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Abstract—This article considers the issues of expert research to determine a
set of requirements for the hardware and software of the key LMS services of the
university. Expert questionnaires have been developed to determine categories,
including indicators of the functioning of the University's LMS services. Based
on the developed questionnaires, a survey of various user groups was conducted:
developers, administrators, teachers and students. Based on the processing re-
sults, the final set of requirements for the LMS reference model was determined.
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1 Introduction

Open the Due to the pandemic, there has been a dramatic increase in the use of the
Learning management system (LMS) at all levels of education. LMS can be defined as
an information technology system that provides instructors with the flexibility needed
to create, maintain and update information related to courses hosted on the Internet on
websites [1]. The LMS should have advanced functionality that includes: designing,
sharing, delivering, managing and evaluating learning resources for all categories of
users, as shown in work [2). There are many benefits to using LMS in the educational
process, including: organization of materials; organization of students' independent
work; the ability to develop tests and assignments; the ability to monitor activities; and
development of the assessment system [3].

Many researchers have studied the relationship between the satisfaction of different
categories of users, mainly learners, teachers and moderators of distance learning sys-
tems (LMS), and their interaction with the LMS in distance learning. In the works [4-
11] estimates of the interaction of students and teachers with the LMS (learning envi-
ronment) are presented, proposals are identified, some platforms, components and fac-
tors that form a mixed environment are analyzed so that we can facilitate and optimize
learning in order to improve the quality of the teaching process.
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In the course of researching the area of LMS design and construction, three main
research directions have been identified: LMS content detailing and assessment [1-4,
5-8,11-14], LMS as a Big Data Source [15-17].

As the review of the above studies shows, the emphasis is on the evaluation of online
courses, on the satisfaction of existing LMS, or the LMS is presented as an add-on over
different sources. This study is aimed at analyzing the development and construction of
LMS, and assessing the requirements for LMS in the context of certain categories of
users.

The purpose of this study is to develop a set of requirements for the hardware and
software of the University LMS services based on expert research. To conduct the re-
search, a project team was created, which included LMS developers, IT specialists and
teachers. Research stages:

Stage 1: formation of a working group of experts from various categories

Stage 2 formation of a preliminary set of requirements by the members of the work-
ing group

Stage 3 formation of a preliminary questionnaire for a set of requirements for hard-
ware and software services LMS University

Stage 4: conducting a survey and processing the results

Stage 5 - formation of an intermediate questionnaire

Stage 6: conducting a survey and processing the results

Stage 7 - the formation of the final set of requirements for the hardware and software
of LMS services of the university.

2 Methodology

To create a model of a set of requirements for the hardware of the LMS services of
the university, an expert assessment method was chosen. An expert assessment of the
set of requirements for the hardware of the LMS services of the university involves
dividing the set of requirements into categories, for groups of experts with different
competencies. Requirements are divided into blocks according to the principle of the
category of requirements and are presented to the respondent depending on his mem-
bership in the expert group. In addition, the coefficient of assessment of expert groups
for the same category (block) of requirements is also different.

Six factors were selected as predictors of LMS user satisfaction and identified:
groups of respondents, categories of requirements, belonging to categories of require-
ments, weighting coefficients of assessments by categories of requirements (Table 1).

The survey was carried out online in 2 stages:

1. formation of a preliminary set of requirements for LMS services for inclusion in the
expert questionnaire (https://docs.google.com/forms/d/e/1FAIpQLSdKoglinrKaH
HohhLL9vTC3nW6I8ANO8a2x6G6VGIGPSKIbYw/viewform).

2. formation of an expert questionnaire for a set of requirements for LMS services
(https://docs.google.com/forms/d/e/1FAIpQLSd6HjujNbxBzOkmIPyICGMOEHNq
8vHVH NU3zHg-4gylwaaQA/viewform).
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Table 1. Table of coefficients

Factors (P)
Expert group| SUMare | oot and | Course de- | L™ ™8 | Communi- .. | Software and
and hard- L manage- . Usability
monitoring | velopment cation hardware

ware ment
IS developer 1 0,8 0,2 0,2 0,1 0,1 1
LMS adminis-| - ¢ 1 0,8 0.8 02 02 0.8
trator
Teacher No;}'jl\éall- Not available 0,8 0,8 0,7 0,6 Not available
Student Not avail- Not available Not availa- | Not availa- 0,8 0,9 Not available

able ble ble

A preliminary set of requirements, consisting of 63 criteria divided into 6 categories,
describing the main criteria for an LMS, is shown in Figure 1.

An interim questionnaire was conducted among the members of the project group in
order to determine the preliminary requirements for the expert questionnaire.

A five-point Likert scale was used. The scale ranged from (5: mandatory require-
ment) to (1: strongly redundant requirement).

