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Abstract 

Cost estimation is crucial to a project’s success. Realizing its importance, many companies are aware 

that, selecting the appropriate cost estimation method is vital to guarantee an accurate estimation. This 

paper was intended to investigate the existing approach used in cost estimation in a communication 

company and to select the most suitable cost estimation methods to improve their current practices. 

The cost estimation methods practiced were limited to analogy based and expert judgment only. On 

top of that, no guideline for performing cost estimation is available. A quantitative approach was 

conducted using questionnaire to gather information on the current cost estimation practices. The 

approach also investigated the respondents’ knowledge and awareness about existing cost estimation 

methods. Analysis from this study will be used to determine the nature of the work and how the 

projects are managed in the company. Results obtained is hoped to be able to help to improve the 

current cost estimation practices. 
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1. Introduction 

Many organizations and businesses today rely heavily on software to showcase their organizations 

in this competitive world. The cost of developing software has increased significantly the last few 

decades. In order for software development project to run efficiently, it is very important to estimate 

costs accurately. The more complex the software, the more difficult it is for the project manager and 

the development team to have accurate estimation of software cost and effort. 
 

This paper tries to investigate the existing approach used in cost estimation in a communication 

company, to study its effectiveness or its flaws, and to propose a more suitable cost estimation 

method to improve their current practices. From the pre investigation done in the company, it was 

found that the most common software cost estimation methods used were limited to only two 

methods which were expert judgment and estimation by analog. On top of that, there was no 

guideline to steer them towards practicing a proper software cost estimation process. 
 

A quantitative approach was conducted using questionnaire to gather information on the current 

cost estimation practices. The approach also investigated the respondents’ knowledge and their 

awareness about existing cost estimation methods. Analysis from this study will be used to 

determine the nature of the work and how the projects are managed in the company. The result 

obtained is hoped to be able to help to educate them and to improve their cost estimation practices. 

The survey is only involved with the respondents having previous or current experiences in cost 

estimation process in a project within the company. The data collection will only cover the business 

development branch, which was directly involved in cost estimation. 

 

This paper will focus on the quantitative study of choosing the best cost estimation method(s) for 
 

* 
Corresponding author. E-mail address: haslinams@utm.my 

mailto:haslinams@utm.my


Vol. 4 Is. 1 (2016) Open International Journal of Informatics (OIJI) 

11 

 

 

 

implementation at the company. Section 2 will present the study done on the factors affecting the 

current cost estimation activities.   The various cost estimation methods are explained in section 3. 

The method to find the suitable cost estimation model is written in section 4. Section 5 will discuss 

the findings and the issues.  Finally section 6 will conclude on our findings. 

 
 

2. Literature Review 

 

According to [1], software cost estimation consists of predicting the effort process and cost 

needed to develop a software system. It is associated with project duration and the total resource 

needed to complete the project. Cost estimation is based on an approximation of the possible 

program or product cost that was calculated using the information available. Software cost 

estimation basic input is a set of cost driver and the coding size. Effort is the software cost 

estimation output in paradigm of Person Months [2]. 

 

Realizing the importance of cost estimation, many companies are taking the effort practicing the 

cost estimation process in a software project. The significant factors that lead to the failure of 

software development project are mostly caused by wrong estimation of project’s schedule and 

budget. 

 

Starting with the proposal phase, software cost estimate continues until the last phase 

throughout the software development life cycle. The process of estimation involves effort 

estimation, size estimation, schedule development for initial project and total cost of the project 

estimation [3]. 

 

There are several methods to assist software developer to estimate better cost and effort 

required for software development projects. Accurate cost estimation of software development is 

very crucial. According to [4] accurate cost estimation process is essential for defining the 

software product resources. This element is also needed to control the software development 

activities and to sustain the product re-planning. By underestimating this feature, the project might 

encounter budget overrun and the expected payoff cannot be met. This could also lead to project 

cancellation before its completion. Future user cooperation could be discouraged and will 

indirectly compromise the company’s management credibility. 

