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Modelling of information flows in the Software Carpentry environment

Introduction. The level and speed of development of modern information technologies, the aspiration of modern society to
informational unification necessitate the creation and implementation of a new model of the educational and scientific
community interaction to ensure free, operational and effective access to the information resources being required for the purpose
of implementing innovative means of studying and utilizing information processing tools.

Key goals. The educational and scientific community is looking for new approaches that can ensure the necessary level of
education efficiency under the condition of severe limitations of resources, where time is the first of them. Therefore, an urgent
problem today is the formulation of the principles of construction, modelling, and systematization of the properties of the
information environment as an interactive educational and scientific platform. In this work we consider the problem using the
Software Carpentry as an example.

Methods and Materials. To solve the formulated problem, we have conducted an analysis of the paradigms of informational
educational environments, classifying the most widespread and available in the Ukrainian educational and research community
such as Coursera, edX, Prometheus, Udemy. Another interesting direction to consider is the so-called microlearning. At the same
time, the use of the above types of educational online resources for the purposes of organizing and conducting scientific research,
as well as selecting and implementing new tools for processing information about objects of scientific research is difficult or
impossible.

Results. The ideology of Software Carpentry is considered as one of the most successful implementations in this direction. The
authors are participating in the project implemented by University of St. Andrews (Scotland) on translation the «Python
programming language» course from English to Ukrainian as volunteers.

Conclusion. We propose generalized set-theoretical model of such an information environment for educational and research
community interaction.

Keywords: modeling, online learning, open science, effectivity of education, resourcing.

How to quote: M. Novozhylova, O. Chub, “Modelling of information flows in the Software Carpentry
environment.” Bulletin of V.N. Karazin Kharkiv National University, series “Mathematical modelling.
Information technology. Automated control systems, vol. 54, pp.51-58, 2022. https://doi.org/10.26565/2304-6201-
2022-54-06

MopaemoBanns ingopmaniinux noTokis y cepexosuiti Software Carpentry

Yy6 Oubra IropiBua Kanouoam eKoOHOMIYHUX HAYK, Ooyenm Kagheopu meopemudnoi ma
NPUKIAOHOT CUCTEMOMEXHIKU
Xapxiecokuil nayionanvuuil ynieepcumem imeni B.H. Kapasina; matioan
Ce0600u, 6, m. Xapxkis, Ykpaina, 61022

Hoso:xnnosa Mapuna 00KmMOp PizuKo-mamemamuyHux Hayx, npogecop, 3agioysay Kageopu
BosogumupiBaa KOMN IOMePHUX HAYK ma iHOPpMAYIUHUX MEeXHON02il
Xapxigcokuil HAYIOHATBHUL YHIGEPCUMEmM MICbKO20 20CNO0apCmed IMeHI
O.M. Bexemosa, syn. Mapwana basicanosa, 17, m. Xapkis, Yxpaina, 61002

AxrtyanabHicTb. CydacHui piBeHb 1 MIBHUAKICTH PO3BUTKY iH(OpPMAIIMHUX TEXHOJOTIH, NparHeHHs CyCIIbCTBA 0
iHpopMariitHoi yHidikanii 3yMOBIIOIOTh HEOOXIHICT CTBOPEHHs Ta BIPOBA/KCHHS HOBOI MOJeJi B3a€MOJii OCBITHBOI Ta
HayKOBOI CIIUTBHOTH U151 3a0€3MeUeHHs BUIBHOTO, OTIEPAaTHBHOTO Ta €()eKTUBHOTO TOCTYIY A0 iHPOpPMALIfHIX pecypciB.

Merta. OCBiTHS Ta HayKOBa CIILIBHOTH IIYKArOTh HOBI MiIXOIH, SIKI MOXYTh 3a0e3MeUNTH HEeoOXiqHUI piBeHb epeKTHBHOCTI
HABYaHHA B YMOBaX JKOPCTKOI OOMEKEHOCTI pecypciB, Jie Ha MepuioMy Micli CToiTh 4ac. TOMy aKTyalbHOK MpoOIeMOro
CBOTOICHHS € (POpMYITIOBaHHS TPHHIUINB MMOOYJOBH, MOJETIOBAHHS Ta CHUCTEMATH3allii BIACTUBOCTEH i1H(OPMAIIHHOTO

