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FOREWORD

Informatics and Cybernetics (communication and control) are having an increasing impact on societies and in
the globalization process that is integrating them. Societies are trying to regulate this impact and adapt it to
their respective cultural infra-structures. Societies and cultures are in reciprocal co-adaptations with
Information and Communication Technologies. Synergic relationships might emerge in this co-adaptation
process by means of positive and negative feedback loops, as well as feedforward ones. This would make the
whole larger than the sum of its parts, generating emergent properties in the parts involved as well as in the
whole coming forth. The academic, private, and public sectors are integrating their activities; multi-disciplinary
groups and inter-disciplinary teams are being formed, and collaborative research and development projects are
being organized in order to facilitate and adequately orient the design and implementation of the feedback and
the feedforward loops, and potentially generating synergic relationships. This phenomenon persuaded the
Organizing Committee to organize the 17" International Multi-Conference on Society, Cybernetics and
Informatics (IMSCI 2023) in a multi-disciplinary context along with other collocated events. Consequently,
participants may focus on one discipline, while allowing them the possibility of attending conferences from
other disciplines. This systemic approach stimulates cross-fertilization among different disciplines, inspiring
scholars, originating new hypothesis, supporting production of innovations and generating analogical thinking.

IMSCI 2023 was organized and sponsored by the International Institute of Informatics and Systemics (IIIS,
www.iiis.org), member of the International Federation of Systems Research (IFSR). The IIIS is a multi-
disciplinary organization for inter-disciplinary communication and integration, which includes about 5000
members. Consequently, a main purpose of the IIIS is to foster knowledge integration processes,
interdisciplinary communication, and integration of academic activities. Based on: 1) the transdisciplinarity of
the systemic approach and its emphasis on relationships and integrating processes, and 2) the multi-
disciplinary support of cybernetics’ and informatics’ concepts, notions, theories, technologies, and tools, the
IIIS has been organizing multi-disciplinary conferences as a platform for fostering inter-disciplinary

communication and knowledge integration processes.
Cross-Fertilization via Analogies
and Generation of New Hypothesis

ﬁ

Multi-disciplinary conferences are organized by the IIIS as
support for both intra- and inter-disciplinary
communication. Processes of intra-disciplinary

Intra-Disciplinary

communication are mainly achieved via traditional paper
presentations in  corresponding  disciplines, while
conversational sessions, regarding trans- and inter-
disciplinary topics, are among the means used for inter-
disciplinary communication. Intra- and inter-disciplinary
communications might generate co-regulative cybernetic
loops, via negative feedback, and synergic relationships, via
positive feedback loops, in which both kinds of
communications  could increase their respective
effectiveness. Figure (at the right side) shows at least two
cybernetic loops if intra- and inter-disciplinary are
adequately related. A necessary condition for the
effectiveness of Inter-disciplinary communication is an
adequate level of variety regarding the participating
disciplines. Analogical thinking and learning processes of
disciplinarians depend on it, which in turn are potential
sources of the creative tension required for cross-fertilization

Communication in
Multiple Disciplines

Inter-Disciplinary
Communication

Analogical
Learning and
Shared

New Required
Research and
Results Disciplines

Disciplinarians
from Several

Disciplines

Multi-Disciplinary Conferences
Organized by IIIS
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among disciplines and the generations of new hypothesis. An extended presentation regarding this issue can
be found at http://www.iiis.org/MainPurpose/

One of the main purposes of IMSCI 2023 is to bring together academics, professionals, and managers from the
private and the public sectors, in order to share ideas, results of research, and innovative services or products,
in a multi-disciplinary and multi-sector forum. Educational technologies, socioeconomic organizations, and
sociopolitical processes are essential domains among those involved in the evolving co-adaptation and co-
transformation between societies and cultures on the one hand, and between informatics and cybernetics
(communication and control) on the other hand. Consequently, the main conference in the context of the IMSCI
2023 Multi-Conference is the 21% International Conference on Education and Information Systems,
Technologies and Applications: EISTA 2023. The relationship between education/training and Information
and Communication Technologies (ICT) is quickly intensifying and sometimes appears in unexpected forms
and in combination with original ideas, innovative tools, methodologies, and synergies. Accordingly, the
primary purpose of EISTA 2023 has been to bring together researchers and practitioners from both areas
together to support the emerging bridge between education/training and the ICT communities.

In the context of EISTA 2023, practitioners and consultants were invited to present case studies and innovative
solutions. Corporations were invited to present education/training information systems and software-based
solutions. Teachers and professors were invited to present case studies, specifically developed information
systems, and innovative ideas and designs. Educational scientists and technologists were invited to present
research or position papers on the impact and the future possibilities of ICT in educational systems, training
processes, and methodologies. Managers of educational organizations and training consultants were invited to
present problems that might be solved with ICT or solutions that might be improved by different approaches
and designs in ICT.

EISTA 2023 provides a forum for the presentation of solutions and problems in the application of ICT in the
fields of education/training. Authors of the papers included in the proceedings provided diverse answers to the
following questions:

e  What is the impact of ICT in education and training?

¢ How ICTs are affecting and improving education and training? What networks and models are
emerging?

e How are universities, schools, corporations and other educational/training organizations making use
of ICT?

e What electronic tools are there to facilitate e-learning, distance education and co-operative training?

On behalf of the Organizing Committees, I extend our heartfelt thanks to:

1. The 91 members of the Program Committee from 30 countries (including the events and the special
tracks organized in the context of IMSCI 2023);

2. The 133 additional reviewers, from 45 countries, for their double-blind peer reviews; and

3. The 56 reviewers, from 17 countries, for their efforts in making the non-blind peer reviews. (Some
reviewers supported both: non-blind and double-blind reviewing for different submissions).

A total of 320 reviews made by 189 reviewers (who made at least one review), from 45 countries, contributed
to the quality achieved in IMSCI 2023. This means an average of 5.71 reviews per submission (56 submissions
were received). Each registered author had access, via the conference web site, to the reviews that
recommended the acceptance of their respective submissions. Each registered author could also get
information about: 1) the average of the reviewers evaluations according to 8 criteria, and the average of a
global evaluation of his/her submission; and 2) the comments and the constructive feedback made by the
reviewers, who recommended the acceptance of his/her submission, so the author would be able to improve
the final version of the paper.
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In the organizational process of IMSCI 2023, about 56 articles were submitted. These proceedings include
about 30 papers, from 11 countries that were accepted for presentation (28 countries taking into account the
presentations in collocated events). We extend our thanks to co-chairs special tracks organizers for their
support. The submissions were reviewed as carefully as time permitted; it is expected that most of them will
appear in a more polished and complete form in scientific journals.

This information about IMSCI 2023 is summarized in the following table, along with the other collocated
conferences:

# of #of % of
# of reviewers . Average of  Average of PAPErS  ubmissions
Conference submissions that made at # of reviews reviews per  reviews per included in included in
. de . - the
received least one ma reviewer submission . the
review proceedings proceedings
WMSCI 2023 130 335 523 1.56 4.02 79 60.77 %
IMSCI 2023 56 189 320 1.69 5.71 30 53.57 %
WMSCI/IMSCI 2023 186 524 843 1.61 4.53 109 58.60 %
CISCI 2023 75 285 565 1.98 7.53 55 73.33 %
TOTAL 2023 261 809 1408 1.74 5.39 164 62.84 %

All submissions were peer reviewed by the two-tier reviewing methodology of the International Institute of
Informatics and Systemics (IILS, www.iiis.org). As it might be noticed, from the table above, 5.71 reviews
were made, in average, for each submission we received. After the conference is over, the names of the
reviewers will be published on the IIIS web site along with the titles of the papers each reviewer reviewed.
This means that what had been a double-blind review, up to the conference, is transformed to single-blind
review, after the conference is over. In this way, each author would have information about the names of the
reviewers of his/her submission, but not vice-versa. Likewise, each author would know how many reviewers
reviewed his/her submission and relate it to the average, being informed in the above table, of 5.71 reviews

per paper.

Our two-tier reviewing methodology meet two different objectives of peer-review: 1) to improve the paper via
non-anonymous reviewers (non-blind reviews) and 2) to improve the acceptance/non-acceptance decision of
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The Language Conservancy; Developing eLearning Content and Curricula for
Indigenous Communities

Jeremy KRISBERG
eLearning Content Developer, The Language Conservancy
New York, NY 10014, USA

Logan SWANGO
IT Manager, The Language Conservancy
Bloomington, IN 47404, USA

ABSTRACT

This extended abstract describes eLearning projects
of The Language Conservancy, specifically
examining the eLearning platform developed to
service the creation of online and mobile curricula
geared towards education of younger generations
within respective Indigenous communities across
the United States. Following an illustration of the
eLearning platform’s overall structure and
functionality is a description of the diverse content
creation strategies which are applied to the unique
needs of different communities.

Keywords: Learning Path, Level, Unit, Lesson,
Exercise, and Card.

1. INTRODUCTION

Online learning is a well-established and
widely-used component of education. Its popularity
has surged during the COVID-19 pandemic, and
educational institutions are integrating it now in
record numbers [2]. Through the work being done
by The Language Conservancy, or TLC, a nonprofit
organization headquartered in Bloomington,
Indiana, USA, resources and online learning
materials are being developed to provide the reach,
flexibility, and benefits of language learning to
under-resourced and endangered Native languages.

Owoksape, which translates to “Place of
Knowledge” in Lakota, is the first eLearning
platform developed by The Language Conservancy
to support revitalization efforts of the Lakota
language [3]. Originally intended to reach younger
generations of learners and provide tools to
complement traditional teaching methods, the

ISBN: 978-1-950492-74-9
ISSN: 2831-722X

project grew out of various multimedia resources
with the intention to combine their most effective
aspects into a single, self-paced learning tool [3].

From Owoksape, the platform was expanded with
the capabilities of supporting other languages.
Theming components such as color palette and user
interface graphics were also modified to be more
easily customizable, providing the platform with the
flexibility to adapt to a broader range of cultures and
educational institutions. Projects are currently
underway to support more languages, including
Crow, Ute Mountain Ute, Ho-Chunk, and Cowlitz
Salish. The platform is still in active development,
and new functionalities are being added to further
enhance its utility, such as the addition of a Teacher
Portal, which provides school teachers with the
capability to create and manage virtual classroom
groups, curate custom lessons, and keep track of
students’ progress & scores.

2. E-LEARNING FRONTEND
AND BACKEND INTERFACE

Figure 1 depicts the main page that learners see
when the platform is accessed.

0
. -
Owdksape Beginner 1
Continue i Village -

Unit 1 ®
N

0

— —— ——

Colors

Beginner 2 Unit2

Itis not red - negation

Unit 3 e
Is it white? - questions

Beginner 3

®[|®|®

909

Beginner 4
Unit 4

Is it white? - positive
and negative answer

Figure 1: eLearning Frontend Overview

https://doi.org/10.54808/IM SC12023.01.1
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The learning structure consists of unique learning
paths, which are broken down into levels consisting
of separate groupings of units. Users progress
through units and levels in a linear fashion,
unlocking access to more advanced material as units
are completed. Each unit is made up of sequences of
lessons and exercises (see Figure 2), which are
followed by a review portion upon successful
completion of the entire unit.

Unit
Learning Session
Lessf:n Esxer(.:lse Less.on Esxert.:lse Cumu|a.tlve Review
Session |+| Session [+ Session [+ Session (| ... Exerc.:lse Session
1 1 2 2 Session

Figure 2: Lesson-Exercise sequence within a unit

These review sessions are automatically generated
using a modified version of the SM-2 spaced
repetition algorithm [1]. Correct or incorrect
responses to exercise questions are weighed against
the number of times the user has been exposed to
that content, and the time since it was most recently
shown, to assign a numerical index for that specific
learning content. Each time the user completes an
activity, that index is reevaluated so that new, more
difficult, or less often seen exercises rise to the top
of the list. This ensures that as the user continues to
review, they are being given exercises that are most
pertinent to their individual learning experience,
while still reinforcing new and core concepts [3].

Language data are uploaded to the platform in the
form of cards (see Figure 3), each of which is an
element of language data that may consist of
anything from individual sounds to morphemes,
words, phrases, or complete sentences.

Example Card Data

Card ID 3

Card Type word
Lakota Text thé
English Text blue
Lakota Audio blue.mp3
Grammatical Gender | none
Image blue.png

Figure 3: Backend Card Data

Cards incorporate text, audio, and graphic content
for use in both lessons and exercises. Lessons may
present cards as well as additional text, graphic, and
audio data for providing explanations, and have
been used for teaching alphabets, pronunciation,
vocabulary, and advanced grammatical concepts
(see Figure 4).

unskate

s

Compare these two farms of Skata:

unskatapi

we play

Figure 4: Lesson frame with text and card data

Lesson materials are then tested and reinforced with
sets of exercises of varying types. A broad set of
exercise types are programmed into the eLearning
platform with the intent of introducing learners to
Indigenous language through reading, writing, and
listening. Exercise types include multiple choice,
match the pairs, typing, fill in the blanks, anagrams,
and true/false (see Figures 5 and 6).

Which syllable do you hear stressed? First, Second, or Third? I

©

2nd syllable 1st syllable
l 3rd syllable

Figure 5: Example multiple choice exercise; listening

Match the pairs I
Tanya
yan Hau. I (Han.)
waurn- How are you doing?
| am doing well.
Tanyan yatn Tkhel yatin Are you doing well?
he? he?

Figure 6: Example match the pairs exercise; reading

As curriculum is developed for varying proficiency
levels and complexity of information, lessons and
exercises remain flexible in their ability to teach and
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test a wide range of information, from simple
phonemic concepts to more advanced grammatical
patterns.

When progressing through a learning path, the
learner collects experience points and accolades (see
Figures 7 and 8).

N\ Wastée! &

Lesson Completed

+5 XP

Quick Review

Ska he?
Is it white?

Figure 7: Lesson completion popup

Point Summary

- ® ®

1479 0
| 2109 12489 0 0
I Total Points
33209

Figure 8: Gamification of eLearning; experience points and badges

At the end of each unit, users can quick-review the
content they were just presented with, and are
awarded badges. This both gives the users
encouragement to continue on and allows for
friendly competition amongst friends and classmates
trying to out-score each other when completing their
activities. Each unit also has its own forum section,
known as the Village, where learners can discuss
unit-specific content and get help. By connecting
language learners within communities, the
discussion boards aim to create an environment of
cooperative learning where users come together and
help each other progress in their language learning
journey.

The eLearning backend user interface provides
curriculum designers & content developers with a
comprehensive system for data uploading and
content customization (see Figures 9 and 10).

Card Type * Audio
Word v Add Audio
Lakota * (allowed tags: <b>, <i>, <u>, <color>, <size>. See examples at bottom of page.) Image

Lakota

English * (allowed tags: <b>, <i>, <u>, <color>, <size>. See examples at bottom of page.)

