirements.

1.3 Research Purpose

Due to the currently very few numbers of published studies that have dealt with methods and
techniques for effort estimation in Palestine (and similar countries); We also noted the high
percentage of inaccurate / improvised estimations that had led to cost overruns. We believe
no such model had been proposed to improve the accuracy of effort estimations for our
software industry; and therefore, we have conducted this study to improve the accuracy of

effort estimation in software projects, by suggest an appropriate effort estimation



model/technique based on well-known model with our own extension/modification; in order
to get accurate results relevant to the needs of Palestinian companies. and then to validate it
and connect these findings to our proposal and make relevant recommendations that may
positively affect these companies and the quality of their products and the accuracy of their

estimations.

1.4 Research Questions

We have formulated four research questions based on research purpose stated above:

e What are the common software EE techniques used in Palestine?
e How can we improve the software EE in Palestine?

e What is the appropriate technique for Palestinian companies to calculate the EE?

1.5 Research Limitations

In the research we did the survey, the experiments, and validation in Palestinian software
development sector. It was a challenging task to get the full collaboration of a large number
of these companies (they are usually very busy and won’t give-up even a small fraction of
their valuable time for us); therefore, we had to rely on a small number of companies that had

agreed to cooperate including the researcher’s own company (ASAL Technologies).

1.6 Research Contributions

The main contribution of this research is to propose a reference model for the Palestinian



companies and software engineers that will help/guide them to accurately estimate the effort
needed to complete their software development projects — before they begin. By employing

the appropriate EE technique and verifying its validity and accuracy level, they can improve
their work-schedule and the overall quality of their services/products. Also, an improvement
was added to the Triangulation technique, which will enable Palestinian companies to adjust

the project delivery time and calculate the project cost more accurately.

1.7 Research Methodology

In this study, based on previous studies that had dealt with exploring and knowing what
are the methods and techniques used in estimating effort in Palestinian companies, we

will do the following:

e Conduct a survey of Palestinian companies to learn about the methods and techniques
used in EE.

e Perform data collection and analysis of previous software projects from Palestinian
companies.

e Select / Develop an appropriate EE technique that suits the Palestinian market needs.

e Validate our work by applying our technique to software projects that have already
been completed — in order to find the accuracy level by comparing the difference

between what-is (the actual effort) and what-is-expected according to our estimation.



1.8 Thesis Outline

This thesis is structured as follows:

Chapter 1: Introduction: Gives an overview of the research and declares the problem

statement, research purpose, questions, scope, limitations, methodology, contribution.

Chapter 2: Background: Provides a general background of the concepts needed to

understand the rest of the thesis.

Chapter 3: Literature Reviews: Reviews relevant previous works and literature as a
framework for our intervention, we will explain the gap that we are trying to fill in, especially

that is related to the SD industry in Palestinian.

Chapter 4: Research Methodology: Here, we present the research methodology and
process; starting with a survey of Palestinian companies, data collection and data analysis of
previous software projects from Palestinian companies, programing and experimentation of
well-known EE technique, and ending with the proposed EE technique and the relevant

recommendations.

Chapter 5: Experiment and Verification: The selection modification of the appropriate
technique. This includes collecting information about a software project developed in the
Palestinian companies, applying the selected (modified/ if necessary modification) technique
to that project, and obtaining the accuracy of this technology by comparing the results of this

technology with the actual results.

Chapter 6: Conclusion and future work: Summary, conclusion, future work and

recommendations.



Chapter 2

Background

This chapter provides a general background of the concepts needed to understand the rest of
this research and covers the most important techniques used in estimating effort. It covers
basic concepts of effort estimation in software engineering and concepts related to the chosen

technique which is Triangulation.

2.1 Effort Estimation Methods

Summarizing the concept of software effort estimation is a method of predicting the most
accurate amount of time for a person's work or required to develop a software project. The
process of Effort estimation is a set of steps to know the estimates of any software. Absence

of process the result must be inaccurate [36].
Estimation = Duration of task completion + task completion Cost

Effort estimation is a way in which inputs which it takes and output which it produces.
During this process some resources are adopted with estimation methods. Quantitative and
expertise both data are used for estimation. Quantity and Quality of data are two major

factors for estimation [37].

Normally estimation is done by previous or past projects but if quality data in perspective of
current scenario 1s not available then estimators have to do new effort estimates instead of

taking past historical data.



According to the literature review, three main effort estimation methods were found:

2.1.1 Algorithmic Methods

These models rely mainly on mathematical formulas and expressions to give project

prediction, an example of these models is:

e COCOMO

It is one of the most popular models used for estimating effort, developed by Boehm[38,39].
Cocomo is a regression model based on LOC, i.e., number of Lines of Code. This model was

built on the basis of 63 software projects.

Depending on the level of accuracy and correctness needed, many Cocomo models have been
put out to anticipate cost estimation at various levels. These models can all be utilized for a
variety of projects, depending on the features of those projects on which the value of the
constant to be used in further calculations will be based. The following lists these traits as

they relate to various system kinds.

Embedded, organic, and semi-detached systems according to Boehm, Software projects are
considered to be of the "organic" kind if the necessary team size is small enough, the
problem is well known and has already been handled, and the team members have only

rudimentary familiarity with the issue.

Software projects are classified as semi-detached if key factors including team size,
expertise, and familiarity with different programming environments fall somewhere between
those of organic and embedded projects. Semi-detached projects demand more expertise,
better supervision, and creative thinking than organic projects because they are less well-

known and more challenging to create. Examples of semi-detached types include compilers



and various embedded systems.

Software projects that demand the most complexity, creativity, and experience fall into the
category of embedded. In comparison to the other two models, such software necessitates a
bigger team size, and the programmers must be sufficiently skilled and original to create such

intricate models.

The constants used in effort calculations are used in various ways by each of the system types

mentioned above.

Model Types: COCOMO is a hierarchy of three progressively more increasingly detailed and
accurate forms. Any of the three formats can be used if it meets our criteria. These COCOMO

model varieties include:

1) Basic COCOMO Model
2) Intermediate COCOMO Model

3) Detailed COCOMO Model

Calculating the cost of software can be done quickly and roughly using the Basic COCOMO
level. Due to insufficient factor considerations, its precision is somewhat constrained. These
Cost Drivers are taken into account by Intermediate COCOMO, and Detailed COCOMO also
takes into account the impact of individual project phases, meaning that Detailed COCOMO
takes into account both of these Cost Drivers and also performs calculations phase-by-phase,

yielding a more accurate result.
e Function Point Analysis
Proper metric systems continue to be a fundamental topic in software engineering since

software systems include a variety of functional features. Software engineers concentrate on

10



quantifying the quantity of functionality in software development projects as a result.
Functional point analysis approach was created to simplify the challenging work of

decreasing software metrics in terms of functional size [40].

Functional point analysis is a term used to describe standardized techniques for estimating
software sizes using functional constraints that identify the most important features to be built
[41]. Because it may be used to a variety of programming languages and technologies, this
strategy is really ubiquitous. Measurements are made of two main components in function
point analysis. The data functionality and transaction functionality qualities are the most

important components of the software application measure in function point analysis [42].

In particular, the system performance, productivity, quality indicators, and scope of the
system product are assessed to define the metrics of the two fundamental aspects. Function
point analysis analyzes the metrics of the system from a functional standpoint, resolving
problems brought on by technology dependence in the development lifecycle [40]. Three
steps of in-depth application analysis are used to maximize FPA's efficiency in software
engineering [40]. Identifying the kind of transactions that will be made in the software
applications is the first step in the function point analysis process. Second, the engineers
assess and evaluate the software system's constituent parts. Evaluations of the overall system
characteristics are a final step in the process. Fundamentally, there are 14 primary features
used to classify general system characteristics [40]. Data processing, system performance,
hardware configurations, transaction rates, data entry, end-user productivity, online updates,
reusability, ease of use, support for numerous sites, and change facilitations are some of these
[40]. Incorporating non-functional needs into function point analysis has also been the subject

of extensive research.

