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ABSTRACT 

In this paper I am trying to predict productivity of the software development by using 

combination of pivot tables, regression analysis, and neural network prediction and classification 

modeling.  Multiple regression analysis indicated that Development Platform, Language Type, 

and Methodology are significantly contributed to productivity of software development. The 

results of study also show that neural network approach effectively captured the nonlinearity of 

relationship between productivity of software development and the independent variables. 

INTRODUCTION 

 

Business intelligence systems can provide business decision makers with access to important 

internal and external data. Business analytics provides tools to look for, study, and understand 

patterns, trends, and exceptions in the data. 

The fundamental software tool for dimensional analysis of a dataset with aggregate data 

across many dimensions has a flexible spreadsheet style interface and it is usually called a 

pivot table. A pivot table connects to a variety of data sources and then explore and 

manipulate them by dropping and dragging the ‘dimensions’ that define the data source. 

Pivot tables are a particularly useful way to organize business data and pivot tables are used for 

manipulating and reporting on business metrics. Pivot tables while easy to use and understand, 

are not adequate for discovery of patterns and relationships in multivariate data sets. Pivot tables 

are an excellent tool for an exploratory analysis of the business data. However, they are not 

appropriate for many business decision making situations like trend analysis, prediction, cause 

and effect analysis, classification etc. for these applications we need to use business analytics 

methods like regression, neural network, and classification trees. 

Software development productivity is an important project management concern. One study 

reports that a 20% improvement in software productivity will be worth $45 billion in the U.S and 

$90 billion worldwide [1]. As a result, a number of empirical studies of software productivity 

have appeared in the literature over the past three decades.  Scacchi has published a report that 

examines empirical investigations in relation to software development attributes, tools, 

techniques, or some combination of these that have a significant impact on productivity of 

software production [2].  These studies focus on the development of large scale software 

development. Twelve major software productivity measurement studies are reviewed including 

those at IBM Albrecht [3, 4], TRW (Boehm [1, 5, 6, 7], NASA Bailey and Basili [8], ITT 

Vosburg et.al [9], and international projects Lawrence [10], Cusumano and Kemerer [11]. In 

addition, Scacchi examines a number of other theoretical and empirical studies of programmer 

productivity, cost-benefit analysis, and estimation of software cost Thadhani [12], Lambert [13], 

Cerveny and Joseph [14].   

My Objective in this paper is to predict productivity of the software development by using 

combination of pivot tables, regression analysis, and neural network prediction and classification 

modeling.   



PRODUCTIVITY MEASURE OF SOFTWARE DEVELOPMENT 

In general, productivity is understood as a ratio of outputs produced to inputs used.  However, 

researchers may use different outputs and inputs for measuring productivity.  IEEE Standard 

1045 calculates productivity in terms of effort as an input and lines of code or function points as 

output [16]. The two most common methods for measuring complexity or size of a software 

development project are Function Points and Lines of Code.  

The main limitation of the LOC model is that it depends on the accuracy of an early estimate of 

lines of code.  This estimate is usually based on the past experience of the systems analyst.  

Certainly, most organizations would find it difficult, if not impossible, to locate experienced 

analysts who could come up with an accurate estimate of the system size using a LOC model 

[17].  A third problem with LOC model is that it does not take into account the resources 

available to the systems development team.  These include among other things the types of 

language used in coding, software tools, the skills and experiences of the team itself [18]. 

An alternative method for estimating systems development effort was developed by Albrecht [3]. 

Albrecht introduced the concept of Function Points (FP) to measure the functional requirements 

of a proposed system.  In FP modeling the size of the system is determined by first identifying 

the type of each required function in terms of inputs, outputs, inquiries, internal files, and 

external interface files.  To calculate the value of function points for each category, the number 

of functions in each category is multiplied by the appropriate complexity weight.  The total 

systems effort is then calculated by multiplying the sum of function points for all categories by 

the Technical Complexity Factor (TCF).  The TCF is determined by assigning values to 14 

influencing project factors and totaling them.  Readers unfamiliar with the FP model are referred 

to Albrecht and Gaffney [4].  Albrecht argued that FP model makes intuitive sense to users and it 

would be easier for project managers to estimate the required systems effort based on either the 

user requirements specification or logical design specification [3].  Another advantage of the FP 

model is that it does not depend on a particular language.  Therefore, project managers using the 

FP model would avoid the difficulties involved in adjusting the LOC counts for information 

systems developed in different languages. In this paper I have used the following equation for 

calculation of productivity: Productivity = Effort/Function Points 

 

METHODOLOGY AND DATA 

 

In this study I used pivot tables for exploratory analysis of data and regression analysis and 

artificial neural network to predict productivity of the software development in terms of variables 

explained in Data section of this paper. A pivot table uses data opened in a two-dimensional 

spreadsheet. Pivot tables show how more dimensions of data can be selected to display 

different perspectives of data.  I used Microsoft Excel’s pivot table to explore main features of 

the dataset used in this study. I also used regression analysis and artificial neural network to 

predict productivity of the software development in terms of variables explained in Data 

Acquisition and Pre-Processing section of this paper. 

 

The data used in this research project was collected by The International Software Benchmarking 

Standards Group (ISBSG).  Records with missing value of attributes were excluded and the 

character values of text attributes or variables were transformed to numeric values. Function 

points count, team size, development platform (mainframe, mid-size, PC), language type (3GL, 



4GL, Application Generator etc.), whether a software development methodology was used, 

programming language and development type (new, enhancement, etc.) attributes were 

considered for analysis. Productivity attribute was calculated by dividing total work effort in 

hours by count of function points. Once the data was pre-processed, 468 usable projects were 

available for analysis. Figure 1 displays the variables used in this study. 