English

Choose Image

Video

Choose Video

Or Upload File

Upload File

Metadata

Gender *

Default v

Frame

D Sort
A =N 2 2N
58 va s o

59

60

Figure 9: Page for manually adding/editing card data

Audio

Add New Frame

Che Audi
0ose Audio 0:00

Or Upload Audio File

Name Action

Upload Audio File

Duration in seconds

Frame 2

Number of Blocks

Frame 3 vaA S o
1 v
Frame 4 ~ S
Block 1 Content Type
Card v

Select Card

‘ Its good to see you.( Tiiliayakah piinikayim. )

Ute
English
Audio
[J Video
Image

Figure 10: Page for manually adding/editing lessons

Audio and graphics can be uploaded to the platform
database to be connected to lesson or card data.
Cards, lessons, and exercises are created and edited
either with an automated bulk uploader or
individually within the backend’s content creation
interface.

In many cases, manual customization of individual
lessons and exercises is employed to suit specific
instructional goals, while bulk uploading of card
data is used to incorporate more generalized
language data and associate it with existing graphic
and audio content automatically (see Figure 11).

Block

Frame Type Type Language English Gender Audio Image

Ignore - Card -~ Worc ~ Jee 3rd Person Standin defaul -~ 06132_jee--standiifile.png
Ignore - Card - Worc - Haje 1st Person Standin;defaul ~ file.png
Ignore - Card -~ Worc -~ Raje 2nd Person Standir defaul - file.png
Ignore - Card ~ Worc ~ Nak 3rd Person Sitting defaul - 9.4.1.1_nak_prese file.png
Ignore - Card - Worc - Sanak 2nd Person Sitting defaul - file.png
Ignore - Card ~ Worc ~ Nak 1st Person Sitting defaul - 9.4.1.1_nak_prese file.png
Ignore - Card ~ Worc - Ak 3rd Person laying o defaul - 74026_ak--currenl file.png
Ignore - Card -~ Worc ~ Mak 1st Person laying o defaul - 36550_ak--current file.png
Ignore - Card ~ Worc - Sawak 2nd Person Laying defaul -~ 36550_ak--current file.png
Ignore - Card - Worc - HiZa A defaul - hizha.mp3, 2_hiza file.png
Ignore - Card ~ Worc ~ Wa'y To be defaul ~ 40372_wau--be_A file.png

Figure 11: Example unit contents excel file, used for bulk card creation
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The overall structure and ordering of content, such
as learning paths, levels, and unit contents is easily
customisable as well.

As distance learning has become more widespread
and important, especially in the wake of COVID-19
[2], we’ve been challenged to adapt to this situation.
This prompted the development of the Teacher
Portal (see Figure 12).

Welcome Classroom Message
Administrator = E B I % U
Test 2023 ~ Tanyan Yahi
Edit Classroom / Add New Classroom Download the New Lakota Dictionary Here
(2]

Student Progress Overview Z &

4 4 4 4 4 & & & & % % 9% N o N
b %y %, %, %, %, %, %, G, Y % % % % %
Y e N e s e s e e 0 T e % s e

I © © 060606006 006 0 0 0 0 0 0 0 0
Figure 12: Teacher Portal Dashboard

An interface designed specifically for schools and
teachers, the Teacher Portal contains areas for
customizing  curriculum  content, managing
assignments and tests, student rosters, and school
management. With the lessons tab, teachers can
create their own custom levels using existing
content on the platform.

Teachers are then able to reuse and share levels
created by other teachers, and teachers are given the
option to make specified units available to students
only after a certain date. Teachers can also monitor
student progress, both overall and on-the-fly,
gaining insight about which topics students are
having trouble with, such as a particular grammar
structure or vocabulary. While many language
learning platforms offer a set learning path that must
be followed, the Teacher Portal makes it possible to
connect the TLC platform to existing classrooms
with the flexibility to modify curricula to the needs
of individual students and classes. Teacher training
sessions have been conducted that reached more
than 100 teachers and administrators. Usage data for
one successful eLearning platform, Owodksape,
made with the Lakota community, is as follows:
10,450 users (4,533 new users in 2020), 4,596,338
activities completed (2,341,696 in 2020), 882,474
minutes spent (411,316 in 2020), and 533 school
users registered (480 students, 53 teachers). Since
August 2020, 36 schools have registered and 13,047
activities have been completed in teacher-created

levels.

Each eLearning platform is separated into distinct
websites, mobile apps, and codebases for each
individual language. This empowers Indigenous
communities by allowing an easy transfer of
ownership of each platform to the community for
which it was made. Whereas learning platforms
often make use of a single site or app that keeps all
offered languages tied together with the platform
creator, the TLC platform can be easily transferred
to community ownership without having their
educational content tied to TLC and other
communities' content. This separation between
platforms for different languages is also what allows
each community’s culture to be appropriately
represented in the theme, background, icons, and
graphics of each individual platform, as opposed to
many other learning platforms which support
multiple languages all with the same art.

3. CONTENT CREATION AND
CURRICULUM DEVELOPMENT

Different language partnerships require unique
content development strategies, depending on
available resources. This dynamic approach to
generating custom curriculum serves to exemplify
the adaptability of the platform, and to showcase its
potential as a vanguard in the field of Native
language education technology. In the case of the
Lakota eLearning project, Owoksape, existing
educational materials were available to be converted
to eLearning content [7]. Beginner level materials
such as the L1 and L2 textbooks (see Figure 13), as
well as more advanced materials such as the Lakota
Grammar Handbook (see Figure 14) had already
been developed by TLC in conjunction with the
Lakota Language Consortium prior to the inception
of the Lakota eLearning project [5, 6, 8].

Lakfiotiya Woglaka Po!
Speak Lakota!
M. o

Figure 13: Lakota Level 1 Language Textbook
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LAKOTA
GRAMMAR

h a n d b o o k

A pedagogically oriented self-study reference and practice
book for beginner to upper-intermediate students
With an Answer Key

Jan Ullrich
with Ben Black Bear, Jr.

2" Edition

Figure 14: Lakota Grammar Handbook

The language data, images, and tables in use in
these materials were uploaded to the eLearning
platform with audio data for each and every
example. The New Lakota Dictionary has also been
fundamental to providing language data and audio
for curriculum development on Owoksape [4]. By
combining the existing information in these
textbooks with audio capability, learners are
familiarized with the sounds of Lakota and are able
to develop listening skills along with reading and
writing. Learning paths, levels, and units have been
created on the eLearning platform corresponding to
each textbook, chapter, and unit. All existing lessons
and exercises from these books were added and
formatted to fit within the structure of the platform.

In some cases, there are no existing educational
materials developed by TLC which can be adapted
into an eLearning path, or TLC may not have access
to in-house linguists who specialize in a particular
language. In these situations, TLC works closely
with Indigenous educators and members of
language & culture departments within the
partnering communities to develop materials for
their  respective  eLearning project.  After
communicating the structure and capabilities of the
platform to inform their development of the
curriculum, TLC then provides complete technical
assistance, custom audio recording software, access
to in-house graphic designers, as well as a means to
change the styling of the interface itself, including
culturally-relevant color themes, backgrounds, and
icons. As the eLearning curriculum is modeled by
partners and educators, TLC creates corresponding
lessons and exercises on their platform to be
reviewed and updated to their specifications. A
continuous dialogue takes place between the local
curriculum  designers and TLC  specialists

interacting with the eLearning backend interface to
build and enhance an effective online learning space
over time.

In other instances, Indigenous partners may not
have the availability of local educators or graphic
designers to develop curricula and graphics on their
own, in which case TLC in-house linguists and
illustrators work to design the eLearning curriculum
and graphics with the assistance of Indigenous
speakers. Through ongoing elicitation meetings with
Native speakers, TLC linguists identify relevant
language information and patterns for inclusion in
the eLearning curriculum. Units, lessons, and
exercises are then planned and created, informed by
the successes and challenges of other eLearning
projects. The TLC graphics team creates culturally
relevant images to be approved by the Indigenous
partners, and review of the created material is
conducted by both partners and TLC linguists.

4. CONCLUSION

Online learning tools offer a great deal of
accessibility, as well as structure for different
learning paradigms. These benefits are significant
and crucial components in the field of
under-resourced  language  revitalization. In
communities with an availability of educators and
learning materials, the eLearning platform and its
Teacher Portal offer a high degree of customization
suitable to a wide range of material, from beginner
to advanced language learners seeking improvement
in reading, writing, and listening skills. In
communities lacking consistent availability of
educators and applicable learning resources, TLC
linguists, graphic designers, and content developers
work in partnership with Native speakers and
community leaders to develop an online learning
curriculum which meets the goals of the community.
As TLC continues to partner with Indigenous
communities to develop eLearning materials, the
flexibility of content creation strategies and the
platform itself will continue to be leveraged to adapt
to the culture, resources, and educational goals of
each individual community.
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ABSTRACT

During the Covid-19 pandemic, video conferencing platforms
such as Zoom Online, MS Team Meeting, and Google Meets
have been primary remote teaching tools. 3D immersive and non-
immersive social platforms such as Mozilla Hubs have been
studied as alternative tools for organizing remote teaching. This
study aimed to assess the usability of Mozilla Hubs when applied
to remote teaching and compared it to that of the widely used
Zoom platform. An undergraduate course on innovation design
methods was selected as the case study. Students enrolled in this
course were divided into two groups. Distance learning was
conducted through the Zoom platform for the first group of
students. In contrast, the other group participated in the course
activities through the Mozilla Hub platform within a non-
immersive setting. The students in the Hubs group were
requested to participate in the Hub pre-training class a week
before the first week of the course’s lecture. Six everyday tasks
requiring student interaction with each of the two platforms were
selected for the study. Usability was measured in terms of
efficiency and ease of use. The time taken to complete each of
the selected tasks was used to measure the efficiency of each
platform. The System Usability Scale (SUS) questionnaire was
used to measure ease of use. For most tasks, both platforms
yielded comparable results regarding task efficiency. The only
exception is for the room transition task, where the results
differed between the two platforms depending on whether the
teleport or 3D navigation methods were chosen by students in the
Hubs group in order to complete the task. Discussion on the
factors affecting the efficiency of the room transition task was
provided. Using the SUS questionnaire, it was found that both
platforms yielded comparable SUS scores of 68.91 and 70.66 for
the Zoom and Mozilla Hubs platforms, respectively. Similar
ease-of-use results were due to the offering of the Hubs pre-
training class to the students using the Mozilla Hubs platform.

Keywords: mozilla hubs, virtual reality, remote teaching.

1. INTRODUCTION

During the Covid-19 pandemic, colleges and universities have
been impacted, as students were requested to adjust their learning
methods to an online and remote lecture system. Video
conferencing systems such as Zoom Online, MS Team Meeting
and Google Meets became a principal teaching platform used by
students and instructors [1]. However, despite widespread
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ISSN: 2831-722X

satisfaction with Zoom or Zoom-alike systems, many individuals
reported experiencing "Zoom fatigue."[2] VR platforms offer an
alternative to Zoom or similar apps by providing users an
immersive and interactive online collaboration experience.
While zoom and other video conferencing apps allow users to
communicate in real-time, they do not offer the same level of
engagement and interaction as VR platforms [3]. VR can be
displayed in two visual formats: Immersive and Non-Immersive,
viewed through VR Headsets and Desktop VR, respectively. The
main challenge with Immersive VR is the high cost of VR
headsets and the potential for unfamiliarity and motion sickness
among some users [4]. While VR equipment has become
increasingly affordable and user-friendly in recent years, access
to such equipment among university students remained limited
during the COVID-19 pandemic, particularly for those in
lockdown who could only use equipment already available in
their homes. Desktop VR is an alternative to Immersive VR in
providing 3D collaboration experience without such limitations.
This study focuses on the use of Non-Immersive VR for remote
lectures. In our study, Mozilla Hubs was the chosen VR
collaboration platform. The open-sourced platform can be used
with a VR headset or a desktop computer. It can be accessed
directly through a web browser. However, due to the lack of VR
headsets among students in our case study and the potential VR
sickness problem, the platform was adopted and used only in
desktop settings. In addition, being an open-sourced software, the
platform provides ample opportunities to customize to meet
specific needs. This study aimed to assess the usability of Mozilla
Hub, a non-immersive VR platform, among learners by
comparing learning activities with groups using the Zoom Online
Meeting. This evaluation was aimed to determine the feasibility
of selecting a platform like Mozilla Hubs in non-immersive VR
mode for teaching purposes. The 'Innovative Design Method'
course utilized the platform for distance teaching activities. The
curriculum was designed to create a conducive learning
environment and foster awareness among learners through
content placement, 3D Object models, and graphics summarizing
key points. Furthermore, the platform featured a timer to collect
data and measured the results of various activities while teaching
through this platform. This paper is organized as follows. Section
2 presents the literature review, covering distance learning,
remote classrooms, and remote lectures, as well as desktop or
non-immersive virtual reality (VR) technologies and their
applications in educational settings. Next, the research
methodology used in this study is presented. Results are reported
in Section 4, result and discussion with discussion provided.
Concluding remarks are given in Section 5, conclusion.

https://doi.org/10.54808/IM SC12023.01.7
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2. LITERATURE REVIEW

Distance learning, remote classroom, and remote learning
technology have become increasingly important during the
COVID-19 pandemic [5]. These distance learning methods
provide a flexible and accessible learning environment that can
help save costs and reduce the need for physical resources. They
also promote the distribution and accessibility of education,
especially for students in remote areas [6]. Two primary modes
of distance learning are synchronous e-learning and
asynchronous e-learning. Asynchronous e-learning is an online
learning mode where teachers and students interact at different
times using a Web board or email for communication. Its
advantages include the flexibility of self-study. Limitations
include reduced instructor interaction and requiring students to
be self-motivated and self-disciplined in their studies.
Synchronous e-learning is a real-time online learning mode that
offers several advantages, including live interaction with
instructors and peers, immediate feedback, and a structured
learning environment. However, it has some limitations,
including scheduling conflicts and technical issues. There are
several online tools available for synchronous e-learning.

Zoom, MS Teams, Google Meets, and similar programs are
among the primary learning tools popular for synchronous e-
learning due to their efficient facilitation. These programs gained
significant popularity during the pandemic as a means of remote
teaching. The use of video conferencing apps like Zoom and MS
Teams for remote lecturing has been studied, with previous
research reporting on the benefits and drawbacks of their usage.
One of the issues highlighted with these apps is the phenomenon
of "Zoom fatigue" [7]. Zoom fatigue is characterized by feelings
of exhaustion, burnout, and increased stress resulting from
prolonged periods of virtual meetings conducted on video
conferencing platforms such as Zoom. The research study found
that virtual meetings offer many benefits, including increased
flexibility and reduced travel time. However, they also have
adverse effects, such as increased stress and fatigue [8]. It was
found that a common symptom is constantly staring at the camera
to maintain eye contact during virtual meetings, which can be
tiring and unnatural [9]. The study also revealed that this need
could increase stress and cognitive load.

