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. INTRODUCTION

COMPUTER Science is sometimes classified as an exact
science and sometimes seen as an engineering field.
Nevertheless, some of its sub areas are very ¢ttoseiman
and social sciences. Proceedings from conferemceiferent
sub areas are so different that sometimes a ssfiérdtin a sub
area does not fully understand the jargon or eves t
methodology from another sub area. This articlelizem
Computer Sicence under the light of scientific moet no
matter if it is an exact or social science, hargdaft, empirical

or formal science. Our goal is to enlighten the @atar
Science practicioners on the richness and varidtythis
research field.
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Science given by the Federal University of Santta@z (1988), Masters in
Computer Science at the Federal University of Rian@e do Sul (1990), a
DSc in Production Engineering at the Federal Umsitgerof Santa Catarina
(1993), and a Post Doc at the New University obhis (1998). Nowadays he
is a Level Ill Associate Professor at the Federaiversity of Santa Catarina.
Former Councilman at the Brazilian Society of CotepuScience, former
academic director at the UFSC Ararangua Campusneor Brazilian
representative at the Technical Committee on EéhcafTC3) of the
International Federation for Information Processi(i§lP) and former
chairperson of IFIP’s Working Group on ICT and htg Education
(WG3.2). He was head of the Computer Science Magteygram at UFSC
from 2004 to 2007 and head of the Computer Sciendergraduate program
at UFSC from 1995 to 1997. He is the author oflibek titled “Andlise e
Projeto de Sistemas de Informacdo Orientados at@3bjepublished in 2004
by Elsevier, which was written based on almost 2a@ry of academic and
professional experience on the area. He also vihetdook "Metodologia de
Pesquisa para Ciéncia da Computagéo", Elsevief.286 is experienced in
the area of software engineering, especially oreaibpriented systems and
software development process systematization (UMd BP). He was a
member of the Computer Science Teaching Specidlstmmittee at the
Brazilian Education Ministry (MEC), head of SBC’'so@puter Science in
Education Special Commitee and chairperson of séveational and
international events, including SBC’s Congress @p8razilian Symposium
on Software Engineering (2006) and IFIP World Coarfiee on Computers in
Education (2009). He created and edited SBC's BaaziJournal on
Computers in Education from 1997 to 2001. He adivieveral DSc and MSc
thesis, as well as several final papers on undéugte courses. He is a
member of program committees from dozens of natiana international
scientific events.

the usual formatting for research articles. These nio
underlying pretension of it being a complete anfinitere
study on the subject. Its goal is to explore anskerguestions
and reflect on them, rather than answer them.

Il. COMPUTERSCIENCE AND THECLASSIFICATION OF
SCIENCES

According to Wikipedia (1), Science is the effastdiscover
and increase human knowledge on the inner workiofigs
reality. Therefore, the term “Science” includesesaV human
activities, such as, for example, technologicaledgment, as
we will see later in this article.

Analysisis one of the common tools used by scientists, who
try to use it to divide the universe and explam parts in a
more understandable way. Hence, given the diversity
approaches, several classifications of science hawen
created in order to better understand its methodks gals.
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to Computer Science, as in neural networks and tigene
algorithms (both of which are computational mechars

A. Formal and Empirical Sciences heavily inspired in Biology).

One of the most known criteria for science clasatfon is the

division between formal and empirical sciences [2¢an be

said that formal sciences study ideas while englisciences ~B. Pure and Applied Sciences

study things. Another classification of sciences is due to they wviaeir

Formal Sciencesstudy ideas without connection to itsstudies are applied. According to this classifimatithere are
application to nature or the human being. That dagsmean pure and applied sciences (5).
that they cannot be applied (usually they are), that their Pure Sciencesor fundamental sciences study the basic
goal is to study the form, that is, the purely t@ji and concepts of knowledge without any concern over its
mathematical processes. immediate application. That does not mean that Hreynot

Among formal sciences we can include Logicempirical sciences — they can be either empiricaloomal.
Mathematics, Microeconomics, Statistics and formshects Being basic means being more interested on theafuedtal
of Linguistics. Among the sub areas of ComputereBoés laws that rule over the physical phenomena or tiverideas.
there are many formal sciences: algorithm theaomgl@iding Cosmology is considered a basic sciepee sg given that it
programming techniques, data structures, complexgityl studies the creation of the universe without ampliex
decidability), formal language theory (used to uil concern with practical applications. Neverthel€&ssmology
compilers), formal aspects of artificial intelligagn relational is an empirical science, because its theories bristalidated
calculus and many others. by the observation of phenomena. In some casess #re

