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Abstract

In recent years, empirical software engineering research, characterized by
measurement and analysis of software development processes and products with
analytic results fed back into project operation, has grown remarkably. In academia,
such research produces energetic activities with small-scale campus experiments or
analysis of open-source software development projects. However, in the industrial world
there are only a few research reports about measurement, analysis, and feedback in
commercial software development. As a result, there is much less knowledge about
commercial software development projects accumulated and shared in the industrial
world.

The first half of this thesis describes the outcomes of an in-process experiment with
measurement, analysis, and feedback that targeted part of the design, code, and test
phases in a government-procured multivendor middle-scale development project.
Collaboration between industry, academia, and government created this measurement
opportunity. This project integrated measurement, analysis, and feedback of multiple
types which are often proposed as separate measures, such as rates of modification of
lines of source code, check-in frequency, rates of failure detection, analyses of the
relationship between phase of error injection and phase of expected error detection,
analyses of review reports, and code-clone analysis. Through questioning
development-related individuals, the author investigated the effects of this feedback on
in-process software project management as interpreted by project staff such as the

project manager, leader, sub-leader, and coder.

The second half of this thesis presents the outcomes of applying project

T Doctor’s Thesis, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-1S-DT0661208 Aug. 23,2007



measurements in the requirements definition phase that has traditionally been difficult
to measure. The author had an opportunity to apply measurements to the requirements
definition phase of a government-procured middle-scale project called the "business and
system optimization project" that aimed at providing a new business management
system for the government. For system development such as this, the Japanese
Ministry of Economy, Trade, and Industry (METI) established guidelines for the
requirements definition phase that define a process standard and formats for output
products. METI based the guideline on the Enterprise Architecture (EA) method and it
requires specific documents such as the Diamond Mandara Matrix (DMM), Work Flow
Architecture (WFA), Data Flow Diagram (DFD), and Entity Relationship Diagram
(ERD). Grasping the opportunity provided by this standardization of the requirements
definition process in the field of government procurements, this thesis demonstrated
that project management found measurements and graphical visualizations of results
related to the diagrams such as the rate of change in the number of diagram elements to

be useful.

Finally, based on previous research, this thesis proposes a full in-process
measurement model for processes and products and a mechanism for predicting project
characteristics using a database of accumulated previous project measurements. It also
lists issues related to the collaboration between industry and academia that must be
resolved to provide an effective research environment for empirical software

engineering.
Keywords:
Empirical Software Engineering, Software Project Measurement, In-process

Measurement, Project Management, Software Development Management, Requirement

Definition, Enterprise Architecture, Business System Optimization
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