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a b s t r a c t 

Among many factors that influence the success of a software project, the software process model em- 

ployed is an essential one. An improper process model will be time consuming, error-prone and cost 

expensive, and further lower the quality of software. Therefore, how to choose an appropriate software 

process model is a very important problem for software development. Current works focus on the se- 

lection criteria and often lead to subjective results. In this paper, we propose a software process model 

recommendation method, to help project managers choose the most appropriate software process model 

for a new project at an early stage of development process according to historical software engineer- 

ing data. The proposed method casts the process model recommendation into a classification problem. 

It first evaluates the different combinations of the alternative classification and attribute selection algo- 

rithms, and the best one is used to build the recommendation model with historical software engineering 

data; then, the constructed recommendation model is used to predict process models for a new software 

project with only a few data. We also analyze the mutual impacts between process models and different 

types of project factors, to further help managers locate the most suitable process model. We found pro- 

cess models are also responsible for defect count, defect severity and software change. Experiments on 

the data sets from 37 different development teams of different countries show that the average recom- 

mendation accuracy of our method reaches up to 82.5%, which makes it potentially useful in practice. 

© 2016 Elsevier Inc. All rights reserved. 

1. Introduction 

Software process models provide guidance for systematically 

coordinating and controlling the tasks that must be performed in 

order to achieve the project objectives. Thus, among the many fac- 

tors that influence the success of a software project, the process 

model employed has been recognized to be one typical charac- 

teristic of successful projects ( Jones, 1996 ). An appropriate model 

helps dealing with the challenges and preventing potential project 

risks. On the contrary, an unsuitable process model causes addi- 

tional problems, e.g., time consuming, error-prone, and expensive. 

Therefore, software process model selection, which is to find good 

matches between the software process models and actual project 

situations, for a new project is very important, and emphasized 

by many researchers ( Alexander and Davis, 1991; Stark and Oman, 

1997 ). Over the years, many different kinds of software process 
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models have been proposed, each having different characteristics 

and areas of suitability, and there is no one process model that fits 

all the software projects ( Kettunen and Laanti, 2005 ). Therefore, 

how to choose an appropriate process model objectively among 

the many different alternatives for a given software project is both 

very important and potentially useful in practice. 

Of the works on software process models, many research in- 

vestigations compare and contrast the different process models 

( Abrahamsson et al., 20 03; Boehm, 20 02; Cockburn, 20 0 0; Som- 

merville, 1996 ), and others explore how to choose an appropriate 

one. The most work on process model selection focuses on the cri- 

teria that can be used as attributes to describe the characteristics 

of process models and projects. Alexander and Davis (1991) pre- 

sented 20 criteria and a relative rating mechanism for pro- 

cess model selection. Some other criteria were introduced by 

Egwali and Akwukwuma (20 08) , Smith (20 03) , Acuña et al. (2005) , 

and Little (2005) . These criteria and selection strategies of pro- 

cess model are heavily based on the experiences of individual de- 

velopers or the characteristics of some process models, thus, to 
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some extent, they are subjective. More importantly, we do not 

know whether or not the process models selected by these criteria 

have made software projects successful. Different from the major- 

ity work, Kettunen and Laanti (2005) proposed a process model 

selection frame, which combines knowledge from a variety of lit- 

erature sources coupled with their practical experiences. Although 

the frame can only be used as a systematic guide for choosing the 

process model for large market-driven embedded software prod- 

ucts, combining information from multiple resources is a very good 

strategy. 

As we know, in the long history of software development, many 

software projects were successfully developed. The success of these 

projects transmits incontrovertible experience on software project 

management, and which process model is more appropriate for 

what kind of projects is one of them. These experience came 

from managers and team members with different expertise, and 

the projects they worked on could be different in sizes, budget 

and types, and were developed with varying process models. Thus, 

these experience cover a wide range of project situations. If fusing 

these decades of experience together in some way, undoubtedly, 

this will help managers choosing an appropriate process model for 

a new project. More importantly, the decision is more objective, 

because it is determined based on the condensed knowledge of 

many managers not only the manager oneself. 

Thus, in this paper, we make full use of this kind of knowledge 

and make the following contribution: 1) We propose a software 

process model recommendation method, to help project man- 

agers choose the most appropriate software process model for 

a new project at an early stage of development process; 2) We 

analyze the mutual impacts between process models and differ- 

ent types of project factors, to further help managers locate the 

most suitable process model; 3) We explore if the process mod- 

els are responsible for defect count, defect severity and software 

change. 