© Chub O., Novozhylova M., 2022


https://doi.org/10.26565/2304-6201-2022-54-06
mailto:o.i.chub@karazin.ua
https://orcid.org/0000-0002-1216-856X
mailto:marina.novozhilova@kname.edu.ua
https://orcid.org/0000-0002-9977-7375
https://doi.org/10.26565/2304-6201-2022-54-06
https://doi.org/10.26565/2304-6201-2022-54-06

Bulletin of V.N. Karazin Kharkiv National University
52 series «Mathematical modeling. Information technology. Automated control systems» issue 54, 2022

CepeIoBHIIA SIK IHTePaKTHBHOI HaBYaNbHO-HAYKOBOI mtaTdopmu. Y naHiit poOGOTi po3risiiaeTbest po3B’si3aHHs Hiel npobimemu
Ha mpukiani Software Carpentry.

MeTtoau mocitixKkeHHs. ABTOPH BUKOPUCTOBYIOTh TaKi METOAM IOCII/DKCHHS — CUCTEMHHH aHali3, TEOPETHKO-MHOXUHHUH
aHayi3, OaraTokpuTepiagbHa ONTHMI3alis, METOOH OOpOOKH ekcrepTHOoi iHdopmalii. 11 po3B’sa3aHHS MOCTaBICHOI 3amadi
MPOBEICHUI aHaji3 mapaaurM iHGopMaliiHUX OCBITHIX CEpeOBHI Ta KIacH]ikalis JOCTYIHHUX Ta HaHOLIbII MOUTMPEHUX B
YKpaiHCHbKOMY OCBITHBOMY Ta jaociigHuibkoMy cepenosuiii: Coursera, edX, Prometheus, Udemy. Ille omnuM IikaBuM
HaINpsIMKOM € TaK 3BaHe MiKpOHaBYaHHs. BoHOYac BUKOpHCTaHHS BUILE3a3HAYCHUX TUIIIB OCBITHIX OHJIAHH-pecypciB s el
opranizalii Ta HpPOBEAEHHS HAYKOBHX MOCITIPKEHb, a TaKOX BifOOpPY Ta BIIPOBA/KCHHS HOBHX IHCTPYMEHTIB OOpOOKH
iH(popMarii Mpo 00’ €KTH HAYKOBUX JOCIIUKEHb € YCKIIQJHEHUM a00 HEMOKIINBHM.

PesyasTaTin. OnHicro 3 HAHOLTBII BAANKX peanizamiil B I[boMy HalpsIMKY BBaXKaeThcs igeoinoris Software Carpentry. ABropn
Ha BOJIOHTEPCHKHUX 3acajgax 0epyTb ydacTh y HPOEKTI, akuii peanisye YHiBepcuter Cent-Ennproc (Illotnannis) 3 nepexnany
Kypcy «MoBa nporpamysanHs Python 3 aHrTiiCbKOT MOBH Ha YKPaiHCBHKY.

BucHOBKH. 3alIpONIOHOBAHO y3arajbHEHY TEOPETHKO-MHOXKHHHY MOJETb TaKoro iH(pOpMAIifiHOro cepenoBHINa B3aeMOii
OCBITHBOI Ta HAYKOBO{ CIITBHOTH.

Knrwowuoei cnosa: mooenrosanns, OHAAUH-HABYAHHA, BIOKPUMA HAVKA, eeKMUBHICMb 0C8IMU, pecypcHe 3a0e3neyenHs.
Sk muryBat: HoBoxmiosa M.B., Uy6 O.1. MoaeoroBanHs iHhopManiiiHuX MOTOKIB y cepenosumii Software
Carpentry. Bicnux Xapkiscvkoeo Hayionansrnoeo yHisepcumemy imeni B.H.Kapasina, cep. «Mamemamuune

mooeniosanns. Ingopmayitini mexnonoeii. Aemomamuzosani cucmemu ynpaeuinusy. 2022, 1. 54. C.51-58.
https://doi.org/10.26565/2304-6201-2022-54-06

1 Introduction

The level and speed of development of modern information technologies, the aspiration of modern
society to informational unification necessitate the creation and implementation of a new model of the
educational and scientific community interaction to ensure free, operational and effective access to the
information resources being required for the purpose of implementing innovative means of studying and
utilizing information processing tools. That applies not only to non-formal education, or the
implementation of the lifelong learning — LLL concept [1], so-called continuous education. In the last
three years, when the whole world was fighting the Coronavirus Disease 2019 (COVID-19) [2], and the
war in Ukraine has started — the way of life of Ukrainians, the way of communication, thinking, and
vision of the future have changed. Pandemic and war present drastic challenges to the education system
including technical, cognitive, managerial, and behavioral ones. Under such external conditions, classical
methods of teaching and scientific research cannot be fully implemented, thus the educational and
scientific community is looking for new approaches that can ensure the necessary level of education
efficiency under the condition of severe limitations of resources, where time is the first of them.