Empirical sciencesare also called real or factual sciencepphenomena observed before a coherent theory exmied as
They study phenomena that occur in the real warlt] hence, the case of planets and stars movement. In otheescaa
are not merely formal. They must use observationsréate theory existed before the phenomena were obseageih, the
the foundation for their discoveries. In empiricaliences a case of black holes that were effectively obserdedades
beautiful theory that does not match observatisngdrthless. after they were foreseen.

Empirical sciencescan also be divided into two groups: Logic can also be considered a pure science, ifarmal,
those that study nature (natural sciences) ancettiea study given that it studies the relation among ideas rastdphysical
the human being and its interactions (social sa@sh(3). entities.

Natural Sciencestudy the universe in its aspects that are The basic science part of Computer Science is hard
not dependent either on the existence of the hlrearg or on identify, given that most of its results have a cpical
its actions. Among them are Astronomy, Physics,mikgy, application. Therefore, maybe this aspect is mormected to
Biology and Earth Sciences. The aspects of Com@@dience the researcher’s intent than to a specific sub. afgaexample
related to natural sciences usually concern thdwee they of basic research that only generated practicalicgtipns
use to compute. Electronics, logical circuits, pssors and all much later is Chaos Theory (6), which evolved basedhe
the physical components of a computer are studiedatural phenomena that were observed with computationd.too
phenomena. A Turing Machine (4), for instance, nisideal Another sub area of Computer Science that resembles
processor, with infinite memory and is studied ianfputer closely Basic Science is the field of multi-ageptems and
Science Theory as a formal artifact. Processorgherother the area known as computational mathetics (7), ithathe
hand, have real physical limitations on space gekd and, study of human learning simulated by computers. gw of
therefore, are studied as natural phenomena. those sub areas usually is to understand how baothals

Social Sciencestudy the aspects of human relations, that iprocesses among human beings and human learnouwy. oc
the social life of individuals. Among social sciescare This intent is pursued by the creation of compatatnodels
Anthropology, Communications Study, Economics, étigt that incorporate theories that try to explain sqghenomena
Politics, Sociology and others. and its subsequent test.

Sub areas of Computer Science closer to sociahceseare Applied sciencesn the other hand, intend to discover facts
computer science in education, electronic commancesome that can be immediately applied to an industriacpss or
aspects of artificial intelligence that study sbdigeraction of similar project, with the underlying goal of gertarg a gain.
multi-agent systems based on observations of husearal Engineering in general can be included in thisritdin.
behavior, among others. Computer Science is often seen as a discipline of

Hence, we can say that given this way of clasgifyinEngineering. There is Software Engineering and Qdeip
sciences, there are sub areas of Computer Sciémadsof Engineering, each one with a different goal, blitolthem
them. Besides, we did not mention the multidisogoly areas with the commonality of generating knowledge fore th
that are derived from a real interaction of Comp\8eience application in the process of creating softwaretesys or
with other sciences, such as Economics, Medicim®g@phy hardware.
and others. There are many situations where Compute Applied science is many times confused with tecbgwpl
Science is used to promote studies in other ase@h, as geo- Nevertheless, as we will see later in this papbeytare
referential systems, where knowledge in other §ieddapplied different things.
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On the other hand, some sciencesidiggraphic because
. they analyze unique unrepeatable events, but t a

C. Exact and Inexact Sciences nevyerthe|e)és, valid 55 & field of study (10). i
Another classification differentiates between exaud inexact History is the biggest example of idiographic acie, given
sciences (8). Computer Science is usually classiffaong the that the facts never repeat themselves and tlisieittremely
exact sciences but some sub areas may have completeard, if not impossible, to find patterns that atdficiently
different characteristics. deterministic in History to allow us to forecastute events

Exact Sciencesre those whose results are precise. Therased on observations.
laws are highly predictable and useful as a todiotecast a  In Computer Science, few areas are idiographic. dAfe
result. Experiments may be repeated several timigs the  point to the study of Computer Science history ahd
same results or at least with statistically preatite results. development of certain technologies, such as lagepia
Among those we can include Mathematics, PhysicBaradigms and computational architectures as examof
Chemistry and parts of some natural and sociahsei® topics that be treated as such.

