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1. Introduction

Strong traditions and requirements for the process of scientific research exist in the
fundamental fields of science such as physics, mathematics, chemistry. The same applies to
social and economic fields of science. Since the emergence of science and first scientists’
research in the ancient days [1] different guidelines and methodologies have been developed
for application of scientific methods as well as for their selection for certain types of scientific
solutions development. However, this does not apply fully to the research in the area of
system engineering where systems are understood as software or information systems.
Software engineering is an engineering discipline concerned with the problem of system
development, where system is understood as a software system. Software engineering is nor
just programming nor just computer science [2]. From research perspective software
engineering is a relatively new and heterogeneous field of science, where generally accepted
norms for application of scientific methods are yet not established. It is quite enough
complicatedly to define a boundary between the required level of problem formalization and
simplicity of problem solution. In addition to that, research in the field of system engineering
in general and in software engineering in particular requires to take into consideration not
only technological aspects of problem solutions, but also to be concerned with economical
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and social aspects of application domain. There are many and varied classifications of
sciences [3], based on different criteria. Depending on the kind of science, different research
methods are used. None of these methods, however, seems to be fully suited for scientific
research in the field of Software Engineering. As it is proposed in [4], the branches of
engineering do not fit perfectly into the classifications proposed in the literature, although
they are related with most of the disciplines appearing in them. For this reason, the search for
the method appropriate to research in the field of software engineering is becoming a research
field itself [4], [5], [6], [7].

The problem stated above is particularly relevant for students first scientific research,
which in the most general case is the development of a bachelor thesis. During the bachelor
thesis development problems often arise an understanding whether the scope of the research,
its level of detail and suggestions on formal foundations for problem solutions are adequate to
the requirements for a scientific thesis. The following problems are identified in bachelor
thesis development:

1) disorientation in the collection of scientific methods and inability to select the required
method for certain task solution;

2) weak skills in usage of bibliography references and appropriate literature search in
scientific data bases as well as further analysis and application of such data;

3) lack of understanding of what is scientific research and how to contribute to it.

Normative acts of the Riga Technical University define bachelor thesis as “student
research presenting his / her abilities to use acquired knowledge, to make analysis of a
problem and its solutions presented in related bibliography, and to propose a solution to the
problem based on analytical results”. But it is not enough to understand the process of
scientific research especially in such an extraordinary field of science as system engineering.

The paper discusses several issues relevant to development of bachelor theses. The first
issue we discuss is the similarity between the process of research as such and system
development process in system engineering. We deal with this issue in section 2. The second
issue concerns a variety of options in choosing bachelor thesis topics and their positioning in
the map of possible topics, which is introduced in Section 3. In section 3 we also discuss how
different software development paradigms and methods for system development can shape
the research done by bachelor level students in their bachelor thesis development. Section 4
consists of some concluding statements concerning the topic discussed in the paper.

2. Mapping of Software Development Activities into Research Life Cycle

Research methodology based on scientific method application is a process for making
observations, recording data, and analyzing data that can be duplicated by other scientists. In
1637 René Descartes published his "Discours de la Méthode" in which he described
systematic rules for determining what is true, thereby establishing the principles of the
scientific method [8]. The simple version of it looks as shown in Figure 1a):

1) observe an aspect of the universe;

2) invent a tentative description, called a hypothesis, that is consistent with what has been
observed;

3) use the hypothesis to make predictions;

4) test predictions by experiments or further observations and modify the hypothesis in
light of the results;
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5) repeat steps 3 and 4 until there are no discrepancies between theory and experiment
and/or observation. [8].

When consistency is obtained the hypothesis becomes a theory, which is then a framework
within which observations are explained and predictions are made [9].

For the first scientific research usually it is difficult to understand what is a hypothesis,
how to advance it, how to predict its consistency, and so on. But taking in to consideration
students high enough skills in system lifecycle implementation for system development it is
possible to describe steps of scientific methods in terms understandable to students.

Marcos in [10] assumes that the object of study of the branches of engineering (and
software engineering in particular) differs from the object of study of the formal and empirical
science (be they sociological or natural). While these subjects deal with the study of existing
phenomena or objects, engineering sciences deal with the study of the methods and
techniques necessary for the creation of new objects and even with the creation of such
methods and techniques. Therefore it has important similarities with the application of
software engineering, which is also concerned with creation (of software products). Thus, it is
possible to establish an analogy between the process of research in the field of software
engineering and process of software development [10].