2 Statement of the problem

Taking into account constantly increasing attention to such field of human activities as an on-line
learning, namely online IT education in recent years there have been a number of scientific publications
devoted to modeling and optimization issues. The following studies can be highlighted.

In paper [10] a thorough empirical comparative analysis of the quality of online learning and a
comparison between face-to-face and online learning on a statistical sample of Polish medical school
students is provided. It has been discovered that there is no statistical difference between face-to-face and
online learning in terms of opinions on the ability of the learning method to increase knowledge (P = .46).
E-learning was rated as enjoyable by 73% of respondents.

In the study [11] the set of 729 Massive Open Online Courses (MOOCs) on Coursera has been
examined by using such a modelling algorithm as Latent Dirichlet allocation (LDA). This research
proposes some useful conclusions concerning two major themes such as MOOC delivery and subject
matter.

The research [12] proposes comprehensive review of the 29 to analyze and describe the adaptation
process from face-to-face to online education and the perceptions of faculty and students during the
pandemic. The study has been developed following the methodology supported by the PRISMA statement
and the PICoS strategy, retrieving scientific literature from Web of Science, Scopus, ERIC
and PsycINFO.

Study [13] is devoted to studying the impact of online degree programs on students' educational
investment decisions and career goals. Based on a human capital theory, and using data from a 2017
survey of students enrolled in an online master's degree program in computer science at a highly ranked
US university, this study explores how motivation for seeking an online graduate degree in computer
science varies by student demographics and professional background/preparation.
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The problem of designing relational coordination system for coordination and integration of processes
of online education into classic university education system by using structural equation modelling (SEM)
technique has been considered in [14].

The study [15] examines phenomena of digitalization of education how it drives teachers to adjust
their teaching methods. The latent profile and qualitative analyses have revealed different clusters of
teacher responses, from strong resistance to online teaching to transformation of teaching practices.

The main result of the study [16] is that it is statistically proven on the basis of a large number of
personal characteristics, that additional e-learning practice leads to better grades in university exams.

An analysis of these and other publications shows that the vast majority of studies consider the
conceptual and applied issues of supporting formal school and university education by means of online
learning, while for the field of Computer Sciences and Information Technologies it is no less important
to study the issues of optimizing the process of retraining and obtaining additional knowledge for research
and practical activities in different areas.

2 Objectives

Therefore, today an urgent problem is formulating principles of construction, modelling, and
systematization of the properties of the information non-formal learning environment as an interactive
educational and scientific platform that allows decision makers to use their extremely limited resources
effectively and to acquire the necessary amount of knowledge suitable for direct practical usage.

In this work we consider the problem using the Software Carpentry as an example [3].

3 Results

To solve the formulated problem, we have conducted system analysis of the paradigms of the
following informational educational environments, which are the most widespread and available in the
Ukrainian educational and research community: Coursera [4], edX [5], Prometheus [6], Udemy [7].

Coursera was launched in 2012 with a mission to provide universal access to world-class learning. It
is now one of the largest online learning platforms in the world, with 113 million registered learners as
of September 30, 2022. Coursera partners with over 275 leading university and industry associates to
offer a broad range of content and credentials, including guided projects, courses, specializations,
certificates, as well as bachelor’s and master’s degrees. Institutions around the world use Coursera to
upskill and reskill their employees, citizens, and students in many high-demand areas, including data
science, technology, and business.

edX is an American massive open online course provider created by Harvard and Massachusetts
Institute of Technology. It hosts online university-level courses in a wide range of disciplines to a
worldwide student body, including some courses at no charge. It also conducts research into learning
based on how people use its platform. edX runs on the free Open edX open-source software platform. 2U
is the parent company, with edX operating as its global online learning platform and primary brand for
products and services. edX has 3600+ courses, 42 million users and 160+ partners.

Prometheus is the leading online education platform in Ukraine with over 700 000 online registered
students and over 90 online courses. The company is working in close cooperation with top Ukrainian
universities, prominent professors, international organization, and government.

Prometheus obtained a license for Ukrainian translation and dubbing of massive open online courses
for the teachers by the Massachusetts Institute of Technology, Columbia Teachers College, and
Queensland Universities. The certificate of completion is officially recognized by the Ministry of
Education as an official teachers’ training.