Inexact Scienceare those who can forecast general results
on the phenomena they describe, but whose residtat
always what is expected. This is usually due bezdus very III. THE SCIENTIFIC METHOD
difficult to evaluate all the data that generatesth results. Several philosophical schools have influenced whabhow
Among those we can include Meteorology, Economied a known asScienceThese schools are analyzed in the following
most social sciences. subsections.

Computer Science, as many other exact sciencashals _ Scientific method is particularly important in Cpater
inexact aspects. Genetic algorithms and some neetalork ~SCience because as a Science it cannot be concerigd
models may generate unexpected results even wheliedp about data collection. Data explanation is much emor

repeatedly to the same data set. impqrtant. . '
P y It is not enough, for example, in order to prole efficacy

of a system, to apply it to two different groupdeat groupA
D. Hard and Soft Sciences and a control group and come to the conclusion that group A

Another classification, which is perhaps less knpdivides average was superior to that of grddipFirst of all, it would
sciences into hard and soft ones (9). This clasgifin relates D€ necessary to demonstrate that the differenageket the
to the rigor on how the scientific method is used. averages is not due to random events. Once a stappled a

Hard Sciencesare those that use scientific rigor in theifduestionnaire to five different persons, threearfreanswered

observations, experiments and deductions. When ha¥fS’ and two answered “no”. The student came te th
sciences are formal, they rely strongly on Logicd anconclusion that there was a tendency towards “yfs”60%
Mathematics as theoretical building tools. On dtfeer hand, Of the answers were affirmative). But what is tlaéue of this
natural hard sciences depend many times on stafisticonclusion? For instance, could he sell to a nepepthe
comprovation in order to confer credibility to thei resultof a poll based on five interviews? o
experiments. Medical research can be classifiech dsard ~ EVven if the difference between the averages is mgén,
natural science, for it demands strict rigor in toafirmation this fact lacks value if there is no underlyithgoryto explain

of its empirical results. that difference. _ _

Soft Scienceson the other hand, tend to accept evidences'f One group used an educational software and theralid
based on anedoctal data, that is, case studies.igtie case NOtand the first group performed better in theleaton, what
when it is difficult or even impossible to perfortotally does that prove? Is it possible that the softwangroved
controlled experiments. learning? Yes. But it is also possible that thelstiis that used

Usually, Computer Science can be classified as ra hdhe software studied harder because they would be
science, but in many cases researchers have a tinaed €mbarrassed if they achieve lower scores than riepgthat
providing data in an amount large enough to proeiirical  did not use the software. Maybe the group thandituse the
support for their conclusions. Hence, there areynaaticles in  Software felt that they were underprivileged and dot feel
Computer Science that use only one or a few cambiestto an interest on the subject. Hence, there can beyman
try to “validate” a technique, model or theory. we will see, explanations for the fact. The serious researcheds to find
a case study is an excellent data source for extolor the most probable according to the scientific métho
research, but except for the case of a contradittiaa widely A Empiricism, Positivism and Pragmatism
accepted theory, it does not validate the hypoth#sat the

- Maybe the most important influence to the scientifiethod
authors intend to prove.

came from theempiricisnt, which establishes that every
E. Nomothetic and Idiographic Sciences scientific theory must be objective, based on olz@ns that
can be tested and creating laws that can foreeafity: This

Most sciences areomothetichecause they study phenomend/ay, every scientific theory can be verified untte light of
that repeat themselves and that can lead to thwwdisy of €mpirical evidence and when it does not explainqadeely
general laws that allow us to forecast future pihesca. the observable facts, it can be denied.

! John Locke (1632-1704) is considered the firstieing philosopher.
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Positivisni proposed that science must be based on humanwhich one doubts the author's conclusions, magegate

values, leaving Theology, Mysticism and Metaphysitsa
realm that does not influence observations andnsfie
theories. Hence, in the case of both classes orarttiabove
that used the educational software, a sound sfieiitieory
cannot consider that good ghosts have helped tdersts that
used the software, for that is not Science.

many more research ideas.