Every software development effort goes through a lifecycle, a process that includes all
activities in the development cycle that take place up to initial release. The main function of a
lifecycle model is to establish the order in which a project specifies, implements, tests, and
performs its activities.

Software development is a process for organized production of software, using a collection
of predefined techniques and notational conventions [11]. In general, software development
life cycle defines activities for software development and in spite of difference between life
cycle models, that can be presented as waterfall [12], spiral [13], fountain [14], as well as its
advanced combinations in Rational Unified Process [15] and Microsoft Solution Framework
[16], it is possible to identify the following stages of software development: analysis, design,
implementation and testing [17] (shown in Figure 1) [18].
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Figure 1. Mapping of stages for system development into schema of scientific research method

Usually, system development starts with an idea. System analysis includes careful
acquisition and examination of the requirements for a system with the intent of understanding
them, exploring their implications, and removing inconsistencies and omissions. System
design presents overall system architecture. During system design the target system is
organized into components based on both the analysis structure and the oncoming
architecture. The end product of analysis and design is a system representation that
corresponds to the requirements and is used for further system implementation. Testing is
applied for implemented system verification and validation according the preliminary
requirements. Therefore from one side taking as a basis the schema of scientific method
presented in Figure 1b) and applying general phases of system development shown in Figure
la) from the other side a composite schema for research methodology can be presented as
shown in Figure 1c).

Aspect observation can be understood as problem domain analysis and knowledge
acquisition about the ‘“science needs” pertinent at the moment. Proposition of problem
solution, which is better understood as solution architecture development, can serve as the
setting of the hypothesis. Acquirements for application of the proposed solution or realization
of the developed architecture can help in understanding what should be done during scientific
research predictions.

Verifying whether the solution solves the problem can be based to some extent on methods
applied for system testing as far as mathematical data analysis methods can be applied for
discussing of what aspects are better, different or new in the proposed problem solution.
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3. Variety of Options in Choosing Bachelor Thesis Scope

The result of bachelor level research is a Bachelor thesis. Analysis of bachelor theses topics at
the Institute of Applied Computer Systems of the Riga Technical University has revealed a
wide variety of topics considerably differing in depth and breadth of subjects with respect to
both software development phases and research life cycle. However, there was a clear
tendency to keep a balance between the student’s contribution to research as such and his/her
contribution to systems engineering. A variety of bachelor thesis topics is illustrated in Table
1 where a cross screening of systems development and scientific research processes is given.
Rows of Table 1 correspond to the phases of the simplified research process [19].

Table 1: Cross screening of software development phases via scientific research life cycle.

Software
development
phases
1. Analysis 2. Design 3. Implementation 4. Testing
Scientific
research
life cycle
1. Observation 1.1. 1.2. 1.3. 1.4.
2. Hypothesis 2.1. 2.2. 2.3. 24.
3. Predictions 3.1. 3.2. 3.3. 3.4.
4. Tests 4.1. 4.2. 4.3. 4.4.

Columns of Table 1 correspond to the phases of the simplified software engineering life
cycle. Despite both processes having considerable similarities (Figure 1) there are also
differences with respect to the products to be delivered by activities in each life cycle phase
[10].

It is also important to take into consideration that a bachelor thesis is not a PhD thesis and
is defined as “analytical research with scientific elements”, therefore the student is not
requested to handle the entire life cycle of scientific research. While such an option is possible
for simple systems engineering problems, in more complex problems the student will most
probably perform his / her research work only according to the part of the research life cycle.
In these complex tasks, however, it is necessary for the student to understand how his / her
activities are placed in the research life cycle and what his / her contribution to the research is.
The same principle applies to the systems engineering dimension, i.e. systems development
phases.

The diagonal of Table 1 actually corresponds to Figure 1 and is an option where
performance with respect to both life cycles would be nearly identical. It should be noted here
that in this situation every systems engineering task will not qualify as scientific research
because the solution of the problem should contribute to the body of scientific knowledge, not
just to the needs of a particular business organisation. Thus contribution to the scientific body
of knowledge is the main indicator of presence of the scientific method (or a part of it) in a
bachelor thesis. In other words students should satisfy science needs instead of software
requirements which are defined by user in software engineering life cycle [19].