 

The key to project success lies in the precision of project cost estimation. The imprecision in 

planning and estimation will lead to the biggest concern in software development which is 

software project failure. Different cost estimation approach applied might produce different 

accuracy of the estimated results. 

This is coinciding with the study by [5] that poor estimation is the root factor of software 

development failure. Among the significant factors that we believe to be contributing to project 

cost are as follows: 

 

A. Good Project Management 

Software project has to be completed on time, within budget and resources to achieve 

successful project delivery. Project manager involved in planning and estimation process must 

properly plan how to deliver the software product on time because schedule overrun is one of the 

main cause affecting software development cost. The quantity of resources needed must be defined 

early in the software development for more accurate cost estimation. Improper planning may lead 

to inaccuracy of cost estimation thus leading to over budget [6]. 



Vol. 4 Iss. 1 (2016) Open International Journal of Informatics (OIJI) 

12 

 

 

 

B. Conformance to Requirements 

A research done by [7] stated that insufficient requirement, poor project planning, abrupt 

changes at the early project phase and imprecise estimation were the main reasons that causes 

software development to fail. Software project needs to undergo requirement changes to ensure 

that it is parallel to business process needed. Inconsistency and unspecified requirements may 

upset software development cost. Requirement is subject to changes. The development team must 

ensure that all requirements are well defined and stated at the beginning of the project to avoid the 

requirement from changing too frequently later on. If the changes of the requirement made cannot 

be controlled the project development will encounter difficulties and this will stretch the project 

duration that will later escalate the development cost [8]. 

 

C. Product Complexity 

The complexity of the software to be built can influence the cost of the development. The more 

complex the software is, the more cost and resources will be needed to complete the software 

development within the estimated schedule. The increase in software complexity makes it more 

difficult to have an accurate estimation of software cost and effort. Most large projects went over 

budget, did not deliver the project on time and some of them could not be completed due to 

misleading estimation of software development cost [9]. 

 

There are two approaches in cost estimation which are algorithmic and non-algorithmic. 

Algorithmic models take into account arithmetic formula. Means and standard deviation are the 

straightforward mathematics equation that by such summary for this algorithmic model [10]. As for 

others, the methods are based on regression models and differential [11]. 
 

3. Software Cost Estimation Methods 

There are two approaches in estimating cost for a software project: 
 

 

A. Non Algorithmic Method 

Among the non-algorithmic cost estimation methods mentioned by [12] are as follows: 

 

i. Estimation by Analogy 

 

Analogy can be defined as a comparison between things that have similar features, on 

which a comparison may be based. It is a cognitive process that transfers information 

from a certain subject to another. From a source to a target. According to [13], analogy 

refers to some similar completed software project and estimation of effort and cost, are 

based on that actual software. As for the result, the cost and effort of a similar project 

type can be estimated [14] also state that the central parts of the analogy based 

estimation is the similarity function. The similarity level between two diverse projects 

was measured using this estimation method. A completed project is needed in analogy 

costing so that the sensibility by analogy using the actual cost of earlier project with the 

new project are similar as a compulsory requirement. The basis estimation of current 

project will be derived using the key metrics from a similar type of previous project that 

has been conducted. 

 

ii. Expert Judgement 

 

This method engages discussing with one or more professionals using the knowledge 

gained from past project management, own methods and experiences, according to [15]. 
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The estimation process can be established from a non-explicit and non-recoverable 

reasoning method for example by intuition [16]. Through the work of [17], the author 

has introduced the Delphi technique as a solution in minimizing the inconsistencies 

during estimation process. 

 

iii. Parkinson 

 

The Parkinson method presented a method where the cost is determined by the 

available resources instead of depending solely on the objective assessment estimation. 

Example of the calculation is if a software has to be delivered in 18 months with 5 

available people, the effort is estimated to be 90 person month. According to [12], this 

method might provide estimates that are not realistic even though at certain times it can 

estimate well. On top of that the method is not promoting good software engineering 

practice. 