C. Induction

The scientific method also holds as one of its tierikat a
situation that holds in every observed case alddshim all

Pragmatism is a philosophical school that is opposed t§ases, until proved wrong. This is known as iheuction
scientific realism. Realists defend that Science effectivelyrinciple (11).

describes reality. The pragmatics, on the othedhassume
that it is not possible to know exactly whiat reality and,
hence, Science explains only the observed phenosrhits
forecasts are consistent and useful.

One thing that most empirical scientist do not ddisi

There are no reasomspriori to believe that laws inferred
from induction on many observations have exceptiontess
this exception is observed or that some other kadgé may
suggest its existence. For instance, since nodliiorses have
been observed (at least by reliable sources) amt ghere is

absolute knowledge. Every theory and every expianat N0 knowledge that could imply their existence, ¢hare no

related to observed phenomena is always acceplbe it
is coherent with them. But every theory may be eenor
refuted by new observations that do not confirmEiten the
most fundamental observations may be refuted ia tizesy do
not abide by the empirical observations.

This is due to the fact that Science, according
pragmatism, does not explain Nature as it is, Isud a&et of
axioms on our observations of it.

Scientists must always pay attention to the restitheir
observations. In Computer Science, as in othersafeading
phenomena that do not fit the explanations usuatigepted
may be the key to new discoveries.

B. Objectivity
Another important characteristic of the scientifieethod is
objectivity, that is, the possibility that two different pemso
with an acceptable competency level may come tostee
conclusions when looking at data.

Objectivity means putting aside personal opiniom
Science, because they are subjective and are dempend
experience, character and motivation of those wiid them.

reasons to believe that they effectively exist.

This does not mean that if one person has only sédie
swans then there are no black swans. This persgnantept
initially the fact that all swans are white but wher he/she
sees a black swan then he/she should have to abahdb
tdheory.

Therefore, natural induction can only be applied as
scientific principle when it is effectively cohetewith other
knowledge and previous observations.

In Computer Science, as in formal scienogthematical
induction (12) is widely used. In this case, proof is formal.
When one wishes to demonstrate that a virtualliyitef set of
objects hold a certain property, one can do thabuih
mathematical induction if one can define a rule gillws to
generate all members of the set. In this caseudt be proved
that the property holds for an initial object (whiés not
generated based on others) and that the generatien
preserves the desired property, that is, if elenmeholds it,

then elemenb+1 generated by this rule also necessarily holds

iit. If these proofs can be performed, then oneamane to the
formal conclusion that all elements hold that prope
Since some properties are fuzzy, one must take whesn

For instance, a programmer may affirm that funalon evaluating them (13). For example, it can be adaithat a

programming is superior to
Nevertheless, without an objective metric
quantitatively what is “superior”, that opinion cae refuted
by other programmers. This feud may even be hedltiyt is
very difficult to build a solid Science based oristkind of
subjective issues, judgments or preferences.

Computer Science does not use the principle dfcaity as
a foundation for its research. This may be the aeashy
many papers published in the field do not rely @ation of
classical work. Usually, most papers in Computerer8e
present concepts based on literature, which is thlssource
of related work (among the most recent ones), and
objective work, which is evaluated empirically. Hen most
opinions have little value when faced to data asialy

Besides, a healthy principle of research is clitreading,
even of the most recognized works. A reading wlid $ingle
minded goal of learning may be positive, but aaaltreading,

2 Auguste Compte (1798-1857) is considered the feuntiSociology and
Positivism.

3 John Dewey (1859-1952) was a philosopher thatiémited greatly the
pragmatic thought.

imperative programmingnewborn is young. If a person is young, it is cofte assume
to defin¢ghat adding one day to its age will not make itt“goung”.

Hence, we can come to the conclusion that persbasyoage
are young. The flaw in this line of thought is tfeet that
“young” is a fuzzy definition.

Structural Induction(14) is a more general case, of which
mathematical induction is a specialization. Strradtu
induction is needed when there is more than oreetautreate
the elements.

This principle can be applied, among other thints,
software testing. If an object is created in a vihgt is
aonsistent to its specification and if the operadithat change
this object preserve its specification, then thgctbis always
consistent.

D. Refutation

The principle ofrefutation (15) or contradiction of a theory
establishes that any scientific theory that intetasxplain
observable facts is open for invalidation, in tlee it cannot
explain new observations.