Therefore we propose that in at least one numbered cell in Table 1 student’s work should
correspond to the state of the art in scientific context and give a specific small contribution to
the scientific knowledge body. Similarly the work of the student should clearly contribute to
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at least one general phase of software development. At the same time the style of bachelor
thesis should resemble the style of doctoral thesis, i.e., it has to have a structure similar to the
one depicted in Figure 1a.

Taking into consideration that bachelor theses are the simplest scientific research at the
university, the minimum requirements for the scope of bachelor thesis should not exceed one
software development phase and one research phase still keeping the requirement that the
bachelor student must be able to position clearly his work in both scientific and software
development life cycles (see Fig. 2) [19].
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Figure 2. Mapping of stages for software development into schema of scientific method.

Figure 2 illustrates our proposition in more detail. Each numbered cell in Table 1
characterises the research domain of the student. The cell directly below the numbered cell
gives practical illustration of student’s research work in this domain. In Figure 2 this cell is
depicted by the grey square. It is important that student’s work be properly positioned with
respect to the scientific and systems development life cycles. The positioning is reflected by
dotted lines in Figure 2. This means that student shows his/her scientific and practical
contribution on a large scale.

On the other hand, each grey square includes all four general stages of research cycle with
respect to the problem domain under the consideration, i.e. scope of the bachelor thesis and,
thus, reflects scientific research on a small scale. This is reflected by small arrowed links in
the rectangle. Figures inside the rectangle correspond to the numbers of cells in Table 1. In
terms of generalisation of systems engineering and scientific research lifecycles in four basic
phases and according to the positioning principle described above, all themes of bachelor
thesis can be represented by 16 basic patterns.

Types of bachelor thesis are briefly described in Tables 2-5 in the remainder of this
section. Each type thesis is defined by positioning of a shaded cell (grey square — see also Fig.
2) according to the software development phases and according to the scientific research
phases. The point of main emphasis of the bachelor thesis, in terms of phases of scientific
research and software development, is denoted as a scope. Each type of thesis is illustrated by
at least one instance, which is typical for the author’s research institution.

As it has already been stated before, the work of the student should correspond to the state
of the art in scientific context and give a particular contribution to scientific knowledge body,
and, on the other hand, the work of the student should clearly contribute to at least one
general phase of software development, so both the scientific methods and the software
development methods could be employed in the development of a bachelor thesis.
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Table 2-5 also describes the methods that could be used in the development of a bachelor
thesis. As it can be seen from the results described in the table the scientific methods are the
same in all development phases whereas the software development methods are different.

Table 2. Mapping of Software Development Phases and Projection of Software Development Methods into
Scientific Method Life-Cycle Phase “1. Observation”

bachelor thesis
essence:

approach, statement,
concept documents,
field of interest,

problem

solutions

different design

more systems

1.Analysis 2. Design 3. Implementation 4. Testing
Positioning: TN 13\
\\ [T \\‘\
N — \\
\\ \\,
N s 0\
\\ \\\

Scope: 1.1. Observation of 1.2. Observation of  |1.3. Observation of 1.4. Observation of
issues relevant to the  [issues relevant to the [issues relevant to the  [issues relevant to the
analysis phase of SD  [design phase of SD  [implementation phase [testing phase of SD

of SD

Scientific Literature analysis; Interview; Questionnaire; Case study

methods:

Software Interview; Component design;  [PM methods (Prince2); [White box;

development Use case; Object-based design; |[DSDM; Black box;

methods: Conceptual modelling; [Aspect-based design; [Embedded methods Agile testing;
Process modelling; (SAP — ARIS; BAN — [Exploratory testing;
Cause-effect analysis DEM) Fuzz testing;

Object Process Risk-based testing;
Methodology; Scenario-based testing
Aspect-oriented
implementation
method;
[terative
implementation method
Example of Analysis of a new Analysis of one or [Analysis of one or Analysis of different

sources of scientific
research describing
the same problem

Table 3. Mapping of Software Development Phases and Projection of Software Development Methods into
Scientific Method Life-Cycle Phase “2. Hypothesis”

solution to a

particular problem

relevant to the

lanalysis phase of

to a particular
problem relevant to
the design phase of

SD.

particular problem relevant
to the implementation

phase of SD.