Udemy Inc. is a global destination for teaching and learning online. It was founded in May 2010 by
Eren Bali, Gagan Biyani, and Oktay Caglar. As of July 2022, the platform has more than 54 million
students, 204,000 courses, and 71,000 instructors teaching courses in over 75 languages. There have been
over 741 million course enrolments.

Students take courses primarily to improve job-related skills. Some courses generate credits toward
technical certification. Udemy has made a special effort to attract corporate trainers seeking to create
coursework for employees of their company.

These are large repositories of well-prepared popular training courses that have a meaningful content,
are designed for several weeks and even months of training, support the classic distance learning
paradigm and generally require significant resources from the user in order to master them.
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Another interesting direction is the so-called microlearning [8]. Today, the traditional distance
learning format, according to the multiple scientists’ estimates, is losing its effectiveness. The
development of a learning paradigm, which allows dynamically updating various, short-term training
courses, is attracting considerable attention.

At the same time, using the listed types of educational online resources for the purposes of organizing
and conducting scientific research, as well as selecting and implementing new tools for processing
information about objects of scientific research is difficult or impossible.

The ideology of Software Carpentry can be considered as one of the most successful implementations
in this direction. Software Carpentry is a platform that teaches «basic laboratory skills for research
computing» [3]. The mission of this project is to unite specialists in nature protection, geographers,
ecologists, zoologists and other scientists. The courses of Software Carpentry are master classes that teach
how to manipulate data and information and analyze it in an effective, reproducible and collaborative
way. Software Carpentry teaches how to use complex modern information technologies (R, RStudio and
GitHub), analyze scenarios, create convincing visualizations and learn joint work processes, without
requiring previous experience.

Software Carpentry Foundation is a volunteer non-profit organization dedicated to teaching
researchers basic computing skills.

Since 1998, Software Carpentry teaches researchers to create purpose-built tools, whether it be a Unix
shell script to automate repetitive tasks or software code in programming languages such as Python, R,
or MATLAB. These enable researchers to build programs that can be read, re-used and validated, greatly
enhancing the sharing and reproducibility of their research.

All Carpentry workshops are hands-on two-day training events during which the attendees gain
practical skills and understanding how particular software development tools and methodologies can
benefit their own work. The core curriculum taught at Software Carpentry workshops typically includes:

1. automating tasks using the Unix shell;

2. structured programming in Python or R;

3. version control using Git or Mercurial.

The list is not exhaustive — all training materials are freely available under the Creative Commons —
Attribution License from the Software Carpentry's lesson repository. Materials can be reused in any way
you wish, without asking for special permission, provided that the original source is cited.

It should be noted that the authors have their own successful experience of learning and cooperating
with this platform. The authors are participating in the project implemented by University of St. Andrews
(Scotland) on translation the «Python programming language» course from English to Ukrainian as
volunteers. At the time this work being published, 80% of the course has already been translated (Fig.1).
After its completion, all stakeholders will have access to educational materials.

python-novice-gapminder

python-novice-gapminder

7 Languages

Spanish 100% [ D
Ukrainian 80% ——
Italian 52% —>

German 0%

Japanese 0%

Portuguese 0%

French 0%

Fig. 1 General course translation statistics
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As a generalized model of such an information environment for such a non-formal educational and
research community interaction we can consider a system (1):

S=(<M,R> P)=(C, P), (1)

where M —is a set of elements of the information environment, R — is a set of interlinks between elements
from M, P —is a set of system S efficiency criteria, C — is a structure of the system S, so R — may be
considered as tools of ordering elements of the set M into the structure C.

Each of the components of the system S has a hierarchical nature. Thus, a discrete set M of elements
is a set of known online learning platforms {Mj, ..., Mn}, from leading universities and companies, each
i-th of them contains the set of various courses {M,, , ..., My, }, each one M, of which, in turn, has a
modular structure

Ln
M= {M3y s My 10 = Lo, Ny g = 1,2, 0, Ko, )

For every online learning platform M, the discrete set P, of its properties may be presented as some
type of a tuple:

Pn = {Tn, Vn, Fn, {Lnly an}; {Inly |n2}, Dn, Ren, Osn}a n =1’ 2""’ N1 (3)

where:

- Tn—isatraining time;

- Vp—is an amount of acquired knowledge;

- Fn—is apossibility of further self-study;

- Ln—is alevel of presentation:
- Ln1—is an adequacy in terms of important concepts;
- Ln2—is a possibility of direct application for the purposes of scientific research;
- Lnz—is a viability of practical tasks.