Machine learning can automatically models the relationship be- 

tween project situations and software process models from histor- 

ical software project data. So employing machine learning tech- 

niques to address the process model selection problem can be an 

effective solution. In this paper, we present a machine learning 

based software process model automatic recommendation method 

to help project managers determine which software process model 

is more appropriate for a new project at the early stage of de- 

velopment process, according to historical software engineering 

data. 

Our proposed method first automatically chooses project at- 

tributes that have the most influence on modeling by attribute 

selection methods. Since the recommendation is casted as a 

classification problem, the suitable classification algorithms are 

then obtained via testing them with sample data sets. After that, 

the selected classification algorithms are used to construct recom- 

mendation model, which finally is employed to choose the appro- 

priate process models. 

Since the number of process models chosen by the recommen- 

dation model could be more than one, the project managers proba- 

bly still want to locate the most suitable process model. Therefore, 

we further analyze the relationship between process models and 

different types of project factors. 

We also study how project- and development team-level fac- 

tors, which include Project Type, Industry Type, Application Type, 

Product Character Type, Development Support Type, Project Man- 

agement Experience, System Experience, Information Technology 

Experience, Method Experience, Tool Experience and Language Ex- 

perience, affect process models. 

Furthermore, we disclose how process models influence 

process-level factors such as Change Type, Defect Severity, Defect 

Count, FTE 1 Staff and Project Effort. Based on the impact analysis, 

the most suitable process model can be obtained for a new project. 

37 different development teams of different countries are used 

in the experimental study and the results show that: 1) our 

method is able to recommend suitable process model for a new 

project; 2)investigation on the mutual impacts between process 

models and different types of project factors can further help man- 

agers locate the most suitable process model; 3) process models 

are also responsible for defect count, defect severity and software 

change. 

The rest of this article is organized as follows. In Section 2 , we 

discuss the related work. In Section 3.1 , we describe the software 

process model recommendation method. In Section 4 , we report 

the results of an extensive set of experiments. Threats to valid- 

ity are given in Section 5 . Finally, we summarize conclusions in 

Section 6 . 

2. Related work 

Software process model selection has received substantial at- 

tention in recent years. In the past, project managers tended to 

choose a software process model according to ad hoc and unjusti- 

fied criteria, which usually lead to an inappropriate process model. 

Recently, several methods for process model selection have 

been proposed. Based on the characteristics of software process 

models, the related documents of the software projects and the 

domain knowledge of software development, researchers proposed 

many criteria to evaluate and differentiate process models. These 

criteria can further aid project managers to select the process 

model. Davis et al. (1988) proposed five metrics, and applied them 

to evaluate the life cycle models and choose the one best satisfying 

user requirements and having lower life cycle costs. Alexander and 

Davis (1991) presented 20 criteria and a relative rating mechanism 

to indicate the appropriateness of the process models to a particu- 

lar project. Egwali and Akwukwuma (2008) introduced 35 criteria 

and six function point values for each criterion to choose an appro- 

priate process model that integrated security measures through- 

out a system’s life cycle for a particular project. Smith (2003) pro- 

posed 21 project constrains, and applied them on 4 life cycle mod- 

els. Acuña et al. (2005) also presented various criteria to evaluate 

the process models, and Little (2005) proposed several attributes 

to score the suitability of the development process approach for 

a particular project. Kettunen and Laanti (2005) combined knowl- 

edge from a variety of literature sources coupled with their prac- 

tical experiences to choose the process model for large market- 

driven embedded software products. These criteria and attributes 

were found to be helpful in process model selection. 

As we mentioned above, most existing approaches for process 

model selection first adopt some proposed criteria to describe the 

projects and the process models, then develop some strategy with 

these criteria to select the suitable process model. Therefore, the 

criteria and strategy adopted directly affect the selection of pro- 

cess model. However, these criteria were proposed based on the 

experiences of individual developers or the observations of indi- 

vidual authors, and they are not always consistent. Thus, choosing 

process models with these criteria lead to subjective or null result. 

Moreover, Jiang et al. (2008) adopted the machine learning 

method, clustering, to help select the suitable requirements engi- 

neering techniques according to the clustering rules and received 

more objective results. Nevertheless, to the best of our knowledge, 

there has been no work on using the machine learning method to 

guide the process model selection. 

1 FTE means Full-Time Equivalents. 
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