1.Analysis 2. Design 3. Implementation 4. Testing

Positioning: —t— U <+ S

» Ag\ N | N | ;:1\\\\,\

2 @ 23) \E

\\\\ in AN \ iB \\ B
N i SO0 i \ s
ENN RN \ \

Scope: 2.1. Finding a 2.2. Finding a solution|2.3. Finding a solution to a [2.4. Finding a solution

to a particular
problem relevant to
the implementation

phase of SD.
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SD.

bachelor thesis
essence:

modification of
existing
hypotheses.

hypotheses.

implementation of defined
hypotheses

Scientific Inductive reasoning; Deductive reasoning; Bayesian inference
methods:
Software Brain Storming;  [Brain Storming; Project management Brain Storming;
development Iterative design;  [Iterative design; methods — Prince2; Iterative design;
methods: Component design; [DSDM; Case study
Object-based design; |[Embedded methods (SAP —
Aspect-based design; [ARIS; BAN — DEM);
Process/service Object Process
oriented design Methodology;
Aspect-oriented
implementation method;
Iterative implementation
method
FExample of Analysis or Formulation of new [Evaluation or Testing of a new or

modified hypothesis;
testing of an existing
hypothesis in different

fields.

Table 4. Mapping of Software Development Phases and Projection of Software Development Methods into
Scientific Method Life-Cycle Phase “3. Predictions”

Aspect-oriented
implementation method;
Iterative implementation

method

1.Analysis 2. Design 3. Implementation 4. Testing

Positioning: — \ —t— U \i —

I\ D N BN
31 F\ \|3.2 | 3.3\ 3.4
T _\\1\ TN N N \\

Scope: 3.1. Application of [3.2. Application of a |3.3. Application of a 3.4. Application of a
a particular particular solution particular solution relevant [particular solution
solution relevant to frelevant to the design [to the implementation relevant to the testing
the analysis phase |phase of SD in phase of SD in different  |phase of SD in
of SD in different |different real life, real life, experimental or  |different real,
real, experimental |experimental or simulated situations. experimental or
or simulated simulated situations. simulated situations.
situations.

Scientific Controlled experiment; Natural experiments; Observational studies; Field Experiments;

methods: Laboratory experiments; Statistical methods; Case study; Simulation

1.Analysis 2. Design 3. Implementation 4. Testing
ISoftware By applying an Iterative design; Project management Application of an
development appropriate Component design;  |methods — Prince2; appropriate standard
methods: standard Object-based design; [DSDM,;
Aspect-based design; [Embedded methods (SAP —
Process/service ARIS; BAN — DEM);
oriented design Object Process
Methodology;
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FExample of
bachelor thesis
essence:

Development of a
concept document
for a system.

Design of an agent,
system, technology.

Combining different
methods; implementation
of a system, agent, or

technology.

Development of a
testing document for a
System

Table 5. Mapping of Software Development Phases and Projection of Software Development Methods into
Scientific Method Life-Cycle Phase “4. Tests”

1.Analysis 2. Design 3. Implementation 4. Testing
Positioning: — —t— —t—+— ——
i EIN BAN IAN
\ \\\ \ N N \\\\\\
I WY _\\\ \ - \\\ - NN \\
4.1 L\ — \@\\\ \[a3] \Jaa
Scope: 4.1. Scientific 4.2. Scientific 4.3. Scientific evaluation of|4.4. Scientific
evaluation of a evaluation of a a particular solution evaluation of a
particular solution [particular solution relevant to the implemen- [particular solution
relevant to the relevant to the design [tation phase of SD. relevant to the testing
analysis phase of [phase of SD. phase of SD.
SD.
Scientific Expert queries; Delphi method; Controlled experiment; Natural experiments; Observational
methods: studies; Field Experiments; Laboratory experiments; Statistical methods; Case study;
Simulation
ISoftware Classification Iterative design; Scoring models; Analytic [White box;
development Component design; fhierarchy process; Black box;
methods: Object-based design; [Balanced scorecard Agile testing;
Aspect-based design; [Application; Development [Exploratory testing;
Process/service Project Estimation; Fuzz testing;
oriented design Total cost of ownership;  |Risk-based testing;
IEEE Recommended Scenario-based testing
Practice for Software
Acquisition (IEEE Std
1062, 1998);
'Value analysis
FExample of Evaluation of Evaluation of differentEvaluation of different Approbation and

bachelor thesis
essence:

different
approaches,
methods,

technologies.

designs (solutions not
implemented yet).

systems.

evaluation of a testing
document of a system.