11



2.1.2 Non-Algorithmic Methods

e Expert Judgement

One of the traditional methods used in the early stages of software development for
software cost estimation is expert judgment [42]. The method is such that it heavily
relies on the knowledge and experience of a cost estimation specialist. Rather than
historical data, it rely on the expert's domain expertise [42]. Because they have the
necessary knowledge to ensure cost estimation is as accurate as possible, experienced
estimators are given the task of estimating software costs [42]. Similar to the previous
point, the estimator's professional judgment is frequently constrained to a certain area
of competence.

An expert with in-depth knowledge and expertise in a given field is more likely to
have majored in the project at hand, which puts them in a better position to estimate
the cost. When there are restrictions that prevent effective and efficient data
collecting, expert judgment is extremely helpful [43]. In order to make choices based
on the constraints and strict factors, professional judgment is needed. One example of
an expert judgment approach is the Delphi technique.

When it comes to comprehending the effects of incorporating a system, an expert may
provide an open and knowledgeable view on the best course of action. Another
drawback is the time-consuming procedures involved in recording the details that an
expert need in order to render a decision [42].

The majority of the elements in many software projects are many, making it tiresome
and challenging to record them. This method has no specific validation because the
estimation is completely based on the expert's prior experiences and domain

knowledge. The drawback of receiving skewed and optimistic expense estimates is
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another one. It is quite possible that the expert's emotions will affect the decision-
making process because professionals make expert judgments and have human
emotions [42] [43]. As a result, bias, pessimism, and optimism could all have an

impact on how something is judged.

Top-Down Estimation

The algorithmic or non-algorithmic methods can be used in the Top-Down cost
estimation methodology, which focuses on calculating the cost of a project from the
global properties of the overall project [44]. The estimation is then proportionally
divided into the various components [44].

When there is little historical information about a similar project available, this
approach can be used. When the project is still in its early phases, this strategy is more
advantageous. This is such that no further information regarding the project is
required at this time [44].

High-level judgments are made via top-down estimating when the planning horizon is
quite long. When there is only a general idea of the project and we need an estimate,
this method is used. This methodology focuses on tasks that are ignored by other cost
estimation methods, such as management and integration, in contrast to other

methods. The ballpark estimate's biggest drawback is how wrong it is [44].

Bottom-Up Estimation

In comparison to top-down estimating, this is the complete opposite. According to this
method, the price of each software component is determined, and the entire cost of the
project is determined by adding these components together [44]. The goal of this

technique is to accumulate all of the smaller software component estimations to get a
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proper estimate. Both techniques can be helpful depending upon the variety of the

projects [44].

The estimation process works best to estimate costs for minor projects. In the bottom-

up estimation method, we assign a monetary value to each work package or activity in

a schedule before adding them all up to get the project's total cost [44]. This can result

in a highly precise estimate that is very thorough. The bottom-up approximation does

have certain disadvantages, though.

1) If we add up each activity, there might not be any coordination between them,
such as resource overlap or dependencies where one activity must be completed
before the next can begin.

2) This level of estimate can be expensive to produce because it can take a long time
to produce and has a high degree of accuracy. It is therefore advisable to perform
a high-level estimate, or a top-down estimate, for the entire project in order to
overcome these drawbacks, and then to perform some specific estimates for the

next short-term tasks.

2.1.3 Learning Oriented Models

One may define machine learning as an approach to data analysis used to automate analytical
models. It is also a subset of Artificial Intelligence, which can be considered to be founded on
the idea that computerized equipment and robots can gain knowledge from experience [45].
These methods are capable of learning from the past and making predictions about the future
based on the past. In order to estimate software costs, a variety of machine learning
techniques have been used, including neural networks, fuzzy logic, evolutionary algorithms,

Bayesian networks, support vector regression, and analogy-based techniques. In order to
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increase the estimation accuracy, researchers have presented a number of machine learning
software cost estimating methods [46]. Additionally, a number of studies have noted that the
projected accuracy varies when the same model is built using various historical project

datasets or other experimental designs [46] [47] [48] [49] [50] [51].

According to several research, machine learning models perform better than non-machine
learning models when it comes to software cost estimation [52] [46] [53] [10]. Due to the
large margin of error in the traditional estimation models, the employment of these machine
learning models in the software cost estimation process has become increasingly popular
[10]. Machine learning algorithms have undergone significant and ongoing advances, which

help to produce predictions that are more accurate when used [46] [10].

These learning models consistently predict accurate results because of its learning nature
from the previously completed projects. The analysis by Monika et al. [10] came to the
conclusion that ANN (Artificial Neural Network) was the most popular strategy for creating
estimation models. In the context of software cost estimate, a brief review of these models
and a discussion of their advantages and disadvantages have been provided. This will help the
researchers determine which methodology-appropriate option to take. Different machine
learning models favor various estimating situations because they have various advantages and

disadvantages [46].

e Artificial Neural Networks

One of the most often used methods in the field of machine learning models is ANN.
As the name implies, it is frequently motivated by the neural portion of the brain

system with the aim of mimicking an intelligent, living being [54]. It has two layers:
the input layer and the output layer. Within these layers, there is a hidden layer made

up of units whose primary function is to apply weights to the data sent in from the

15



input. These weights are given to the data at random [55].

Due to their great efficacy, they are among the instruments that are most frequently
used in cost estimating [52]. Although neural networks have been there for a while,
they can be traced back to the year 1940 the missing link was the best way to take
advantage of them, and it has now been found. There are various varieties of neural
networks, and each one has a specific level of complexity and application. The feed
forward neural network (NN) is the most prevalent and all-purpose type of NN
because, as its name implies, data only flows from input to output [54].

Recurrent Neural Networks (RN), Convolution Neural Networks (CNN), LTSM
Recurrent Neural Networks, and others are other forms. The ANN technique is
utilized in cost estimation when it is necessary to comprehend the pattern of specific
data before predicting the project cost. It is used to cluster data into specified
classifications, forecast outcomes, and categorize data in the field of cost estimation
[55]. For instance, it is used to forecast the market through the utilization of historical
data in initiatives like the stock exchange market. An important feature of the model
is how well artificial neural networks typically capture non-linear interactions.

Deep neural net is used in the model, which requires fewer features [54]. When there
are few features in the dataset for model training, the neural network's capacity to
create its own features can be useful. It is versatile in that a wide range of features,
such as CNNs, RNNs, LSTM RNN:ss, etc., are available for one to select from (Figure
2.1). Additionally, it has some drawbacks, such as the tendency to sometimes over-fit
the data during the software cost estimation process [46].

Additionally, the model needs a tremendous amount of computing power, which
might not always be available. Since putting up a high level of processing power is

expensive for the collaborating firm, it is preferable if the model can work well even
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in areas where there is less power consumption.

According to the inquiry [53], a number of Artificial Neural Networks models have
been applied to the processes for estimating the cost of software:

a) Radial basis function (RBF) networks, b) recurrent neural networks, ¢) feed-
forward neural networks, and d) neuro-fuzzy networks.

Choosing the appropriate artificial neural network model is crucial to obtaining
accurate estimates, according to Hamza et al. [53]. In their study [53], they also came
to the conclusion that feed-forward neural networks perform better than other ANN
models, but that noise must be reduced by data filtering. The radial basis function is

better in cases of noisy data.

Project attributes
Hidden layer

RELY

CPLX

DATA Predicted Effort

Time

Figure 2.1: A neural network estimation model [42]
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Genetic Algorithms

They are described as adaptive and heuristic search algorithms that fall within
Darwin's theory of natural selection. They are included as one of the most active
topics of research in a recent study that used metaheuristics inspired by nature [56].
One of the soft computing techniques used in the software cost estimating process is
the genetic algorithm (GA), whose major function is to modify the parameters of
traditional approaches like the COCOMO approach in order to anticipate software
costs more precisely [56].

GA has been extensively used in a variety of cost estimation applications, such as
rectifying identification systems and solving path-searching issues inside projects
[56]. GA has also been utilized to resolve a number of NP-hard computing issues
[56]. This model draws its inspiration from nature, such as the design of a fish-
inspired bullet train. To name a few, the cuckoo search, particle swarm optimization,
and the firefly method are used for optimization issues (Np-problems). The
optimization challenge is typically exploited by GA models employing an
evolutionary process.

