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Abstract. The design of digital instructional content in educational organizations is a crucial
factor in the development of the modern information-educational environment. This study
aims to analyze existing standards for digital instructional materials and develop a methodol-
ogy for creating such materials based on the SCORM 2004 standard. An analysis of existing
standards for developing digital instructional materials has shown that SCORM is the most
effective. This study presents a comparative analysis of the structural components of SCORM
across various versions. An algorithm for creating instructional materials based on SCORM
2004 has been developed, including stages of development, selection of tools and technol-
ogies, as well as methods for quality control and effectiveness assessment. The outcome of
the study is a methodology for forming digital content considering the specifics of the SCORM
2004 standard. The results of testing this methodology are presented through the develop-
ment and evaluation of the online course «NIS. Computer Science».
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Introduction

The rapid advancement of digital technol-
ogies is precipitating changes within the ed-
ucational sphere, necessitating the develop-
ment of methodologies for crafting electronic
instructional materials. Electronic instructional
materials afford educators and students the
utilization of interactive teaching methods, en-
abling the customization of materials to suit
each student's individual needs, thereby fos-
tering more effective knowledge acquisition
[1]. Furthermore, it is noteworthy that digi-
tal instructional materials significantly reduce
time and financial expenditures in the edu-
cational process, as they can be reused and
updated at minimal expense [2]. Moreover,
the digital environment facilitates the swift
and convenient dissemination of information,
a particularly crucial attribute in the context
of contemporary fast-paced lifestyles. Analy-
sis of existing standards for the development
of digital instructional materials has revealed
SCORM (Shareable Content Object Reference

Model) to be the most efficacious, comprising a
set of standards and specifications for the cre-
ation, packaging, and exchange of educational
content [3]. In its updates, SCORM develop-
ers strive to enhance the content aggregation
model and runtime environment to ensure
more efficient and convenient utilization of the
standard. Similar to many software products,
SCORM undergoes continual updates and aug-
mentations, resulting in multiple versions of
the standard. This study is aimed at analyz-
ing the available versions of this standard and
developing a methodology for the creation of
educational content within the digital environ-
ment that meets the requirements of adaptive
learning.

Research methodology

The methodological foundation of the study
is comprised of systems analysis and knowl-
edge management methods, which encom-
pass a comprehensive approach to analyzing,

designing, testing, and evaluating educational [XEl
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content, taking into account the specifics of
the SCORM 2004 standard and the needs of
the target audience:

1. Study of the SCORM 2004 standard: In-
vestigating the fundamental principles, struc-
ture, capabilities, and limitations of SCORM
2004 will help determine which functionalities
of the standard can be utilized for creating
educational resources and what technical re-
quirements need to be considered.

2. Development of a methodology for cre-
ating educational resources: Within the scope
of the research, it is necessary to develop a
clear plan for creating educational materials
based on SCORM 2004, including stages of de-
velopment, selection of tools and technologies,
as well as methods for quality control and ef-
fectiveness assessment.

3. Experimental testing: Conducting exper-
imental testing of the developed methodology
on the target audience will help assess its ef-
fectiveness, ease of use, adaptability to differ-
ent needs and levels of learners' knowledge.

Theoretical justification

There are several primary types of e-learn-
ing standards, which delineate the manner of
content packaging, the method of data ex-
change between data repositories (LMS, LRS),
content composition, transmitted data compo-
sition, and content launch mechanism [4]. The
comparative outcomes of technical character-
istics of these standards according to these cri-
teria are presented in Table 1.

SCORM is a standard for exchanging ed-
ucational materials based on adapted spec-
ifications from ADL, IEEE, IMS, Dublin Core
(DCMI), and vCard [5]. SCORM comprises
three primary components [6]: the Content
Aggregation Model (CAM), responsible for
packaging, sequencing, navigation, and de-

scribing instructional content; the Run-Time
Environment (RTE), which manages the exe-
cution of educational content and the learner's
environment; and Sequencing and Navigation
(SN), which delineates possible navigation
methods through the content [7].

Similar to many software products, SCORM
undergoes continuous updates and enhance-
ments, resulting in several versions of the
standard [8]. During updates, SCORM devel-
opers strive to improve the Content Aggrega-
tion Model and the Run-Time Environment to
ensure a more efficient and user-friendly utili-
zation of the standard (see Table 2).