 

 

iv. Price to Win 

 

The software cost is estimated to be the best price to win the project. The estimation is 

based on the customer’s budget instead of the software functionality. This is not a 

practical solution as there may be delays or hiccups during the project that would 

severely affect the project. [18] believed that “price-to-win” method would not be 

declared by the managers even though it can sometimes work. The managers looked at 

this method lightly and they were oblivious of the client’s expectations on effort 

estimates. 

 

v. Bottom up 

 

This method analyses all individual work packages and activities with the greatest level 

of detail [19]. Later the individual estimates will be accumulated together to derive a 

higher level estimates. If the individual work packages and activities are defined in 

detail, it will be benefit in optimizing the accuracy of bottom up approach. Using this 

approach, each of the software system’s component is estimated individually. Then the 

estimation of all the components are added up to obtain the complete system’s estimate. 

The initial design must be presented as a benchmark to the system’s decomposition. 

 
 

B. Algorithmic Method 

 

Algorithmic models vary widely in mathematical sophistication. These methods are based on 

arithmetic models that derive expenditure estimates as a purpose of a digit of variables which are 

measured to be key rate factors. The Effort parameter depends on the cost factor used for the 

calculation. 

 

Effort=f(x_(1 ,) x_(2,)⋯x_(n )) 

 

where { x1, …, xn } represents the expenditure factors. The difference of these method lies on two 

aspects which are the choice of expenditure factor and the form of the function. 

The expenditure or cost factor that personalized the model are as follows: 
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There are many other cost factor other than software size. The most complete set of cost factors 

was proposed and used by Boehm et al [20] in the COCOMO II model. There are four types of cost 

factors as follow: 

 

i. Product factors 

This factor requires consistency; invention density; database range used; necessary 

reusability; records equivalent to life-cycle requirements. 

 

ii. Computer Factor 

This factor requires implementation time limit; key storage limitation; computer revolve 

constraints and stage precariousness; 

 

iii. Personnel factors 

This factor requires analyst ability; purpose occurrence; programming competence; 

platform knowledge; language and tool occurrence and personnel stability; 

 

iv. Project Factors 

This factor requires multisite expansion; apply of software tool and obligatory expansion 

plan. 

 

The above factors are not essentially independent. They are used depending on the equation 

characterizing each model. 

 

4. Methodology 

 
A quantitative approach has been selected to conduct the work. Questionnaires have been 

chosen as it is the most widely used data collection method in educational research. The principles 

for designing a questionnaire are straight forward. However, careful considerations are also 

necessary. To design a systematic questionnaire, the content and its transformation into question 

need to be very well-crafted to minimize error. 
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Figure 1: Research Steps 

 

Two research questions have been initially derived. These research questions are marked as 

constructs. The research question was concentrated on the cost estimation method practiced in the 

company. It also investigated on whether the estimation process used at the company followed any 

form of guideline.   The relationship between all constructs and question objectives is shown in 

Table 1. 

This survey will provide the existing condition of cost estimation practices and furthermore to 

provide the personnel with the best practices in cost estimation process for their further use.   For 

this study, we selected a focused group in the company. This group is limited to the personnel 

having experience and those who are directly involved in the cost estimation process within any 

projects. 

 
In this study, the data collection mode has been categorized into three sections: A, B and C. For 

Section A, the respondents were asked questions based on demographic information. Their 

background and personal details were retrieved from this section. While for Section B, the 

questionnaire is more focused on the respondents’ knowledge on cost estimation. For the last 

section, the data on guidelines in cost estimation method will be retrieved. 

 
After finalizing the data collection, the questionnaire was designed and a pre-test was conducted. 

The process towards performing data analysis then continued by recruiting and measuring the 

respondent samples. The overall process included codes and editing the unadjusted data thus 

conducting post hoc data adjustment. The data analysis was then performed and we interpreted the 

results. These research steps can be viewed in Figure 1. 