VR technology has been applied in various application areas.
One of them is in education. The use of VR in education has been
studied extensively in Learning in collaborative virtual
environments: Design and Implementation [10]. VR has been
used in simulations for educational purposes to enhance the
learning experience by providing a safe and immersive
environment that allows learners to practice and develop their
skills, and its use for remote teaching has also been explored. VR
technology can be utilized to enhance teaching and learning, such
as by integrating it into online meeting applications like Zoom.
However, implementing VR technology in teaching presents its
challenges, particularly for immersive VR, such as the issue of
motion sickness. Alternative to immersive VR is desktop or non-
immersive VR. Desktop VR in education has been studied in
[11]. In the research, as mentioned earlier, web-based desktop
VR was used so students would not need to install any
application, and it offers opportunities to build and customize a
virtual environment. Other works, such as [12], focus on studying
the usability of a desktop VR in the classroom. Mozilla Hub is
one of the desktop VR platforms that can be used for remote
classrooms. In the research as mentioned above, studies use
Mozilla Hub for this purpose. The research results claimed that

the hypothesis that Mozilla Hubs would work well for all course
learning activities was disproven. While it was adequate for
smaller supervision meetings, it faced technical issues with audio
and performance in more extensive gatherings of 25 students,
making it inappropriate for such settings. Mozilla Hubs worked
well for smaller supervision meetings with a handful of students.
In previous works [12], the research explored the usability of
desktop VR platforms by analyzing student experiences in
attending lectures and giving project presentations using Mozilla
Hubs. The author conducted 28 supervision sessions, of which
24 were immersive VR sessions in Mozilla Hubs, and during 6
of these, students shared their screens for collaborative work.
However, no comparison with conventional online teaching tools
such as Zoom was reported in [12].

This paper concentrates on applying a desktop VR platform,
Mozilla Hubs, for remote teaching activities. Mozilla Hubs was
chosen due to its support for immersive and non-immersive
experiences, accessibility through a standard web browser, and
open-source nature for future customization. The platform was
applied to remote lectures and workshops in an undergraduate
course on Innovation Design Method. The goal was to evaluate
its usability and potential issues in using Mozilla Hubs compared
to the Zoom application. The study employed both quantitative
and standard usability questionnaire survey measures. The
performance of two sample groups using Zoom Online and
Mozilla Hubs Desktop VR was used to demonstrate similarities
and differences between the two platforms.

3. RESEARCH METHODOLOGY

1) Research Questions: In this research, we aimed to study
the usability of Mozilla Hubs as applied for remote teaching
and to make a comparison with that of the Zoom Online
application. We sought to measure the usability of both tools
in facilitating remote learning and make a comparative
analysis between Zoom Online and Mozilla Hubs.

2) Experimental Design Setup: The case study of an
innovation design method course involving 102 students
was conducted in collaboration with SCG Chemical Co.,
Ltd. to address a specific problem in their Operations
Department at Height. The students were divided into two
sections: the first section of 52 students attended the class
via Zoom Online, while the rest (50) attended the class using
Mozilla Hubs. Among these 102 third-year students, 53 are
males, and 49 are females. Participants were randomly
divided into one of two treatment groups for safety training
with online materials such as website multimedia, text, and
non-immersive VR. The course consisted of two learning
activities, remote lectures, and online workshops, spanning
over an 11-week period. Progress of the group assignments
was reported and discussed during the workshop activities.
Remote lectures were typically delivered in a main (virtual)
room at the beginning of each weekly class. Each lecturer
was followed by a workshop conducted in breakout rooms.
Each week, After the lecture ends, students are asked to join
the breakout room with respect to their assigned group; for
the students trained using Mozilla Hub, a 3-hour training
session was provided to teach the students how to use the
platform. The platform training session was delivered a
week before the first teaching class. The 3D scene design of
Mozilla Hubs for virtual classroom spaces is shown in
Figure 1.
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Fig 1: The 3D scene design of Mozilla Hubs for virtual classroom spaces.

The virtual classroom space was shared with participants,
with each component being created in a separate virtual
room. The main hall served as the initial starting point, from
which individuals could navigate into breakout rooms
designed for each conference component. The main screen
in the main hall was used for presenting videos and
presentation files from lecturers or guest speakers, while
breakout rooms could be accessed through virtual doorways
in the top section of the main hall. The room used for the
keynote speaker could be accessed through doorways on the
left and right sides of the main hall. The size and
components of each room were customized based on the
number of participants expected for each activity, following
platform recommendations.

3) Evaluation Methods: For the students in both Zoom and
Hub sections to participate in the learning activities,
interactions with their respective learning platforms are
needed to carry out certain tasks. The task list is shown in
Table I. A typical flow of tasks and actions is described as
follows: students and participants join the Main room,
change their Display Name, check The Microphone and
Speaker Settings, share screen or show presentation slides
with others, answer in class questions and move to a
breakout room.

Tablel: Tasks and actions involved in interaction between
students and each of the two platforms.

class questions

chat function to

D Screen Sharing | Click the Zoom | Click the share icon
or Show screen-sharing button in the middle
Presentation button. (5 of the screen (4 Steps)
slide with Steps)
others

E Answers in Use the Zoom Use the Chat function

in the toggle menu or

breakout room

assigned to the
breakout room
by the
moderator.

send/submit icon chat at toolbars to
answers. (2 send/submit answers.
Steps) (3 Steps)

F Move to a Users are Press WASD or

Arrow keys to move
along a 3D scene to a
breakout room or
teleport to a breakout

Task | Task Detail Action 1 Action 2
(Zoom Online) (Mozilla Hubs)

A Join the Main Zoom Logged Magic link Logged in
room in (6 steps) (6 steps)

B Change Edit Display Edit Display Name
Student Name in Zoom and Avatar in Hubs
Display Name | Setting Menu. Settings Menu. (5

(3 steps) steps)

room.

The first task in Table I involves connecting the main room in
both Zoom Online and Mozilla Hubs, each with different steps.
Tasks B and C involve changing the display name and checking
the microphone settings in both platforms. To verify the presence
of participants, Zoom Online relies on the display name, while
Mozilla Hubs uses email verification. In Zoom, the number of
chats can be counted using video recordings, while in Mozilla
Hubs, responses during chats and student movements to break
rooms were monitored using the WASD keyboard and a trigger
timer.

4. RESULT AND DISCUSSION

When a task and action involve recording data through video,
these tools can capture video and track event statistics on
websites such as Mozilla Hubs, as well as timekeeping data from
videos for each student activity in both tools. Usability issues,
their measuring metrics, and the results due to each of the two
platforms are summarized in Table II. The metrics used to
measure the efficiency issues were collected using average times
and number of steps to complete the task.
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Table2: Efficiency Metrics, and their values for the cases of
Zoom Online and Mozilla Hubs.

Task Metrics Zoom Hub
Result | Result
A Average time taken to login (seconds) 2.49 2.11
B Average time taken to change their display 1.2 1.7
name (seconds)
C The number of operations needed to 5 4
complete the task (number of steps)
D Average time of user responding (seconds) 1.41 1.73
E Average time of user responding * 0.73 0.88
(seconds)
F Average time spent moving to a breakout 72 37
room. (seconds)
Provide instructions to students on how to
enter the breakout room for the first time.
Provide instructions to students on how to - 60.6
enter the breakout room for the second time.

Table II considers the efficiency of all tasks listed in Table 1. The
results are measured by recording the time taken for each task via
video recordings of learning groups on both the Zoom Online
platform and Mozilla Hubs.

From Table II, the average time required to complete task A
(joining the main room) was 2.49 and 2.11 for the Zoom and Hub
platform cases, respectively. The time required for the Zoom case
was slightly longer than that of the Mozilla Hubs. As a
preliminary step in this process, there is training for students on
the basic usage of the Mozilla Hubs tool. The steps involved in
using the platform include registration and identity verification
through a session called the Magic Link component. This reduces
the need for separate user account registration steps, saving time
compared to this process in Zoom Online. In Zoom Online, some
students may not be logged in initially, but they are prompted to
perform additional login steps upon entering the program's main

page.

eoee

Fig 2: The login menu of Mozilla Hubs was hidden under the
Toggle Menu

The Hub platform could have been more efficient for tasks B and
F. For Task B, for Mozilla Hubs, the menu was more
complicated. It required a user to access more menu levels than
Zoom Online. Additionally, the task command was not
immediately visible on the screen, as it was hidden under the
Toggle Menu.
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Task C, “Checking Microphone and Speaker Settings,” has a
different number of operations. Zoom Online is used to test and
select the device to capture the input of learners’ voices and the
output of another in an online classroom. Is the signal sent to the
correct channel for effective communication? The procedure will
be tested, and their sound will be recorded in 5 steps. After that,
learners usually mute the sound channel. Unlike Mozilla Hubs,
the operation count will be four steps through the basic features
of the web browser, where the learners can mute or unmute their
own sound using the icon on the bottom bar of the program

Microphone Setup

Check your microphone and audio before entering.

Test Audio ] é

Microphone access was
blocked. To talk in Hubs

you will need to aliow
microphone access.

Fig 3: Check microphone and speaker settings.

Compared to Tasks A and B, the time to complete the task was
not measurable. Therefore, task efficiency was evaluated using
the number of operations required to complete the task for each
platform. Table II shows that the number of required operations
on both platforms is comparable. The average user response time,
measured in Task D, is a test of student share screen time in Zoom
Online and Mozilla Hubs.

ErSagemen:

SatE
Xy
Wrung e

©o000 e
Fig 4: Sharing or Show Presentation slide with others, Mozilla
Hubs operations involves a drag-and-drop direct manipulation
action.

For Task D, in Zoom Online, four operations are needed for
anyone, given permission, to share his/her screen. The average
time required to complete the task is 1.41 seconds. For Mozilla
Hubs platform, 3 operations are required to complete the task.
While the number of required operations under the Mozilla Hub
platform is one step fewer than that of the Zoom platform, the
platform’s average completion time is 1.73 seconds, which is
slightly longer than that of the Zoom platform. This is because
one of the Hub operations involves a drag-and-drop direct
manipulation action, which in general takes longer time than a
simple mouse clicks.

For capturing engagement in the classroom or answering
questions about how learners interact in an online classroom,
both Zoom Online and Mozilla Hubs focus on response speed in
Task Name "Answers question in the classroom via Chat." For
Task E, the average time users took to answer in-class questions
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was not significantly different for Zoom Online and Mozilla
Hubs at 0.73 and 0.88 seconds, respectively.

For Zoom Online, Task F was carried out by an instructor, not
students. Members of each subgroup were assigned to their
breakout room by the primary instructor of each class group.
Unlike Zoom Online, for the Mozilla Hubs platform, each student
was responsible for moving from the main lecture room to a
breakout room according to the learners’ assigned class group.
The learners using the Mozilla Hubs platform in Task F can move
around by using these two ways. The first one is to press
“WASD” on the keyboard and move in their desired direction.
The second is to press the right mouse button while dragging to
the targeted area in Virtual Space. These methods take about 37
seconds to access the Breakout Room in the first assembly
announcement and 60.6 seconds in the second round. However,
neither method captured the video shots of the learners who did
not move or follow the instructor’s order to gather in the
Breakout Room. As for the analysis, it is better to further
compare the angle of time and “Ease of Use” utilization in the
next phase.

The SUS is a standardized questionnaire used to evaluate the
usability of a system or product, and it provides a score between
0 to 100, indicating the overall usability of the system. The Ease-
of-Use factor result or System Usability Scale result for two
applications, Zoom Online, and Mozilla Hub, has not been
provided in the given information. Instead, the information given
is the number of email login operations which can be determined
through video analysis for each application. For Zoom Online,
the number of email login operations is 6, and for Mozilla Hub,
the number of email login operations is 6.

One of the most significant features that a VR Desktop can bring
to remote teaching and classrooms is the sense of presence in a
virtual classroom. To measure this, we selected ten items from
the SUS-Presence Questionnaire [14] and reworded them to fit
the context of a VR desktop with Mozilla Hubs.

The SUS (System Usability Scale) score obtained from using
Mozilla Hubs is 70.66, rated as "GOOD." [15] A SUS score
above 68 is considered above average, while anything below 68
is deemed below average compared to similar platforms; the SUS
score for Zoom Online averaged 68.91. However, compared to
similar platforms, the SUS score for Zoom Online averaged
68.91, which is also considered exemplary. Therefore, the choice
between the two platforms largely depends on the specific needs
and preferences of the users. This study used standard usability
questionnaires called SUS [16] to measure usability and user
satisfaction.

5. CONCLUSION

The study analyzed the efficiency and ease of use of Zoom
Online and Mozilla Hubs for various tasks such as login, screen
sharing, answering questions, and moving to a breakout room.
The efficiency of tasks was evaluated by analyzing the number
of clicks and action steps required to complete each task. While
Mozilla Hubs requires more steps and time to complete tasks, its
function design uses colors and symbols to make the process less
complicated than Zoom Online.

The login system's efficiency was measured by the average time
users took, which improved from 2.49 to 2.11 seconds. However,
the System Usability Scale (SUS) score, which provides an
overall usability score between 0 to 100, was not provided for
either application. The efficiency of screen sharing and
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answering questions was also compared, with Zoom Online
being slightly more efficient than Mozilla Hubs. Finally, moving
to a breakout room was more efficient in Zoom Online than in
Mozilla Hub, taking less time for users to move to a breakout
room. Mozilla Hubs has a 15-minute pre-training process to teach
students to understand the system and its functions before it is
used as a primary teaching tool. In comparing "Feature Walk"
and "Teleporting," we find that "Teleporting" offers the use of
shortcuts and reduces movement time in the 3D world. It can
navigate in a 2D space more effectively than movement in a 2D
world. This makes "Teleporting" a convenient and problem-free
method of transportation. Using 3D as an interface for user
interaction provides a better user experience. It has a similar
usage pattern to games, allowing users to understand it easily
with common sense, without requiring specialized technical
knowledge or expertise. This enables learners to access and
utilize it more quickly and conveniently compared to other
formats when interacting with more complex technologies than
3D.

Unlike Zoom Online, which is sometimes regularly used in
remote teaching, the ease of use of the Mozilla Hubs platform is
not guaranteed without pre-training. The data, as stated in this
paper, cannot be directly compared to that of Zoom Online. In
conclusion, using the Mozilla Hubs platform is problematic in
terms of requiring additional pre-training steps and complex
sequences of actions. However, logging in and performing
various tasks leads to engagement in the system, with each action
defined quite quickly. Users spend less time learning and
interacting faster than with Zoom Online. The ease of use of the
Mozilla Hubs platform may only be comparable to Zoom Online
if pre-training is provided.
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ABSTRACT

The aim of this study is to explore the potential for creating a
unified digital information space using a modern ERP system to
manage all processes and resources of territorial communities,
which are categorized as non-industrial enterprises. This research
is conducted in the context of building a modern landscape of
Industry 4.0 technologies, which are considered to be the future
of industrialization. The practical case of Ukraine is used to
illustrate the typical problems associated with the uncoordinated
use of different types of software in the management of
enterprises and organizations operating in territorial
communities. Furthermore, the advantages of switching to a new
ERP platform are discussed. The benefits of deploying the
system's multi-tier architecture in the cloud and implementing a
corporate model for parallel management of individual divisions
and organizations are also highlighted. Overall, this study lays a
foundation for the possibilities of creating a unified digital
information space on the platform of a modern ERP system,
which could potentially transform the way territorial
communities manage their processes and resources.

