Building a Software Cost Estimation Model Based on Categorical Data
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Abstract

This paper explores the creation a multi-organizational software cost estimation model. The paper based the creation of this software cost estimation model on a statistical technique. This technique analyses the software cost data collected by the International Software Benchmarking Standards Group (ISBSG), which contains the data about recently developed projects. These data are characterized mostly by their attributes of categorical nature, such as the project business area, organization type, application domain and usage of certain tools or methods.  

In this paper, an alternative to the standard regression approach, namely the categorical regression or regression with optimal scaling, is explored. This alternative technique quantifies the qualitative attributes, which are expressed either on nominal or ordinal scale, and which appears frequently within such data. The details of the techniques will be explored in the section later (Techniques Used). 
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1    Introduction

In software engineering, one of the typical activities we engaged in is the development of models for the analysis and prediction of software external characteristics based on the software attributes which we measured. Examples of such activities are software cost estimation, reliability modeling and maintainability. 

In this paper, we will place our emphasis on software cost estimation modeling. The models we construct are based on the data which are obtained from past projects (obtained from the website of the ISBSG) and by applying suitable statistical methods to them. 

However, it should be noted that although using data from a single organization has many advantages, namely better control of the data collection process, better understanding of measurement methods and metrics used to characterize the projects, customization of the cost drivers and better model accuracy as the end result, it may not be feasible in 
most cases. This is especially true in cases whereby the client company is new to the area of software engineering of the company is embarking on a new application domain or using new technology. In such cases it may be useful to use data from the ISBSG as a guideline for the company to model after.

Only when there are no data available or there are no previous estimation experience is the use of an external model such as the COCOMO encouraged. This does not mean that the use of external models are discouraged; in fact external models also provides a number of benefits to the organization, such as providing an estimate which is generated by using estimates from other sources and applying of expert judgment, and although this estimate may not be totally accurate (estimates are just estimates in the first place), we can make of this generated estimates for benchmarking purposes. That is, this estimate can be used to access productivity of our project.

The external model can also be used in our construction of our own local model, although it is important to ensure the user is able to easily recognize why the model generates this estimate. Finally, even with our own local model available, we can make use of external models to access how reasonable the estimates of our own local model are.

The paper will therefore explore the possibility of generating a multi-organization that can be efficiently used as an external model. This model will be built on the data collected from the website of ISBSG, where there are hundreds of data sets available. The statistical technique used is categorical regression (CATREG) or regression with optimal scaling. This technique is based on the quantification of the project attributes and including them into the regression model as independent variables. 
2    Related topics
The paper deals mainly with the different types of methods used to build a software cost estimation model, which is based on the data from the International Software Benchmarking Standards Group (ISBSG). Hence, it is closely related to the Software Project Management we studied in lectures, especially on the topics Project Planning and Software Cost Estimation. 

Some of the models explored in the papers are also studied in lectures, such as the COCOMO model. Hence, we are able to relate this paper closely with the topics in lectures.

3. New contribution made to software engineering
In software cost estimation, there are several models such as the Code Size Metric and the COCOMO Model. However, the lack of knowledge on the many variables needed to compute the estimates are a big hindrance. These methods are also non-robust, and any presence of “outliers” can affect the accuracy of these methods severely. As we are also taking our estimations based on the data found in the ISBSG websites, the transformations of the data we obtained as solutions under and optimally criterion are not necessarily optimal under other criteria. 

Hence in order to be able to compute a more accurate estimate, adjustments are made and included during the computations. The data found in the ISBSG websites are also categorized into different sets according to their Project Attributes (e.g. Organization Type, Business Area Type, Application Type etc.). This categorization enables companies to estimate their own software costs by looking at projects of similar nature. 

An important point to note is that the ISBSG is a non-profit organization. Hence, this will also be of immense use to the industry as this free exchange of information will not only enable the companies to come out with more accurate software cost estimates of their own, but new methods of estimation can also be more quickly and efficiently spread in the industry.

One-way Analysis of Variance (ANOVA), which is applied to different Development Platform (DP), Language Type (LT), Used Methodology (METHOD), Organization Type (OT), Business Area Type (BT), Application Type (AT) etc is also used nowadays in order for us to compute the effort from a set of categorical variables that are expected to affect the effort without many missing values. 

4. Techniques used
In the paper, the CATREG (categorical regression) method is discussed. 

The statistical technique, also known as the categorical regression or regression with optimal scaling, is based on the quantification of the project attributes which are categorical in nature and their subsequent inclusion in a regression model as independent variables. The obtained model was then validated, by measuring certain indicators of accuracy. 

In this technique, the data set obtained from the ISBSG is used for the generation of the model. The wide range of data found in the ISBSG data set means that when selecting the data for us to model on, we must be careful to select only related and valid data for the model to be more accurate.

The categorical regression (CATREG) is divided into several procedures. These procedures extract out the relationship between the variables in the model, mainly like the relationship between EFFORT (work effort) and FPOINTS (function points) etc. 

A one-way Analysis of Variance (ANOVA) is performed to check if the factors we select has significant effect on the LN(EFFORT) (logarithm of EFFORT). We then use multiple range tests to determine which of the factor levels have significant differences on the factors which has significant effect on LN(EFFORT).

The categorical variables and the results of the ANOVA application are then presented into the following types:

--
Development Type (DT)

--
Development Platform (DP)

--
Language Type (LT)

--
Used Methodology (METHOD)

--
Organization Type (OT)

--
Business Area Type (BT)

--
Application Type (AT)

The abovementioned types show a preliminary result that a discrete numerical variable containing the maximum team size involved in each project (TS) has some effect on work effort. Tables and graphs are plotted to show the relationship in the paper. 