 

 
Table 1: Relationship between constructs and question objectives. 

No Project Question Project 

Objective 

Project Step Deliverables 

Define research question 

Specify the population of interest 

identify a sampling frame 

Choose a data collection mode 

Design and pre test the questionnaire 

Recruit and measure the sample respondents 

Code and edit the unadjusted data 

Conduct post hoc data adjustment 

Perform data analysis 

Intepret result 
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1 What is the cost 

estimation method 

practices in 

Company X? 

To investigate the 

current method 

used in cost 

estimation using 

survey 

questionnaire 

1. Research question 

definition 

2. Population of interest 

specification 

3. Sampling frame 

identification 

4. Data collection mode 

chosen 

5. Questionnaire designed 

and pre-tested 

6. Sample respondents 

recruited and measured 

7. Unadjusted data coded 

and edited 

8. Conduct post hoc data 

adjustment 

9. Perform data analysis 

10. Interpret result 

Questionnaire 

2 Is there any 

guidelines for cost 

estimation in 

Company X? 

To develop a cost 

estimation 

guidelines 

Clarify all the elements 

into the guidelines as 

follows: 

1. Introduction 
2. Purpose 

3. Cost Estimation Types 

4. Cost Estimation 

Method 

5. Cost Estimation 

Principle 

6. Classification level of 

estimates 

7. Framework for Cost 

Estimation project 

submission. 

Project Cost 

Management 

Guidelines 

 

 

The following approach was taken in order to complete our quantitative study on the above 

issue: 

 
A. Designing the Questionnaire 

 
A pilot test was conducted to the focus group in the initial phases of constructing the 

questionnaire to understand how people think about an issue or comprehend a question. The 

questionnaire was entitled Software Cost Estimation Process within Company X. The questionnaire 

was divided into three sections which are Section A: Demographic Information, and Section B: 

Knowledge of Cost Estimation Methods. 

 
The demographic part of the questionnaire chosen include the gender, the age – which is spread 

out into 4 categories (20 to 30 years, 31-40 years, 41-50 years and 51 years and above), the working 

experience which is divided into 5 categories (1 to 5 years, 6 to 10 years, 11 to 15 years, 16 to 20 

years and more than 20 years), their departments, job classification in terms of job title or position 

and highest level of education. 

 
In the knowledge section of cost estimation, among the questions asked are the respondent’s 
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familiarity with the process of cost management, his involvement in the project, his knowledge on 

the algorithmic and non-algorithmic estimation methods. They are also asked about the frequency 

of using cost estimation methods during a given project and whether the method used is algorithmic 

or non-algorithmic. 

 

 
B. Developing the Questionnaire 

 
There are 6 principles in the questionnaire development that we followed: 

 
i. Deciding what to include 

 
This questionnaire tries to figure out the cost estimation method practices applied in 

Company X and any existing guidelines to assist on selecting the suitable cost estimation 

method. 

 
ii. Selection of areas to ask question about 

 
For cost estimation method study, the area of investigation focused on the clearly defined 

measurable entities that are algorithmic method and non algorithmic method. 

 
iii. Construction of question 

During the construction of question, the 4 stages of Lazarfeld’s scheme for measuring 

concept were applied. Lazarsfeld Scheme for measuring concept involves these main 

steps which are imagery, concept specification, choice of indicators and formation of 

indices [21]. 

 
iv. Types of question 

 
An open-ended question gives the opportunity to respondents to express their opinions in 

a free-flowing manner. The questions do not offer predetermined set of response and the 

respondents were free to answer whatever the respondent feels right in their own words. 

