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Abstract

Software Engineering (SE) research differs in nature from empirical and formal sciences. It shows as well some special traits in relation to other technological disciplines. For this reason, traditional research methods are not always directly applicable to the research in the SE field. In this paper, we discuss the nature of the SE research and the complex net of relationships that it maintains with other branches of knowledge. We conclude that new research methods more adapted to the SE research are needed. Focusing on a specific aspect of this field, the database modelling, we propose a method for the object model construction.

‘Generally, I start my courses on the Scientific Method saying to my students that the scientific method doesn't exist’ ( Popper, 1985).
1   INTRODUCTION

From the XVI century on, an important advance in scientific development took place. This advance also affected to the research methods. For this reason, new research methods, more appropriated to the scientific studies of the age (astronomy, medicine, mathematics and physics), were developed. Descartes (1970) disqualified the scholastic logic, and he developed new mathematical and deductive methods. Bacon (1975) wrote at length on empirical methods as a radical change from the scholastic methods. Among the empirical methods we can include inductive method and hypothetical-deductive method.
These three methods (deductive, inductive and hypothetical-deductive), with their different variants, constitute the methods of scientific research used now. The hypothetical-deductive is, perhaps, the most commonly used method because, besides its empirical character, it pay attention to creativity and deductive reasoning. However, from the XVI century until now, knowledge has experienced important advances and new disciplines, like SE, have been developed. In our opinion, engineering research differs in nature from traditional sciences. For this reason, in the same way that in the XVI century new research methods more appropriated to the science of the age arose, now, it is necessary to define other ones that are applicable to the concrete problems of the SE research. 

In the section 2 we review some different classifications of disciplines. We analyse which of them are more appropriated for our methodological query. In the section 3 we propose a research method for a concrete problem of the SE: the data models construction, applying it to the MIMO metamodel definition. The study of a research method for a concrete and typical problem of the SE, will allow us justifying in a practical way the thesis defended in this paper. At the same time, it will allow us arguing in depth about the differences between traditional research (hypothetical-deductive method has been chosen for the discussion) and research in the SE field. Section 4 summarises the most relevant conclusions of the paper.

2   Software Engineering: what kind of discipline is it?

Maybe the most common classification of sciences is the following one: the formal sciences (logic and mathematics) that use deductive research methods, and the empirical sciences (for instance, biology, chemistry, etc. and, according to some authors, human and social sciences, as anthropology or history) that use empirical research methods (inductive and hypothetical-deductive).

Engineering is obviously connected with scientific disciplines, but it cannot be classify neither as formal nor as empirical sciences. Empirical sciences, in order to find some answer to many questions, focus on the study of the existent objects. In this way, through the hypothesis creation, observation and experiment, they can get answers to these questions. On the other hand, engineering builds new objects. In this sense, engineering doesn't look just for knowledge on certain objects, but it looks mainly for knowing how to build new objects.
It is also obvious that we cannot classify engineering as formal sciences although these ones are an essential base for engineering (specially for SE). Engineering, in contrast with formal science, needs to be consider as a productive discipline. Mathematics are generally considered (see Bung, 1985) as a very useful discipline for any other science and for technology, since it allows us formulating scientific and technological knowledge in a rigorous manner. Logic is usually employed as a formal language. Since Bertrand Russell (1977) posed the idea that mathematics is just logic both areas of knowledge have progressively approached.

Bunge (1976) proposes another classification that sorts the sciences in pure and applied sciences. According to Bunge, technologies are applied sciences. He considers, for example, the electric engineering as a physical technology, or the medicine as a biological technology. According to this classification, we don't know where the SE, as well as other engineering branches, should be classified. The reason is that SE, as well as the other engineering disciplines, is not a mere application of other sciences, and, in any event, SE is not a direct application of just one pure science.

This idea is upheld by Aracil (1986), who strongly criticise thinkers who don’t consider engineering as sciences, but as mere applied sciences. However, Aracil distinguishes between science and engineering. According to this author, the main difference is that sciences study how things are, whereas the engineering focus on how things should be in order to build new objects. He states, ‘the sciences are in charge of natural things, while the specific domain of the engineering is the artificial things’.