The above represented collection describes the basic thesis types only, but the research can
not be strictly positioned in phases of software engineering and can not to be rigidly framed in
scientific research phases, Because we have to take into consideration that the phases of
software engineering are often overlapping and the research can be positioned as a frontier for
several phases. As for selection of implemented steps of scientific research the only
requirement is that at least one phase, - observation, hypothesis, implementation or scientific
testing, would be accomplished for bachelor level of the research.
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4. Conclusions

It is often difficult to understand the appropriate level of details or depth of the research,
which is required for bachelor thesis. Especially ambiguous this is for research in the field of
software engineering, where it is enough complicated to state the boundary between the
necessary level of formalization in the research and the ability to present results clearly and
perceptibly enough.

The paper presents the discussion about ability to simplify the scientific research life cycle
and to try to map it into the schema of software development life cycle for better
understanding of the research performance for bachelor level students. The cross screening of
scientific research through the phases of software development life cycle give the possibility
not only to describe the scientific research process in terms of software engineering, which are
easier for students to understand, but also to define the scope and positioning of the main
types of bachelor thesis in the field of software engineering.

The division between sub areas in the field of software engineering depends also on the
subdivision of the exact phase of software development. One more aspect of scientific
research analysis according the software development stages can be investigation of possible
sequences of stages, so called models of life-cycles of software development. Analysis of
different paradigms existing in software development let to assume that similar paradigms
could exist in scientific research too, like agile versus disciplined, structural versus object-
oriented, sequential versus iterative and so on by analogy with the software development.

The collection of basic types for bachelor thesis dimensions can serve as a framework for
research initialising and positioning it in both life cycles — the scientific and engineering ones.
Also the discussion about bachelor thesis types can be useful for students in selection of
appropriate methods and strategy of research, as well as for bachelor thesis advisors in
definition of recommendations for research performance.
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Nikiforova O., Kirikova M., Strazdina R. Izvilkuma darbs par pétijuma metodi sistémas inZenierijas
joma: Bakalaura Iimenis

Nebiit ne katrs sistémas izstrades projekts ir uzskatams par zindtnisku darbu, jo zinatniskam darbam ir jadod
noteikts zinatnisks ieguldijums, ko varetu identificét ka jaunas zindsanas attieciba pret jau eksistejosajam
., zinatniskajam” zinasanam projektam atbilstosa sfera. Tas nozimé, ka inzenierzindatnés studenta pétijumam, no
vienas puses, ir jasniedz kaut neliels zinatnisks ieguldijums (jaunas “zinatniskas” zinasanas atbilstoSaja sfera)
un, no otras puses, studenta darbam ir jasniedz skaidri identificejams rezultats vismaz vienai no visparigajam
sistemas izstrades fazéem. Ta ka bakalaura darbs ir pirmais zinatniskais darbs studiju laika, tad minimalas
prasibas pret bakalaura darbu inZenierzinatnés neparsniedz prasibu péc skaidri identificejama ieguldijuma
attiecibd pret vienu zindtnisko pétijumu fazi un skaidri identificéjama ieguldijumu attieciba pret vienu sistemas
izstrades fazi. Lai veicindatu Sadas identifikacijas iespéju, zinatnisko pétijumu dzives cikls tika analizéts no
programmatiras inzenierijas dzives cikla viedokla un abu ciklu aktivitates kartétas vienota shéma. Kartésanas
rezultata tika iegiti 16 bakalaura darbu pamattipi programmatiras inzenierija. Informacija par Siem
pamattipiem ir noderiga gan bakalaura darbu izstradatajiem, gan vinu vaditdjiem centienos panakt bakalaura
darbu atbilstibu augstak izvirzitajam prasibam.