Keywords: Industry 4.0, Cloud ERP, Community 4.0, Digital
Technologies, Project Management

1. INTRODUCTION

The 21st century has witnessed the emergence of Industry 4.0,
which is characterized by the dominance of knowledge and
digital data. In this era, the development of new technologies for
the automation of production processes requires a greater
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emphasis on knowledge and skills regarding learning. The
human-machine (H2M) relations are also shifting towards a
reverse type of M2H, where machines interact without human
participation (M2M) [1]. Despite the diversity of the
technologies involved in Industry 4.0, four key technologies are
essential: smart automation using artificial intelligence (Al) and
the Industrial Internet of Things (110T), analytics and processing
of big data (Big Data), and decentralization of management.

The reorganization of traditional hierarchical automation systems
into self-organizing cyber-physical production systems (CPS) is
a significant consequence of Industry 4.0 for all types of
industrial production systems. This system allows for flexible
mass production to order [2]. The "Industry 4.0" project was one
of the ten "Future Projects" identified by the German government
as part of the High-Tech Strategy - 2020. Countries that adopt a
similar strategy will have a significant advantage in maintaining
their competitiveness in world markets, not only in industrial
production but also in all other areas.

In the pursuit of European integration, Ukraine has made
significant  strides toward implementing Industry 4.0
technologies, leveraging its robust scientific, intellectual, and
educational capabilities. However, progress across industries and
other spheres of activity has been inconsistent. Industry and
engineering culture in Ukraine at the start of the 21st century can
be broadly classified as being at the 2.0 or 3.0 level, depending
on the sector. While metallurgical plants and enterprises in the
aerospace industry are better positioned for digital
transformation due to their export-oriented nature and global
competitiveness, other industries such as power engineering lag
significantly behind in terms of automation. The Association of
Industrial Enterprises of Ukraine (APPAU), established as a
funding and strategic development entity for Industry 4.0, has
grown into a large expert community owing to the opening of

https://doi.org/10.54808/IM SC12023.01.13
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Industry 4.0 centers in the country's leading universities [3].
Given the varying levels of readiness across industries, these
centers can help drive the Industry 4.0 movement in Ukraine by
providing the necessary resources and expertise.

In contrast to well-automated industries and businesses, many
state institutions and organizations, particularly local self-
government in territorial communities, face challenges in
processing large volumes of data and information. They require
digitalization of operational activities, analytics, and decision-
making support. The reform of the state administration system
and the emergence of territorial communities is a key pro-
European reform that is currently underway. With the support of
international organizations and the Ministry of Digital
Transformation, the Community 4.0 program was launched in
Ukraine. The goal is the implementation of digital projects to
ensure sustainability, attractiveness for investments, and new
concepts. This paper explores the possibilities of creating a
unified digital information space on a modern cloud Enterprise
Resource Planning system to improve the management of all
subjects in the territorial community and facilitate the transition
to the Industry 4.0 technology landscape. We present a case study
on the preparation of a pilot project for local self-government
bodies in Ukraine. We discuss the selection and implementation
of ERP modules with further prospects for scaling and integration
with other systems and technologies.

2. AUTOMATION ON THE ERP PLATFORM AS A
CONDITION FOR THE TRANSITION TO
INDUSTRY 4.0

At the beginning of the Industry 4.0 era, the focus was solely on
industrial production, but the paradigm has since expanded to
include other areas of human activity. The paper [4] illustrates
the convergence of 12 revolutionary technologies, including 3D
printing, artificial intelligence, augmented reality, big data,
blockchain, cloud computing, drones, the Internet of Things,
nanotechnology, robotics, modeling, and synthetic biology in
various sectors such as agriculture (Agriculture 4.0), healthcare
(Healthcare 4.0), logistics (Logistics 4.0), energy (Energy 4.0),
and elements of new educational technologies (Education 4.0).
Sectors of the economy that encompass automated production,
energy efficiency, and enhanced manufacturability will be
transformed with new models of the value chain. Global
megatrends such as globalization, urbanization, demographic
changes, and energy transformation are factors that are driving
the technological impulse to create innovative solutions in
today's world.

In recent years, the development of Industry 4.0 technologies has
expanded beyond the field of industrial production. This
expansion includes agriculture (Agriculture 4.0), healthcare
(Healthcare 4.0), logistics (Logistics 4.0), energy (Energy 4.0),
and elements of new educational technologies (Education 4.0).
However, many countries and certain industries still lack
development of the previous level of Industry 3.0 technologies,
even in developed countries, leading to a gap in competitiveness
and opportunities [5]. Enterprises that have started digital
transformation create pressure on others to keep up, but this
presents risks related to security, personnel competence, data
retention, and analytics [6]. The role of powerful Enterprise
Resource Planning systems in processing new types of data,
globalization of production, and decentralization of management
remain debatable. ERP software will have to solve new tasks,
such as data correlation and managing larger and more complex
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volumes of data [7]. Experts believe that ERP software will be
directly related to the control of the management system at the
production level and will support Industry 4.0 technologies.

The authors of the work [8] have substantiated the main aspects
of creating information systems for the management of
production processes for agricultural enterprises and the role of
ERP systems in processing big data. The leading role of
universities in training modern specialists capable of mastering
new IT technologies and e-competencies is shown in [9-10].
Therefore, in this work, the broader application of modern ERP
class systems is considered a necessary element of the strategy to
achieve the level of technology and culture 4.0 for non-
manufacturing companies and organizations. It is important to
note that Industry 4.0 is an evolution and continuation of Industry
3.0, and their connection and imitation are important. One cannot
"jump" over Industry 3.0, which has not been fully achieved in
both industrial and service industries. Industry 4.0 also has great
potential to improve the efficiency of businesses and
organizations and help restore the natural environment through
better asset management, potentially even reversing all the
damage caused by previous industrial revolutions.

An ERP-class information system (1S) is a sophisticated software
product comprising interrelated technical means, procedures, and
personnel that facilitate the storage, processing, and transmission
of information while addressing specific tasks. The object of
management in this context is information processes, which are
typical across enterprises and organizations of various spheres of
activity. As a result, it is possible to achieve a high level of
universality of work methods across various systems.

Several independent sources have compared modern ERP
systems [11-12] and found that they have a standardized
composition. ERP systems, which have undergone continuous
improvement over time, have a modular structure, with modules
working as separate components, and should be easily combined
when interacting with the database (Figure 1).
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Figure 1. Module’s types in a modern ERP system [13]

Most ERP solutions are adaptable and scalable according to the
company's needs, which helps to prepare for any situations in
business processes or changes in the market and respond
promptly to them.

The uniqueness of ERP technologies lies in their ability to serve
as universal software capable of integrating any business process.
Combined with processes, systems, and data, ERP systems
provide the analytics, acceleration, and adaptability needed to
optimize business processes. ERP systems can increase the
efficiency of organizations in three ways [13]:
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1) Increasing productivity: ERP-based solutions provide
analytics that helps to make informed decisions and
suggests directions for further improvements in operational
efficiency.

2) Accelerating operational decisions: Based on unified data
and processes, the visibility and agility of employees
increase, helping them to take action faster and achieve
greater results.

3) Business flexibility: Most ERP solutions are adapted and
scaled according to needs and provide prompt responses to
risks and changes in business processes.

In summary, ERP systems are universal software that can
integrate any business process. They are adaptable and scalable,
and their use can lead to increased productivity, accelerated
operational decisions, and business flexibility.

The Enterprise Resource Planning system is a complex software
product that comprises a set of technical means, methods,
procedures, and personnel interconnected to perform the storage,
processing, and transmission of information for solving specific
tasks. The information processes are the objects of management,
some of which are typical in various enterprises and
organizations, making it possible to achieve a high level of

universality in work methods across different systems. Modern
ERP systems have a modular structure, and their components
work as separate modules that can be easily combined when
interacting with the database. The adaptability and scalability of
most ERP solutions allow organizations to prepare in advance for
any situation in business processes or changes in the market, as
well as to respond promptly to them.

The division of ERP into subsystems provides several benefits,
including the consideration of production needs during the
development and modernization of the IS, the phasing of
implementation, and the ease of operation of such IS due to the
specialization of employees in the subject area for which separate
modules have been developed. Organizations must carefully
weigh their options for implementing the system, as the ideal
strategy for phasing depends on several factors such as the speed
of adaptation of the new ERP, types of risks and their
consequences, willingness to invest, etc.

According to the international analytical company Panorama
Consulting Group (PCG), as of the end of 2022, the majority of
ERP users (64.4%) chose the cloud version of ERP systems
(Figure 2), with usage options including hosted, manage - 48.3%,
or SAAS - 51.7% [14].

The choice of ERP solution architecture by companies

On-premis softwear
36%

Cloud solutions
64%

Cloud solutions

® On-premis softwear

Figure 2. Distribution of companies’ choices between cloud services and local system placement in the world [14]

PCG has identified the reasons why companies do not always
choose a cloud solution. The largest part of respondents (40.91%)
has insufficient information about the operating conditions of the
system in the cloud; mistrust of information protection is
observed in 27.27%. Because of the risk of data loss, a third of
respondents choose the local installation.

To choose the optimal solution for their needs, companies should
familiarize themselves with the offers and conduct an audit of
their business processes and needs while weighing the risks and
benefits. In 2022, less than half of organizations used a phased
approach, while more than half used either an all-at-once
approach or a hybrid approach. ERP Microsoft Dynamics 365,
SAP S/AHANA, and Oracle are the most commonly used ERP
systems among the 32 considered systems by PCG.

3. COMMUNITY’S INFORMATION PROCESSES
STUDY DURING THE FORMATION OF A DIGITAL
SPACE ON THE ERP PLATFORM: CASE OF UKRAINE

In 2023, there are 1,439 territorial communities functioning as
administrative centers in 24 regions of Ukraine, except for
temporarily occupied territories [15]. This study employs data
gathered during advisory consultations provided by the
Department of Information Systems and Technologies at Poltava
State Agrarian University (PSAU) in the Poltava region. These
consultations were conducted in 18 different communities, and
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four pilot projects were discussed to establish a unified digital
information space through modern ERP systems. The aim was to
improve the efficiency of management of all processes and
resources and to further implement 4.0 technologies. The
selected communities had a population of 24,000 and were
managed by the executive committee of the city council. Figure
3 illustrates the general structure of these communities.

The executive committee of the city council manages several
departments, some of which are similar to enterprises (such as
accounting, finance, land, legal, and communal management).
They also have collaboration and contacts with external
organizations. The objective of this study is to combine the
activities of all structural units of the executive committee of the
city council and other organizations and enterprises in a single
information space.

There are several unique aspects to this task:

1) The city council consists of separate departments that do not
engage in production but have a staff, an accounting
department, deal with budgeting, conduct analytics, manage
budget expenditures, cooperate with budget-forming
organizations, and keep records of communal property.

2) Budget-forming enterprises have separate accounts, conduct
accounting and management operations, and submit
accounting and financial reporting to relevant organizations,
including the city council.
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3) Communal enterprises of the city council perform joint
tasks of providing services to citizens of the community and
keep financial records of resources and operations, partially
financed from the budget of the city council.

4) The city council supports several secondary educational,
cultural, social, and medical institutions. Budgetary funds

are distributed to them, and reporting, accounting of fixed
assets, and other types of provisions are conducted.

5) Document circulation is conducted between all constituents
and external counterparties, state authorities, and various
meetings, planning, and discussions of strategies take place.

Executive commitiee of the city council of territorial
community

Organizational and
legal department

Department of
accounting and reporting

Department of

Financial
department social protection

. ™
Deparlment of urban p!annmg, Land _Docu_ment State registration
architecture, construction and management circulation and :

; of property rights
communal services department control sector )
3%%%340?;3’3& egé?;;i)ésgs Sector of Budget organizations (hospitals,
Y. ’ social support schools, preschools, culture, etc.)
Figure 3 — Diagram of the organizational structure of the Executive committee of the city council
Results of the analysis of information activities and software Additionally, the systems offer Customer Relationship

of enterprises of the territorial community

Thus, the executive committee of the city council's activity
involves a set of information flows classified as business
processes, budget activity and analytics, legal activity, land
accounting, etc. The management of information and business
processes in the organization is approaching a crisis state. The
city council leadership has initiated the transition from old
management methods and software products, aiming to automate
all information and management processes on a single platform
of the ERP system. The top-down initiative in this situation is
positive, as it reduces the period and complexity of staff
adaptation to new conditions, and the decision-making center for
the project coincides with the proposals of project stakeholders.
One of the first questions that arise is which processes
(accounting, management, financial) should be automated first.
What approach to automation should be chosen for such an
organizational structure? Ultimately, which of the known ERP
systems will be the most effective for implementation in the
organization?

University scientists, in collaboration with city council
specialists, analyzed the functionality of the most popular
international and domestic ERP systems in Ukraine [16-19], as
well as the conditions of implementation projects, deployment,
cost, and availability of post-project technical support. The
results are presented in Table 1.

A thorough analysis of Enterprise Resource Planning (ERP)
systems based on various sources [16-19] has revealed that these
systems share a common set of functions, which automate the
management of production, procurement, finance, personnel,
costs, sales, budgeting, analysis of indicators, accounting
according to legislation, payroll, GPS monitoring of transport
management, and electronic document management.
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Management (CRM) modules and cloud solutions of the
Software-as-a-Service (SAAS) model. Domestic systems have
an edge in reporting documentation and integration with other
systems of domestic production, such as electronic document
management.

Based on this analysis, the "Universal 9" ERP system of the
SoftPro company, which has a successful track record of over 30
years in implementing ERP systems in major industrial
enterprises in Ukraine and other organizations, was selected for
pilot projects.

The analysis of the organization's activities in collaboration with
key specialists helped to identify problems that require precise
solutions due to the introduction of a single ERP management
system. Our survey of leading specialists from various
organizations and enterprises operating as part of the territorial
community and with various sources of funding has revealed the
presence of different accounting departments, including
accounting, contract accounting, cash accounting, salary and
personnel, accounting of tangible and intangible assets,
accounting of goods and material values, accounting of transport,
and production accounting. These departments use different
information systems, which can be grouped into accounting and
tax reporting systems, accounting systems, specialized IT related
to the specifics of the organization, and general-purpose software
such as MS Word and MS Excel. Unfortunately, the accounting
software is incompatible with the outdated personnel
management system and attempts to integrate them have been
unsuccessful.

Basic software complexes are hindering development. Until
recently, individual departments and enterprises operating as part
of the city council had sufficient basic tools. However, due to the
implementation of local self-government reforms, tax changes,
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requirements for electronic document flow, land reform, and
other factors, the current program is insufficient and inhibits
market advancement. As a result, opportunities for global growth
are limited, and losses of budget revenues are being observed. It
is, therefore, necessary to form a single software ecosystem on

Cooperation with external organizations becomes more difficult
when we fail to meet customer expectations.
The only way to maintain a competitive advantage is to provide
our staff with the necessary tools for success.

an ERP platform that is more flexible to support growth.

