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Abstract

Objectives. Emerging as a response to the global threats presented by the COVID-19 pandemic, the changing
nature of problem-solving in the field of information technology associated with economic globalization, including
possibilities of remote working, imposes new requirements on the competencies and skills of future professionals.
This, in turn, requires adjustments to the higher education process. Agile project management methodologies such
as Scrum, along with Infrastructure-as-Code approaches in information and telecommunication infrastructure
management, and Documentation-as-Code approaches in documentation development, aim to present design,
development, testing, and documentation as short cycle iterative processes to permit the rapid and transparent
addition of new product value in discrete portions. Applied to the education sphere, this approach implies new
knowledge and practical skills of students that can be easily and transparently measured in the process of mastering
a discipline. The present paper aims to develop methods of applying modern software development techniques to
training students of technical specialties.

Methods. The use of reproducible research methods and agile design practices while organizing and managing
practical tasks for students is proposed.

Results. Contemporary tools used in software development based on Git hosting services (GitLab and GitHub)
are presented alongside reproducible research paradigms in distance education using the R Markdown format by
RStudio.

Conclusions. In addition to increasing the involvement of students in the process of practical tasks, the proposed
approach can be used to reduce the workload of teachers when checking and evaluating student working results.
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Pesome

Llenu. MIameHeHMne xapakTepa pelleHuns 3agay B cdepe MHOOPMaLMOHHbIX TEXHONIOMMIA, CBA3aHHOe C rinobannsa-
uMein aKOHOMUKM, BOSMOXHOCTAMU yaaNieHHoM paboThl, a Takxke rnobanbHbiMu yrpo3amu naHgemum COVID-19,
HaknagblBaeT HOBble TPeOOBaHMS K KOMMETEHUMUAM U HaBblkamM OyayLiMx CneuuanmcToB, YTO, B CBOIO ovyepenb,
TpebyeT BHECEHUS KOPPEKTUB 1 B NPOLLECC NoAroTOBKM CMeLnasncToB B BbICLIMX y4eOHbIX 3aBefdeHusx. B Ha-
cTosiILlee BpeMs LLUMPOKO M3BECTHbI pa3siniHblie MeTOOVKN NPOEKTHOro ynpaeneHus Agile n Scrum (4acto elle
Ha3blBaeMble «MeToJonoruaMm rmbkon paspaboTku»), Noaxodbl B yrnpaBieHUn MHOOPMAaLNOHHO-TENEKOM-
MYHUKaUVOHHOW MH@pacTpykTypoli Infrastructure-as-Code, a Takxke nogxonpl B pa3paboTke AOKYyMeHTaumn
Documentation-as-Code. Mx o6was Lenb — npeAcTaBUTb NPOLLECC NPOEKTUPOBAHMS, pa3paboTKn, TECTUPOBAHUS
1 AOKYMEHTMPOBaAHNSA B UTEPATUBHOM BUAE C KOPOTKMMM NepnoaamMm upnkia, No3Bossiowero npo3padyHo gobas-
JITb HOBYIO LLEHHOCTb NpoAyKTa HebonbwmnMn nopumnsmMm. B obnactn ob6pasoBaHns 3TOM LEHHOCTbIO SIBASIIOTCS
HOBble 3HaHUS, YMEHUS U NPaKTUYECKMEe HaBbIKM 00YyHaloLMXCs, KOTOPbIE MOXHO JIErko 1 NPO3pPadYHO N3MepUTb
B MpoLecce 0OCBOEHUS MU ANCUMNANHLI. Llenb nccnepoBaHns — paspaboTtaTtb Crnocobbl MPUMEHEHNSI COBPEMEH-
HbIX MeTOAMK pa3paboTkm NporpaMmmMHOro obecrneyeHns B npouecce oby4yeHnss CTYAEHTOB TEXHMYECKUX cneum-
anbHOCTEN.