The model's first advantage is that, despite being less flexible than neural networks, it
is simpler to set up. The algorithm is on its own once it starts. Since it picks up new
features on its own, we don't need to watch over the process. Its drawbacks, on the
other hand, include less flexibility, a lot of hyperparameters, such as function
preferences, reproduction rates, the amount of elitism and cross-over, handling out-of-
bounds conditions, developing a plan, and establishing the necessary tree sizes and
depths within the model [30].

The model contains a variety of parameters, sometimes the outcome is very reliant on

the parameter settings, and there is no guarantee that it will discover an optimal
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solution in infinite time due to asymptotic convergence. It also features settings that
are self-adaptive. The approach is computationally intensive and also makes use of
meta models for functions. The approach was initially used to calculate the amount of
labor needed to finish a specific project [56].

It is also employed in cost estimation scheduling, indicating that it has the capacity to
identify and assess a variety of activities inside a single project. It has also been
utilized in the same context for data mining, which is regarded as a challenging task
when using conventional techniques. On the far end, the software cost estimation
process has employed GA to optimize distributed jobs. Distributed inquiries, which
indicate that all pertinent queries regarding a particular project can be obtained during
the early stages of its development, have been solved using it. Using this strategy, it is
very simple to make assumptions and forecasts about the software that is being

produced. It is rather time-efficient, especially when used by knowledgeable staff.

The conclusion of the literature review is that there are factors for choosing estimation

techniques and the factors are summarized by several points [31]:

1. Is the model having understandable structure and Process?
2. Is the method less expensive, easier to use and clear?

3. Does the model keep missing or past data?

4. Does the model consider uncertainty?

5. How do models consider uncertainty?

6. Is the estimation result accurate or not?

7. Is the method using agile methods or not?

8. Is the method dynamic or not?

9. Does the method produce accurate output if requirement changes during
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development?
10. Is the model less time consuming?
11. Does the model fit in the current situation?

12. Does the model produce trustworthy results?

2.2 Document Analysis

Document analysis is used to elicit business analysis information including understanding the
context and requirements. Upon receipt of any software project, the requirements are in
several forms such as RFP (Request for proposal), Tender, Business requirements and
technical specifications. Document analysis may also be used to validate findings from other
elicitation efforts such as interviews and observations. Data mining is one approach to
document analysis that is used to analyze data in order to determine patterns, group the data

into categories, and determine opportunities for change [17].

2.3 Benchmarking

Benchmarking is the process of considering previous projects or studies with the same goal to
improve the current study. Once Benchmarking is carried out, the researcher is able to build
on the previous study and enhance the project with much more data, effort, and resources.
This process approaches the risk analysis that has already been conducted in order to estimate

the effort driven for the current study [18].
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2.4 Functional Decomposition

Functional decomposition is a technique used to break down the process into smaller parts in
order to make the idea of the project a way easier for the receiver to track what will be
discussed later. This process takes into consideration that each part will be analyzed
separately in detail. This technique aims to encapsulate components; that is, to merge two or
more components into one specific category. The process of decomposing high or large
functions into sub-functions helps the addressee to get the general order of each sub-element
starting from a higher rank to lower and to know that those sub-elements refer to this large
element. The way the functional decomposition is diagrammed depends on the functional

hierarchy of each sub-components that's supposed to have only one parent component [17].

Function
[ ]
Subfunction Subfunction
1 2
Process 1.1 Process 1.2 Process 1.3 Process 2.1 Process 2.2 Process 2.3 Process 2.4

— Activity 1.1.1 | | Activity 1.2.1 Process 2.1.1
— Activity 1.1.2 | ' Activity 1.2.2 Process 2.2.2
— Activity 1.1.3

Figure 2.2: Functional Decomposition Diagram [17]
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2.5 Brainstorming

Brainstorming is an excellent way to foster creative thinking about a problem. The aim of

brainstorming is to produce numerous new ideas, and to derive from them themes for further

analysis. Also, it is a technique that aims to produce a wide range of ideas and solutions about

a problem. This technique is best applied in a group as it draws on the experience and

creativity of all members of the group. In the absence of a group, one could brainstorm on

one's own to spark new ideas to heighten creativity [17].
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Figure 2.3: Brainstorming [17]
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2.6 Calendar Day

It means the total number of working days according to the calendar, including holidays,
weekends and working days, for example when saying 12 working days starting from the
date 5 June 2022, so the end of the first 12 working days according to the calendar day will

be a day 16 June 2022 with weekend days included.

2.7 Business Day

It means the total number of working days only, excluding vacation days and weekends, and
one working day is only working hours, that is approximately six working hours, for example
when saying 12 working days starting from the date 5 June 2022, so the end of the first 12
working days according to the Business Day will be a day 20 June 2022 without weekend

days included.
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Chapter 3

Literature Reviews

In this chapter, different related works are studied. The chapter is divided into two sections,
in section 3.1 we will review some related work about Effort Estimation Techniques studies

in Software Development, in section 3.2 we will give some conclusions about this chapter.

3.1 Effort Estimation Techniques studies in Software Development

Previous studies will be displayed based on the time of their publication from the oldest to the

most recent.

In their paper [20], researchers Rashmi Bubley and Naresh Chauhan proposed a method for
accurately estimating the cost and effort in developing agile software and focusing on the
problems found in agile practices. The paper also focused on understanding the causes of
inaccurate estimations in agile software development and discussing several agile estimation
techniques. Their proposed method enables the calculation of cost, effort and duration for
small and medium enterprises only. The method did not include more factors that make the
estimate more valid and efficient, the usefulness of the proposed method is only to reduce the

risk of project failure.

Researchers TAILOR, SAINI and RIJWANI presented in their paper [25] a comparative
analysis and taxonomy of program cost, effort estimation methods, they categorized the effort
estimation methods into four categories: algorithmic model, non — algorithmic model,

parametric model and machine learning model They also discussed each technique and
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classified it into one of the four models and developed an explanation of each technique and
its mechanism of action. Also, they mentioned that there is no single technique that is best for
all situations because the choice of technique depends on several criteria such as the
complexity of the project, the duration of the project, the experience of employees and the
method of development, and finally they added a classification table for all techniques that

contain the advantages and disadvantages of each technique.

In his master's thesis, the researcher KAFLE presented an empirical study on software test
estimating [24], Which was a case study and collected empirical evidence from software
development companies in Nepal, the minimum company size was 30 while the maximum
company size was 200, and he performed the case study by conducting interviews with a set
of structured questionnaires. The most important results that he reached were test effort
estimation error seems to be closely correlated with development effort estimation error. A
company that had estimated a total of 3500 man-months had actually spent 4200 man-months
implying 700 man-months of effort/cost overruns to complete the project. Another company
that projected testing effort of 100 man-hour actually ended up in 120 man-hours at the end
of project causing 20 man-hour effort/cost overruns. He was also recommended that there is a

need for more studies in this area.

Researchers Gumaei, Almaslukh and Tagoug presented an empirical study for software cost
estimation in the Saudi software industry [23], Which focused on software companies in
Saudi Arabia and They prepared a questionnaire to collect data with goal of exploring the
software cost estimation models and analyzing the reasons which effect on the selection of
software cost estimation models or methods in Saudi Arabia software industry. The research
methodology they followed which is Research Objectives Establishment and then Design of
the Survey and then Analysis and Discussion of Survey Results, the results of the study were

that most of the companies use Expert judgment and price-to-win methods in software cost
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estimation. They also found that the algorithmic model and estimation by analogy were less
commonly used in software cost estimation. They also summarized and discussed several

reasons for the inaccuracy in cost estimation methods.

Researchers and specialists seek to find the best technique for estimating effort that gives
accurate results on the given datasets and the other applicable attributes. The Project
Management Institute (PMI) conducted a survey in 2017, investigating that 69% of software
successfully achieved the project’s original goals and business priorities, 43% were not
finished within their initial budgets, 48% were delivered late and 32% failed due to budget

loss [27].

Researchers B. Prakash and V. Viswanathan [21] presented a survey of the techniques used in
traditional and agile models. All of these methods used in their paper are mentioned. The
estimation model fits based on the development process model used to build the software.
There are no single estimation techniques that fit all types of projects. Exceptional estimation
method is difficult to determine as it largely depends on project size and various other factors
but COCOMO-II and Function point techniques are used in the traditional approach and

poker planning is most widely accepted in Agile-based projects.