By doing this, a true insightful and even unexpected suggestion could be retrieved. This 

is the approach for our study. 

 
v. Questionnaire layout 

 
The layout for the questionnaire have been standardized into a two column view. As, for 

the questions, it was organized in tabular form with a landscape layout to provide 

respondent a better view. The question was specified into three section and the choices of 

answer was put in box for best arrangement. 

 
vi. Increasing response rates 

 
For increasing response rate, it will depend on the presentations of the questionnaire 

itself. The font type, the font size and the colour of the questionnaire do play an 

important part in for this matter. 

 
C. Construct Operational Definition 
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According to [22], construct in questionnaire define the flow of the questionnaire by describing 

questionnaire as an art in administration of the questionnaire, wording and ordering decision, 

formatting and response categories, construct is the key that represent another form of indirect 

research question. Table 2 shows the construct operational definition for software cost estimation 

practices survey in the company. 

 
Table 2: Construct Operational Definition 

Terms Definition of Terms References Scope 

Familiarity Closed connection with knowledge or 

something in terms of awareness, 

experience and understanding 

(Van de Walle, 

Turner, & Davenport, 

2003) [23] 

Software cost 

estimation method , 

Software project 

management 

 In this context, the respondent 

familiarity of cost estimation method 

usage are argued In terms of their 

knowledge, awareness, experience and 

understanding of software cost 

estimation method 

  

Involvement Participation, action and involvement 

in an activity. Also refer as attachment 

to something. 

(Bullock, 2010) [24]  

 
In this context, the respondent 

participation and attachment in the 

software cost estimation process 

through cost estimation method. 

  

Non 

Algorithmic 

Method with no formula. Contain 

specific steps and standard recognition. 

Example : 

Analogy, bottom up, Top Down, Price 

to win, vendor bid and etc 

(Pushkar & Kumari, 

2013) [3] 

(Kumar, 2014) [1] 

 

Algorithmic Method with equation. The (Wu, 2014) [19]  
 mathematical equation are based on (Pushkar & Kumari, 
 research and historical data. 2013) [3] 
 Example: (Kumar, 2014) [1] 
 SLOC, COCOMO, COCOMO II.  

 Function point, SEER SEM, Putnam  

 and etc.  

Frequency Repeatable over a particular period of  
 time. 

Guidelines A manual of general rule principle, 

 guidance, suggestion and instruction. 

 

 
D. Conceptual Framework 

 
Conceptual framework shows the relationship between all constructs and question objectives. 

Figure 2 depicts the framework for software cost estimation. 
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Figure 2: Cost Estimation Conceptual Framework 

 

Figure 2: Cost Estimation Conceptual Framework 

 
E. Variables and Measurement 

 
The variables for the cost estimation were identified. From the construct and item measurements, 

the question are developed and level of measurement was clarified 

 
A quantitative approach among business development personnel in Company X on their project 

cost estimation practices within company has been done. The studies are accomplished by using the 

quantitative method through customized questionnaire. The survey questionnaire objectives are as 

follows: 

i. To identify about the cost estimation method practices in Company X 

ii. To identify respondent level of knowledge about Project Cost Management process 

The survey questionnaire is divided into two sections which are: 

 
i. Section A: Demography Information 

ii. Section B: Knowledge of Cost Estimation Method 

 
The result is based on survey questionnaire result that have been distributed among business 

development personnel in the company during a month. Among 100 sets of questionnaire that have 

been distributed, there are only 70 set of questionnaire that are competent to be analysed. 17 of them 

are return incomplete while the rest are return unanswered. 

 

5. Discussions 
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A1-A2 (Age -Gender Graph) 
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60 years old 
and above 
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The results of the questionnaire were collected and counted accordingly in order to produce the 

precise analysis. 2D and 3D pie charts were selected to represent the results. The data were 

analyzed and converted to percentage value for better presentation and comparison purposes. 

 

A. Section A: Demography Information 

There are 6 questions here to identify the demographic information of the respondents. The 

questions cover the demographic value from sex, age, working experience, department, job title and 

education background. The involvement of male respondents is higher than the female by 2%. This 

can be visualized in Figure 3, which combines the respondents’ age 21-40 years old. 
 