The analysis of data versions has revealed
that the most suitable version is SCORM 1.3,
an updated working draft of the application
profile complementing the original SCORM
model by structuring it based on the simple
sequencing specification. This addition allows
course developers to define the learning path
of students through a series of education-
al modules depending on their performance,
thereby rendering the SCORM model more
flexible and adaptable to diverse educational
needs [9]. SCORM 2004 exists in various edi-
tions, each distinguished by updated function-
alities (Table 3).

The components of e-course content are
developed and packaged into SCORM pack-
ages, which provide a standardized format for
the management and delivery of educational
content. These SCORM packages are subse-
quently integrated with Learning Management
Systems (LMS), which utilize SCORM specifi-
cations to ensure compatibility, track progress,
and manage the educational process.

Results
When developing a methodology for the
formation of digital content, the following im-

Table 1 — Comparative table of technical characteristics of standards

Characteristic AlCC CMI SCORM XAPI CMI5
Content Zip, Txt Zip, IMS Manifest Not defined Zip (cmi5.xml)
Packaging
Method
Data Exchange Http(s) protocol-based | JavaScript, invoking Http(s) protocol- | Built on xAPI
Method SCORM player functions based, REST API

from content and JSON
Transmitted Scores, Status, Scores, Statuses (2), Arbitrary XAPI statements,
Data Location, Time, Location, Time, Objectives, statements but in a defined
Composition | Objectives, core_lesson Exercises, suspend_data format
Launch Session ID in URL Content launched along Minimal Defined
Method with SCORM player specification (parameters in

URL)
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Table 2 — Comparative table of structural components of SCORM across different versions

Component SCORM 1.1 SCORM 1.2 SCORM 1.3
CAM CAM: CAM: CAM:
defines the structure of Metadata + Metadata + Binding; Metadata + Binding; Content
educational blocks and packages | Binding Adds: Content Packaging Packaging & Content
of educational material & Content Organisation | Organisation (updated/fixed)
RTE RTE: RTE: RTE:
defines the interaction between APl + Data AP| + Data Model API + Data Model (updated/
SCO and LMS through the API Model (updated/fixed) fixed)
S & N (SN) S&N
- defines the sequence and Rules and Behaviours (new)
navigation

Table 3 — Differences in SCORM 2004 Editions

Ne | SCORM 2004

Updated features

1 | 2nd Edition

e the ability to specify an adaptive ordering of activities using content objects
(called a Public Content Object, or a Shareable Content Object — SCOs).

e the ability to share and use success status information for multiple learning
goals or competencies through content objects and courses for the same student

3rd Edition:

e ordering and navigation paths

4th Edition

e elimination of ambiguity in the sequencing specification
e several new features have been added to the sequencing specification, which
will expand the capabilities available to content authors.

portant aspects were taken into account:

1. The instructional design process.

2. The capabilities of the SCORM 2004
standard upon which the digital content relies.

3. The basic repository of learning objects.

4. The technology utilized in the develop-
ment of digital content.

Within the SCORM package, educational
material is composed of two types of blocks:
Assets and SCO. Assets are elements that do
not interact with the LMS server; these may
include HTML pages, images, audio files, or
Flash objects, among others. SCO, on the oth-
er hand, are elements that interact with the
LMS server, reporting on the progress and re-
sults of learning, receiving and transmitting
additional data, etc.

In this research, SCO composition is defined
as comprising descriptions and terms, theo-
retical material in the form of video lectures,
assignments, and assessment tests. Packag-
es are furnished with information known as
a manifest, which delineates the structure of
the content, types, and location of educational
materials. The manifest provides a hierarchical
description of the structure with references to

educational material files. SCO will be stored in
shared repositories of learning objects (LOR).
Courses will be integrated into LMS. The rela-
tionship between SCO and the learning man-
agement system is illustrated in Figure 1.

Thus, the methodology for creating digital
educational materials based on SCORM 2004
will involve:

1. Defining educational goals and content:
Establish the instructional goals and content to
be covered.

2. Selecting tools and technologies: Choose
appropriate tools and technologies for creating
SCORM-compliant materials, such as author-
ing systems like Articulate Storyline or Adobe
Captivate.

3. Creation of instructional modules: De-
velop individual instructional modules (content
objects) that correspond to specific education-
al goals.