Nikiforova O., Kirikova M., Strazdina R. An open work on research method in the field of system
engineering: The bachelor level

Not every system engineering task will qualify as scientific research, because the solution of the problem should
contribute to the body of scientific knowledge. This means that, on one hand, the research work should
correspond to the state of the art of scientific body of knowledge and give a particular, small, contribution fto it,
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and, on the other hand, the work of the student shall clearly contribute to at least one general phase of software
development. Taking into consideration that bachelor thesis are an initial research and the simplest scientific
research at the university, the minimum requirements for the scope of bachelor thesis, thus, should not exceed
one software development phase and one research phase, still keeping the requirement that the bachelor student
must be able to position clearly his work in both, namely, scientific and software development life cycles.
Therefore the life cycle of scientific research is analysed from the perspective of sofiware engineering life cycle
and the main activities of both are mapped into single schema. 16 types of bachelor thesis in software
engineering proposed in the paper are a helpful tool for bachelor thesis developers and advisers to meet the
above mentioned requirements.

Huxudoposa O., Kupukosa M., Crpazauns P. OTkpsiTasg padoTa 0 MeToAe HCCJIEA0BAHUS B 00J1aCTH
CHCTEMHOI HH:KeHepHuH: YpoBeHb 0akanaBpa

He xadxcoviii npoexm no paspabomike cucmem 6 o0nacmu NpOSPAMMHOU UHICEHEPUU MOdcem Oblmb
K8anu@uyuposan Kax HayyHoe ucciedosanue, mak Kak HayuHoe ucciedosanue 00IiCHO 0asamb 6KIA0 6 HAYKY,
KOMOpWbIll MONCHO Onpedeiums KaK HOGble 3HAHUA NO OMHOWEHUIO K Yoice CYWecmeyIouum 3HAHUAM 8
coomeemcmaylowell HAyyHou obaacmu. Omo o3Hauaem, uUmMo 8 00AACMU NPOSPAMMHOU UHICEHepUU
uccnedo8anus CmyoeHmos, NoCseHHble pa3pabomre OUNIOMHBIX pabom, OOJIICHbL C OOHOU CIMOPOHBL 0A8AMb
xomst bl HeOOALUIOU HAYUHBILU 6KIAAD 8 COOMBEMCMBYIOWYI0 00acmb, ¢ OPY2oll CMOPOHbL y PAOOMbL O0AHCEH
ObIMb owymuMblLl pe3yibmam 0s. 00HOU U3 ¢az pazpabomxu cucmemvl NPOSPAMMHO20 obecnevenus. Tax Kax
paspabomka 6axanragpcKoi pabomul 6IAEMCsL NEPEbIM ONbIMOM 8E0eHUST HAYYHO20 UCCIEO08AHUSL, MO MONCHO
npeononoAHCUMb, YMO MUHUMATbHLIM mpebosaHuemM K OaKauiaspckou pabome modcem Ovimb mpebosarue
NPOOEMOHCMPUPOBAMs 8 pabome HABbIKU 6e0eHUsl UCCAeO08aHUs Xoms Ovl 0151 00HOU U3 ¢haz pazpabomru
cucmem, U NpoGedeHue HAyY¥HO20 UCCIe008aHUS, YeryOssicy Xoms Obl MOILKO 68 OOHY U3 CMAaouil npoGedeHus
uccnedo8anus Kaxk makoeo2o. Umobvl noomseepoums G03MONCHOCMb MAKOU KiAcCUuurayuu 0aKaiaspcKux
pabom 6 cmamve ObLIU NPOAHATUSUPOBAHbL (PA3bI 6EOEHUS HAYYHO2O UCCLE008AHUS C MOYKU 3PEHUsl UX
amanocuu ¢ ¢hazamu pazpabomKu CUCMeM NPOSPAMMHO20 obecnedeHus, d Mmakdice Obliu NPednodlceHbl Hd
paccmompenue 16 munog G03MOJCHOU Kiaccuurayuu Oaxaiaspckux pabom OmMHOCUMENbHO GoKyca
demanusayuu nposedenuss ucciedosanus. Ilpeonoscennasn kiaccugurayus 6akaiaspckux pabom mooicem dOvims
nOJNe3HA KaK CMyOenmam, 20MmoGauuMcst K BPOSEOeHUI0 UCCIe008aHUs 8 PAMKAX OAKaNagpcKou pabomul, max u
UX HAYUHBIM PYKOBOOUMENAM, 4mMOoObl ONpederumvcs cO CMeneHvio 0emanu3ayuu 8edenus Ucciedos8anus u
yenyoaeHus 8 001acmob HAY4YHO20 UCCIe00B8AHUSL.
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