MeTopabl. Vicnonb3oBanncek MeToObl BOCNPOM3BOAVMbIX MCCnenoBaHuii (reproducible research) n npakTuk ru6koro
NPOEKTUPOBAHUS NPU OpraHmM3auum U PyKOBOACTBE BbIMOSIHEHMEM 00Y4HaIOLWMMUCS NMPaKkTUYecknx padorT.
PesynbTathl. [peacraBneH Noaxon K MCNoJsib30BaHUIO COBPEMEHHbIX MHCTPYMEHTOB, NPMMEHSeMbIX NPy paspa-
60TKe NporpamMmMHoro obecneyeHns Ha 6ase oHNamH-cepBncoB git-xocTuHra (GitLab n GitHub), a Takke napagur-
Mbl «BOCMPOU3BOAMMbIX UCClefoBaHNn» B MNPoLEecce AUCTAaHLMOHHOMO 00y4eHUst ¢ Mcrnosib3oBaHMeM dopmarta
R Markdown komnaHumn RStudio.

BbiBopA. [MpuMeHeHe NpeasioXXeHHOro noaxona rno3BosisieT, MOMMMO YBESTMYEHNS BOB/IEYEHHOCTU 0By4YatoLLmMXcs
B NMPOLLECC BbIMOJIHEHUS MPaKTUYEeCKNX 3a4aHNIN, CHU3UTb Harpy3Ky Ha npernoaasaTtesis Mo NpoBepke 1 OLEeHMUBaHNIO
pe3ynbTaToB paboTbl CTYAEHTOB.

KnioueBble cnoBa: Bocnpoussoaumblie nccnegosanmsa, R Markdown B o6yyveHum, Git B 06yyeHuun, Agile B 06y-
YyeHuu

* Moctynuna: 09.11.2021 » fopa6oTaHa: 15.05.2022 ¢ MpuHaTa kK ony6nukoBaHuio: 27.06.2022

Ansa umtupoBanus: Epemees M.A., Tpybuerko O.B., 3axapuyk N.N. NMpumeHeHne noaxoaa BOCNPON3BOANMbBIX UCCe-
[0BaHWIN B NpoLecce ANCTaHUMOHHOro obyveHus. Russ. Technol. J. 2022;10(4):86—-92. https://doi.org/10.32362/2500-
316X-2022-10-4-86-92

Mpo3payHocTb GMHAHCOBOW AEATENIbHOCTU: ABTOPbI HE UMEIOT PUHAHCOBOW 3aMHTEPECOBAHHOCTM B NPEACTaBNEH-
HbIX MaTepuanax uam meTogax.

ABTOpbI 325BNSIOT 06 OTCYTCTBUM KOHGMINKTA UHTEPECOB.
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INTRODUCTION

Evolvinginformation technologies have the possibility
to transform conventional approaches to solving various
tasks and problems arising in the course of human life.
The sudden increase in risks to humanity associated
with the COVID-19 pandemic stimulates the search for
new approaches to improve the efficiency of activities
including those in the education sphere. In addition to
the convenience and flexibility of managing the learning
process, the technical ability to support teacher—student
interaction remotely through communication channels
acquires a fundamentally new meaning.

A major trend in development and rationalization
of modern education based on the use of electronic
and mobile learning tools is the so-called collaborative
learning approach, comprising the independent work
of students in collaboration with other students with
the participation of a teacher [1, 2]. The transition
of Russian education system to a competence-based
approach implies creating conditions for students to
master a set of competencies to determine graduate
readiness for sustainable professional activities [3—6].
The idea of applying the technologies used in software
development to other spheres is not new. Various Agile
project management methodologies' such as Scrum?,
along with Infrastructure-as-Code (IaC)® approaches
in information and telecommunication infrastructure
management, and Documentation-as-Code (Docs as
Code)* approaches in documentation development are
widely known. The use of proven tools, such as the Git>
version control system, Wiki® and Markdown’ markup
languages, as well as task management systems such as
Jira®, Asana’, and Trello'?, allows:

1) creation of a unified storage for the common
knowledge product and provision of simultaneous
access for all participants in the process of its
creation;

I https://www.atlassian.com/ru/agile/manifesto. ~ Accessed
May 23, 2021 (in Russ.).

2 https://www.scrum.org/. Accessed May 23, 2021.

3 https://docs.microsoft.com/en-us/devops/deliver/what-is-
infrastructure-as-code. Accessed May 23, 2021.

4 https://openpracticelibrary.com/practice/docs-as-
code/#:~:text=What%201s%20Docs%20As%20Code,you%20
can%?20expect%20t0%20see.&text=A%20culture%200f%20
adaptation%20and,%2C%20and%20processes%2C%200ver%20
time. Accessed May 23, 2021.