CATREG is also executed to quantify the variables, and again the results are show in the tables found in the paper. Among others, some of the variables quantified are effort, RDT (Recorded Development Type), RDP (Recorded Development Platform) etc. 

The paper presents altogether 10 different models as learning sets, and the quantifications of the variables used in the models are presented again in the paper as graphs and tables. 
5. Related Work
The related work are found in Appendix A.
6. Relation to lab

There is a relation between this article and to our lab project. In the article, it was suggested that there is an impression that large projects will require big numbers of people working on it but statistics shows that large team size (TS) does not necessarily bring up productivity, or in our case, helps to hasten the speed of the construction of our project. In fact, sometimes, with more people, the effort the individual puts in will be lowered. 
Hence, although when splitting up the work among the various group members, we have a tendency to put more people in a “more challenging” task, it may not help to complete this task on time. Instead, we should put suitable people in the task instead, as their productivity will be higher then a larger group of unsuitable personnel. 

Although the paper is on software cost estimation, our lab project, which is not constrained by budget, is also related to it. The article also touches on the relationship between effort and FPOINTS (function points). Even though my lab group is adopting a object oriented approach, this article will be greatly useful for groups using function oriented approaches.

7. Extensions and improvements to article

One of the main ideas I will like to improve on in the article is the subjectivity of the authors. In the articles, it was suggested that “… a small set of categorical variables that are intuitively expect to affect the effort …”. Intuitively may be different for different person, so the authors could improve on this by listing some examples. Although the article is not based on any specific organizations, it would not hurt to clarify their points by giving a case study.
Another improvement can be made in the way the authors present their model. Instead of just dumping figures like 4.186, 2.329 etc into the equation without explaining how they arrived at the figures, the authors could instead help to explain why these figures were selected. 

In the article, the CATREG method, used for quantifying qualitative variables, is the main emphasis. There is a big room for debating, as it is often hard for us to apply a figure to qualitative attributes such as work effort. 

The author also calculated the effort and working hours of the development team, which I feel is incomplete. Besides the effort and working hours, we should also consider in other factors, such as the resources available to the team, as having an up-to-date system and an old system can mean days or even weeks of difference in doing the same tasks. Hence, if the article could include in other factors such as resources available and technology, I think we are able to come out with a better model.

8. Critical Comments on notations/diagrams used in the article
As the article does not contain any diagrams, only tables and graphs, there are no comments to be made on that.

As the table contains information based on the studies and research of the authors, I do not think it would be fair or respectful to the authors if I should attempt to modify them.
9. Validate and expand on the ideas specified in the article

An extension I would like to put in is to not only emphasis on the team size (TS), but the authors should also consider the effect of having experienced members in the team as compared to having new comers in the team. Obviously, with more experienced members, these members are able to work on the project more effectively. Hence, the personal skills and experience of the members should also be considered instead of just the number of members in the team.

Other factors such as the environment and the working conditions should also be factored in. The amount of resources available to the staff working on the project should also be a major factor. Although the article did mention about outliers, there are not enough emphasis on this.
However, when we refer to the website of ISBSG, we are able to see that there is indeed a huge collection of data sets. This large amount, which is contributed by the companies themselves, proved that though there are indeed shortcomings in the CATREG methods, it proved to be reliable enough for organizations to continue using it. 

Hence, if we are able to factor in more accurate the “external” factors such as the resources available, the related experience of the staff working on the project, as well as other considerations, I am sure that the models would be able to give a more accurate estimate.

As conceded by the authors, there is no sufficient empirical evidence to draw any final conclusion on the relation of team size and resource allocation affecting the final estimate. Hence, I feel that if we are able to monitor the effect of having more experienced staff compared to newer staff, given the same resources, we may be able to form an idea of this relation.
10. Specific comments 

No specific software project is mentioned in the article, as our aim is to develop an external model which can be applied to all the organizations as long as we select the data correctly. 
The process is also not clear in the article, as rather then focusing on how a software should be develop, we are looking at the factors that are taken into consideration when estimating the cost of developing the software. This estimation is mostly determined by the effort we perceived to be required to develop the software. 

However, stepwise regression is applied when building the model, meaning that variables are added or removed at each step of construction. 

No specific platform is also specified in the article, as again, we wish the model to apply to all the organization, with the only constraints that the data must be selected correctly from the data sets. 

Product also does not hold an important role in the article, again due to the fact that we want a all-rounder estimate rather then an estimate for a specific product. 

11. Comments on results in the article and its relevance in the immediate future

The results in the article showed that CATREG method is superior to that obtained from Ordinary Least Squared (OLD) method. The results also showed that even when we omit certain outliers in our calculations, while we can improve on the results obtained from the CATREG model, we are unable to affect the results obtained from the OLS model. 
This improvement may be of great interest and relevance in the near future. With the growing importance of Information Technology in the world, many organizations and nations are embarking on huge IT projects. Hence, with a more accurate estimate model, no only are we able to keep track of our progress in the development of the software, we are also able to decided if it is worth embarking on the project in the first place. With so many failures in the production of software systems, the decision to continue or give up is definitely a major headache for a lot of clients. Hence, a more accurate model could prove to be the solution for these types of decisions.
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Appendix A

	Author(s)
	Year
	Article
	Description and relation

	Andreas Christmann
	Not stated
	Positive Breakdown Point Estimate in Categorical Regression Model

	A article to show some formulas in the calculation used in CATREG method.

www.stat.fi/isi99/proceedings/arkisto/varasto/chri0017.pdf


	Alexander Jerak and Stefan Lang
	2002
	Locally Adaptive function estimates for categorical regression model

	A paper that highlights ways of fitting non-parametric functions into categorical regression model.

www.quantlet.de/scripts/compstat2002_wh/paper/full/L_02_jerak.pdf