- I, —is an appearance of course:
- lna—is a factor of interactivity;
- In2—is an ease of perception;

- Dn—is adegree of openness (open source) of resources;

- Ren—is a possibility of refactoring;

- OS, - feature of supporting open science paradigm [9].

Note that the system has a hierarchical structure, and at the upper level of the hierarchy for n=1, 2, ...,
N, the elements of the system S are weakly connected, that is, we can assume that the system S at that
level is disconnected, while at the lower levels of the hierarchy for each set S,, the set R, of interlinks
forms a rigid structure C,.

Some of properties (3) are inherent in the entire system S (Sy) as a whole, some are characteristics of
the elements {My, , Ry, }.

Obviously, the system S (1) is an essentially dynamic one, that is, the states of all elements of the
system S are functions of time t. However, in this study, we assume that the time interval At where the
system state stays unchanging satisfies the condition At > T, so we will assume that all elements M, R, P
of the system S during training time T are constant.

The quantitative definition of properties P, allows forming a set of partial efficiency criteria of the
kind:

{an, QZn,---,QlOn}, (4)

a scale of measurement of which in the general case must be established on the basis of expert knowledge
processing. These partial criteria form a general criterion — the quality of education Q — in the world that
is constantly changing.
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The concept of quality of education has been considered in many scientific publications. Moreover,
17 Sustainable Development Goals (commonly known as the Global Goals) were formulated in 2015,
where the fourth goal is to improve the quality of education.

According to [17] quality education specifically entails issues such as development of appropriate
skills, gender parity, provision of relevant school infrastructure, equipment, educational materials and
resources, scholarships, or teaching force.

Considering this generally accepted definition, the quality of education is primarily a characteristic of
the equipment and accessibility of an education process and education system.

However, in this paper we consider another aspect of the quality of education, namely the degree of
compliance of the goals and results of education with the requirements Qe Of practical activity in the IT
sphere.

Thus, the problem of defining appropriate information learning environment is a multicriteria and
multidimensional one:

(n*, k™) = argmin x( Qrear, QSn)' (5)

Sny

where 1(Qrea, Qs,) — defines some kind of metrics as proximity measure for this pair of vector

criteria (Qrear 0s,)-

Thus, the quality of education Q is a generalized property of the system of non-formal education S to
offer a set of skills and competencies that allow decision makers to find themselves in the labor market
in IT field for an acceptable time 7, t < T.

For a formal representation of such a property, it is necessary to define the vector Q,.;, which defines
the definite point (usually such a point is called a pole) in multidimensional space of knowledge, skills
and competencies required in practice.

That vector can be designed on the basis of an analysis of labor market requirements and measured by
analyzing a number of widely known Internet resources such as Robota.UA (https://rabota.ua/ua),
UA.Jooble.org  (https://ua.jooble.org/)  Novarobota.UA  (https://novarobota.ua/),  Freelance.ua
(https://freelance.ua/), LinkedIn (https://gb.linkedin.com/), Indeed (https://indeed.com/), Glassdoor
(https://glassdoor.com/) etc. Generally, to consider those resources we need to determine the weighting
factors, which characterize their importance and reliability.

4 Conclusions

The tuple of criteria (4) considered above, can be applied in three different ways.

First, the criteria (4) can be classified as those that is important to evaluate the amount of necessary
knowledge to solve a specific practical problem in the short term, for example, under estimating what
amount of knowledge is necessary to perform data analysis in MS Excel.

Second, the subject of the assessment can be a certain volume of knowledge, which is the base for
further growth. For example, a course on paradigms of object-oriented programming.

Currently, courses that have a dual nature are being rapidly developed. The main idea of such
education and scientific direction lies in studying certain set of tools, for example, a programming
language or tools to perform data analysis in order to solve practical problems from a definite subject
area, so that criterion Lns , viability of practical tasks, is implemented and generates an immediate
synergistic effect. The design of the Carpentry information environment is based on this principle.

Moreover, another important Carpentry principle is «Docendo discimus» (by teaching, we learn) that
is formulated by Lucius Annaeus Seneca. Following this principle, Carpentry supports and brings
together wide community of practitioners and scientists, for example, proposing to translate education
courses on different languages.

As directions for the further research, we are planning to build a description of the set of criteria in an
explicit form and develop a decision support system for choosing an information learning environment.
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