4. Using selected tools: Create interactive
presentations, videos, tests, assignments, and
other learning elements.

5. Integrating with SCORM 2004 2nd Edi-
tion: Ensure each module conforms to the

SCORM 2004 2nd Edition standard, including
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Figure 1 — The scheme of interaction between LMS and SCO (adapted from the resource [10])

necessary metadata.

6. Testing and debugging: Verify SCORM
compatibility and functionality within the tar-
get LMS, and debug as necessary.

7. Assembling and publishing: Compile
modules into a SCORM-compliant package and
publish it on the LMS platform.

8. Monitoring and updating: Track usage,
gather feedback, and update materials based
on user needs and feedback.

9. Evaluating effectiveness: Assess the ef-
fectiveness using feedback and metrics like
the Kirkpatrick model, Completion Rate (COR),
and Net Promoter Score (NPS).

Based on the proposed methodology, the
lifecycle of digital content development can be
visually represented (Figure 2).

This algorithm enables the systematic cre-
ation of high-quality and standardized digital
educational materials based on the SCORM
2004 2nd Edition, ensuring their compatibili-
ty and effectiveness for use in the e-Learning
environment. The viability of this methodology
was assessed through the development of dig-
ital content for the online course «NIS. Com-
puter Science» (https://stepik.org/109060),
designed for high school students. The «NIS.
Computer Science» course comprises 8 mod-
ules and 24 lessons, encompassing 176 steps
(Figure 3).

At the course's start, terms and definitions
are provided. Each lesson includes brief de-
scriptions, videos, assignments, and feedback.
The first page presents key terms, helping
learners quickly grasp fundamental concepts.
Lessons consist of:

- Lesson Description: Clear explanations of

key topics.

- Video Materials: Tutorials to enhance un-
derstanding.

- Assignments: Practical exercises to apply
theoretical knowledge.

A notable feature is the feedback mecha-
nism, allowing users to assess material quali-
ty, share insights, and ask questions, helping
course authors improve content.

To assess the effectiveness of the proposed
methodology for creating digital content, met-
rics such as Completion Rate (COR) and Net
Promoter Score (NPS) were selected. COR,
representing the completion rate of cours-
es, is measured as a percentage (students
who completed the training divided by those
enrolled). This metric indicates how well the
course meets user needs. Average COR values
range from 3% to 80%. Currently, 990 learn-
ers have completed the course, with a COR of
68%, showing its popularity.

NPS, an index of customer loyalty, reflects
the willingness to recommend the course. It
is calculated using the formula NPS = P - N,
where P represents positive ratings (9-10)
and N represents negative ratings (0-6). Rat-
ings between 7 and 8 are neutral. This metric
is informative in terms of dynamics, and re-
sults are presented at different stages of the
course's operation (Figure 5).

The analysis of the results of the NSE indi-
cator in dynamics shows 36%, which is con-
sidered an average result and shows a fairly
stable level of product viability.

Conclusion
The methodology developed for creat-



Paspen «<ABTOMaTuKa. DHepreTuka. IKT>» W

\ 4
Convection Analysis of goals and content
content -
Educational v
e Technology selection
A content
resource v
————— = Creating modules
1
[ v
- Ttigrationof Testing and assembly
g SCORM v
metadata into
each module Monitoring and updating
v
Evaluation of effectiveness -
& E-learning
m — course

Figure 2 — The life cycle of digital content development according to the proposed
methodology
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ing digital educational content, based on a
comprehensive approach to analysis, design,
testing, and evaluation, and aligned with the
SCORM 2004 standard, has demonstrated sig-
nificant effectiveness. The validation through
the online course «NIS. Computer Science»