The Zain and Zarour [22] study was a unique study in the Palestinian market, which was a
qualitative study that approached the Palestinian market to increase understanding of how
Palestinian companies deal with estimating efforts and exploring the challenges they face.
The most prominent results of this study are that about 25% of the cost overrun in software
projects is due to Inaccurate estimations, and that the most used model in Palestine is expert-
based estimation models, and the accuracy of effort estimation is greatly affected by the

team’s experience, knowledge of the field, and clarity of requirements.

Accurate and forecasting of the cost and effort of software projects is an essential task of a
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successful software project. Researchers Reza and Chirra [29] presented a systematic review
paper on models used for software cost estimation that are summarized in algorithmic
methods, non-algorithmic methods and learning-oriented methods. The paper aims to provide
an overview of models for estimating software costs Effort, summarizing strengths,
weaknesses, accuracy, amount of data required, and validation techniques used, and their
findings showed that neural network-based models showed higher accuracy over other
techniques, and the survey also shows that no single technology is perfect and all have their

advantages and disadvantages.

Researchers Mahmood, Kama, Azmi and Ali presented a proposed model [26] to improve the
estimation of the prediction accuracy of software development efforts, Proposed model based
on use case points (UCP), expert judgment and case-based inference (CBR) techniques. They
conducted this research through a primary study (a multi-case involving software companies)
study to make an ensemble model, Future work is to evaluate the prediction accuracy of the
proposed model by selecting projects from preliminary studies as case choices in the
application of a quantitative approach through industry experts, archival data on estimates

and evaluation metrics.

IBM-PMO Consultants conducted a survey of 1,500 change management executives. IBM
survey in the project success/failure levels shows that only 40% of projects meet schedule,
budget and quality goals, underestimating the complexity of the project is also identified as a

challenging factor in 35% of the projects.

3.2 Conclusions

In summary, the literature indicates that there is a 25% overrun in project costs due to
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inaccurate estimation of efforts for software projects based on research conducted to study
the Palestinian market. And there is also a lack of research in the field of effort estimation in
Palestinian market. also Unfortunately, there is a lack of knowledge among in Palestinian
companies on how to estimate effort using published tools and techniques, usually affects

their project planning (e.g., scheduling, human resources, budgeting, etc).

Given the importance of estimating effort in developing software projects, there was a strong
impetus to conduct a study to help Palestinian companies by suggesting a technique for

estimating effort, which is triangulation.

The main reason behind picking this technique over any other techniques is that the data
which has been collected from the IT Palestinian companies is useful for the Triangulation
technique. On the other hand, this data didn’t go with other techniques like cocomo

technique.

For instance, the web project takes into consideration three main parts like Front-end, Back-

end and QA (Quality Assurance). Most other techniques don’t take those parts into account.

Moreover, the Triangulation technique goes perfectly with the Agile methodology; that is,
some techniques the time for the whole project for one time only. However, Triangulation

allows the user to set time estimation for each sub task for example.

Undoubtedly, the Triangulation technique supports effort and a time-consuming approach. In
other words, some project managers and Software engineers face the issue of the complexity
of using some techniques especially when they cost them much time and effort to set time

estimation.

All above mentioned reasons pushed me to select this technique among all other techniques

to apply it on the Palestinian projects.
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Chapter 4

Research Methodology

This chapter proposes an effort estimation technique and the extension of selection Technique
that is suitable for Palestinian companies to help them calculate the effort and cost estimation
for their software projects. As shown in figure 4.1 and to implement this research. Thus, this
chapter is split into five sections, in section 4.1 We studied the state of the Palestinian market
by knowing what are the techniques and methods it uses in estimating the effort of software
projects through a questionnaire, in section 4.2 Data collection from previously implemented
software projects in Palestinian companies to pilot the selected technique, in section 4.3
Analysis of data collected from Palestinian companies, in section 4.4 We searched for the
best technique suitable for software projects in Palestinian companies, in section 4.5 We have
added modifications to the selected technique to help us obtain additional information about

the effort estimation.
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Figure 4.1: The steps of implement the methodology model

4.1 Survey Design

The stage of knowing what techniques and methods is used in Palestinian companies is
important and the goal is to improve these methods or suggest new ways to help Palestinian

companies improve the effort and cost estimate for software projects.

Knowing the current situation in this field and the current methods used by Palestinian
companies to estimate effort was through a survey on Google Forms Published in 2021
consisting of a set of questions whose aim is to collect information about the current situation

in Palestinian companies about effort estimation. Survey questions were designed to be
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closed and open-ended, in which, respondent can add more information to the answers. We

also took into account that the questionnaire should not be long and not take more than ten

minutes. The idea of writing text also avoided most of the answers in the form of multiple

choice or adding another answer, all in order to obtain accurate and correct data. The

questionnaire was published on social networking sites for the largest gathering of the IT

sector in Palestine (Peeks and PalGeeks) and also sent to some companies such as Asal and

Crypton. Table 4.1 below shows the list of survey questions and explain the objective of each

question.
Table 4.1A: Survey questions and objectives.
Id Question Objective
1 What is your current job title? To have a general look on the software
development jobs titles to which we
can know if there are any effort
estimation related titles.
2 How many years of experience do To find out the effect of the number of
you have in software development? | years of experience in estimating
effort.
3 How many employees work in your | To know the size of the company
company?
4 Have you ever participated in/run To understand his experience and share
level of effort estimation or you in estimating effort in projects.
participate in/run level of effort
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Table 4.1B: Survey questions and objectives.

estimation as part of your current

job?

5 If I suggested you a technique in To understand the need for a technique
calculating the estimation of effort, to help him calculate the effort
would you use it? estimate.

6 What techniques do you use in effort | To understand the technique used in
estimation? estimating effort in the company

7 What do you think about your level | To understand and know if the
of Effort Estimation? responded have previous knowledge in

software effort estimation.

8 How do you get the system To understand the system requirements
requirements? Either in the form of a | that are obtained in companies in order
Request for Proposal (RFP), Tender, | to start calculating the system effort
Business Requirements or Technical | estimation and know how clear the
Specifications. system is.

9 Have you previously encountered an | To know the accuracy of the effort
inaccurate effort estimation in one of | estimation technique
the projects? If yes, what is the
percentage of deviation from the
actual time?

10 What is the unit of measurement for | To know the unit of measurement for

the effort rating output of the

estimating effort and cost either hour /
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Table 4.1C: Survey questions and objectives.

system? days / months / weeks

11 Do you calculate risk factors when To find out whether risk factors are

calculating the effort estimate? If the | taken into account because they affect

answer is yes, what is the the accuracy of the results of the effort
percentage? estimation

12 How many hours does your effort To understand whether the technique
estimation technique take? used takes time and effort

4.2 Data collection

In this section, we collected data for previously implemented software projects in Palestinian
companies in order to apply the effort estimation technique and verify that it is suitable for
software projects in Palestine. We sent a request to various Palestinian companies to obtain
data for previous projects, some of which responded and sent to us, and some of them

reserved because of privacy.

The collected software projects are diverse in their size, ideas, programming languages that
were implemented using them, and the size of the companies, whether they are start-up
companies or out-sourcing companies such as Asal company, Crpton company and other

companies.

The data collected was about the form of requirements for the project, how many developers
have worked on these projects, the techniques used, the time taken to complete the project

and other information of interest to us for EE Technique.
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4.3 Data Analysis

In this section, we analyzed the data collected from Palestinian companies and extracted from

them the data that are of interest to us for the application of energy efficiency technique, and

we summarized the analysis of this collected data in the form of a table.

Table 4.2 shows information on the projects collected from Palestinian companies. The

number of projects is 14.

Note, we did not obtain permission from the Palestinian companies to display all the data in

more detail than this

Table 4.2 A: Dataset for software projects in Palestinian companies.

Brief Description of  Basis of Technology Level of

the project Estimation Stack

Web application that

is using analytical

Mockups,
hierarchical process to

requirements PHP,
help people who want

gathering MySQL
to buy mobile phones

interviews
to compare different

options

Certainty

34

High

Items Added
(During

Implementation) Used

Yes

Risk Actual

Factor Effort

10%

/unit

180/

Hours



Table 4.2 B: Dataset for software projects in Palestinian companies.