The study of how things should be suggests an interesting relation between engineering and other areas of practical knowledge, like ethics or politics, because all of them are connected with human action and its “methodology”. The “methodology” of ethics is, basically, the prudence, that takes into account the time and circumstances, as the urgency or the profitability, that traditional sciences don't consider.

Engineering research is, in fact, different from traditional scientific research, but we should not overemphasise their differences until the limit of forgetting their common traits: on the one hand, traditional science is not just knowledge, but also action; on the other hand, engineering produces nor just action and objects, but also knowledge. The traditional concept of science could be enlarged in order to include, besides empirical and formal sciences, those called by Aracil engineering sciences. Another possibility is to keep the distinction between science and engineering. We think that this is just a terminological question. It is a more important task to identify the common traits and the differences. 

Besides the philosophers of science, there are other relevant authors in the SE area claiming for the need of defining an “engineering science”. So, for instance, Blum (1996) distinguishes between science and technology and compare the task of scientists and engineers. Blum states: ‘I reject the narrow definition of software engineering coming from the computer sciences; indeed, I intend to design a new computer science for software engineering...’, and he continues defining the computer technology science as ‘the study of transforming ideas into operations’.
As we have already said, the SE could fit in Aracil’s engineering sciences or in Blum’s computer technology sciences. Independently of the term we use for the SE classification, we can affirm that it is not possible to consider the SE as a traditional science (either formal or empirical science). For this reason no traditional method of scientific research (see, for instance, Chalmers (1984), Fetzer (1993)), can be applied to the research in the SE field without adaptation. In addition, SE is not a simple applied science. In the last years, philosophers of science, has reasonably insisted that science is also action, not just knowledge; in a correlative way, we should insist that the engineering is also knowledge, and not just application. The difference between science and technology can be found in the ways that action and knowledge are developed in both of them but not in that, the first one just knows and the second one just applies.

There are different research topics related with the SE. The most classic could be the model, methodology, technique, metric, etc. definitions. However, some of them have an experimental character. It is important to outline that when we speak of the research in SE, we refer to the resolution of those problems whose nature is purely of engineering, such as the construction of new models or methods. In these cases, it is not possible to apply experimental methods, since the object of study doesn't still exist. According to Gallego (1987), the object of the empirical science ‘resides outside us and it just exists in the external world’. Therefore, their knowledge is, basically, an experimental nature knowledge and, in addition, such a experimentation should be based on the reality. As Fetzer (1993) states: ‘The science needs more than ‘empirical adaptation' to be successful’, it needs knowing reality. This is not the case of the engineering whose knowledge has an important component of creativity that hinders the elaboration of a method for the problem resolution inside this environment. However, once the new object has been created (for example, a new data model), this become a real object. In this moment, it is already an existent object that will be susceptible of study by empirical methods.

SE contacts in some way with traditional science, and it is obviously related with other technological disciplines, as well as, in other aspects, it is close to the practical wisdom. So, SE could obtain methodological inspiration from all this fields, and conversely, no method imported from another discipline could be directly applies without adaptation. In this sense, we can get valuable suggestions exploring and applying to our case the Aristotelian classification of sciences (see Grene (1985)). Aristotle classifies sciences according to different dimensions (see table 1).

We find the Aristotelian classification of sciences a good guide to our research because it is multidimensional and comprehensive: on one hand, it sorts sciences by different criteria, and, on the other hand, the notion of science here is quite wide, it includes natural sciences as well as ethics, technique or theology.

In both senses (by its multidimensionality and by its comprehensiveness), the Aristotelian classification fits better with our purposes than other traditional divisions, like formal versus empirical sciences, pure vs. applied science, science vs. technology, or human vs. natural sciences.

SE produces abstract entities, like models. In the measure it produces such devices, and they must work inside a computational system, it should act as any other technological discipline. However, the abstract character of its typical outcomes approaches SE to formal sciences. SE also yields the know-how connected with model construction, and in this sense, as a knowledge on procedures, SE resembles other branches of practical wisdom, like ethics or politics.