indicates a high level of user engagement and
satisfaction, as evidenced by a completion rate
(COR) of 68% and a Net Promoter Score (NPS)
dynamic analysis showing a steady score of
36%. These metrics reflect the course's align-
ment with user needs and its potential for
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widespread adoption. The structured approach
to digital content creation ensures that educa-
tional materials are not only accessible and en-
gaging but also adaptable to diverse learning
environments, thereby enhancing the overall
efficacy of digital education.
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AHpgartna. binim 6epy yiibiMaapbiHAA UMGPIIbIK OKbITY Ma3MyHbIH xobasnay Kasipri 3aMaHfbl
axknapartTbiK-6in1iM 6epy opTacblH AaMbITYAblH MaHbI34bl PakTopbl 60/bin Tabbliaabl. 3epTTey-
AIH Makcatbl — CaHAbIK OKYy MarepuasigapbliHblH KOJAaHbICTarbl CTaHAapTTapbiH Tangay XoHe
SCORM 2004 cTtaHaapTbl HeriziHAe OCbIHAau Matepuanaapabl Kypy a4icTeMeciH a3ipney. Kosi-
AaHbICTasrbl UN@PbIK OKbITY MarepuangapbiH a3ipaey craHaapTTapbiH Tangayaa SCORM cTaH-
AapTbl eH TniMAi ekeHi aHbikTangbl. 3eptrey SCORM KypblibiMAbIK KOMIIOHEHTTEPIH SpTyp-
Jli HycKasnapga casibICTbipMalibl Taznaayabl YcbiHagbl. Makanaga SCORM 2004 ctaHgapTbIHbIH
EpPEKLUENIKTEPIH eckepe OTbipbir, 6in1iM 6epy MasMyHbIH Tasngayfra, »obasnayfa, TeCTiaeyre
JXKoHe barasayra KelleHAi Ke3Kapac Heri3iHAge ungpribiKk Ma3MyHAbl Kypy a4icTeMeci 6episireH.
3eptrey HoTuxeciHae SCORM 2004 ctaHAapTbIHbIH EPEKLUEIITIH eCKEPE OTbIPbI, CaHAbIK Ma3-
MYHAbI Ka/bINTacTbipy agictemeci petiHae «NIS. Computer Science» OHnaklH KypcCbiH 23ipJiey,
TECTI/Iey )XXOHE CbIHaKTaH OTKi3y HOTUXXE/IEPI YCbIHbIJIFaH.

Kint cespgep: caHabIK OKy matepuasngapbl, UNGP/bIK Ma3MyHAbl reHepauusaay a4iCTeMeC,
SCORM, LMS, oKy moaysnbaepi, Ma3MyHAbl GIpiKTipy MOA€Esi, OpbIHAA/1Yy OpTachl.
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AHHOTayms. [IpOEKTMPOBaHNE LUNPPOBOro obyyaroLero KOHTeHTa B opraHu3aumnsx obpa3soBa-
HWS1 IBJISIETCSI Ba>XHbIM (DaKTOPOM pa3BUTUSI COBPEMEHHON MHMOPMaLMOHHO-06pa3oBaTesibHOM
cpeasbl. Llenbro AaHHOro UCC/1eEA0BaHNs SBJISIETCS aHain3 CyLECTBYOLNX CTaHAapToOB LUnMgppo-
BbIX y4e6HbIX MAaTEPUAaIoB U pa3paboTka METOA0I0MMN CO34aHNS TaKUX MaTtepmnasoB Ha OCHOBE
craHaapta SCORM 2004. AHann3 CyLeCTBYOLNX CTaHAaPTOB pa3paboTku unppoBbix obyya-
roLmMx MaTtepurasioB riokasas, 4To Hanbosiee agppekTnBHbIM siBsietcss SCORM. B pamkax nccre-
AO0BaHUs NpeACTaB/iEH CPABHUTEIbHbINA aHasin3 CTPYKTYpPHbIX KoOMIoHeEHTOB SCORM B pa3iny-
HbIX Bepcusix. PaspaboTaH asiroputM o colgaHnio obyyarumx matepuasioB Ha ocHose SCORM
2004, Bkoyasi atarnbl pa3paboTku, Bbl6Op MHCTPYMEHTOB M TEXHOJIOMMMI, a TakXe METOAbl
KOHTPOJISI Ka4yeCcTBa M OLEHKU 3(PEKTUBHOCTU. Pe3y/IbTaTOM MCC/IEA0BaHUS SIBJISIETCS METO-
AnKa (opmMupoBaHus UNEGPOBOro KOHTEHTA C y4YeToMm crieynpukmn ctaHgapta SCORM 2004.
lMpeacTaB/ieHbl pe3yibTaThbl anpobauun AaHHON METOANKMU Yepe3 pa3paboTKy n TeCTUpoBaHue
oHnanH Kypca «NIS. Computer Science».

KnroueBble c/oBa: LinppoBbIe 06yyarollme Matepmasbl, METOAUKA (POPMUPOBAHMS LINGPOBO-
ro koHTeHTa, SCORM, LMS, obyyaroume Moayn, MOAEb arperawunum KOHTEHTa, CPEAA BbIMOJI-
HeHus.
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