A case study, since it is exploratory researchpoaprove
a general theory, for instance. Nevertheless ntprave that a
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general and widely accepted rule is not totallydiarhat will
happen if the case study shows a situation whereulle does
not present the expected result. Usually, the sasgy must

have some hypothesis to be tested beforehand, Her f§

researcher to execute it with a goal in mind.

The fact that we may find new observations that reot
explained by the general rule does not mean tligtatv may
be completely discarded. For instance, in spitdRelativity
Theory, Newtonian physics still
phenomena on Earth’s surface. Hence, when new \@igsTs
contradict a theory, we can discard the originatotly
replacing it with a radically new one, but we céspasplit the
original theory into two different theories with@jgations in
different situations.

E. Coherentism

The principle ofcoherentism(16) is highly integrated to the
philosophy of pragmatism. Therefore, no scientistynever
say that his/her theory explains reality. He/shié amily affirm
that his/her theory is coherent with observationd that by
the principle of induction, in the absence of agfytation, this
theory may be accepted as an explanation.

Coherentism avoids Descartagiterium problem(17) in
which any affirmation must be justified by a pravso
affirmation, leading to an infinite regression. Wit
coherentism, it is not expected for each affirmatio have an
explanation, but that it is coherent with a presgiguaccepted
body of knowledge.

F. Occam’s Razor

One question that would go unanswered with thecjpia of
Occam’s Razor(18) is the fact that any finite set of
observations may be explained in infinite ways,csby if
the differences among theories cannot be immegiatsted
empirically. For example, the theory that says tpatvity's
acceleration is 9,8 nf/snay have infinite variations if we
include exceptions such as “except on 2070, Jana@tly,
when it will be 9,6 m/&. Since it is not possible to test this
theory before 2070, it is as equally plausible las most
widely accepted theory.

The principle of Occam’s Razor says that in theeca
when several theories explain the same observatitires
simpler one must be preferfedThe simplest will then be
accepted as the most correct. In the example abiinee,
alternative theory cannot be tested before 207Q, the
addition to the general theory is gratuitous and m
foundation in any explanation or plausible causssi@es, it is
not coherent with the observations and general kedye on
the workings of gravity.

Without a rule such as Occam’s Razor, it would het
possible to create Science.

Nevertheless, there are times when this rule isyhagbd. It
does not say that the simplest explanation is avpagferable.
Actually, the simplest explanati@among those that effectively
explain the observationmaust be chosen above all others.

4 W. Ockham original phrasing wasltimquam ponenda est pluralitas sine
necessitate that is, never use more than strictly necessary.

explains very well

IV. RESEARCHMETHODSCLASSIFICATION

The term “research” can refer to several humarviéie that
go from poll data gathering to the scientific resbathat
intends to increase human knowledge on the innekings of
reality.

Research, in the scientific context, also may lassified
according to different criteria. Among them, itpgsssible to
differentiate among types of research accordinigstoatures,
goals or technical procedures. A research workotsatways
limited to a single type. Besides, some types séaech may
serve as the foundation for others.

A. According to nature

According to the nature of the research, it cadifferentiated
between original work and survey.

Original work intends to present new knowledge based on
observations and theories build to explain thens Hssumed
that the new information is relevant when it hasneo
implication on the way processes and systems aterstood
or when they have a practical implication on their
achievement.

Surveyson the other hand, intend to systematize a fiéld
knowledge, usually pointing out its historical evibn and
state of the art.

Although it is said that a survey is a non originark and,
therefore, adequate to undergraduate studies, it rbe
considered that good surveys can only be writterexperts
on the research field. For a survey to actuallydevant it is
necessary that the author has a solid knowledgtherarea
and its development, as well as its open probl&asides, the
author is expected to be able to point to causesedfects
besides what can be explicitly read in the publishdicles,
given that sometimes the motivations for an areg ev@lve
in implicit directions. It is also expected fronsarvey author
to be able to present a coherent structure foretidution and
not only a chronological line of isolated facts.

B. According to goals

According to its goals, the research can be exfuora
descriptive or explanatory.

Exploratory researchs the one where the author does not
necessarily have an hypothesis or goal well defimedhis
mind. Often it can be considered as the first staga longer
research process. In exploratory research the aetteonines
a set of phenomena searching for anomalies thatstilie
unknown and that can be, then, the foundation fonaae
elaborate research.