Mobile app for
university students -

Phase I

Integration solution
with facebook
conversion APIs and

Google ads

Mini CRM solution

for small businesses

Online learning
platform for short

videos - Phase |

Online learning
platform for short

videos - Phase 11

Design,
Flutter cross
Technical High
platform
Specification
Business
Netcore,
requirements, Low
MongoDB
research
Mockups,
database
ASP.NET
design,
MVCS, High
requirements
SQL Server
gathering
interviews
Requirements
VuelS,
gathering Medium
Netcore
interviews
Requirements
VuelS,
gathering Medium
Netcore
interviews
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Yes

Yes

Yes

Yes

Yes

15%

15%

10%

15%

10%

140/ Hours

150/ Hours

60/Days

40/Days

50/Days



Table 4.2 C: Dataset for software projects in Palestinian companies.

Web application for

Requirements
submitting business PHP,

gathering Medium
ideas for evaluation MySQL

interviews
based on Lean canvas
Web application for

ASP.NET

submitting internship

Workshop  MVCS, High
project ideas to

SQL Server

industry professionals
Web application for

Requirements
students to submit PHP,

gathering Medium
mini research papers MySQL

interviews
for review

Content,

Website for election iterative
WordPress High
campaign feedback on

design

Requirements ASP.NET
Archiving system for

gathering MV, High
insurance agency

interviews SQL Server

Automated process to Technical
C# High
generate study groups specification
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No

No

No

No

No

10%

10%

15%

10%

10%

20%

30/Days

55/Days

40/Days

45/ Hours

220/ Hours

25/ Hours



Table 4.2 D: Dataset for software projects in Palestinian companies.

Crpton Reception, React with

Application to receive Requirements lonic,

patients in dental gathering ASP.NET = Medium Yes 15% 34/ Days
clinics to organize interviews ~ MVCS,

appointments PostgreSQL

Crpton Mobile App,

an application for
React with
managing dental
Requirements Ionic,
clinics, managing
gathering ASP.NET = Medium No 15% 32/ Days
appointments,
interviews MVC(CS,
treatment plans and
PostgreSQL
financial costs for

patients

4.4 Selection of Appropriate EE Techniques

In this section, After the data of software projects has been collected from Palestinian
companies and analyze it, an EE Technique that fits this data will now be identified and

selected. The technique that we will apply in the experiment is Triangulation technique.

There are several reasons and motives for choosing this technique over others, which is that
the data which has been collected from the IT Palestinian companies is useful for the
Triangulation technique. On the other hand, this data didn’t go with other techniques like

cocomo technique.

For instance, the web project takes into consideration three main parts like Front-end, Back-
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end and QA. Most other techniques don’t take those parts into account.

Moreover, the Triangulation technique goes perfectly with the Agile methodology; that is,
some techniques the time for the whole project for one time only. However, Triangulation

allows the user to set time estimation for each sub task for example.

Undoubtedly, the Triangulation technique supports effort and a time-consuming approach. In
other words, some project managers and Software engineers face the issue of the complexity
of using some techniques especially when they cost them much time and effort to set time

estimation.

Factors for choosing estimation techniques have also been mentioned in a survey to estimate
the cost effect of different programmers, The researchers stated that no single method is

available for accurate estimates than others. Each method affects different factors [31]:

1) Is model having an understandable structure and Process?
2) Is method less expensive, easier to use and clear?

3) Does the model keep missing or past data?

4) Does model consider uncertainty?

5) How model consider uncertainty?

6) Is estimation result being accurate or not?

7) Is method using agile methods or not?

8) Is method being dynamic or not?

9) Is method produce accurate output if the requirement changes during development?
10) Is the model less time consuming?

11) Is model fit in the current situation?

12) Are model produce trustworthy results?
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This is a set of reasons that made me choose this technique and start applying it to the data set

obtained from Palestinian companies.

4.5 Extension of Triangulation Technique

In this section, we will explain the framework that we have added to the triangulation
technique, whose input depends on the results of the technique. This framework was
developed by me based on my experience and the experiences of project managers in

Palestinian companies.

This framework will help Palestinian companies in adjusting the delivery time of the project
and adjusting the cost of the project in terms of knowing more resources such as the number
of developers, the number of quality engineers and project managers, also in short to get the

total working days and calendar days.

This framework is used in the phase of calculating the estimation of effort for the project,
which depends on the technique of calculating the estimation of effort, which is triangulation,
after the time required to complete the project is calculated from the triangulation technique,
this time if the client is requested to complete the project with a delivery time less than the
time that was completed It is calculated from the technique of estimating the effort, here
comes the role of this framework, which is calculated for you with certain variables. You can
change the delivery time by, for example, adding more software engineers, these inputs are
entered on this framework and do mathematical operations, and then you get a new time to
finish the project and accordingly it is determined the price you want based on the sources

you added, by calculating developer hours to calculate developer hourly costs.

To understand the variables and calculations more for this framework, I added a table that
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expresses simulations of how to deal with this framework and get the new project delivery

time and cost. Table 4.3 shows the simulations of this proposed framework.

Table 4.3 A: Simulation of the proposed framework.

Estimated Time 60 / Hours
No. of Junior Developers 1
No. of Mid-Level Developers 0
No. of Senior Developers 0
No. of Junior QA 1
No. of Mid-Level QA 0
No. of Senior QA 0
Actual working hours per day 6,5
Management overhead 0,2
Acceptance test factor 0,2
Risk factor 0.4
Reduction Factor 0
Total number of resources 2
Acceptance test period 12
Estimated time including acceptance test 72
Risk hours 28,8
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Table 4.3 B: Simulation of the proposed framework.

Estimated time including risk factor 100.8
Junior Developer man hours 100.8
Mid-Level Developer man hours 0
Senior Developer man hours 0
Junior QA man hours 1008 Price
Mid-Level QA man hours 0
Senior QA man hours 0
PM man hours 20,16
Calendar days 23,26153846
Deadline
Calendar months 0,7753846154

Here you explain all the variables in the table and the output:

e Estimated Time
This value is obtained from the triangulation technique and is the value of the
estimated time of the project for which the effort estimate is calculated Without
multiplying the value of the risk factor in it, because this value will be used in the
framework, value is measured either in hours, days, or Estimation Units from

triangulation output value.
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No. of Developers

It means the number of developers proposed to be added to the project in order to
reduce the delivery time and this also affects the increase in the cost of the project,
which includes developers with different experiences and they are Junior, Mid-Level
and Senior Developer. The idea of separating each experience is that developers' costs

vary based on their experience.

No. of QA

It means the number of QA engineers for the project, and of course, this increase or
decrease in the number affects the cost of the project and the time of delivery of the
project as well. Also, the idea of separating each experience is that QA engineers

costs vary based on their experience.

Actual Working Hours per Day
It means the number of working hours for the team, which is usually 6.5 hours, based

on the Working Hours in business day.

Management Overhead
It means the number of working hours per day for the project manager, and a project
manager can be added to the text of a working day or a third of a working day for the

project.

Acceptance Test Factor

Acceptance Testing is the last phase of software testing performed after System

Testing and before making the system available for actual use. Also, It is a period
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after the completion of the project development, during which the client checks the
system to ensure that it has met all its requirements, and this period often affects the
calendar day.

Therefore, it must be taken into account in calculating the estimation of effort and

often affects 10% of the total Estimated Time.

Risk Factor
This value is obtained from the triangulation technique and the risk factor is an input

from the triangulation technique inputs.

Reduction Factor

It means Percentage to reduction in project delivery time, in the case of adding two
developers to the project, it does not mean that you reduced the time in half. In the
case of adding one developer, you reduced the time by only 35% and not half, and this
value also depends on whether the system is modular or not, for example, there are
projects that are not affected by adding another developer because it is not modular.
There are also tasks that can be worked on asynchronously and tasks that depend on
each other all are taken into consideration. also, the value of Reduction Factor

Decreases as the number of resources increases.