Table 1. Main advantages of choosing and using well-known ERP systems

The name of the
ERP system

Summary of the main advantages and characteristics of each system

Dynamics 365
(Microsoft)

Typically serves small to mid-sized organizations with $250 million to $750 million in annual revenue. An open
system: the development and expansion of functionality are handled by the Microsoft company (one of 72
solutions of the Microsoft ecosystem), and partners from all over the world adapt to the laws of countries. There
is localization for 90 countries (as of June 2022); teach users how to use the system and customize Business
Central if the customer wants to cover individual non-standard business processes. It is possible to collect
consolidated reporting in a single system from at least a dozen countries where companies have branches, to
centrally make changes to processes without additional settings for each company, the usual Microsoft interface.

SAP ERP

Full automation of many work processes in large enterprises with a large number of workplaces, a complex
production process. Adapted to Ukraine, it has all possible tools for controlling finances, accounting, and
expenses. Automated with a separate CRM module or others

IT-Enterprise ERP
(IT Enterprise,

It has an open platform, several industry solutions that can work both in the cloud and the installed version, are
suitable for both service and production business processes, configured to manage large enterprises. High level

Ukraine) of technology and automation in the market.
A multi-level complex solution for the formation of a single information space of any enterprise or organization.
Universal 9 ERP | Has a set of contours that the client chooses as needed; flexible configuration, and integration with other systems:

(SoftPro, Ukraine)

CRM or separate electronic document flow. They have a line of solutions for small and medium enterprises to

large enterprises and corporations.

To implement a new ERP system, we can use project or standard
technology. Our organization's management is considering the
option of project implementation, which involves a pre-project
study of the state of information processes management, existing
databases, available technical support, and development of a
technical task compatible with the executor, thereby reducing the
risks of implementation and obtaining the predicted and intended
result.

Details of the preparation of the ERP system implementation
project

For the successful implementation of the IS implementation
project in the organization, we have prepared its description,
indicating the goals (SMART rule), tasks, expected results,
necessary resources, and financial support. The project's
description is the result of joint work by a group consisting of
leading specialists of the organization, representatives of Infosvit
IT Service LLC, and scientists of PSAU.

The selection of a project solution was determined by several
peculiarities of the organization, which make it necessary to
create a special project. These peculiarities include:

1) The complexity and scope of activities and tasks of
automation cover a significant number of management and
accounting contours, such as production, trade, warehouse,
procurement, budgeting, personnel, and more.

2) The need to control the timing of implementation and the
size of the allocated budget.

3) The automation of a complete set of business processes
within the organization is envisaged.

4) At the beginning of the project, there is a vision of how the
information system should work, but there are no clear
requirements for the elements of the system.
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5) There is no relevant industry solution at the time of
implementation.

6) During the implementation of the project, it is necessary to
monitor the progress of tasks.

7) It is necessary to monitor the budget development at the
various stages of the project.

8) There is a need for resource planning, such as specialists,
time, material support, and communications.

9) The need to minimize losses when switching to a new
system.

10) The automation objects are geographically dispersed.

11) There are several legal entities with different account types
that require automation.

12) Integration with other systems is planned in the future, such
as electronic document flow for local self-government and
"Kadastr.UA".

The above-mentioned factors facilitated the choice of a project
solution that addresses the peculiarities of the organization and
enables the automation of all business processes. The project
solution also takes into account the need for monitoring and
control of progress, budget development, resource planning, and
integration with other systems. By addressing these challenges,
the project solution minimizes losses and ensures a smooth
transition to the new system.

To implement the ERP system effectively, a four-phase model of
the project life cycle has been chosen. The model includes the
following phases:

1) Analysis of business processes: The IT company, in
collaboration with the customer's representatives, analyzes
the efficiency of the business processes. If required, they
reorganize the processes, build an information model of the
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system based on the principle of "how it should be," and

formalize it into a technical task.
2) Adaptation of the system and trial operation: This phase is
divided into several stages, each corresponding to a logical
business process. Each stage is adapted and tested by the
customer's specialists. At this stage, it is crucial to model the
system's performance in various critical situations to
minimize risks before it is put into industrial operation.
System launch: In this phase, a large volume of existing
information that cannot be lost is transferred to the system
environment. Key indicators obtained from predecessor
systems are also checked. Before starting the system, a
"clean" data import is performed.
Service, support, and development: The supplier company
provides technical support to the customer's specialists as
part of the implementation contract.

3)

4)

During stages 3 and 4 of the phase, personnel must undergo
initial training to learn the new system. The IT company
employees, along with PDAU (Poltava State Agrarian
University) teachers, plan the training. The experience of the
university's cooperation with 1T companies has been used for
more than 5 years [20]. Senior students are involved in the
processing and transferring of previous data to ease their
adaptation to the conditions of professional activity. The
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Employers' Requirements-Oriented Study is described in detail
in works [9, 10].

To customize the ERP system modules for specific
organizations, the IT company creates the company's database
model based on Oracle technologies. They also significantly
refine program codes at the level of the system's programming.
The "Universal™" core is created using programming languages
such as Alaska Xbase++, SQL/SQL scripts, Delphi, MS VBA,
and popular web technologies like HTML 5&CSS3, PHP,
JavaScript, Java, and others.

Before selecting and implementing a specific version of the
"Universal" system, a comparison of the automation needs and
the chosen solution's capabilities is necessary to avoid
redundancy and unnecessary costs.

Most of the structural elements of the Executive committee of the
city council are budget organizations with the same accounting
methods, while individual enterprises and the territorial
community council itself are not prepared to invest a significant
amount from the budget for technical re-equipment. Hence, the
latest version of the cloud-based "Universal 9" ERP system has
been implemented, which incorporates all modern technologies
for processing large volumes of data, user interface, and
architectural solutions, and has all the advantages of cloud
solutions. The structure of the "Universal 9" architecture is
schematically presented in Figure 4.
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Figure 4. Multi-layered client-server architecture implemented in the "Universal 9" cloud (based on [19])

This architecture built according to the principle of a multi-tier
system (multitier architecture) that contains and processes huge
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amounts of data that come from both users and various
equipment.
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The advanced architecture of ERP "Universal 9" makes it
possible to scale the system to most enterprises in the future,
including those that plan to use special sensors to collect
operational data from hundreds of meters using a combination of
artificial intelligence and Internet of Things (Al + 1oT)
technologies based on algorithms described in [21-22]. System
developers abandoned Windows client applications in favor of
Web-oriented thin clients, for which one of several popular web
browsers is sufficient. This approach significantly reduces the
costs of deploying and maintaining client applications of the
system.

The transition to utilizing a selected ERP system in a workplace
environment commenced with the implementation of the
accounting circuit. One of the primary tasks for launching the
system in the organization was the creation of a new database
model and transferring data from existing accounting systems to
the new platform. For organizations with complex structures (as

Database tier
(Oracle instance)

illustrated in Fig. 3), "Universal 9" offers the key advantage of
being able to manage several enterprises with different
accounting schemes in one database, encompassing both
accounting and operational accounting.

Each enterprise and accounting type within each structural unit
is represented as a single linear list of charts of accounts. The
same operation can be displayed according to specific rules in
one or both charts of accounts. The core system enables accounts
to be presented in different currencies and according to different
customized standards. This architecture allows for several
"spaces" to be located in one database, each of which stores a list
of "its" enterprises. In turn, each enterprise has two levels of
accounting: accounting and operational accounting. The
developers themselves present such an accounting architecture
using the example scheme shown in Figure 5.

Schema-administrator

[

Accounting space
(Oracle schemas)

{5

Accounting
company

Accounting
area

\.-
| [ | [
| | | [ [ [ |

Figure 5. Schematic representation of corporate accounting architecture in "Universal 9" ERP

This approach facilitates making unified centralized settings and
administration rules for several organizations (enterprises) with
subsequent data exchange between them. Technically, this
approach allows for creating a test enterprise, carrying out
settings on it, transferring the settings to the main (dispatch)
scheme, and then applying them as needed for existing
enterprises.

4. CONCLUSIONS

As many enterprises and organizations move towards
implementing Industry 4.0 technologies (Economy 4.0, etc.),
they must first reform their automation of production and
management processes at the 3.0 level. In many cases, this is
accomplished on the platforms of modern ERP systems. The type
of organization considered in this work, such as the executive
committee of the city council of the territorial community, is not
a typical representative of business or industrial enterprises but
rather has a complex organizational structure comprising various
divisions or individual enterprises.

They have their codes in the registers of enterprises and
organizations, and charts of accounts, and some of them are
taxpayers and budgetary organizations of the territorial
community. The presence of various types of software, applied
IS, the loss of effectiveness in solving common tasks, and the
need for complex analytics and control prompt managers to
modernize the management and accounting system by creating a

19

single information space on the platform of a modern ERP
system.

Upon completing the formation of a single information space for
managing the operational and prospective activities of local self-
government bodies, it is worth emphasizing the benefits that most
enterprises and departments will receive after transitioning to the
ERP platform:

1) Acommon database that centralizes information from many
departments and provides a consistent cross-functional view
of the company.

A consistent user interface (Ul) and user interaction (UX)
across departments and roles. The ERP's Inventory, HR, and
Finance modules share the same look and functionality,
provided they are sourced from the same vendor. A
consistent UX and Ul also drive efficiency, as users can
quickly find and understand information from all corners of
the business.

Integration of business processes. ERP is capable of
supporting and integrating a diverse set of processes that
make all kinds of business and other activities successful.
This increases productivity and visibility and therefore
lowers costs.

Automation of repetitive tasks, reducing manual data entry
and sometimes duplication, saving time, and minimizing
errors.

Data analysis is one of the most valuable aspects of ERP that
breaks down information silos. The ability to mix and match
data from almost any part of a large enterprise organization

2)

3)

4)

5)
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into in-depth reports reveals areas that are performing
exceptionally well and those that are not meeting
expectations. Leaders can analyze problems and start
solving them immediately.

Further research should focus on developing a stack of
technologies that can integrate with the cloud ERP system,
leading to the creation of a modern software landscape that aligns
with the Industry 4.0 framework.
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ABSTRACT 1. INTRODUCTION
The worldwide pandemic and, subsequently, the active warzone The worldwide pandemic and, subsequently, the active warzone
in Eastern Europe (Ukraine) has posed a variety of difficulties for in Eastern Europe (Ukraine) has posed a variety of difficulties for
construction, procedure and methodology of higher education construction, procedure and methodology of higher education
that impacted the extent of personal experience, results and that impacted the extent of personal experience, results and
quality of university education worldwide. quality of university education worldwide [1, 2, 3, 4, 5].
The COVID-19 pandemic induced amplified digitalization The COVID-19 pandemic induced amplified digitalization
measures in the higher education sphere, informed by the need to measures in the higher education sphere, informed by the need to
take quick comprehensive action in order to achieve the take quick comprehensive action in order to achieve the
overarching result to transform educational scenarios into overarching result to transform educational scenarios into
interdisciplinary digital, blended, and hybrid frameworks. interdisciplinary digital, blended, and hybrid frameworks [6, 7].
The objective of the study was to assess the dynamic changes in Taking into account the context of the erupted military
the effectiveness of digital education for Foreign Languages intervention on Ukraine in February 2022, and the ensuing
programs in Ukraine, in the pandemic and wartime emergency information warfare in various digital ambients (social media,
timespan (2021 to 2023). The comparative survey benchmarking news coverage, digital communications), the specific value of the
of various dimensions of digital learning is implemented to learning outcomes and outputs is allocated to the digitally
evaluate the progress individual quality and efficiency of enhanced foreign languages education as a tool of the
transforming traditional Foreign Languages Acquisition process internationally broadcast strife of Ukraine for freedom and
into online remote and hybrid format, facilitated by digital sovereignty.
technologies. The consequent functional tasks to meet this challenge in the
educational sphere are estimated as 1) adapt the existent
Keywords: Systemic Challenge, Digitization, Dynamics, educational scenarios to digital, remote and hybrid formats; 2) to
Foreign Languages Education (FLE), Wartime Digitization upgrade ICT competence and digital literacy of all participants of

the educational process under extreme duress; 3) to activate
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complex interdisciplinary (soft and hard) skillsets, otherwise
latent or underutilized in the educational process.

The objective of the study is to evaluate the dynamic changes in
the effectiveness of digital education for Foreign Languages
programs in Ukraine, in the pandemic and wartime emergency
timespan (2021 to 2023). The comparative survey benchmarking
of various dimensions of digital learning is implemented to
evaluate the progress individual quality and efficiency of
transforming traditional Foreign Languages Acquisition process
into online remote and hybrid format, facilitated by digital
technologies.

2.STUDY DESIGN

The digital and hybrid learning activities in Foreign Language
Education were qualitatively profiled in order to design an online
survey to evaluate individual experiences in emergency
digitization paradigm for university students of Oriental and
European Languages programs.

The study mission scope permits to disclose the following tracks
of findings:

Modelling of various digital distant learning formats (u-learning,
m-learning, hybrid learning) and modes for university-level
Foreign languages programs and projected digital literacy
requirements for different groups of stakeholders;

Comparative analysis of in-depth assessment of individual digital
and hybrid learning experiences and by different groups of
stakeholders in European and Oriental Languages university
level programs in regions of Ukraine according to such
dimensions:

Dimension A: individual perception of e-learning and hybrid
learning quality of foreign languages acquisition programs by
different groups of stakeholders according to the role in
educational process, previous experiences and foreign language
proficiency;

Dimension B: variation in e-learning and hybrid learning quality
assessment on foreign languages programs in different regions of
Ukraine due to educational factors (core competences, soft skills
proficiency; learning design);

Dimension C: variation in e-learning and hybrid learning quality
assessment on foreign languages programs in different regions of
Ukraine due to social and psychological factors (information
fatigue, stress, community influence);

Dimension D: variation in e-learning and hybrid learning quality
assessment on foreign languages programs in different regions of
Ukraine due to technological factors (digital literacy, digital
divide, digital gap);

Institutional recommendations for customization of digital and
hybrid learning models and procedures, tailored to the individual
and group needs of stakeholders in Foreign Language
Acquisition on university level beyond the continuous
emergency measures.

The inquiry design incorporates the following consecutive steps:
digital and hybrid learning activity, experience and application
profiling;

The online survey method applied to conduct in-depth
assessment of individual digital distance and blended learning
experiences and practices by relevant groups of stakeholders
(students, faculty and administrative staff) in Oriental and
European Languages university level programs in regions of
Ukraine;

digital content analysis of individual associations with different
modes of learning by relevant groups of stakeholders in Oriental
and European Languages university level programs in regions of
Ukraine (via corpus and text-mining tools);
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digital and hybrid learning models and procedures adaptation and
customization, tailored to the individual and group needs of
stakeholders in Foreign Language Acquisition on university
level.

Three consecutive online surveys of over 700 teachers and
students of European and Asian Languages provide for
assessment of progressive dynamics of efficiency of digitized
foreign languages education, assessment of changes in quality
evaluation of digital and hybrid education in the timespan of the
pandemic measures through the years 2021-2022 and wartime
digitization measures of 2022-2023; assessment of changes in
quality evaluation of digital and hybrid through the pandemic as
compared to regular, in-presence and wartime emergency foreign
languages learning modes; quality evaluation of education
design, dynamic development of learning results and acquired
competences for university-level Foreign Languages programs in
the timespan of 2021-2022 quarantine limitations and 2022-2023
wartime challenges.