Criteria
Sciences classification

According to its results
-Theoretic sciences: the main result is knowledge (mathematics, natural sciences…)

-Practical sciences: the main result is an action (ethics, politics...) 

-Productive sciences: the main result is an object (techniques, as pottery or sculpture, fit here)

According to the kind of entities took as study objects
-Some sciences study substances (theology, natural sciences…)

-Other ones study entities that are not substances (mathematics, ethics, politics…)

-Finally, other sciences study what Aristotle calls “accidental substances” (techniques)

According to the type of necessity of its reasoning
-Absolute necessity: mathematics, theology

-Hypothetical necessity: natural sciences, ethics, politics, techniques

According to the lasting time of its object
-Eternal: mathematics, theology

-Non eternal: natural sciences, ethics, politics, techniques 

According the tense of its premises
-Present tense: theology, mathematics

-Future tense: natural sciences, ethics, politics, techniques

According the kind of acting causes
-Only formal and final causes: theology

-Only Form and something alike to mater: mathematics

-Formal, material, final and efficient cause: natural sciences, ethics, politics, techniques

Table 1: Classification of sciences according to Aristotle. Summary and figure taken from Marcos (1996)

SE reasoning is typically hypothetical or conditional: “if we want to develop such or such computational tools, we should proceed this or that way”. SE procedures and products are necessary only in the case we are looking for satisfying a given demand, so its reasoning goes hypothetically. This trait brings SE close to other technological disciplines and to other branches of practical wisdom. Formal sciences, on the contrary, has traditionally been the field of absolute necessity (this is not the place to discuss whether Aristotle were or not right in attributing hypothetical necessity to natural science).

The question on what kind of entities SE produces and studies is still for us an open one. Maybe the models of SE must be viewed as substances, or as abstract properties of a more basic substance, like information, or as accidental substances. However, the second options seems to us the more probable one. If this is the case, SE would be closer to formal sciences than to other technological disciplines, which products are always accidental substances (in Aristotelian terminology).

We cannot decide here on the lasting time of SE study objects, and we recognise  that it is a complex question linked with the philosophy of formal science. SE models, as other abstract entities devised by the mathematicians, exhibits a double face: on the one hand they have been discovered at a given moment, but, on the other hand, they are outside the temporal course because its abstract character. Nevertheless, we can let aside this problem that perhaps lacks methodological implications. It is also an open problem the question of causality, but probably it should also be approached along the lines of general philosophy of formal sciences.

Regarding the tense of the premises, SE resembles more technology and practical wisdom than any other discipline. The reasoning in SE starts from premises in future tense dealing with future states of affairs that we want to produce, to avoid or to improve. SE, in contrast with natural and formal science, must take into account temporal and local circumstances, like the urgency, the economical resources, the current state of the hardware, the market demands, the commonly acknowledged values, like confidentiality, and so on... The importance of temporal and local circumstances in SE reasoning brings it close to practical wisdom.

Once we have discussed the nature of SE along the relevant dimensions of this classification, and the net of connections we can envisage from it, we are in a better position to apply and adapt a plurality of methodological guidelines to a particular research case.  

In the following section, a research method for the resolution of a characteristic problem of the SE is proposed. This application to a concrete problem will allow arguing about each carried out step, understanding in which way they are different of a traditional research. For the comparison, the hypothetical-deductive method has been chosen since, besides being now the most extended method, it combines aspects of the empirical and deductive methods.

3   Definition of a method for data model construction

Next, an overview of a SE research method, proposed in Marcos (1997), is presented. The method has a generic part (figure 1) and a specific part (figure 2). The first one is applicable to any research type. The second one is the method to resolve the specific problem and it will change depending on the concrete problem that we want to solve. In some cases, this part could be based on other existent methods as, for example, the experimental one. In this part, we will explain the method used for a real case: the construction of an object metamodel, called MIMO, for the database design.

MIMO was conceived as an object metamodel that should support the database design in the different development phases (analysis, design and construction). Whit this aim, MIMO should integrate the main existent object models: UML (analysis and design), ODMG and SQL3 (design and construction).

