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Abstract. Empirical research is now common in the software engineer-
ing field. This paper aims to show the need for a reorientation of em-
pirical research in software engineering through theory development and
basic research. The importance of both for software engineering in the
current development of empirical software engineering is explained and
their relationship emphasized.

1 Introduction

The choice of software engineering (SE) techniques and tools should rest on facts
and not just on opinions [1]. This leads to an empirical software engineering
(ESE) or evidence-based software engineering and is an important step toward
a SE discipline with scientific bases. Empirical studies in SE are being carried
out for many years but they were not always so common [1,2].

Meanwhile the situation changed and empirical studies are now frequent.
Despite that change, rules of thumb are still frequent in software engineering,
which is also replete with announcements of new methodologies, products, meth-
ods and techniques, these being frequently presented as some kind of panaceas to
the respective areas. This situation can be seen as paradoxical. If in general there
are many empirical studies, simultaneously we can not find a conducting wire
for all that research, or a logical model, from where the inquiry might emanate
and to where inquiry feedback can return.

In this paper it is argued that: it is theory that gives coherence to isolated SE
empirical facts and that can help to explain the previous apparent paradox; and
that this is also linked to nature of the accomplished research. Particular atten-
tion will be devoted to the second because the first is receiving more attention
recently (e.g. [3]). In this paper we are chiefly concerned with the SE phenomena
involving people, which require to be tested through empirical studies.

This paper is organized as follows. After this introduction, sections 2 and 3
discuss theory and kinds of research respectively. Section 4 describes the rele-
vance of basic research and section 5 lists some issues about theory and basic
research adoption in SE. Section 6 presents some conclusions.

* This work is licensed under the Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.
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2 Theory

Science is the pursuit of truths about the natural world usually expressed at
an explanatory level [4]. With theory, researchers seek the explanation of phe-
nomena and their prediction [5]. Thus, it can be said that the goal of science
is the development of theory [5]. Since Galileo, theory has been a fundamental
component of scientific research. With this relation between science and theory,
then the word “scientific” would be better used to mean something that is re-
lated with theory. Recently, the importance of theory is been recognized in SE
(e.g. [18]). Because of that and lack of space we are not going to reiterate and
reinforce the importance of theory in SE.

Generically, a theory is a group of related propositions with the purpose of
specifying the relationships among a group of concepts on a limited range of
phenomena [5], from which the SE is part. In SE the propositions would be
empirical statements because the variables would depend on empirical (real)
world. A statement can be considered for theory when it tries to explain or
predict [6].

Propositions relate concepts, so theory gives coherence to the set of concepts
and, in last instance, to empirical research, that involves an operational form
of those concepts. In this way, empirical results (facts) depend on a theory to
contribute to knowledge growth.

The capacity of a theory in tie facts means that research based on theory
would not produce isolated pieces of information, on the contrary, such informa-
tion can be framed in a framework relating many studies. So, a theory contributes
to a more global (systemic) view of the existing empirical information about a
certain group of phenomena and, in this way, theory favors the systematization
of existent scientific knowledge and the accumulation of new. This should be
interpreted in an broad sense, including the appearance of alternative theories.

The researchers concerned with theory should have a specific attitude about
empirical research. To these researcher is not enough to obtain the results. For
them, to interpret results and find explanations for the experimental results
using theory and possibly the inverse, see the theory in the light of empirical
results, is a fundamental step in a empirical study. This can also take. In this
way they can develop a more critical and clarified attitude about the SE field.

3 Kinds of Research

A question is sufficiently important to justify research when it seeks to satisfy
a scientific need, or a social need [7] . A question satisfies a scientific need if its
answers allow to increase the theoretical understanding of some phenomenon,
making advance theory; and satisfies a social need, if it can help to solve some
problem faced by the society or an organization [8]. Thus, two kinds of impor-
tant questions can be recognized. Hypotheses for research can appear through
theory, common sense, and previous research [9], where common sense should
be interpreted in the context of the practice of software engineering, that is,
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not only from theory. Questions of the first kind then correspond to basic (or
fundamental) research, while the ones of the second kind correspond to applied
research [8]. Accordingly, research to be considered basic, should be based on
theory and must provide feedback to the theory. This is not the case with applied
research. The two kinds of research are now defined:

Definition 1 Basic research - it is research done in order to understand the
phenomena and making advance theory, with little or no concern with the ap-
plication of the results, ie, without practical goals. It should satisfy the following
two principles: 1) be based on theory; 2) possess a feedback loop feeding theory.

Definition 2 Applied research - it is research that seeks to supply information
that can lead to the solution of practical problems, and which is expected to
contribute to the improvement or progress of some process or activity, or the
reach of practical goals. And the inclusion of theory is not mandatory.

The criteria used to distinguish research were intention and theory. It is pos-
sible to subdivide research in other ways and detail. However, for the present
discussion the splitting in two kinds of research is just enough. Although that
separation seems clear, in practice this is not always so. Again, this is no im-
pediment for the present discussion. It is logical that the level of theory in basic
research can be used as an indicator of basic research quality.

4 Relevance of Basic Research

The lack of basic research is a matter of concern for at least three reasons: firstly
because basic research has as its purpose the understanding of a phenomenon;
secondly because fundamental research is considered of the largest importance in
the innovation of a knowledge area; finally because it allows significant advances
in the long-term by opening research avenues for applied research. The second
reason can be easily justified by the natural curiosity underlying basic research.