The survey was launched for the first time in January 2021 to
evaluate the quality of emergency digitization experiences of
students in 2020 (the first academic year of the quarantine
measures). The non-comparative results are published separately
[5]. The survey was then repeated in November 2021, to evaluate
the quality of ongoing digitization experiences of Foreign
Languages students and to estimate positive or negative
dynamics in e-learning quality assessment in 2021 (the second
academic year of the quarantine measures). The survey was again
repeated in December 2022, to evaluate the quality of emergency
digitization experiences of Foreign Languages students in the
active warzone to estimate positive and negative dynamics in e-
learning quality assessment (the first academic year of the
wartime measures in Ukraine).

The online questionnaire for both benchmarking iterations was
identical and comprised of 21 questions total, divided into such
dimensions:

1) Questions that disclose the generic evaluation of individual
experiences of digital education for Foreign Languages Programs
in the global lockdown measures and active warzone measures;
2) Questions that disclose the comparison of individual
experiences and quality of individual experiences of digital
emergency education and traditional, in-presence education in
Foreign Languages Programs;

3) Questions that disclose the individual quality assessment of
the emergency induced digital education design and workflow,
education results and skills, developed in HEI programs of
Foreign languages.

3. FINDINGS

In technological and professional teaching as well as education
methods, difficulties containing insufficient distant teaching and
structural disadvantages, have appeared in the crisis. Disruptions
in workplaces complicated apprenticeship projects as well as, the
main constituents of a market-responsive technical and
vocational system.

In higher education, online instruction has been provided through
different recorded assignments and distance platforms. On the
other hand, this form of learning and teaching has been postponed
by a number of institutions of higher education, owing to the lack
of instructions concerning technological communications.
Moreover, there are problems with how to adjust terms and
educational schedules, as some sets of courses can be
successfully realized in distant forms and some cannot [9, 10, 11,
12].
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Qualitative assessment of the e-learning and hybrid learning was
conducted through the retrospective evaluation of respondents’
individual experience through the span of emergency digitization
measures, in order identify and select the preferred features and
elements of e-learning and hybrid learning among the following:
1) Ability to work from home (ability to study/teach in
evacuation);

2) Ability to customize of the study space (video conferencing or
LMS);

3) Adaptability and flexibility of the work schedule;

4) Save time for commute (save time to a bomb shelter);

5) Parallel performance of several tasks and activities;

6) Opportunity to technologically diversify educational activity,
educational materials and methods;

7) Ability to adapt the structure and content of curricula of
disciplines to the conditions of online learning;

8) Ability to activate and improve different types of soft skills;
9) Opportunity to improve digital literacy;

10) Ability to work independently in the learning process;

11) No need for constant interpersonal communication;

12) Ability to engage international professionals through digital
means.

Evaluation of respondents’ individual experience through the
span of emergency digitization measures, in order identify and
select the features and elements of e-learning and hybrid
learning, considered drawbacks, challenges or a hindrance
among the following:

1) Forced need to work at home (uncomfortable living
conditions, the need to use a bomb shelter,
displacement); 2

2) Impossibility / difficulty of adaptation and flexibility
of the work schedule;

3) The need for specialized technical means of training
and online communication / technical limitations;

4) Lack of interpersonal communication with students
and colleagues on a regular basis;

5) Emotional burnout;

6) The need to activate and improve different types of soft
skills;

7) The need to improve digital literacy;

8) Increasing the amount of workload in preparation for
training sessions and ensuring the learning process;

9) The need to adapt the structure and content of curricula
of disciplines in terms of online learning;

10) The need to organize and control the independent work
of students;

11) Awvailability of mechanisms for control and accounting
of the educational process.

Respondents of all groups were prompted to identify the key
challenges [16] that impaired effective and qualitative adaptation
of learning process design into hybrid and digital distant format.
The following types of impediments were derived from the
individual experiences of Oriental and European languages
programs stakeholders in the timeframe of COVID-19 in regional
universities of Ukraine:

Social and psychological — Emotional burnout; Stress; Fatigue;
Health; Domestic difficulties / limitations; Time restrictions in
connection with the introduction of quarantine restrictions;
Technical challenges and digital literacy: Technical difficulties
(lack of stable Internet connection, lack of necessary equipment,
capacity of household computer equipment, blackouts due to
active warfare); Lack of digital literacy skills; Lack of experience
in transforming the curriculum and training materials into an
online format; Lack of digital communication experience; Lack
of experience with electronic learning management systems

23

(Moodle, GoogleClass, etc.); Lack of experience with auxiliary
ICT tools for organizing the learning process (video
conferencing, testing, surveys, online boards, etc.);

Soft skills: Lack of skills of adaptation and self-organization;
Lack of situational learning and training skills; Lack of
communication and cooperation skills.

Problems with learners' apprehension or despair may be
recognized by regular viewing of the school or university
residents. At elementary school pupils’ viewing relates to tutors
and pupils. They fill in short opinion polls regarding pupils’
feelings and activities. In case of middle and high school viewing
contains learners’ opinion polls devoted to the regularity or
sternness of any emotional and expressive issues [3].
Psychologists can help students who are very touchy and
sensitive. The final aim is to assist the most favourable progress
of every teenager. Tutors are able to notice and identify all
transformations in students’ temper, behaviour, and training [14,
15].

It turns out to be very important to make use of own abilities and
developed anti-strain techniques, as well as the help of other
people. One may gradually diminish nervous tension, and hence
properly deal with anxiety. It is necessary to identify what
observations and state of affairs generate anxiety. This may give
a reply to what approach have to be accepted for anti-strain
actions and deeds which permit evading or adjusting to the tense
environment.

The evasion policy intends to eliminate the tension motivation by
removing it. In order to be influenced by nervous tension, a
person must avoid too much traumatic information (e.g. news
programs on TV, radio, or the Internet doom-scrolling). The
emergency state requires not to be talked about constantly.
Persons who sustain or generate tension must be avoided as well.
One must examine which tense circumstances have the rank of
"obligation" and which are "favors". Those which are not
required to be visited can be cut off.

The method of reformulation is an evasive means used when a
source of stress cannot be escaped, although there is an
opportunity to reorganize it. One is able to create a suitable
program for this time. Due to the fact that, in the current
condition, relatives live together in the same location for a long
period of time, this fact possibly will create a lot of quarrels and
conflicts. All of them may be avoided if plans of obligations for
the family members, a set of laws for using tools required for
learning or work are set up.

The method of adjustment and recognition [13] is applaied when
the elimination of the tension motivation cannot happen. In the
situation of the present pandemic, this is a plan that must be
considered nowadays in the future. We have to search for
encouraging features in this condition and think about what's
taking place in our livelihood owing to remoteness (perhaps it is
a moment when relations with other people may be developed,; it
is a suitable occasion when we are able to manage with affairs
that were overlooked earlier or abandoned, etc.). There may
perhaps be a lot of thoughts for constructing today’s life and
finding optimistic and hopeful aspects in it. Moreover, the
method of adjustment and recognition may answer the actual
questions about distant education and how by means of different
schemes and systems to reduce nervousness and anxiety.

The study limitations stem from the content and range of the
iterative survey results. The potential of further studies
encompasses evaluation of quality and efficiency assessment
dynamics of digital education in regions of Ukraine; comparative
case studies of different types of Foreign languages programs and
different regional programs transformation due to emergency
digitization in the framework of the pandemic and warfare
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measures; sustainable modes of Foreign languages programs
digital adaptation in countries of the world beyond the timespan
of the pandemic restrictions.

4. CONCLUSIONS

The worldwide pandemic and ensuing emergency digitization
have influenced profoundly the design and workflow of higher
education. Thar caused fundamental shifts in the range of
experiences, learning results and quality assessment of Foreign
languages education in Ukraine.

The qualitative evaluation of digital and hybrid education
through the iterative benchmarking of the students’ experiences
was conductive for identification of the comprehensive,
functional scale of the comparative dimensions of positive and
negative dynamics of digital education quality assessment.
Through the time period of 2020 to 2021 digital and hybrid
education in Foreign languages programs has been progressively
evaluated as increasing from mostly to fully comparative in
quality to traditional in-presence learning in the pre-pandemic
timespan.

The evaluation of digital education design, leaning outcomes and
acquired skills in Foreign Languages programs in the timeframe
of the pandemic helped disclose the dynamics in socio-
psychological challenges that prevent efficient transformation of
learning process into online and hybrid mode for all groups of
respondents that were consistently surveyed.

The overall positive dynamics of the evaluation of identified
challenges of efficient digital educational adaptation is informed
by the arrangement of factors: 1) consistently improved level of
digitalization of the teaching resources and implementation of a
functional e-learning environment in the form of a digital
campus; 2) consistently improved and adapted digital
competence level through various types of training and activities;
3) consistent professional psychological, communicative,
technological and organized peer support to ensure the
alleviation of challenges and impeding factors of foreign
languages programs adaptation to digital and hybrid format.
These elements of educational procedure and management at
Borys Grinchenko Kyiv University can be scaled to serve as best
practices and recommendations to ensure sustainable quality of
transformation of Foreign Languages programs into digital,
blended and hybrid formats in the capital city universities as well
as regional universities of Eastern Europe.

The study limitations stem from the content and range of the
iterative survey results. The potential of further studies
encompasses evaluation of quality and efficiency assessment
dynamics of digital education in regions of Ukraine; comparative
case studies of different types of Foreign languages programs and
different regional programs transformation due to emergency
digitization in the framework of the pandemic and warfare
measures; sustainable modes of Foreign languages programs
digital adaptation in countries of Asia and Europe beyond the
timespan of the pandemic restrictions.
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ABSTRACT

Specialization of hospitals has been gradually incorporated in
the health field since post-WW]I period. It brought challenges for
in-hospital  educational model characteristic of health
professions, to such a degree that Residency Programs allocated
in Specialized Units have problems providing for in-depth
learning experiences outside their primary profile of care. There
are few native solutions to mitigate this didactic limitation, and
is a challenge faced by generations of residents now and into the
future. This study evaluated the use of Virtual Meetings as
Didactic Strategy and Teaching Archive in Health Residencies
and its current representation in literature. A parametrized search
was done between March/30th and April/6th, 2022. Eighteen
articles fulfilled inclusion criteria. Of these, fourteen articles
were published during COVID-19 pandemic; fifteen, focus on
implementation of Virtual Meetings; eleven articles emphasized
recording Meetings as a Virtual Archive. During the pandemic,
concerns grew about curatorship, technical aspects, and uses
beyond streaming-on-demand. No article lay emphasis on
retention of knowledge, abilities, competencies, or impact on
performance of residents. Eleven articles evaluated the virtual
tool but to the extent of recording participants reactions.
Although the professional development in health professions can
be faced as a continuous, integrated process, marked by
interdisciplinarity, there are differences distinguishing learning
that occurs during residency. Virtual Meetings enhance the range
of didactic interactions beyond time/space, but methodological
differences between modalities call for stringent analysis criteria.
At the other end, there is the outcome of interest. Is in the
theoretical or applied knowledge, abilities, pre-clinical readiness,
or clinical performance that a given strategy exerts impact?
Technology has revolutionized teaching/learning, but the
literature, currently, lacks evidence on effective tools to
adequately train health professionals during residency. COVID-
19 pandemic has forced acceleration on uptake of teaching
technologies, thus exacerbating the need for guiding evidence.
This integrative review, compiles data of interest, particularly to
Residency Programs in Specialized Units that intend on taking
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up these tools as alternatives for didactical constrains derived
from their pre-determined profile-of-care.

Keywords: Online Education, Virtual Classes, Didactic Digital
Collection, Synchronous Meetings, Live Web Meetings,
Residency

1. INTRODUCTION

Health residency programs (HRP) are educational
spaces demanding continuous assessment and requiring didactic
adjustments based on evidence. Although the professional
development in health-professions can be faced as a continuous,
integrated process, marked by interdisciplinarity, there are
differences according to the timing, motivation, influences,
perspective, and focus that distinguish the learning that occurs
during residency, from those happening during the graduation
course, or later, during the continuous practice of health
professionals (HP) that have fulfilled their basic training.

Specialized units (SU) harboring HRPs - even when
assisting patients of other profiles beyond their primary focus -
share the common problem of disparity of frequency, quality and
depth of the learning experiences that can be derived from such
cases, by their residents, when compared with those derived from
cases under their primary-profile. This problem is systemic and
bound to be felt repeatedly, by generations of residents, currently
and in the future.

Although external rotations of residents in other units
can mitigate inherent differences in patient profile and
complement residents’ education, how this will happen for a
specific resident in a given moment is unpredictable and beyond
governance of the native HRP in which the resident is enrolled.
In this sense, there are few native solutions HRPs running on SU
have to mitigate — in a consistent, systematic way — this type of
didactic limitation, for actual, as well as future residents.

This has motivated a review of the current literature to
evaluate how Virtual Scientific Meetings — as didactic strategy in
HRPs — and their transformation into a Didactic Archive, have be
used in such programs and which conclusions can be drawn of

https://doi.org/10.54808/IM SC12023.01.26
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their use, in this scenario, at this time.
2. METHODS

Literature search through Ovid MEDLINE, on
Scientific Virtual Meetings at HRPs in Brazil and abroad,
anterior to the start of COVID-19 pandemic (before Dez/2019)
and posterior to that (Jan/2020 and beyond) was accomplished.
The nuclei of interest were a) format of the Meeting (Clinical
case discussion, Journal club, Topic presentation, Technique
discussion session, etc.); b) aspects of implementation; c)
preservation as Virtual Archive; and/or d) impact of this didactic
tool (on knowledge, attitudes, or performance of residents).

Presence of any of the search terms on the title, abstract
or keywords was the initial step, followed by perusal for the
nuclei of content previously defined (Fig. 1).
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health professions

71689
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synchronous live web
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306545

Counter
Reference
15

365
Duplicate, exclusively on
graduation or
continuous education

386
Papers of
Potential Interest

Fig. 1. Search strategy and terms applied.

Initial search resulted in a total of 371 papers, whose
abstract was used for further refinement. Duplicated papers;
those lacking enough description of the virtual strategy used;
dealing only with asynchronous strategies; and those describing
strategies exclusively for 1) Graduating students, 2) Residents
selection process or 3) Continuous education of HP were
excluded. Eight papers remained. Fifteen additional papers were
listed by counter-reference and submitted to the same triage
process, remaining 10 papers.

Therefore, between 30th/March and 06™/April 2022 a
search using the parameters defined above retrieved 386 papers.
Of these, 18 papers matching the defined criteria were analyzed
in full and are the subject of this review.

3. RESULTS

Analysis of the search results are summarized on Table
1(1-18).

Of the 18 papers that matched pre-defined criteria, two
were undertaken in Brazil (10,18). Four papers were published
before the COVID-19 pandemic (2-5). The description of the
format of the Virtual Meeting was detailed in seven papers.
Fifteen papers mentioned aspects of the implementation of the
Virtual Meetings, but only one involved technological detail.

About the permanence as a Digital Archive, 11 papers
emphasized its advantages. During the pandemic concerns about
the curatorial and technical aspects arise as well as about the

18 Matching

Papers
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varied use of this archived material beyond streaming-on-
demand.