The generic method is a general method of work, figure 1, based on the steps to follow, according to Bunge (1976), in every scientific research. Although these steps are based on the hypothetical-deductive method, due to their generality, they are applicable, with certain modifications, to any research type and even to the resolution of any problem type that we try to solve. It consists of the following steps:


Figure 1: Generic research method

3.1   Problem identification 
The first step consists on determining, among the problems without solving inside our knowledge field, which one we are going to solve. Whit this aim, firstly, those problems whose resolution can give place to a research work (according to Bunge, to a work of scientific research) are selected. Among the selected problems, we have to choose just one. It, as the professor A. Olivé explained in the II JIDBD
 (Madrid 1996), will have to be a novel topic (that is to say, a non-resolved problem) and with some practical interest. It should also be, in our opinion, a resoluble problem in a reasonable period with the available means. In addition, we think that it is also important that the chosen topic arouse a special interest in the investigators involved in the work.
3.2   Hypothesis creation
Once defined the problem to be broached, we have to go on with the following step that consists on the work hypothesis definition. In the traditional methods of scientific research, the hypothesis is formulated in causal terms (if A happens then B happens). These hypotheses are fact conjectures that the scientific method will have to contrast and to verify. The following sentence could be an example of a casual hypothesis: “if the level of noise affects to the attention degree of an individual, a noise that super a certain threshold can diminish the efficiency of an individual realising a work”. According with a scientific method (in this case an empirical method) “experiments”, measuring levels of noise and attention, will have to be done in order to draw conclusions from the defined hypothesis.

However, it is easy to check that the hypothesis in a SE research, in general, does not fit with a cause-effect position. The reason is, as we have already said, the differences between the nature of the SE research and the nature of the traditional sciences research. If we formulated the hypothesis in causal terms, we would also change the aim and the character of our research. It is important to remember that the aim of our research is the construction of a new metamodel that, not existing yet, it is not susceptible of experimentation. Therefore, the hypothesis will be formulated as the description of the new object that we want to build (in our case, it will be the description of an object metamodel).

3.3   Working method definition 
None of the studied methods proposes, as a phase of the method, the definition of the method to follow for the problem resolution, verification and validation. However, see figure 2, we consider that it is necessary since, against the opinion of Bunge (1976), we think that there are not an universal method of problem resolution, but each problem requires its own method. However, several authors disagree with Bunge. So, for example, Popper (1985) states: ‘Generally, I start my courses on the Scientific Method saying to my students that the scientific method doesn't exist’. In the same way, Chalmers (1992) defends the thesis that there is not an universal method. In fact, in our case, it is not possible to detail the method for the new model definition phase that constitutes, in fact, the problem resolution centre. The method will consist, fundamentally, of studying the existent models, reflecting about them and determining its advantages and limitations. Finally, a new model will be proposed and, this one will have to support the advantages of the studied models, overcoming, as much as possible, the found limitations in the previous studies. Getting a better proposal of model will depend, in a great extend, on the creativity and common sense applied to the new model construction. Kosso (1992) speaks of the similarity between the scientific reasoning and the general reasoning and he states: ‘between science and common sense there are only some shades of differences’.
In addition, there should be a feedback between the resolution validation and verification phase and the phase of the working method definition (indicated by a discontinuous line in figure 1), because, in our opinion, the working method is refined as you advance in the problem resolution. So, we can say that the definition of the working method does not conclude until the resolution, validation and verification phase has concluded.

3.4   Resolution, verification and validation 

Figure 2 summarises the method to follow for the resolution, validation and verification of our concrete problem: definition of an object metamodel. We can observe that the proposed method is closer to some methods traditionally used in SE than to the methods of scientific research. The reason is that the character of the problem to solve is also nearer to the problems of the SE environment than to the problems that the scientific research tries to solve. Resolution, verification and validation phases are presented together since there is a feedback between them, in such a way that the complete resolution process includes also the verification and validation steps. 