Descriptive researchis more systematic than the
explanatory kind. In this type of research, thel g®#o obtain
a more consistent set of data on a certain redlhgre is not,
yet, interference from the researcher part or ttesrgot to find
theories that can explain the phenomena. The sguagéis to
describe the facts just as they are. Descriptiseah is
characterized by data gathering and by interviewsl a
questionnaires. Just as exploratory research, it be
considered as an initial step to find phenomenapiasmed by
the current theories.
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Explanatory researcks the most complex and complete. It Nevertheless,Scienceis the search for knowledge and
is the scientific research per excellence becabssjdes explanations. Science builds theories to explaiseoked
analyzing the observed data, it also searchesduses and facts. Technology on the other hand, is the application of
explanations, that is, the underlying factors faase data. knowledge in practical activities, such as, for rapée,

C. According to Technical Procedures indust.rial ar!d economical aqtivities. . .

T _ ) Unlike science, the technique does not intendkfdaén the
According to its technical procedures, research &8n \yorid. It is practical and exists to change the Idonot to
classified as bibliographic, documental, experiraknt create theories about it.
gathering or research-action. Several dissertations and thesis in Computer Sejeas

Bibliographic researchimplies on the study of papers,well as several articles, still are strongly chéeszed as
theSiS, books and other publications Usua”y abkiilahrough technical presentations' Systemsy prototypesl fmm‘rle,
publish houses and indexed. architectures, models, processes: all those cartising are

Bibliographic research is a fundamental and previstep techniques and not necessarily Science.
for any scientific work, but it does not, in itsetfreate any  For a work to be effectively scientific, it is nasary that
new knowledge. It merely supplies public informatio the information in it explain a little more on theasons why
previously unknown to the researcher. things work as they do. If so, Science can be pteseideas

Documental researchon the other hand, consists on thﬁbresented in a work. Usually there is a problenntiied for
analysis of documents and data that have not be@mich there is no satisfactory solution. There Isoaan
systematized and published yet. One can examine@om hypothesis, that is, an idea that might be testedotve the
reports, public files, data bases, mail, etc. Thatlocumental problem fully or partially. The work must show trhe idea
not yet systematically treated. Looking for patgerrfor scientific method that apply.
example, in definition documents created by sofévar The work must be full of evidences that new knowkeds
development companies would be an example of dostahe jctually being presented. Among those evidences,care
research in Computer Science. mention case studies, comparative bibliographicearsh,

Experimental researcls characterized by the manipulationexperimental research, etc. Besides, it is usushtov that the
by the researcher of an aspect of reality. Theareser new ideas can be applied practically as a toolorifym,
and verifies if there is a productivity increasexp&rimental should be presented as elements to which an idea in
research implies in having one or more experimerdghbles incorporated, gaining life and practical applicatidhat is,
that can be controlled by the researcher (the daatsing or  fyffilling its technical vocation. Neverthelessgthlissertation,
not a specific technique, for example) and one @rem thesjs or article should not be about the artifaat, about the
observed variables, whose measurement may leachdo fdeas it incorporates.
conclusion that there is some kind of connectiothvthe In Computer Science there are still works in diferlevels
experimental variable (for example, evaluating paogmer of scientific maturity. In the more naive level stathe works
productivity in function points per work day, andrifying if  that only present a new technique or tool and eusision on
the techniques increases that value in a meanimgiy). its advantages and improving points. Usually, thisreeither

Experimental research must use rigorous samplingsearch hypothesis nor comparison to related works
techniques and hypothesis tests in order for isilte to be Works a litle more mature present some kind of

statistically acceptable and generalizable (19). comparison with other artifacts and show that tee artifact
In some areas of Computer Science it is hard toemakas some characteristics that the previous onks lac
eXperImental research, either because it is diffido Works even more advanced present Systematic and

manipulate or measure variables, or because dirtteethose  quantitative comparisons, with well defined metriasd
interventions might take. In those cases, one cafend repeatable and verifiable experiments. In the Ilseshario,
gathering researchin which existing data will be searchedthose experiments are made with data and testsnebta
directly in the environment, through observationst,hrough internationally accepted benchmarks.
measurement, questionnaires and interviews. Aftleulation Finally, scientific work with the highest degreeGomputer
of this information, the researcher can come tcclummons on  Scjence, besides the empirical evidence, will preaetheory
causes and effects. consistent with the observations that can explaie t

Research-actiorf20) is less common in Computer Sciencephenomena and is coherent to the widely acceptely bb
but it is possible. In this kind, the researcheetiacts with his knowledge.

subjects involving himself in the research field @
participative way, searching for a specific result.