3 https://git-scm.com/. Accessed May 23, 2021.

6 http://www.xwiki.org/xwiki/bin/view/Main/. Accessed May 23,
2021.

7 https://daringfireball net/projects/markdown/. Accessed May 23,
2021.

8 https://www.atlassian.com/software/jira#. Accessed May 23,
2021.

° https://asana.com/. Accessed May 23, 2021 (in Russ.).

10 https://trello.com/. Accessed May 23, 2021.

2) the possibility of parallel work on competing
solutions to the same problem and experiments that
allow the possibility of reverting to any initial state;

3) the use of the knowledge and experience of all team
members when making decisions, not just those
directly involved in the project;

4) recording decisions for further retrospective analysis
with a view to developing best practices in this area
and disseminating them;

5) ensuring asynchronous interaction of the participants;

6) the possibility to evaluate the contribution of each
participant to the result more objectively.

The present paper summarizes the experience
of conducting practical and laboratory works
using R Markdown interactive electronic report
technologies [7] along with the Git version control
system. Here, the main aim is to develop educational
technologies that develop skills associated with the
use of contemporary tools that support individual,
independent learning paths at the same time as
demonstrating the possibility of collective work in a
unified information space. The possibility of combining
these seemingly contradictory tendencies focuses
exclusively on software products used in IT industry
without the need to deploy special education software.
By instilling engineering skills involved in building new
information architectures, this eliminates the impression
of “artificiality” in works performed by students, as well
as increasing their commitment and activity. In addition
to improving the quality of training, the use of standard
technologies should increase the attractiveness of the
educational institution for applicants [8].

In the aftermath of the COVID-19 pandemic, issues
of organizing remote work and learning are becoming
more relevant than ever before. However, the main focus
has been on teleconferencing technologies (e.g., Zoom!!,
Microsoft Teams!2, and Cisco Webex!?), which preserve
the traditional structure of teacher—student interaction.
While preserving this important element, the approach
proposed in the present paper also aims to facilitate the
active interaction of students by introducing mechanisms
of gamification and competition.

Of particular note here is the property of
asynchronous interaction in the learning process, which
allows all process participants to manage their individual
time resources flexibly, including supporting interactions
from anywhere in the world regardless of time zone. By
encouraging students to schedule and organize their work
independently, synchronous interaction removes formal
restrictions concerning the timing and length of classes:
only synchronization points (i.e., reporting deadlines)
are required to be observed by university students.

I https://zoom.us/. Accessed May 23, 2021.

12 https://www.microsoft.com/ru-ru/microsoft-teams/group-
chat-software. Accessed May 23, 2021 (in Russ.).

13 https://www.webex.com/. Accessed May 23, 2021.
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R MARKDOWN TECHNOLOGY FOR CREATING
INTERACTIVE DIGITAL REPORTS

The product of contemporary scientific research
increasingly involves the participation of entire teams,
with new knowledge emerging from long chains of
smaller studies based on each other’s the results. For
this reason, the costs of mistakes made at any particular
stages can be significant. The problem of reproducibility
of scientific research is not only acute in natural and
engineering sciences, but also increasingly in the
humanities.

The reproducibility of scientific research implies the
possibility of repeating experiments, calculations, and
carrying out modeling on basis of the same initial data
used in the original experiment to obtain a similar result.
To this end, all initial data should be made publicly
available for studying along with a sufficiently detailed
documentation of methods and materials used!* [9]. In
the case of modeling approaches, the source code of
any software tools should be also presented. One of the
most suitable options for realizing these requirements
involves the use of R Markdown technology [10, 11].

By specifying the syntax of markup language,
R Markdown presents a technology for processing
specially generated documents, which include authoring
text, formulas, and program code whose results are
automatically inserted into a generated report. The
results of executing such code may be tables, graphs,
charts, diagrams, geographical maps, heat maps, etc.

As well as the automated generation of reports
or articles, the advantages of this approach include
minimization of error probability when transferring
results to the report. In addition, since the program code
is contained in the report itself, other specialists can
check and reproduce repeatedly performed calculations.
Moreover, the use of already written program code
facilitates the reuse of the performed calculations,
developed algorithms and methods in other in other
works and spheres.