The analysis of the results of the intermediate examination made it possible to form
the main set of requirements, in accordance with the categories, by excluding two re-
quirements from the list of preliminary ones:

1. Category 5, requirement 49;
2. Category 5 requirement 50.

having less than 50% of importance for inclusion in the main set of requirements of
the expert questionnaire, falling out of the main spot of the distribution of estimates in
Figure 2.

At this stage, 61 main criteria of the model for assessing the set of requirements for
the software and hardware of the LMS services of the university were determined.

Based on the main set of requirements, an expert questionnaire was developed with
the division of access to the categories of requirements depending on the competence
of the expert groups.

The survey was conducted from December 2020 to March 2021 on the basis of the
East Kazakhstan Technical University named after D. Serikbayev. The sample of re-
spondents was 673 people, in the following categories:

LMS administrator of the university - 32;
teaching staff - 137;

IS developer - 15;

student - 4809.

The questionnaire was pre-tested for reliability and validity with 23 students of dis-
tance learning (3rd year students) of East Kazakhstan Technical University. The results
were analyzed to determine reliability using the Cronbach alpha method and received
0.71, which indicates an acceptable content of the questionnaire.
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Hardware and software part @ @ing management @
- Cross-platform system 27. Management of study groups

1

2. Support for multiple DBMS 28. Activity log

3. Support for LTI protocol . 29. Combining groups by course

4. S“PPON_ff’T external a_Uth"“Z{:‘l“’" services 30. Individual terms for completing assignments for
5. Availability of a mobile version the course

6. AV3||3bl]ltY_ of'a mobile application 31. Setting test parameters time, number of attempts
7. Cloud service 32. Test appeal

8. Ability to install on your own server 33. Schedule for the task, tests

34. Sending by the teacher for revision of the student's
answer
35. Selective display of material
ﬁnﬂal and monitoring \ 36. Dialogue simulators

9. Report “the progress of the group, full 37. Course Editor in PowerPoint

name of the student™ 38. Inquiry

10. Flexibility to customize the assessment 39. Management of the educational process

system of students' work (traditional, distance, mixed)

11. Report “Student Activity™ 40. Built_-in bn.ﬂrd
12. Report “Teacher Activity” 41. Gamification

13. Statistical analysis of course content

14, Availability of functionality for technical
and methodological examination of the course Communication @

15. Analysis of user activity in the system 42, Private messages

16. Proctoring, 43. Chat

17. Integration with payment systems 44. Forum

18. Integration with other LMS 45. Bulk messaging for groups

19. Attendance of courses by trainees and 46. Notice board

@9'5 / 47, Sending notifications to LMS

48. Reviews and comments on the course, LMS
49. Blog

Course development 50. Event Feed

20. Course editor 51. Calendar of events

21. Group course development 52. Email newsletter
22. Reconfiguring academic weeks depending on 53. sms H?llﬁFﬂ‘lﬂﬂ . X
the blocks of the discipline 54. Built-in video conferencing service /
23. Importing the created course to an empty

course
24. Built-in editor for inserting video, loading ”
| Usabilit
audio files and images, drawing a table sability @

> 55. Ease of use of the system
25 SCOBM Cump]!an_ce . 56. Lack of technical diyfﬁcullies in the learning
26. Service for publishing a course in open process
access 57. Convenience of forms and means of interaction of
com i i
58. Convenient and intuitive interface
59. System messages and system notifications about
new events
60. The effectiveness of prompts to make the system
easier to understand
61. External design of text content (font size, width,
color and structure of the text) comfortable for
perception

62. Clarity, conciseness of the main menu
63. Dividing content into blocks

Fig. 1. Preliminary set of requirements
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Fig. 2. Distribution of assessments of the requirements of the result of the interim question-
naire
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The experts evaluated the necessary requirements for LMS in points from 0 to 3 (0-
requirement is absolutely optional, 3-categorically mandatory requirement), taking into
account the division of requirements into categories of requirements (Table 1).

The number of experts is denoted by m, and the number of evaluated requirements
is denoted by n. The evaluated requirements are designated as B, B, ..., B,. The scores
are summarized in a table similar to Table 2.

Table 2. Assessment of requirements in points

Category 1 Category 2 Category G
Expert Expert group G G, Gg
number .
Requirement 1 B; | Requirement B: Requt;e;nent "
1 1-4 X X121 Xing
2 1-4 Xonn Xo21 Xong
M 1-4 X1 X2t Xinng

In Table 2, X;jy is the score in points by the i-th expert of the j-th requirement, the
k-th category of the requirement. The results obtained according to Table 2 are sum-
marized in Table 3.