VI. FINAL REMARKS

V. SCIENCEAND TECHNOLOGY . . .
) _ Research in Computer Science, no matter its sud, anest
In Computer Science, the terms science and techpaloe take the researcher in search of a contributiontte
almost alWayS so connected that many individuaid teot to know|edge and not 0n|y to the presentation of new
be able to separate them.
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technologies (even though these are relevant ampdriant,
they are not necessarily science).

Research must be performed accordingly to theciplies
of scientific method. Observations and experimentst be
obtained in the most rigorous and repeatable fevhenever
possible. Scientific initiation, masters and doater tasks
must, therefore, produce Science in order to beidened as
scientific research.

A research work whose goal cannot be summarizediénv
sentences that explain which new knowledge was uymexdl
usually has conception problems.

Usually, a scientific work is structured over aeaxh
problem that needs to be solved (a question noaysivered
satisfactorily) and a hypothesis (a possible ansterbe
evaluated). If the hypothesis is confirmed by eioplr or
formal evidence, then the scientist must presethieary that
explains it, usually as an extension or alternativa previous
theory.

A successful research probably will start with aleguate
bibliographic review for the main concepts on theldf of
study to be apprehended (when the researcher egiarer,
that is, a student) and for the latest advancenmnthe field
to be known. After this review, when the researdbeapable
of recognizing the important unanswered questitresmay
begin the work, for example, with a case study é&r
exploratory research to shed new light over questiand
problems. After formulating an hypothesis to soltlee
problem and a theory that explains why that hypsithe/orks,

Vol. 36, pp. 13-16.
http://adsabs.harvard.edu/full/1942JRASC..36...13G.

6. Kellert, Stephen H.In the Wake of Chaos: Unpredictable
Order in Dynamical SystemGhicago : University of Chicago
Press, 1993. ISBN 0-226-42976-8.

7. Self, John.Computational Mathetics: Towards a Science of
Learning Systems Desigreeds: University of Leeds, 1995.
8. Helmer, Olaf and Rescher, NicholasOn the
Epistemology of the Inexact SciencBtanagement Science.
October 1959, Vol. 6, 1, pp. 25-52.
http://www.jstor.org/stable/2627474.

9. Hedges, Larry V. How Hard Is Hard Science, How Soft Is
Soft Science? The Empirical Cumulativeness of Rebea
American Psychologisiay 1987, Vol. 42, 2, pp. 443-455.
10. Windelband, Wilhelm and Oakes, Guy.History and
Natural Sciencedistory and Theory1980, Vol. 19, 2, pp.
165-168. Stable URL: http://www.jstor.org/stableda397.
11.Vickers, John. The Problem of InductiofiThe Stanford
Encyclopedia of Philosophy] 2006.
http://plato.stanford.edu/entries/induction-problem
12.Pascal, BlaiseTraité du triangle arithmétiquel.665.
13.Zadeh, L. A. Fuzzy Setsinformation and Control1965,
Vol. 8, pp. 338-353.

14.Burstall, R. M. Proving Properties of Programs by
Structural InductionThe Computer Journal.969, Vol. 12, 1,
pp. 41-48.
http://comjnl.oxfordjournals.org/content/12/1/4 Josgh

15. Popper, Karl. The Logic of Scientific Discoveriew

the researcher may apply adequate empirical methods York : Basic Books, 1959.

convince the others that his/her hypothesis isecbigiven the
tenets of the scientific method, that is, thasitoherent with
the current body of knowledge and that it is sudfitly simple
to be adequate by the principle of Occam’s Razor.

It is evident that scientific research cannot béinge as a
recipe to be followed blindly in order to achiev® texpected
results. Nevertheless, it is expected that it aliays follow
certain criteria such as those presented in tHislarto be
objective, that is, for others to accept its reswus valid
independently of their opinions and preferences.

More information on how to develop scientific resgBaon
Computer Science can be found on the author’s @bk
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