»  HTML
R Markdown
Al
(R, Python, bash...)
Pandoc
Report (text, Microsoft
formulas, and Word
images)
»  HTML

Figure. A scheme for the resulting document generation

14 Zaitsev V.S. Modern pedagogical technologies: textbook.
In 2 books. Chelyabinsk: ChSPU; 2012. 411 p. (in Russ.).

The report can be generated as a MS Word file, a MS
PowerPoint presentation or Reveal.js, in TeX typesetting
system format, in PDF format, or as an interactive Web
application (see figure).

GIT VERSION CONTROL SYSTEM

Created in 2005 by Linus Torvalds, the founder of
the Linux operating system, as a replacement for similar
closed source software, Git was originally intended
as the distributed version control system for software
source code. Since then, it has quickly gained popularity
due to its distributed version control structure and simple
architecture. The following may be also mentioned
among Git’s main advantages:

1) support for a non-linear process of writing the source
code of a software product with the possibility of
branching, working on each branch in parallel, and
merging;

2) use of existing widespread protocols (SSH, FTP,
and HTTPS) to provide communication channels
between repositories;

3) high working speed;

4) cryptographic protection of change history integrity.
With Git, the history of source code changes consists

of sequential “checkpoints” (commits). This sequence
branches out when working on different code versions
in parallel and converges when the changes are merged.

Today, there are many online source code hosting
services, GitHub.com and GitLab.com being the best
known. They are web applications allowing not only
setting up Git code repositories butalso performing a wide
range of design, code writing, testing, documentation,
integration, and software delivery tasks.

ORGANIZING THE EDUCATIONAL PROCESS
USING R MARKDOWN AND GIT

When combining these technologies, the following
main objectives are pursued:

1) mastering student teamwork and interaction skills at
all stages of project implementation, from planning
to report writing;

2) familiarity with modern technologies as well as
analytical and software development tools [12];

3) increase motivation of students for high-quality
performance of tasks due to their interest in the
possible reuse of developments, including in other
disciplines [13];

4) controlling the performance history of the assigned
tasks and evaluating the contribution of each
participant;

5) facilitating validation of presented calculations and
excluding “fitting” data to the desired result, which
stimulates students to study the topic deeper and
more detailed [14].
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During training sessions, trainees are divided into
teams (crews) of 4—6 people. Each team creates its own
central repository (using GitHub or GitLab services), in
which participants can organize their work on a task or
project. The repository is added by the report template
and initial data. Team members may add any materials
related to the assigned task on their own: references, links
to literature and Internet resources, schematics, etc. Thus,
the repository becomes a logical focal point for student
interaction, helping them to acquire and strengthen remote
interaction skills using modern information technologies.

The working results of each team are used to write
the R Markdown report in RMD format for subsequent
output in HTML or PDF format. The main requirement
for the resulting report is its reproducibility, i.e., the
ability to compile an identical report document on the
teacher’s PC using the input data. During this process,
an automatic validation of the methods and tools used
by students is carried out. According to the commits
(checkpoints) in the group repository, the teacher may
evaluate the efficiency of each group member along with
his or her contribution to the resulting product. Each team
member must participate in the task and report-writing
process by creating at least one meaningful commit.
This encourages participants to get involved as early as
possible doing the most obvious work on the assignment.
Conversely, low activity in the course of doing the
work forces participants to supplement and improve the
already posted working results: to comment and design
the program code, study and describe alternatives for the
task, and improve the design of charts, i.e., perform work
requiring more detailed and in-depth study of material.

Among the advantages of this approach to training,
it is worth noting asynchronous interaction of the
teacher with students and students with each other. This
allows each student to organize and schedule study time
individually, while maintaining process interactivity and
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Combining organizational tools for distributed
work with those for documenting and ‘“packaging”
knowledge in a reproducible format helps to increase
the efficiency of learning and mastering competencies
while maintaining flexibility in managing the student
time management.

CONCLUSIONS

By organizing practical and laboratory works
according to the approach proposed in the paper, a
number of advantages may be realized as compared
to the conventional approach of dividing students into
teams. Firstly, the overall activity of students increases;
they get interested in using contemporary means of
management, time-tracking, as well as management
of documents and program code. Secondly, the work
yields a reproducible result that excludes the possibility
of fitting the solution to the desired result or searching
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learning process and creation of its results. This trend
appears a very promising direction for further research.
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