No paper presented details about retention of
knowledge, competences, or the impact of such a didactic tool on
residents’ performance. Of the eleven papers that evaluated the
Virtual Meeting, all analyzed them within other virtual didactic
strategies and up to registering users’ reactions.

4. DISCUSSION

“Webside teaching” is a movement in Health
Education, designed to meet the growing demands derived from
incorporation of a competence-based curriculum (19, 20), and
received a new impulse with COVID-19 pandemic.

This “virtual acceleration” had been previewed by the
World Health Organization (WHO) which, two decades ago, has
recommended, among the characteristics of an Ideal Heath
Professional (21), familiarity with technology and use of its tools.

The path of virtual education is embedded within the
concept of readiness, the prepared state (physical, mental, etc.)
for an experience or action (20). Readiness for virtual education
seem to involve five dimensions: a) access to technology; b)
technological abilities and competences; c) capability for self-
driven study; d) other pre-requisites (communication, capacity
for group work, assertiveness, self-confidence); and e)
motivation. Although the combination of the five dimensions
seem to determine success in this didactic modality, the three last
ones are easily correlated from their counterparts in traditional
teaching methods and easily recognized by educators and HPs.
The two initial dimensions, on the other hand, involve having
access and efficiently sorting common problems associated with
the daily use of computers and smart devices. In this realm,
minimal requirements for e-learning involve the use of 1 GHz
processors and 256 MB of RAM, as well as to have an internet
connection of a minimum of 56 Kbps for asynchronous activities
and above 1 Mbps wide range connection for synchronous
activities involving audio and video. African studies have shown
(20) that while, in 2015, only 15,7% of physicians had a personal
connection able to allow for synchronous activities; by 2021,
75% were able to download over 10MB from their connections,
demonstrating that technological readiness advanced markedly
with time.

Again, itis a fact that all aspects of readiness for virtual
education have evolved with COVID-19 pandemic (20),
nevertheless audio and video problems have been reported by 36-
42% of Chilean residents during e-learning activities during
pandemic (9). Chile, a member of Organization for Cooperation
and Development (OECD2020), has the America’s highest mean
internet connection velocity (23° and 15° on the world rank 2021-
2022 — Brazil being 49°, on the same ranking) (22, 23); therefore,
technological readiness remains an issue, even in the best
scenarios. It is paramount that education planners and
coordinators become fluent in this understanding, to be able to
use it strategically.

Some authors (19, 24) have tried to establish which
specific competences can be developed by virtual education. It
seems to help development of general and specific examination
techniques, clinical reasoning, analytic abilities, communication,
and use of evidence-based practices. Furthermore,
professionalism and virtual etiquette (netiquette) have also
seemed to improve (19,20,24).

Strategies for virtual evaluation and feedback,
considering the desired competence are summarized in Box 1.

It is a fact that diversified strategies used in virtual
education have a special appeal for the new generations of HPs,
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Box 1: Virtual evaluation and feedback strategy by competence

the “digital natives” and those who share this entelechy (25) and
have evolved beyond didactic tools to become forms of
institutional recognition (26-28).

According to time, content can be virtually presented
in a synchronous, asynchronous, or combined mode (4, 15, 19,
20) and this last seem to help keep students engaged and reduce
tutor’s burden.

Synchronous sessions may enroll residents and interns
of several hospitals and departments, reducing barriers of space
and time, and optimizing the use of resources. In countries like
Brazil, this is particularly valuable for specialties not included
among the internship obligatory rotations, and HRPs less sought
for and defined among national priority health areas (29, 30).

Pending on its format, Virtual Meetings - especially
when based on clinical cases - can be of interest to different levels
within the network of health assistance and to professionals of
different backgrounds, supporting interdisciplinarity. Because
they can be recorded, and stored into a Virtual Archive, they can
benefit generations of residents, interns, and other professionals.

The choice of format seemed to vary according to the
group of residents consulted. Orthopaedic residents in Chile and
US elected virtual case discussions as preferred format (9, 11),
but Urology residents preferred synchronous lectures and online
courses as their virtual activity of choice (10).

Virtual Platforms and Meetings discussing clinical
cases can also involve external tutors (19), with different
background and experiences and, in this way, broaden the range
of tutors, that residents have contact with. Such interactions can
foster partnerships and other conjoined initiatives.

Challenges and limitations (15,19, 20, 21) include (a)
recruitment of tutors interested in webside teaching; (b) training
of tutors and residents in technological tools of live interaction;
(c) formation of an institutional team involved in assisting events,
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recording, editing, and making content available for posterior
uses; and (d) retribution for the time spent in preparation and
post-processing of this material. Besides, (€) network
connections can limit live interactions, its recording and even its
distribution, given the “technological inequality” (a term to
denote varied levels of access to hardware and broad range
connection needed for such interactions among different groups
and areas). Swords et al (31) also point out the need for minimal
equipment, including phones with universal serial bus (USB)
entry and echo-suppression microphones — an initial investment
to be considered.

It is also possible to expect skepticism and lack of
support from higher (commanding and supervising) levels, as -
at present - there is a lack of evidence on the results of this type
of initiative in any area, including the residencies (19, 31).

Although in use by several HRPs and recently
assimilated or emphasized with the advent of COVID-19
pandemic, it was precisely the need to enlist objective data on the
utility of Virtual Meetings for training Health Residents, as well
as their preservation as a Digital Archive that motivated this
review.

On the other hand, the main intent of Virtual Meetings
within a Program is to supplement - not replace or shorten - the
presential curriculum. Considering the pandemic hindered and
even dismantled several routines in health departments and their
Residencies, caution must be exercised in dealing with such
didactic tools.

Gabr e cols. (18) observed that, before the pandemic,
radiology residents received 8 + 0.8h/week of theoretical
activities. It increased to 12.8 + 1.6h/week virtual activities.
There was a significant reduction in the number of cases of
diagnostic and interventional radiology seen and done by
residents, in comparison with the same period in the last 5-years.
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Case reduction varied from 39,3-75,5% in diagnostic
subspecialties like neuro and female pelvis and a global reduction
of 51,9% of interventions. Although the number of hours has also
increased in other specialties (13), residents mentioned not to
learn virtually at the same pace when compared to presential
interactions (13), re-igniting the notion that - in normal situations,
Virtual Meetings are used best as complements to presential
learning opportunities.

It is crucial to note (18) that in some areas, virtual
activities are easily implemented and used, requiring only minor
adjustments to the traditional teaching/learning experience. As
happens in radiology, dermatology, and pathology.

The flexibility to review the whole or its parts, pause,
fast forward or rewind a virtual content — once recorded - is the
main feature supporting the affirmation that asynchronous
materials enhance the effectivity of this teaching/learning
process. However, this can only happen if the content is really
accessed. If we can extrapolate from books to virtual content -
and data suggests that 60% of books acquired are never opened
(32, 33) - it is reasonable to expect that a percentage of didactic
virtual content will never be used. Finding this percentage has
implications on the choices for resources allocation, as on the
format through which content will be offered to the public that
will most benefit of its use.

In 2002, the internal medicine department at Yale
University published an article on the development of a Virtual
Platform to allow connectivity between their Residency
Programs (4). They found a cost reduction related to
administrative tasks and high levels of satisfaction amongst users
including residents, tutors, supervisors, and coordinators, in
geographically distinct sites. Authors (4) also emphasized that
customized Virtual Platforms have a higher chance to reach high
levels of satisfaction, once implanted and less difficulties in
achieving buy-in from different groups. This finding, in the realm
of a multisite Residency Program, is akin to data reported for a
didactic virtual platform customized to the needs of a SU, that
was rapidly incorporated internally, also receiving external
recognition (34-37). Such Didactic Platforms may include
Virtual Rooms in which Meetings can be recorded and
posteriorly made available, streamlining the dealings with the
virtual content into the didactic process, while registering the
daily routines and progresses of different Residency Programs.
Choice for systems that allow curatorship and auditing is,
therefore, logical (10).

Automatic  firing, requesting teaching module
repetition (as a feature of spaced education) or the auto-
determined repetition (the review undertaken by the participant
at a moment when content is felt in need) (16, 38-40) are only
two examples of uses of archived content that is amenable to
planning edition.

Once more the COVID-19 pandemic — and the new
potential situations requiring social withdraw — has made obvious
the importance of didactic virtual archives and the benefits of its
curatorship. Gabr et al (16) emphasized the interchangeability of
material between institutions, their use to enhance Didactic
Archives of specialty societies and other agencies involved with
quality training of health residents. This emphasizes can be
extended and seem particularly strategic for HRPs native to SUs.

There is a paucity of studies and a marked
inhomogeneity in methods in the ones published on this subject,
namely Virtual education in the scenario of Post Graduation latu
sensu. In fact, even in other scenarios, building evidence that
supports didactical choices is not easy: a systematic review of
technology assisted learning within a continuous education
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program for HPs showed that only 64% of 417 studies included
some validation (19, 31, 38-41).

Notwithstanding the fact that learning that happens
during Residency cannot be extrapolated from data produced
within other scenarios (graduation and continuous education),
within the field itself there are Programs where virtual strategies
seems an intuitive step - and the evaluation of its introduction,
redundant - while the same strategy can be perceived as
ineffective or superfluous in another. The same can be said for
the need to segregate comparisons within groups by time of
interaction, by outcome of interest, and avoiding common biases
(17, 31, 41). In the search of the literature itself, difficulties are
added by the broad definition of “virtual learning” as any
educational program using electronic systems (42, 43). For long
Medical Subjects Heading VVocabulary (MeSH) did not offer a
specific term if the didactic program has been offered by mail,
television, radio, or by the internet and, only recently, the term
“e-learning” has been reserved for those strategies using the
internet (42).

5. CONCLUSION

Technology has revolutionized teaching/learning, and Virtual-
Meetings enhance the range of didactic interactions beyond
time/space, but methodological differences between modalities
must be accounted for so that literature, can present evidence on
effective tools to adequately train HPs during Residency.

From nomenclature to methodological rigor, several
enhancements have to be brought to this field of knowledge in
order to accumulate efforts in favor of rational advances.
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ABSTRACT

The purpose of this paper is to devise a mobile application to
support both sign language and literacy skills among children
with Hearing Difficulties as part of rehabilitation engineering and
to implement its basic functionality. This study will make it
possible to support children with Hearing Difficulties in learning
written language in combination with sign language, thus helping
to emphasize the importance of the latter, and in learning and
communicating with their parents who use spoken language. This
application has the following functions: (1) to register sign
language clips acquired from a mobile device’s camera by
attaching tags to them, (2) to save multiple sign language clips
using sets and tags, and (3) to reproduce and play back sequences
of the saved sign language clips. Because of a preliminary
evaluation experiment, the application was highly evaluated by
the collaborators, and most of the negative comments were
attributed to the small amount of registered data and its inability
to support use in complex situations. Based on this, we believe
that this application’s basic concept has been achieved.

Keywords: Sign Language Learning, Speech Recognition and
Mobile Applications.

1. INTRODUCTION

Hearing impairment is commonly referred to as a
“communication disability.” There is no doubt that hearing
impairments such as deafness and Hearing Difficulties present a
distinct disadvantage for accessing and transmitting information.
In particular, for deaf and hearing-impaired children who will
acquire language skills in the future, provision of continuous
intervention support right from the early stages and over a long
period of time is essential.

Language skills can only be supported through such
intervention techniques. For this reason, the medical and
rehabilitation fields have been aiming to develop technologies to
support language acquisition. This paper aims to utilize
technology from such a standpoint.

As background in Japanese society, the “Act on Promotion,
Acquisition, Use, and Communication of Information by Persons
with Disabilities” (Act on Promotion of In-formation
Accessibility and Communication Policies for Persons with
Disabilities) is to be enacted this year (that is, 2022). The
supplementary resolution states, “In the light of the fact that all
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47 prefectures and all 141 municipalities have submitted written
opinions to the government requesting the enactment of the Act,
further consideration should be given to the further enhancement
of measures related to sign language, including legislation of a
Sign Language Act” [1]. Thus, in recent years, the need to
support the existence of sign language as a language and the
communication conducted through it has become increasingly
important.

The “Japanese Sign Language Bill” drafted by the Japanese
Federation of the Deaf emphasizes the importance of education
through sign language [2]. However, even to-day, there are still
many cases of deaf people and some hearing-impaired people not
receiving sufficient support for learning sign language or facing
difficulties in learning it.

The current authors’ research aims to support children’s
learning of written char-acters and communication and learning
with parents that use spoken language—especially, for children
with Hearing Difficulties—as well as the importance of sign
language education in combination with it. In particular, this
paper proposes and tries to develop a mobile application to
support the sign language and literacy skills learning of children
with Hearing Difficulties. The authors have previously
developed mobile applications for assisting children with
Hearing Difficulties and developmental disabilities in
communicating and planning for the future [3][4]. By extending
these applications, this paper aims to devise a mobile application
for supporting the sign language and literacy skills learning of
children with Hearing Difficulties and to implement its basic
functionality.

2. RELATED RESEARCH

One of the earliest attempts to digitize the learning of Japanese
Sign Language was the sign language learning system “Mascot”
[5]. Since then, several further attempts have been made,
including the development of “Mimehand II” (Mimehand Two),
which is an animated version of sign language.

To cite an overseas example, El-Seoud et al. proposed a system
to support communication and sign language learning for the
hearing impaired [6]. This is a server-client type system with
mobile devices as the client, in which users can browse words,
phonemes, and numerals using photos and video. Joshi et al.
developed an application to help deaf people learn the basic signs
used in Indian Sign Language and communicate with hearing
people [7]. The application’s learning function includes signs for
the alphabet, numbers, and greetings. The communication feature

https://doi.org/10.54808/IM SC12023.01.34
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displays a sign language video corresponding to the text entered
by the listener. These efforts certainly focused on sign language
and were aimed at constructing a support system for it, and while
the inclusion of video was a feature, it did not go so far as to
enable it to compose sentences and support communication.

Al Ameiri et al. have developed an application for teaching
and communicating in Arabic Sign Language [8]. By selecting a
word from a list, users of this application can view a sign
language video corresponding to that word. The application also
allows users to communicate by converting text into Arabic Sign
Language, chat using Arabic Sign Language, and capture their
own sign language and send it to others. Emad E. Abdallah et al.
have developed applications for learning sign language and
communicating with deaf people [9]. Although these were
developed from the perspective of emphasizing communication,
the sign language display is limited to images and is not fully
capable of displaying video. Considering that sign language is a
spatial language that involves movement, it is difficult to
evaluate whether these applications make full use of this feature.

In terms of sign language learning in Japan, Ishihara et al.
proposed a “sign language word retrieval system” for sign
language learning [10]. Although there have been some scattered
attempts at establishing databases storing sign language words
and expressions such as these, there have not been enough
attempts to support communication or to express sentences and
meaning through them.

3. A SIGN LANGUAGE LEARNING APPLICATION

3.1. Proposal

Sign language is composed of hand actions and non-hand
actions (non-manual markers) such as facial expressions and
head movements [11]. There are two main types of signs in
Japan: Japanese Sign Language and Japanese Correspondence
Sign Language, and a mixed type of both, which is called Hybrid
Sign Language [12][13]. Japanese Sign Language is a language
with its own system that differs from that of Japanese, and
Japanese Correspondence Sign Language arranges signed words
in Japanese word order.