Figure 3: Age-Gender Graph 

 
 

Since the company practices recruitment by contract basis, most of the respondents have a 

minimum working experience of 1 to 5 years as shown in Figure 4 with 42.9% result where most of 

them have a bachelor’s degree. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Working Experience-Education Graph 
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B1 - Respondent familiarity with cost 
management process 

17% 20% 

17% 

I am familiar with the term 
Cost Management Process 

I am familiar with planning 
cost term 

I am familiar with estimate 
cost term 

22% 

24% 

I am familiar with determine 
cost term 

I am familiar with control cost 
term 

B2-Respondent involvement in project 

44% 

I have been involved 
with any project in 
this company 

56% The project I involved 
in applied a cost 
estimation process 

 

B. Section B: Knowledge of Cost Estimation Method 

8 questions have been chosen to identify the respondent’s knowledge on cost estimation method. 

The question’s objectives are to investigate the familiarity of the respondent with cost management 

process, the respondent’s involvement in the project, his knowledge on algorithmic and non- 

algorithmic cost estimation method, the frequency of usage of algorithmic and non-algorithmic cost 

estimation models and lastly assessing the fundamental information of algorithmic and non- 

algorithmic cost estimation models. 

 

Figure 5 depicts the respondents’ familiarity with the cost management process are moderately 

equal among all terms. 24% of respondent are familiar with the terms of estimate cost compared to 

other cost management process terms. 
 

Figure 5: Respondent familiarity with cost management process 
 

The involvement of the respondent in a project and cost estimation application for the project is 

also suited with each other by 44% versus 56% shown in Figure 6. 
 

Figure 6: Respondent involvement in project 
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B5-Usage frequency of non algorithmic cost 
estimation method 

11% 

31% 
Expert Judgment method 

Estimation by Analogy method 
22% 

Top Down method 

Bottom up method 

Price to win method 

22% 14% 

B6- Usage frequency on algorithmic cost 
estimation method 

16% 
Constructive Cost Model 
(COCOMO) 

17% Putnam Sotware Life Cycle 
Model 

67% Seer Seem model 

 

From the respondent knowledge of cost estimation scope, the results are moderately at par for 

non-algorithmic cost estimation method. However, there is a big difference between COCOMO and 

Seer Seem algorithmic cost estimation method with 39% gap. 

 

The survey also obtained feedback from the respondents about the frequently used algorithmic 

and non-algorithmic cost estimation in the company. From Figure 7 and Figure 8, it was discovered 

that 31% of price to win method are used, followed by bottom up and estimation by analogy 

methods. Both at 22%. As for the algorithmic method, majority of 67% of the respondents used 

COCOMO more frequently compared to other algorithmic method. 
 

Figure 7: Usage frequency of non-algorithmic cost estimation method 
 

Figure 8:  Usage frequency of algorithmic cost estimation method 
 

Majority of the respondents have clear view of the fundamental information of cost estimation 

method especially for Price to win and algorithmic methods with 22% for Price to win and 42% for 

algorithmic. However there is still lacking of respondent knowledge on Delphi method and Work 

Breakdown Structure for expert judgment base to estimate, with the lowest percentage of 3% and 2 

% consecutively. 
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6. Conclusion 

 

From the questionnaire result and analysis, it can be concluded that majority of respondent have 

knowledge and aware of the cost management process especially in cost estimation. Also, the result 

revealed that most frequent used cost estimation method is Price to win method. This is due to nature 

of business for Company X which is contract based jobs that depends on winning the contract to 

develop and make profit. 

 

Also, majority of respondent do aware of the importance of proper guidelines in order to lead the 

cost estimation process in a matured and standardize basis. The instructed guidelines really bother 

the respondent in manually think of the solution rather than referring to guidelines for any cost 

estimation related issue. A proper general and structured guideline should be developed and 

proposed as a cost estimation process manual in the future for better process and implementation. 
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