Total Number of Resources

This value is the sum of two values, which is No. of Developers and No. of QA, it is

explained by the following equation:

Total Number of Resources = No. of Developers (Junior, Mid-Level and Senior) +
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No. of QA (Junior, Mid-Level and Senior)

e Acceptance Test Period
This value is the multiplication operation of the estimated time value and the value of

the acceptance test factor, it is explained by the following equation:

Acceptance Test Period = Estimated Time * Acceptance Test Factor

e Estimated Time Including Acceptance Test
This value is the sum of two values, which is estimated time and Acceptance Test

Period, it is explained by the following equation:

Estimated Time Including Acceptance Test = Estimated Time + Acceptance Test

Period

e Risk Hours
This value is the multiplication operation of the Estimated Time Including
Acceptance Test value and the value of the Risk Factor, it is explained by the

following equation:

Risk Hours = Risk Factor * Estimated Time Including Acceptance Test

e Estimated Time Including Risk Factor

This value is the sum of two values, which is Estimated Time Including Acceptance

Test and Risk Hours, it is explained by the following equation:
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Estimated Time Including Risk Factor = Risk Hours + Estimated Time Including

Acceptance Test

e Total developers Man Hours
Here, the number of developers working hours is calculated according to each

experience through the following equation:

(Junior / Mid-Level / Senior) Developer man hours = Estimated Time
Including Risk Factor * No. of (Junior / Mid-Level / Senior) Developers * (1 -

Reduction Factor);

e Total QA Man Hours
Here, the number of QA engineers working hours is calculated according to each

experience through the following equation:

(Junior / Mid-Level / Senior) QA man hours = Estimated Time Including Risk

Factor * No. of (Junior / Mid-Level / Senior) QA * (1 - Reduction Factor);

e PM Man Hours
This value is obtained from the following mathematical equation:
PM Man Hours = Estimated Time Including Risk Factor * Management

Overhead * (1 - Reduction Factor);
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e Calendar Days

This value is obtained from the following mathematical equation:

Calendar Days = Estimated Time Including Risk Factor * 1,5 * (1 - Reduction

Factor) / Actual Working Hours per Day;

e (Calendar Months

This value is divided by the value of the calendar days by 30 days

Calendar Months = Calendar Days / 30;
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Chapter 5

Results Experiment and Verification

In this chapter, we present the experiments and results of the experiments and also present a
method to validate these results. In Section 5.1 We will display the results of our survey, In
Section 5.2 we will explain the details of the application of triangulation technique and the
projects that have been applied and the results of this technique, In Section 5.2 we will
explain the details of the application of Extension of Triangulation Technique and the
projects that have been applied and the results of this extension, finally in Section 5.3 we will
show him the verification of triangulation technology and Extension of Triangulation

Technique.

5.1 Survey Results

We have reached nearly 112 people who have filled out the survey on Google Forms. Here

are results for those who filled out the survey:
e Regarding a question, what is your current job title?

The results were as follows:
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13,112

@ Chief Information Officer
@ Technical Project Manager
@ Senior Software Engineer/Team Lead
@ Senior Software Engineer
— @ Mid-Level Software Engineer
‘—————

@ Junior Software Engineer
@ Senior QA engineer

@ Quality assurance engineer
@ Ceo of a startup

18.8%

Figure 5.1: what is your current job title

e Regarding a question, how many years of experience do you have in your Field?

The results were as follows:

13,112

@02
®35
@ 510
® 10+

Figure 5.2: how many years of experience do you have in your Field

e Regarding a question, how many employees work in your company?

The results were as follows:
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13,112

@ 1 to 9 employees

@ 10 to 49 employees

@ 50 to 249 employees
@ 250 employees or more

Figure 5.3: how many employees work in your company

e Regarding a question, have you ever participated in/run level of effort estimation or

you participate in/run level of effort estimation as part of your current job?

The results were as follows:

13,112

® Yes
® No

Figure 5.4: have you ever participated in/run level of effort estimation or you participate
in/run level of effort estimation as part of your current job

e Regarding a question, If [ suggested you a technique in calculating the estimation of

effort, would you use it?
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The results were as follows:

13,95

® Yes
® No

Figure 5.5: If I suggested you a technique in calculating the estimation of effort, would you
use it

e Regarding a question, what techniques do you use in effort estimation?

The results were as follows:

@ Triangolation
@ Benchmarking
@ Don't use any techniques
® no
A @ intutive

13,17

e
@ My experience

Figure 5.6: what techniques do you use in effort estimation

e Regarding a question, what do you think about your level of Effort Estimation?

The results were as follows:
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13,17

@ Novice

@ Advanced beginner
@ Competent

@ Proficient

@ Expert

Figure 5.7: what do you think about your level of Effort Estimation

e Regarding a question, how do you get the system requirements?

The results were as follows:

13,17

Request for Proposal (RFP)
Tender
13 (76.5%)

Business Requirements

Technical Specifications

15

Figure 5.8: how do you get the system requirements

e Regarding a question, have you previously encountered an inaccurate effort

51



estimation in one of the projects? If yes, what is the percentage of deviation from the

actual time?

The results were as follows:

13,17

1(5.9%1 (5.9%1 (5.9%1 (5.9%1 (5.9%1 (5.9%]1 (5.9%1 (5.9%1 (5.9%1 (5.9%1 (5.9%1 (5.9%) 1(5.9%1 (5.9%1 (5.9%)

1

0 10% 157 30% 15 30 No no

Figure 5.9: have you previously encountered an inaccurate effort estimation in one of the
projects? If yes, what is the percentage of deviation from the actual time

e Regarding a question, what is the unit of measurement for the effort rating output of

the system?

The results were as follows:
13,17

hours 9 (52.9%)

days 11 (64.7%)

weeks 2 (11.8%)

months 3 (17.6%)
0.0 2.5 5.0 7.5 10.0 12.5

Figure 5.10: what is the unit of measurement for the effort rating output of the system
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e Regarding a question, do you calculate risk factors when calculating the effort

estimate? If the answer is yes, what is the percentage?

The results were as follows:

13,17

2
2 (1|1'.8|%) 2 ([{1%8%)

1(5.9%)1 (5.9%) 1(5.9%]1 (5.9%)1 (5.9%)1 (5.9%)1 (5.9%)1 (5.9%)1 (5.9%) 1(5.9%]1 (5.9%)1 (5.9%)1 (5.9%)

1

0 20 25% 35% 5% No Yes, 20% no

Figure 5.11: do you calculate risk factors when calculating the effort estimate? If the answer

is yes, what is the percentage

e Regarding a question, how many hours does your effort estimation technique take?

The results were as follows:

13,17

1(5.9%) 1(5.9%) 1 (5.9%) 1(5.9%) 1 (5.9%) 1(5.9%) 1 (5.9%) 1 (5.9%) 1 (5.9%)

0 2 days 8 It depe...
1 day for 2 weeks of development 4-8 Average 18 hr (but it depends on...

Figure 5.12: how many hours does your effort estimation technique take
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Based on our survey, we show that a sample of 95 between a software engineer and a project
manager out of 112 do not use any effort estimating technique in Palestinian companies.
When asked if there is a motivation to use a technique to help them calculate the effort
estimate, most of the answers were yes 94 out of 95 and one answer was no. and I also got the
look of those who answered that they use a technique for estimating effort about what

technique they used.

5.2 Experiment EE Technique

In this section, I will explain the details of the application of triangulation technique. I did not
get approval from the companies to mention data details about the software projects that [

obtained, so I will explain the details of triangulation technique in this section.

5.2.1 Inputs

In the beginning, I will explain the inputs for any project that takes several forms. That is, the
initial description of the project before starting it, which gives a description of what the
project is, which is delivered to any software company to know what the project wants, what

its goal is and what it described. All of this falls under the inputs.

The input is either in the form of a Request for Proposal (RFP), a Tender, a Business

Requirements, or a Technical Specification.

Table 5.1 shows the inputs for projects as well as the level of details, which is meant by the

clarity of this input, and the higher the degree of clarity, the more clear its details, and
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therefore the estimate of the effort will be more accurate because of the clarity of these details

of the project
Table 5.1: Input Forms of a Software Project
Input Level of Details
Request for Proposal (RFP) Low
Tender High
Business Requirements Moderate
Technical Specification High

I will briefly explain these concepts:

e Request for Proposal (RFP)

A request for proposal (RFP) describes a project in detail so potential vendors can
submit proposals for the development process, technology and so on. Complex
software development projects demand a lot of detailed information, so with an RFP,
companies are able to address many products development challenges by collecting

ideas from several vendors [32].