Scientific research methods and, particularly the one proposed by Bunge (1976), only point out the necessity to verify the posed hypothesis (or the proposed theory in the formal sciences). However, in our case, the verification stage has two different tasks: the validation task, that means checking that the model has been built according to the posed hypothesis, and the verification one, that means checking that it has been correctly built, that is to say it is a consistent model. 

The resolution phase could correspond to the hypothesis creation in an empirical method or to the theory elaboration in a deductive method. In this way, verification of the empirical method would be equivalent to validation in our method, while the theory verification in a deductive method would be equal to the consistency proving in our method, that is to say, to the real verification task. 


Figure 2: Working method for the concrete  problem resolution 
3.5   Result analysis and conclusions elaboration
In this phase, the posed hypothesis at the beginning of the research is contrasted with the achieved results. It should be checked in which manner the objectives have been fulfilled, as well as the degree in which the problem has been solved. In this phase, it is very important to define those aspects that has not been possible to solve, as well as the new arisen problems as a consequence of the research. These new problems will become starting points of new research works.

3.6   Final report writing
In this phase, a systematic report explaining the research we have carried out, has to be drawn up. It has to detail: the work hypothesis, the justification of the work, the used research method, the research process, the obtained conclusions and the studied bibliography. In addition, it will have to detail any other relevant question for the understanding and evaluation of the developed work, as well as for future investigator that want to continue the undertaken work. In this phase, it is convenient to stand out the importance of the “research ethics”.

At the end of the research work, the initial knowledge body has been modified (generally, it will have been enlarged) and the starting problems has changed. Some of them will have been solved, others will have been modified (diminish or not) and, in addition, new problems, originated by the carried out research, will arise. This new knowledge body, with its new problems, will give rise to other research works. 

3.7   Documentation collecting
Documentation collecting generally appears as the first stage in every research work. However, in our opinion, it has to be acquired, and analysed, during the whole research process. Nevertheless, there are two phases in which this task should be specially intense: during the problem identification because it is necessary to collect a lot of general documentation; during the resolution, verification and validation phase because it is necessary to consult the a more specific bibliography about the concrete problem. The documentation collecting task will be prolonged until the research process concluded, in order to be up to day about the related works.

4   Conclusions

The character of research in engineering, and in particular in SE, differs from traditional sciences (empirical and formal sciences). For this reason, traditional methods of scientific research (deductive, inductive, hypothetical-deductive and their variants) are not completely appropriate for the SE research. It is necessary to keep in mind that the aim of the engineering is the creation of new objects, while the experimental and formal sciences seems to study the existent objects. Formal sciences analyse, by contrast with empirical sciences, abstract objects. 

In this paper we have argue about the special nature of SE and about the reasons because traditional research methods are not always appropriate for SE research. Following as a guide the Aristotelian classification of sciences we have envisaged the complex net of relationships SE maintains with other disciplines, not only with formal and empirical sciences, but also with other branches of technology as well as with practical wisdom. As an example, a method for the object model construction has been posed. This method was used in a real Ph.D. research work. It was defined for a specific case of research inside the SE environment, but it could be used, with not many modifications, in a great number of problems: methods construction, definition of another type of models (functional, dynamic...), etc. 

Despite the terminological discussions, arguing whether it should be called engineering sciences or techniques, it is important that SE starts to investigate in a rigorous and proper manner. SE research have to be as rigorous as the research in traditional sciences in order to be considered as serious as the research in other knowledge branches. For this reason, it is indispensable to use rigorous research methods (traditionally called scientific methods), but adapted to this new area of knowledge.

Now, we are working in a generic method applicable to any research problem in the SE field whenever this problem was a typical problem of engineering. However, this method won't be valid for those problems that, still belonging to the SE environment, are not really engineering problems. So, for example, the data modelling (model construction) is an engineering topic, but the database query optimisation (a very close problem to the data modelling) cannot be considered as an engineering problem. Experimental methods fit better to this kind of problems. For this reason, the first necessary step should be the classification of the problems relative to the SE. This classification will allow deciding how many research methods are necessary in order to cover the most relevant SE problems.
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� Round table on research taken place in the II working days about databases research and teaching. University Carlos III from Madrid, July of 1996.









