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Abstract
This paper uses examples of research in software engineering carried out in the Centre for
Advanced Empirical Software Research to show the manner in which theory from other
disciples such as the behavioral sciences can be used as a basis for hypothesis formulation. It
also investigates the process of matching the appropriate research methods with the goals and
available theory and models.
Theory and Models
Developing appropriate theory for empirical testing in software engineering is a challenge to
the empiricist. On occasion such models and theory may be available in the behavioral and
cognitive sciences. At other times the appropriate theory and models may be based in
computer science or measurement theory. Developing the appropriate linkages provides
opportunity to expand our research horizons and to add significantly to the body of
knowledge in software engineering. In this paper examples of these linkage are provided and
suggestions made that guide the application of research paradigms.
In this paper we consider an area of research in which The Centre for Advanced Empirical
Software Research (CAESAR) has been working as an example. Work into software
development technical reviews (SDTR’s) has been based on laboratory experiment [8], case
study [6], and survey [6]. The experiments were conducted in a classical scientific research
mode in which theory development [3] preceded the development of research questions and
hypotheses. The work done showed that the behavioral theory of group performance was
applicable to the software review task. We then developed a program of empirical research
based on that behavioral theory, including propositions to (1) explain review performance,
and (2) identify ways of improving review performance based on the specific strengths of
individuals and groups. It made three contributions: (1) it clarified our understanding of what
drives defect detection performance in technical reviews; (2) it set an agenda for future
research; and (3) it demonstrated the value of a theory-driven research program. In
identifying individuals’ task expertise as the primary driver of review performance, the
research program suggested specific points of leverage for substantially improving review
performance and pointed to the importance of understanding software reading expertise and
implied the need for a reconsideration of existing approaches to managing reviews.
In this instance, the characteristics of the state of practice in research indicated that there was
theory available in the behavioral sciences that could be usefully applied in the software
engineering domain. The theory had been empirically tested in other decision-making and
review settings, thus strengthening the likelihood of successful adoption in our domain.
Extensive work in theory adoption and model building for the domain of interest resulted in a
series of justifiable research propositions.

The propositions advanced were:
P1
P2

In SDTRs, task expertise is the dominant determinant of group performance
In SDTRs, decision schemes (plurality effects) determine interacting group
performance
P3 In SDTRs, in the absence of a plurality, interacting group performance is a positive
function of process skills
P4 In SDTRs, the interacting group meeting does not improve group performance over the
nominal group by discovering new defects
P5 In SDTRs, task training leads to improved group performance
P6 In SDTRs, the performance/size relationship is a function of task expertise
P7 In SDTRs, above a critical limit, performance declines with size
P8 In SDTRs, the performance advantage of an interacting group over a nominal group is a
function of the level of false positives discovered by individuals
P9 In SDTRs, an expert pair performs the discrimination task as well as any larger group
P10 In SDTRs, nominal groups outperform alternatives at the discovery task
P11 In SDTRs, the defect discovery performance/size relationship for nominal groups is a
function of task expertise
The focus provided by the underlying theory makes it natural to pursue cumulative research.
Using behavioral theory to predict determinants of review performance has led us to
distinguish the three tasks of defect discovery, collection and discrimination. Figure 1
illustrates how each proposition in the program contributes to our understanding of one of
these stages. Research on multiple propositions relating to a task will help build a better
understanding of that task. Research on all three tasks will lead us to an understanding from
which we can develop and tune SDTR designs.
One of the strengths of the explanatory capacity of the underlying theory is the insight it
gives us beyond the set of propositions formally constituting the program. For example,
behavioral theory allows us to see that task-oriented meeting roles [12], review specialization
[7], [[9] and the scenario task aid [10] all work on the same principle, namely that defect
detection is enhanced by specialization in the application of expertise. This immediately
leads us to ask whether the source of any improvement is the need for different expertise or
something quite different such as the reduction in size of the individual tasks. The answer
implies quite different interventions.
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Figure 1: Relationship of research propositions to SDTR component tasks
Lacking a theory of defect detection expertise, the program highlights the urgency of
addressing this lack.
Inductive Models
In this example we have a classical research approach in which theory could be utilized to
design the research program and then appropriate research methods used to address aspects of
that program. This example contrasts with the situation in which we found ourselves on the
CADPRO project (Constraints and the Decision Process) [4]. In this instance we were
investigating the impact of constraint variation in CASE tools on the early lifecycle
productivity of designers and the quality of the design produced. In this instance we were not
able to borrow theory but instead were able to develop a research model from self-reported
survey data collected from software designers. In essence we set about to develop a research
model which following empirical; testing might eventually expose theory. The model used is
shown in Figure 2. (from [2]) In this instance the research model was developed from a
single survey. As such it would be expected that the model would be likely to need change
based on further empirical and theoretical study. One example of this model development is
provided in [11] who modified this research model based on the writings of [1] adding
additional cognition elements to the model.

Figure 2. CADPRO Initial Research Model
In both the CADPRO and SDTR research we were able to “borrow” elements of the research
models from behavioral and cognitive research literature. This opportunity is not always
afforded to the software engineering researcher.
Fitness for Purpose
In another recent project CAESAR researchers investigated the application of Full Function
Points (FFP) as a measure of system size to the application domain of embedded telephone
switching systems [13]. In this case the research method employed was a case study and the
goals weary to investigate the impact on measured system size of the dual issues of (1)
definition of the counting boundary and (2) level of abstraction. In this case there is
considerable literature in software metrics concerning Function Points (FPA) and almost
none concerning FFP. The choice of research method was defined by the research context.
The research was carried out for a large multi-national telecommunications company whose
interest was in the application of the counting technique to their software process. Since they
had not used the technique currently or previously, research methods such as field study or
survey were not possible. Here we see an example of software engineering research that
seeks to answer some typical technical questions concerning the software product. Although
there is a very large literature on software metrics, there is little applicable theory for the
question of metric suitability to this particular context. We had no interest in the theoretical
basis of the metric, but in its practical application or “fitness for purpose”.

Discussion
Indeed a central issue that needs to be addressed by the research community is:
1. When is the research issue one for empirical/scientific research, and when is it better
treated by other forms of research?
2. If it is an issue of empirical/scientific research, what advantages and disadvantages accrue
from the methods available?
In the first case, if the researcher produces a new method or tool, then perhaps it will be
appropriate to defer to the market evaluation of the contribution. For example the FPA sizing
method has been shown to be theoretically deficient in its structure [5]. However no alternate
sizing method has been adopted widely in international practice and hence the market makes
the judgement that the method is sufficiently “fit for purpose” to warrant its use in practice.
In this type of case, we might be able to make valuable contribution to practice by providing
insight into that state of practice or else we might be better putting effort into developing new
methods for later industrial trial. This is, of course, the more traditional domain of software
engineering; that of developing methods and tools.
In the second case, where the research questions are clear and the answer to those questions
lies in empirical methods, then the contribution should be made in the development of theory
and models, and the methods that can be best used to test the hypotheses that derive from
those theories and models.
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