Table 3. Fragment of the results

Si Sz S3 S4 D: D, Ds Dy T R

B p | 2Bq Y. By Y. By Y. By Sy Sy S3- A T
n» n» n» n» qu, qu, qu, qu, z D /Yk
q=1 q=2 q=3 q=4 ¢=1 | ¢=2 | ¢=3 | q¢=4

1 1 23 2,0 23 1,6 3,9 2,2
2 1 23 1,7 2,3 1,4 3,7 2,1
3 1 1,7 2,0 1,7 1,6 3,3 1,8
60 3,0 2,6 3,0 2,5 0,3 0,5 1,8 2,3 49 2,7
61 3,0 2,6 2,5 2,7 0,3 0,5 1,5 2,4 4,7 2,6

Where: S (1-4) - average values of assessments on demand (B), by a group of experts
q (1-4); D (1-4) - the product of the average values of the estimates S (1-4) on demand
(B), by a group of experts q (1-4) by the expert's coefficient q (1-4) of the factor P (1-
6); T is the sum of the products D (1-4) of the average values of the estimates S (1-4)
on demand (B), by a group of experts q (1-4) by the expert's coefficient q (1-4) of the
factor P (1-6); R is the effective assessment of the requirement as a quotient of the sum
of the products T by the sum of the coefficients of all expert groups by factor P (1-6).

The analysis of the examination results made it possible to form a set of requirements
for the hardware and software of the LMS services of the university (Figure 3), in ac-
cordance with the categories, by excluding five requirements from the list (Figure 1):
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1. Category 2, requirement 17;
2. Category 3, requirement 25;
3. Category 3, requirement 26;
4. Category 4, requirement 37;
5. Category 4, requirement 41;
6. Category 5, requirement 51;

having less than 70% of importance, falling out of the main spot of the distribution
of estimates.

Hardware and software part @ ﬁning management @
. Cross-platform system 24. Management of study groups

Support for multiple DBMS 25, Activity log

Support for LTI protocol o . 26. Combining groups by course

Support for external authorization services 27. Individual terms for completing

Availability of a mobile version

P . L assignments for the course
Avallablllt¥ of a mobile application 28. Setting test parameters time, number of
Cloud service

L . attempts
Ability to install on your own server 29. Test appeal
30. Schedule for the task. tests
31. Sending by the teacher for revision of the

student's answer
ﬁr‘ml and monitoring @ 32. Selective display of material
9. Report “the progress of the group, full 33. Dialogue simulators
name of the student™ 34, Inquiry

10. Flexibility to customize the assessment 35. Management of the educational process
system of students' work (traditional, distance, mixed)

11. Report “Student Activity™ 36. Built-in board

12. Report “Teacher Activity”

13. Statistical analysis of course content
14. Availability of functionality for technical and

Ll Sl M

\

19. Course editor 45. Email newsletter

20. Group course development

methodological examination of the course Communication @

15. Analysis of user activity in the system 37. Private messages

16. Proctoring 38. Chat

17. Integration with other LMS 39. Forum

18. Attendance of courses by students and 40. Bulk messaging for groups

%hers in accordance with the schedule / 41. Notice board

42. Sending notifications to LMS
43. Reviews and comments on the course,
LMS

Conrse development @ 44. Calendar of events

21. Reconfiguring academic weeks depending

on the block of the discipline ﬁ"biﬁw \
22. Importing the created course to an empty 47. Ease of use of the system

course

48. Lack of technical difficulties in the learning
process

49. Convenience of forms and means of
interaction of communication

50. Convenient and intuitive interface

51. System messages and system notifications
about new events

52. The effectiveness of prompts to make the
system easier to understand

53. External design of text content (font size,
width, color and structure of the text)
comfortable for perception

54. Clarity, conciseness of the main menu
@)ividing content into blocks /

Fig. 3. Final set of requirements for LMS services

23. Built-in editor for inserting video, loading
audio files and images. drawing a table

The formed criteria based on an expert survey reflect the basic requirements for the
hardware and software of the University's LMS services.
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3 Conclusion

The research carried out improves the quality of e-learning through multivariate
analysis.

The research was carried out in several stages. The initial survey was conducted
among the members of the project team, in order to determine a preliminary set of re-
quirements for LMS services for inclusion in the expert questionnaire. The next stage
of the questionnaire was carried out among 4 groups of experts in order to determine
the main requirements and exclude minor requirements for evaluating the services of
the LMS of the university. As a result, the final set of requirements for the hardware
and software services of the reference LMS was obtained, which allows assessing the
functionality of existing systems.

The results of this study will improve LMS services by providing different categories
of users with a more efficient and demanded set of services. In particular, a set of re-
quirements for the hardware and software of LMS services of the university was deter-
mined on the basis of expert research, including 55 criteria in 6 categories ("Software
and hardware part", "Control and monitoring", "Development of courses", "Learning
management", "Communication", "Usability").
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