There is the view that pure research, contrary to applied research, should not
be practiced in software engineering because it does not allow the study of the
important aspects (practical application) of SE. Knowing that SE researchers
have expended so many efforts to study accidental properties of software [10]
mainly using applied research, becomes clear that such view is questionable.
If it is basic research that satisfies scientific needs, then to find the essential
properties and processes of SE more basic research would be needed.

As much as it was possible to search, few studies exist about the influence
of the two kinds of research in the progress of a discipline. A classic reference is
the study by Comroe and Dripps [11] where it is showed the largest importance
of basic research for the advance of the medicine practice. There are, however,
interactions between the two kinds of research, making to think that both are
indispensable and not mutually exclusive. Basic research also involves risks and
costs, but it is a positive investment with returns in the long-term (examples
e.g. in [12,13]). There are several studies showing the economic benefit of basic
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research. For example, the review in [13] confirms that basic research is a good
investment, even if difficult to measure.We are not aware of such studies in SE.

When all software engineers perform the same kind of research there is no
distinction between the activity of a SE researcher, possibly from a research lab,
and the activity of SE practitioners that research their solutions just to see if they
work. Moreover, there is no distinction between the kinds of research developed
among the labs themselves. This is not done to classify labs, but the kind of
research they perform can distinguish labs. If a research project/lab is claimed
to be of fundamental kind, then it must present a strong theoretical basis in its
research. This clarification could be relevant when applying for financial grants.
The public funding of basic research should be done carefully to prevent adverse
effects to society and science [14].

The proliferation of publications in line with the large science can limit great
science and good ideas can pass unnoticed [15]. This also happens in computer
science according David Parnas [19], although he presents the problem from the
“need to publish” perspective. Because basic research is not forced to immediate
applicability, a reorientation towards it can reduce those problems.

5 Issues Adopting Theory and Basic Research in SE

For more than two decades authors are calling attention to the “people problems”
in SE (p.557) [16], which includes management and organizational issues. Also,
SE is not a science and in software the level of control is very distinct from the
level found in the physical sciences. Furthermore, it is accepted that software
engineering differs from more traditional engineering. Software engineering is, by
definition, an applied discipline, and seen to a certain extent as applied computer
science. Theory development in an applied field is a “demanding and difficult”
task [17]. To conclude, the adoption of theory formation approaches based on
physical laws cannot be done automatically.

The covering-law model for explanation could not overcome certain issues
pointed out by their critics and several researchers proposed alternative expla-
nation models [21] for example based on counterfactuals analysis. Suppose it is
known that when a team used the SEMAT essence framework, the team succeed
- for the sake of simplicity succeed will mean whatever the reader wants. A pos-
sible counterfactual question would be, what would happen if the team did not
use the framework, would it succeed or not?

Traditionally, generalizations in explanation are either laws or purely ac-
cidental. But the distinction between laws and accidental generalizations has
proven to be very difficult. Traditionally, it was done by verifying how much
a proposed law complies with law definition. Outside the natural sciences the
explanatory generalizations do not fit any of those two possibilities. According
Woodward [23] there is a middle ground between these two possibilities. That
is, there is an intermediate region where some generalizations cannot be seen as
laws because they are only accidentally true but not purely accidental.
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Counterfactuals play a fundamental and valuable role in some causal models
(see e.g. [20,23]). It is also possible to extract predictions from a counterfactual.
For the predictions of a counterfactual statement to be valid the laws and the
boundary conditions must remain invariant for a certain period. However, even
when prediction is not assured, counterfactuals can have explanatory value [20].

Experiments (followed by quasi-experiments) are the most adequate research
method among all scientific methods for the study of causal relationships [22].
They are also superior even when the effect is not “directly” manipulable, by
allowing higher counterfactual inference than non-experiments. Unfortunately,
they are limited because [22, p.9] “knowledge of the effects of manipulable causes
tells nothing about how and why those effects occur.” In other words, experi-
mentation is suitable to obtain “causal descriptions”, but less suitable to “causal
explanations” requiring more effort [22].

If causal explanation is so important for science and so for basic research,
and knowing that experimentation is well suitable to show causal relations but
not so much to show simultaneously the mechanisms of that causal relation,
the question is how can we proceed to uncover these mechanisms. That task is
called “detective work” by Scriven [22] and requires intuition. According [22] it
requires decomposition of causes.

It is well-known that performing experimental studies in SE engineering is
a difficult task and consequently it is also difficult to obtain causal descriptions
and their generalization. Being so, then all the experimental effort should be
properly rationalized and, as explained before, theory can be of great value by
organizing the results of empirical studies.

6 Conclusions

This work is mainly concerned with SE research when involving people. The
thesis (hypothesis) here expressed were: (1) the need for theory development
that could guide research and contribute to the integration and systematization
of empirical evidence; (2) and, concomitantly, the need of more fundamental
research. That is, the success of theory development, from (1) depends on (2),
a reorientation of a part of empirical research towards fundamental research
and vice-versa. Can also be concluded that: To endorse theory development and
simultaneously negate basic research can be seen as a contradiction.

The paper also presented issues that should be considered when developing
theory and basic research in SE.

This paper did not propose the rejection of research performed without an
explicit theoretical source because hypotheses for research can appear from out-
side of theory. Additionally, a concern with fundamental research does not imply
that all research should be fundamental. However, we are not able to specify any
percentage as a guide and a deeper analysis should/will be done.
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