 

EXPLORATORY DATA ANALYSIS 

An exploratory research aids researchers in the early stage of the research for problem 

recognition, gain a preliminary understanding of the structure of data, and formulate a possible 

course of action. I used pivot tables in this stage to explore general relationships between 

productivity and the independent variables in listed in Figure 1. After building pivot tables for 

different perspectives and combinations of independent variables and productivity the following 

three pivot tables seems interesting and provide useful information about the relationship of 

Development Platform, Language Type, and Methodology.  Based on analysis of Figures 1 and 

2, in general applications developed for Micro computer platform on average are more efficient. 

Application generators are the most productive type of languages used for client-server and 

Micro computer platforms. However, for Mainframe platform 3GL is the most efficient type of 

language. Furthermore, when a development methodology was used, productivity for all 

platforms and all type of development language was substantially increased. 

Figure 1. Pivot Table For Average Productivity, Development Platform, Language Type, and 

Methodology 

Methodology (All) 

   

     Average of Productivity Language Type 

   Development Platform Application Generator 4GL 3GL Grand Total 

Mainframe  10.51 5.91 13.62 8.04 

Client-Server  16.18 12.39 10.65 14.19 

Micro Computer 19.19 13.77 15.07 17.78 

Grand Total 16.72 10.28 14.71 14.24 

 

Figure 2. Pivot Table Average Productivity, Development Platform, Language Type, and 

Methodology(used) 

Methodology 1.00 

   

     Average of Productivity Language Type 

   Development Platform Application Generator 4GL 3GL Grand Total 

Mainframe 11.63 5.90 13.62 8.55 

Client-Server 17.13 12.69 10.65 14.61 

Micro Computer 19.80 13.95 15.07 18.17 

Grand Total 17.66 10.64 14.71 14.87 
 

REGFRESSION ANALYSIS 



Regression Analysis- Productivity which is calculated by dividing Effort by Function Points is 

used as dependent variable in the stepwise regression analysis and artificial neural network 

model. Function Points, Team Size, Development Platform, Language Type, Methodology, 

Development Type, Application Type, and Programming Language are used as independent 

variables. 

Stepwise regression analysis was performed by this author using SPSS powerful statistical 

software.  Equation is estimated by ordinary least square estimators using 468 observations. 

Stepwise regression estimation results are summarized in Table 1 and Table 2. Overall, the 

regression results are poor; producing relatively very low value (0.107) of adjusted coefficient of 

determination (Adj. R
2
).  The critical value for Durbin-Watson (D.W.) test at 5% level of 

significance is significant for Model 3. Stepwise regression only selected three variables 

(Development Platform, Language Type, and Methodology) as significant with high t-statistics. 

The regression results show an inverse relationship between productivity and language type. This 

indicates that the projects using application generators are more productive compared with 4GL 

and 3GL languages. Furthermore, using a systematic methodology and developing PC-based 

applications is positively correlated to productivity. In addition, the results demonstrate that a 

linear model is not a good approach for analyzing the relationship between dependent and the 

independent variables and we need to use a nonlinear model. However, in the absence of a 

specified nonlinear model and a theoretical foundation for it, neural network may be an 

appropriate tool to study this relationship. 

Table 1.  Summary of stepwise regression 

 

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

Durbin-

Watson 

1 .287
a
 .082 .080 12.8416668  

2 .320
b
 .102 .099 12.7130888  

3 .336
c
 .113 .107 12.6536207 1.691 

a. Predictors: (Constant), Development Platform 

b. Predictors: (Constant), Development Platform, Language Type 

c. Predictors: (Constant), Development Platform, Language Type, 

Methodology 

d. Dependent Variable: Productivity 

 

NEURAL NETWORK ANALYSIS 

In this study I started with Multilayer Perceptron network model. Table 3 and table 4 show the 

percentages of training and testing partitions used in the model. The relative error for the test 

dataset of this model is 0.738 which is an acceptable amount of error. I also used the Radial 

Basis Function network. Radial Basis has a test error of .798.  While Radial Basis network has a 

low test error, Multilayer Perceptron in this case is a more effective network and predicts the 

productivity in terms of independent variables more efficiently. The results of experimentation 

with ANN and comparing it with the results produced by regression analysis clearly indicate that 

there is a nonlinear relationship between the productivity of software development and the 

independent variables in our dataset. 

Table 2. Model Summary for Multiperceptron 

 



Training Sum of Squares 

Error 

130.146 

Relative Error .829 

Stopping Rule Used 1 consecutive 

step(s) with no 

decrease in error 

Training Time 00:00:04.633 

Testing Sum of Squares 

Error 

16.120 

Relative Error .738 

 

Table 3.  Model Summary for Radial Basis 

Model Summary 

Training Sum of Squares 

Error 

137.157 

Relative Error .852 

Training Time 00:00:31.316 

Testing Sum of Squares 

Error 

21.850
a
 

Relative Error .798 

 

CONCLUSION 

 

The results of this exploratory research indicate that the relationship between software 

development productivity and common development attributes is not linear and therefore linear 

models like multiple linear regression analysis may not be yield satisfactory results in terms of 

fitness of the model. However, multiple regression analysis indicated that Development 

Platform, Language Type, and Methodology are significantly contributed to productivity of 

software development. Neural network approach effectively captured the nonlinearity of 

relationship between productivity of software development and the independent variables. Error 

for the test data set is low and is acceptable. Neural networks are very effective tools for 

predicting nonlinear relationship. However, they suffer from the limitation that they cannot 

explain the mathematical equation or model that relates the dependent variable to independent 

variables. As data becomes available, in future studies we may consider new variables to explain 

the variations in the software development productivity. The use of other methods is also needed 

to model a nonlinear mathematical equation to study the individual contribution of independent 

variables on productivity 
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