A detailed RFP for software development allows issuers to compare vendor proposals,
evaluate different ways to solve a single problem. It also helps save valuable time
since one company can send project information to more than one vendor and later

compare their approaches [32].

Companies use an RFP to exchange details about projects and set up partnerships and

collaborations. Once a company releases information about a new project, competitive
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tendering begins, as potential vendors start proposing their solutions. An RFP is
beneficial for a variety of reasons, for both issuers and vendors. Since it is often used
for large, complex projects, it allows companies to get a number of different solutions,
examine them in detail, and decide which would best solve their problem. Higher
accuracy of project estimates. With a standardized RFP for software development, it
becomes easier to explain a specific project and receive realistic project estimates.
Understanding how many customers a business has, in which stage their product is, or
whether the company has come up with an idea and is looking for someone to build it.
Overall, the RFP document provides a context that vendors can use to provide a more
accurate timeframe, project scope, price range, and use—to generate tailor-made

offers [32].

Business Requirements

Business requirements is a phase in Software development life cycle which felicitates
the requirements of the end users as the very first task in order to guide the design of
the future system. Business requirements are usually captured by business analysts or
product owners who analyze business activities who in turn act as subject matter
expertise (SME's) [33].

Requirements are essential to ensuring that all stakeholders and other team members
are on the same wavelength as the software development group. They act as a starting
point for a project’s development process as they keep all team members aligned to a
single, clearly defined goal. High quality, detailed business requirements
documentation also helps projects within budget and ensures it is complete within the

desired time-frame or schedule. According to the Business Analysis Body of
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Knowledge. The process of defining a company’s business requirements involves
considering the tasks and goals of the business and customers’ needs. Unsurprisingly
this can be a complex task and requires input and questions from various people
involved throughout the organization a company’s business requirements to be useful
and attainable, there are some tools and steps that can be taken during the requirement

gathering process to achieve the best results [34].

e Technical Specification
A technical specification is a detailed and comprehensive document that describes all
technical procedures related to product development. It covers all the vital, nitty-gritty
information about the process of product development. A technical specification,

especially written using a good template, is like your product development bible [35].

5.2.2 Steps to Get the Estimated Time by Triangulation

In this section, we are going to present the main steps we can follow to know the estimated
time by following the Triangulation technique. It’s important to know that these steps depend
on each other. That is, every single output of a step is considered to be the main input of the

following step. The following table 5.2 shows the steps.
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Table 5.2: The Triangulation Main Steps for Estimating the Time.

Steps Note

Functional Decomposition Missing items are a big risk

Running Triangulation Technique

Benchmarking (optional)

Getting The Total

Multiply by a Risk Factor 10% - 35%

Record Assumptions

e Functional Decomposition

We consider the Functional Decomposition concept to divide the input into items. In
other words, in case the input is a technical specification, we divide the system parts
into items, so the result is a divided output of the input and that output will be used for
the following step. Moreover, the divided items can help in recognizing the level of
effort of each item and the deliverables.

The person who is in charge of dividing the item should be an expert in the domain
like a team lead, senior and so on. However, the functional decomposition has a risk

which can be basically related to forgetting any detail between the lines.

e Running Triangulation Technique

The triangulation discusses the rule of thirds. The principle of this technique invites

three software engineers with three different seniority levels. We distribute playing
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cards based on the Fibonacci rule while paying attention to the different seniority of
the three engineers. The Fibonacci starts from 1 and ends at 8. It’s impossible to
exceed the 8 number because the items in this case must be decomposed (to get in the
functional decomposition process).

By way of illustration, we create a scenario for a specific item

e Scenario 2,2,2: Three engineers select the same card. For example, the three
persons choose 2 for this item, so in this case the selected estimated time for
this item is 2.

e Scenario 2,3,3: One of the three engineers selects 2 while the other two
engineers select 3. The result of the selected estimated time for this item is 3.

e Scenario 2,2,3: The two engineers agree on selecting 2 while the other
engineer decides to go for 3. In this scenario, the estimator of 3 should justify
the reason behind selecting this card and then replay.

e Scenario 2,3,5: If one engineer selects 2 and the other one decides to choose 3
and the last engineer goes for 5, then the estimators of 2 and 5 need to justify
why they have estimated this time and then replay. If the results are still the
same, then we select 5. The reason behind considering card 5 not the 2 is
mainly related to decreasing the risk of time estimation. The item might really

need this time according to the estimator vision.

e Benchmarking

This step can’t be considered as a mandatory step but can be categorized as optional
to assure the results. Since Benchmarking is mainly based on comparing the previous
projects results with the current one, we can use this step in some projects that have

similar results. we can use this technique just to confirm the results we already
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worked on. However, some projects are new and we don’t have previous similar
projects, so we need to start from scratch. In that case, there is no way to use

Benchmarking and that’s why it’s optional.

Getting The Total

Here, after completing the calculation of all the items by the triangulation technique in
the previous step, we perform the process of summing all these results and obtaining a

number. This number is the sum total of the estimates for each item.

Risk Factor

The risk factor is defined as a condition that may constitute an inaccuracy of the effort
estimation when calculating the EE using the triangulation technique , the proportion
of the risk factor is determined by an expert in estimating effort and is often between
10% - 35% , often this percentage is determined based on several criteria or reasons
such as: Unclear inputs , during the process of applying the triangulation technique
Senior people are giving optimistic estimates or Some people are giving very high
estimations , when the technology (such as the programming language) to be
implemented in the project, the members of the programming team do not have any

previous experience with it and in case the system to be worked on is complex.

Record Assumptions

When calculating the Effort estimate, there is a hypothesis that has been relied upon
in the calculation. For example, assuming the project is a web application, the premise
is that we will develop this project in terms of the back-end being C-Sharp language,

the front-end being React.js, and the database being MongoDB. Based on this
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assumption, we have made an estimate of the project effort, because often in the
inputs for software projects, the client did not specify what technology stack, and
therefore we estimate the effort of the program project based on these assumptions
because if the technology is changed, the value of the estimate effort will change the
simplest reason is that the development team may not have any experience with the

technology required.

5.2.3 Triangulation Technique Results

In this section, we will present the results of applying the triangulation technique to 14

software projects from Palestinian companies in Table 5.3.

Table 5.3 A: Dataset for Results of the application of the triangulation technique.

Brief Items Added Risk
Basis of Technology Level of Estimated
Description of (During Factor
Estimation Stack  Certainty Efforts
the project Implementation) Used
Web application

that is using

analytical Mockups,

hierarchical requirement PHP, 167/
High Yes 10%

process to help s gathering MySQL Hours

people who want interviews
to buy mobile

phones to
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Table 5.3 B: Dataset for Results of the application of the triangulation technique.

compare different

options

Mobile app for
university

students - Phase |

Integration
solution with
Facebook
conversion APIs

and Google ads

Mini CRM
solution for small

businesses

Online learning
platform for short

videos - Phase |

Design,
Technical  Flutter cross
High
Specificatio platform
n
Business
Netcore,
requirement Low
MongoDB
s, research
Mockups,
database
ASP.NET
design,
MVCS, High
requirement
SQL Server
s gathering
interviews
Requiremen
VuelS,
ts gathering Medium
Netcore

interviews
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Yes

Yes

Yes

Yes

15%

15%

10%

15%

120/

Hours

119/

Hours

61/ Days

45 / Day



Table 5.3 C: Dataset for Results of the application of the triangulation technique.

Online learning  Requiremen

VuelS,
platform for short ts gathering Medium
Netcore
videos - Phase II interviews
Web application
for submitting Requiremen
PHP,
business ideas for ts gathering Medium
MySQL
evaluation based interviews
on Lean canvas
Web application
for submitting ASP.NET
internship project Workshop MVCS, High
ideas to industry SQL Server
professionals
Web application
for students to Requiremen
PHP,
submit mini ts gathering Medium
MySQL
research papers  interviews
for review
Content,
Website for iterative

WordPress High
election campaign feedback on

design
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Yes

No

No

No

No

10% 48/ Day

10% 32 /Day

10% 50/ Day

15%  35/Day

10% 40/ Hours



Table 5.3 D: Dataset for Results of the application of the triangulation technique.

Archiving system Requiremen ASP.NET

for insurance

agency

Automated
process to
generate study
groups

Crpton
Reception,

Application to

receive patients in ts gathering ASP.NET

dental clinics to
organize
appointments
Crpton Mobile
App, an
application for

managing dental

clinics, managing ts gathering ASP.NET

appointments,
treatment plans
and financial

costs for patients

ts gathering MVCS, High

interviews  SQL Server

Technical
specificatio C# High

n

React with

Requiremen lonic,

Medium
interviews MVCS5,
postgresql
React with
Requiremen lonic,
Medium

interviews MVCS5,

postgresql
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Yes

No

10%

20%

15%

15%

241/

Hours

16.5/

Hours

36 / Day

33 / Day



5.3 Experiment the Extension of Triangulation Technique

Here, I applied this Extension on 3 projects from Palestinian companies, the experiment was

over a certain period of the project, the results of applying this Extension are in Table 5.4.

The Table 5.4 shows the details of each project separately in terms of the number of
developers and the number of QA engineers and the rest of the details the inputs shown in the
table and the results of calculating the project completion time and cost details for all sources

separately in the number of hours.

Table 5.4 A: Dataset for Results of application for Extension of Triangulation Technique.

Web App for
insurance company,
Web Application - can automatically

Mobile app for  Online store for a analyze, and process

E-School Palestinian vehicle damage at
company high precision
without skilled
personnel
Estimated Time (Hours) 65 130 195
No. of Junior Developers 2 1 1
No. of Mid-Level Developers 0 0 1
No. of Senior Developers 0 1 1
No. of Junior QA 1 0 1
No. of Mid-Level QA 0 1 0
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Table 5.4 B: Dataset for Results of application for Extension of Triangulation Technique.

No. of Senior QA

Actual working hours per day

Management overhead

Acceptance test factor

Risk factor

Reduction Factor

Total number of resources

Acceptance test period

Estimated time including

acceptance test

Risk hours

Estimated time including risk

factor

Junior Developer man hours

Mid-Level Developer man hours

Senior Developer man hours

Junior QA man hours

Mid-Level QA man hours

Senior QA man hours

6)5

0)2

0)1

0)3

0,35

6)5

71,5

21,45

92,95

120,835

60,4175
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6)5

0)3

0)1

0)2

0,35

13

143

28,6

171.6

111,54

111,54

111,54

6)5

0)3

0)2

0,15

0,35

39

234

35:1

2691

174,915

174,915

174,915

Price

174,915



Table 5.4 C: Dataset for Results of application for Extension of Triangulation Technique.

PM man hours 12,0835 33,462 52,4745
Calendar days 13,9425 25,74 40,365

Deadline
Calendar months 0,46475 0,858 1,3455

5.4 Verification

The experiments aimed at applying the triangulation technique and knowing its suitability
with the Palestinian market projects, and then establishing an extension of this technique in
order to improve and assist Palestinian companies in estimating the effort and knowing more
accurately the resources and costs of the projects, in order to evaluate the accuracy and
validity of the triangulation technique and to evaluate the accuracy of the extension of this
technique. The method I followed for the triangulation technique is the following. Firstly, I
gathered the previous software projects that were implemented, and then I applied the
mentioned technique on those projects. Secondly, I made a comparison between the actual
results and the triangulation technique’s results (Estimated Efforts). By doing that, it was

possible to check whether the technique’s results were accurate or not.

As for the method of verifying the accuracy of the triangulation technique extension, I had
applied the triangulation technique extension to three projects that have software engineers
and QA engineers then I applied the simulation of this extension of the triangulation
technique and compared the results of this technique with the actual result of the projects,

which focuses on the number of sources and working hours for each engineer in order to
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make sure It is the accuracy of the extension of the triangulation technique in the event that
developers are added to the project, the accuracy of the time reduction of project delivery it is

accurate or not.

5.4.1 Verification of Triangulation Technique

Here I will present the results of verifying the accuracy of the triangulation technique for the
software projects that were used in the experiment phase shown in Table 4.2, and they are 14
projects, Table 5.5 shows the results of checking the accuracy of the triangulation technique,
the second column (Estimated Effort) shows the value of the time value of the triangulation

technique and the third column shows the actual time for project delivery.

Table 5.5 A: Dataset of Triangulation Technique Verification Results.
Estimated Actual Estimation
Brief Description of the project
Effort Effort Unit
Web application that is using analytical

hierarchical process to help people who want to 167 180 Hour

buy mobile phones to compare different options
Mobile app for university students - Phase I 120 140 Hour

Integration solution with Facebook conversion
119 150 Hour
APIs and Google ads

Mini CRM solution for small businesses 61 60 Days
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Table 5.5 B: Dataset of Triangulation Technique Verification Results.

Online learning platform for short videos - Phase

45 40 Days
I
Online learning platform for short videos - Phase

48 50 Days
I
Web application for submitting business ideas

32 30 Days
for evaluation based on Lean canvas
Web application for submitting internship

50 55 Days
project ideas to industry professionals
Web application for students to submit mini

35 40 Days
research papers for review
Website for election campaign 40 45 Hour
Archiving system for insurance agency 241 220 Hour
Automated process to generate study groups 16.5 25 Hour
Crpton Reception, Application to receive
patients in dental clinics to organize 36 34 Days
appointments
Crpton Mobile App, an application for managing
dental clinics, managing appointments, treatment 33 32 Days

plans and financial costs for patients

Factors that depend on the estimated time not being close to the actual time is the risk factor

and the Level of Certainty , These two factors mainly affect the accuracy of the estimated
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time compared to the actual time, as is the case in Project No. 3, there is a high risk factor and
a decrease in Level of Certainty, which is the clarity of the project from the requirements of
the client ,Thus, I see that this technique has a high accuracy rate for Palestinian projects

based on input factors that control the accuracy of this technique.

5.4.2 Verification for Extension of Triangulation Technique

Here I will explain the results of evaluating the accuracy of Extension triangulation
Technique, I applied the Extension to three software projects in a certain period of time, their
details are shown in the table 5.4, adding the same number of developers and QA engineers,
and calculating the estimated time of the Extension and comparing it with the real time.
Knowing the accuracy of time also gives us knowledge of the accuracy of the number of

resources like developers and QA engineers.

Table 5.6: Verification Results of Extension of Triangulation Technique.

Estimated Effort / Calendar days 13,9425

40,365
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We see here that the accuracy of the Extension of Triangulation Technique is high and close
to the actual result. There are factors that affect the accuracy of this result, such as the risk
factor as in the first project (Mobile app for E-School) and we also see that there is a result

close to the actual result in the second two projects because the risk factor was less.
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Chapter 6

Conclusion and Future work

6.1 Conclusion

We believe that this study is an important reference model and addition for Palestinian
companies that can help them calculate the effort needed to perform their software projects in
terms of cost, delivery time and number of resources. This model can be used as a guideline
to get better and more accurate effort estimates. We chose the Triangulation technique, did
intensive experimentation and validation using actual data and the results were very

promising.

We have chosen the triangulation technique for several reasons, the most important of which
is its suitability for the Palestinian IT companies as small-team / small-business projects. On
the other hand, we have checked this data against other formal techniques (like COCOMO

technique), and it found that they did not serve the needs of Palestinian IT sector.

We would like to add that we have designed the extension of the Triangulation method to be
able to control and adjust the project delivery time by varying the allocated resources (e.g.,
the number of engineers). There were several factors taken into consideration such as the

acceptance test factor, risk factor, reduction factor, and their relevant combinations

6.2 Future work

Future studies can adopt the experiment of the Extension of Triangulation Technique to other
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software projects with different specifications and evaluate the accuracy of the technique, and
there may also be other parameters that might affect the effort estimation accuracy (like the
programming language, the work environment, the type of administration support, the skills
levels of the engineers, etc.). These can be the basis for new studies in an attempt to broaden

the technique for more cases and better accuracy and flexibility.
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