In the case of sign languages that involve hand actions and facial
expressions, it is considered easier to learn by viewing videos
rather than reading illustrations, photographs, or written
explanations. Furthermore, since there are three types of sign
languages, in-stead of the application provider specifying the
type, the learners themselves should decide what they want to
learn. Therefore, it is necessary to allow the learners and their
parents to register sign language clips in the application.

Currently, various books are available as learning materials for
sign language (e.g., [11][12][14]). In many of these books,
illustrations or pictures showing the words or phrases in sign
language are accompanied by the corresponding words or
phrases in the spoken language—in the case of Japanese Sign
Language, the Japanese words or phrases. Furthermore, sign
language learning contents on DVDs and video sharing sites
often display words and phrases corresponding to the signs like
subtitles in TV programs. Therefore, in this application, the
words and phrases in the spoken language corresponding to the
words and phrases in the sign language will also be indicated
together. However, in order to support both sign language and
literacy, the learners themselves can register the sign language
clips and the words and phrases corresponding to the signs and
search for them.

We have developed a mobile application to support
communication primarily for children with Hearing Difficulties
[3][4]. This application is characterized by the following
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features: (1) short words and phrases (we called them tags) are
connected to illustrations and photos in the tablet device and
stored and (2) depending on the communication setting,
illustrations and photos are retrieved through speech recognition
and displayed along with the tags as if they were sentences,
thereby supporting communication for children with Hearing
Difficulties. These features are considered effective for the
requirements of a sign language learning-support mobile
application that supports both sign language and literacy, as
described above. Therefore, in this paper, we propose and
implement an application that follows these features and has the
following functions.

1. Function to associate tags with sign language clips acquired
from mobile device cameras and register them;

2. Function to save multiple sign language clips in a row with
tags and sets;

3. Function to reproduce and play back sequences of saved sign
language clips

1. Function to associate tags with sign language clips acquired
from mobile device cameras and register them

Sign language clips that have been captured in advance or
captured by starting the device camera from this application are
displayed on the device screen, and the phrases and words
corresponding to the signs are assigned as tags and registered in
the database of the application.

2. Function to save multiple sign language clips in a row with
tags and sets

Sign language clips are retrieved through speech recognition or
keyword search and displayed side by side with their tags. Then,
their sequence is added to the database. If none of the sign
language clips are found, the system searches for any illustrations
or photographs to which the tag is attached. In this study, sign
language clips and so on along with the sequence of their tags are
referred to as a sequence.

3. Function to reproduce and play back saved sign language clips
and tag sequences

The sequence of sign language clips and tags added to the
database—that is, sequence—is reproduced, and each sign
language clip is played back. When playing back the sign
language clips, two methods can be used: one allows the user to
specify the clip he/she wishes to play back, and the other allows
the user to play back the sign language clips in synchronization
with the sequence of the sign language clips—that is, each clip is
played back in order.

3.2. Implementation

Sign language is composed of hand actions and non-hand
actions (non-manual markers) such as facial expressions and
head movements [11]. There are two main types of signs in
Japan: Japanese Sign Language and Japanese Correspondence
Sign Language.

3.2.1. Tagging sign language clips

To register a new sign language clip, first, either record a new
sign language clip or select a clip that has already been recorded.
To record a new sign language clip, start the camera application
installed on the tablet device and take a video of the sign
language using the application. When the user is recording a new
sign language clip or selecting an existing one, the sign language
clip is displayed on the screen, and the user can enter a word or
short phrase that indicates the sign language content while
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viewing the clip (Figure 1). When those clips and tags are saved,
information about the sign language clip, which is described in
the next section, is added to the database, completing the
registration of the sign language clip.

FEHEEM

= Bhi+3

FEBHEER

Figure 1. Tagging and registration of sign language clips (in
Japanese)

3.2.2. Searching for sign language clips and saving and playing
back sequences

This application searches for sign language clips by using
speech recognition or keywords, and displays the sign language
clips together with their tags (Figure 2). The application manages
the sequence of sign language clips and tags by maintaining a list
of sign language clip file names, types, tags, and other
information about individual sign language clips (sign language
clip information). The sign language clip type indicates the type
of clip that is preinstalled in the application or the type of clip
that was captured by the mobile device’s camera application, and
this application switches the method of displaying the clip in the
video view according to its value. Therefore, in the future, by
increasing the number of types, it will be possible to use videos
from websites.

&/

Figure 2. Achieving Sentence representation by searching and
sequencing sign language clips (in Japanese)

If none of the sign language clips are found through the search,
the application will search for any illustrations or photographs to
which the tag is assigned. Furthermore, if there are multiple clips
or illustrations/photos with the same tag, the user can select
which one to add to the sequence.

When playing back a saved sequence, a list of sequences is first
displayed (Figure 3), and by selecting one of them, the sequence
is reproduced, and the respective sign language clip is played
back as shown in Figure 4. When playing back a saved sequence,
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the sequence is also managed through the list detailing the sign
language clip information.

There are two ways to play back a sequence of sign language
clips: by tapping each sign language clip individually, or by
having each sign language clip play automatically in the order of
the sequence after the first sign language clip in the sequence is
played.

20204048058 FASEEIER
EJ0 3

20204045050 RIS EIK L
5 2

20204048058 FASEEIEK
3=| 2

20204048051 FIESEI
EJR) 3

20204045058 SEE =
vl 2

20204045058 FESEEI
#ER 2

=Y 2BK

BEEK 3

L=t
BERK 3

Figure 4. Reproducing and playing back sequences
(in Japanese)

4. PRELIMINARY EVALUATION EXPERIMENT

4.1. Experiment Overview

Using the application described in the previous chapter, an
experiment was con-ducted for future development.

The experiment was conducted by lending a tablet containing
this application to users for two weeks. The participants were
students, who were briefed on the application in advance and
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confirmed with the experimenter that there were no problems
with the tablet or the application. The participants conducted a
“quest,” in which they communicated in a specified situation by
using the app in pairs and wrote the results on a specified sheet.
The application was preloaded with 260 sign language clips.
Experiment participants: 13 groups of students attending the
2019 Tsuda College course “Introduction to Media Practice”
Period: November 6-20, 2019.

Quest 1: Compose and save a sequence for “What I did in school
yesterday (or the day before)” by using sign language clips,
fingerspelling, and clip registration. The experimenter refers to
this as the “classroom display.”

Quest 2: Compose and save a sequence for “What I did outside
of school yesterday” by using sign language clips, fingerspelling,
and clip registration. The experimenter refers to this as the “social
display.”

Quest 3: Register sign language clips and combine them to create
a free sequence (three per person). The experimenter refers to this
as “free display.”

The answer sheet asked the following questions for each quest:
1. The sequence created, 2. Whether the content was considered
sufficient, 3. Good and bad points, 4. Words that could not be
displayed well and words or functions they wanted to include and
5. Words that were newly recorded and registered in the video.
The participants were asked to rate their understanding of Item 1
on a 5-point scale: 5. Well done, 4. Mostly well done, 3.
Undecided, 2. Not well done, 1. Not at all well done.

They were also asked to use a 100-point scale to rate what was
good and bad about the operability, sign language
comprehension promotion, usefulness of video communication,
and expectations. They were also asked to report any bugs they
found.

4.2. Experiment Results
4.2.1. Results of each quest

All participants in the experiment completed all quests and
submitted completed evaluation sheets. The comments below
summarize the main points (omitting trivial differences in textual
expression and so on).

The results of Quest 1, “Classroom Display,” were as follows.
The sentences created in response to the quest were short
sentences such as “I read a book in school yesterday.” The
contents were actions such as eating, studying, and dropping a
smartphone.

The average rating on the 5-point scale was 3.2 for whether the
contents were adequately displayed. The good points included
comments such as “Almost everything was displayed,” “I think
that I could understand it,” “The speech recognition performance
was better than I expected,” “When there is no corresponding
word, I can quickly add it by taking a video,” and “The use of
video registration makes it concrete and easy to understand.” As
for the bad points, there were comments such as “After making a
sentence, it is not possible to add it in the middle,” “There is no
past tense” “Speech recognition does not work well, and it is
slow,” and “Japanese has many verb patterns, and more data is
needed.”

The results of Quest 2, “Social Display,” were as follows. The
content included actions such as shopping, talking on the phone
with a friend, and taking a picture with a camera. The sentences
created in response to the quest were short sentences such as “I
played volleyball yesterday.”

Regarding whether the content was adequately displayed, the
average rating on the 5-point scale was 3.1. As for the good
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points, there were similar comments to those of Quest 1 as well
as “I was impressed when I found the corresponding words.” The
bad points included comments such as “It is difficult to use (or
select) the registered words because there are so many,” “I wish
it would recognize verb conjugations,” “Conjunctions do not
work,” “Words I want to use are not registered,” and “I cannot
distinguish which ‘take’ is ‘take’” (meaning that it could not
distinguish between homonyms).

The results of Quest 3, “Free Display,” were as follows.

The sentences produced in response to the quests were short
sentences that contained more complex elements than Quests 1
and 2 (for example, “I have a cat” and “I went to Korea with my
friends”).

Regarding whether the contents were adequately displayed, the
average 5-point rating was 3.0. Good points included comments
such as “It has the ability to search by text if it does not appear in
the audio” and “The sequence list page is easy to read.” As for
the bad points, there were comments such as “I did not know how
to express auxiliary verbs,” “The part that can be displayed on an
actual smartphone (when showing a smartphone),” “I do not
know how to express the verb ‘to do,”” and “There is not enough
data (to express what I want to say).”

The results of the operability evaluation throughout the quest
were as follows.

4.2.2. Evaluation through all quests

The evaluation of operability throughout the entire quest was as
follows.

The average rating on the 100-point scale was 53.5, with a
minimum score of 30 and a maximum score of 80. For the good
points, most of the comments were about voice recognition and
its ease of use and comprehensibility in operation, such as “Voice
search is possible and easy to understand,” “What is not
recognized as a sentence is recognized as a word,” “The design
is simple,” and “There are almost no complicated operations, and
it is easy to create sequences and take videos.” Most of the
comments were about the "simplicity of the design" and "the fact
that there are almost no complicated operations and it is easy to
create sequences and take videos. As for the bad points, they
concerned issues with input such as “I was surprised when the
video played by itself,” “I had to speak slowly to be heard,” “It
is slow,” “Sometimes, it is difficult to recognize the speech, and
the videos are not played clearly,” “(Certain words) were not
recognized no matter how many times I tried,” and “Words are
recognized, but sentences are not recognized through speech
recognition or the keyboard (no input functionality).” Words are
recognized, but sentences do not work (cannot be input) either by
voice recognition or by keyboard. There were two user comments
that stated, “I want to edit part of a sequence, but I have to re-
enter the whole text.” One person commented on the operability
issues with the video, saying, “There were many sign language
videos that stated, 'This video cannot be played.””

The evaluation of the promotion of sign language understanding
throughout the entire quest was as follows.

The average rating on the 100-point scale was 62.3, with a
minimum score of 30 and a maximum score of 90. The most
common positive points concerned the basic concept of this
application and its potential; see, for example, “Interpretation
with people who use sign language is possible” (4 persons), “Any
conversation is possible,” “There are interesting points and
possibilities even if I do not use sign language” (2 persons), and
“I can talk regardless of age and nationality.” One common bad
point was expressed in “I do not need to use it to talk” (2). The
most common negative points included functional problems such
as “Sign language corresponding to trivial changes such as
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adverbs and past tenses does not appear” (2 persons) and
photography issues such as “The sign language database makes
it difficult to see unless the angle of the view is adjusted” (2
persons). Furthermore, there were also comments that may be of
concern to those who do not use sign language such as “It is
difficult to tell whether the sign language is a mirror image or
not,” “It is difficult to tell whether the sign language displayed is
really appropriate for the content,” and “Unnecessary movements
may make it difficult to convey the message” (1 person).

The evaluation of video communication throughout the entire
quest was as follows.

The average rating out of 100 was 66.9, with a minimum score
of 30 and a maximum score of 100. Good points included
evaluations of specific functions such as “The ability to save
videos that I entered myself” (3 persons), “The sense of
accomplishment in being able to do it makes it fun,” and “Being
able to use videos is interesting, and I never get bored” (2
persons).

The most common comments on the bad points were about
portrait issues such as “It is hard to concentrate when the faces of
various people who created the signs are shown” (2 persons), “I
am worried about misuse because my face is shown,” and “It is
not exactly fun to see the faces of people I do not know.” There
were three comments about the registered vocabulary: “If there
are not enough words, I end up typing in letters (more data would
be good)” and “I cannot express what I want to express
adequately.” Other comments included “It is difficult to use” (2
persons), “It may be confusing if gestures using sign language
are mixed in,” “Displaying the number of times the video has
been played is unnecessary,” “I want to give titles to sequences,”
and “I might get bored if I cannot share the videos I have created
with others.”

The average expectation score was 73, with a minimum score
of 50 and a maximum score of 100. Although they overlapped
with the previous items, many comments were concerned with
the basic concept of this application. These were comments such
as “It can be used to communicate with people who use sign
language” and “It can be used for learning sign language.” There
were also comments on specific operations and requests for
improvement. Furthermore, many other possibilities for use
beyond hearing-impaired children were indicated, such as
communication with people who speak different languages, use
as an illustrated book application, and use with young children.

4.3. Discussion of Survey Results

Overall, the experiment collaborators rated the application
highly, and most of the negative comments were attributed to the
small amount of registered data and the inability of the
application to withstand use in complex situations. Based on this,
we believe that the basic concept of this application has been
achieved.

The score-based evaluations varied depending on the quests at
the time of the experiment; the more limited the situation, the
higher the evaluation. When the situation was more flexible,
there were more negative comments about the small number of
registered vocabulary words, lack of abundance of expressions
(e.g., past tense), and increased slowness during operation. This
indicates that it is necessary to first limit the situations in which
this application is used to some extent, augment the registered
data related to those situations, and create a manual that includes
the purpose and situations in which the application is to be used.
Furthermore, although the application was evaluated as being
easy to operate in this experiment with students, it is necessary
to continue verifying whether there are any problems for actual
users, including children.
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The application showed a high level of expectation and many
potential applications. It can be said that there is room to develop
various versions of this application as a prototype.

5. CONCLUSION

Regarding language acquisition technology, this paper aimed to
develop an application that can support language acquisition by
utilizing sign language videos.

In particular, this paper provides a concrete implementation and
preliminary verification of the basic functions of the application
including sign language clip registration and retrieval. This paper
also confirms that these functions work properly and are useful.
However, we are also aware that several features are still
insufficient for users who want to actually learn a sign language
or for assisting users who want to use it in communication. First,
the standard vocabulary that can be stored does not allow for
sufficient organization of its variations.

Sign language consists of sentences made up of a series of
movements, and many of these movements are difficult to isolate
as words. The same word can have a variety of “conjugations”
where the meaning is emphasized or reduced depending on the
movement, but it is difficult to store these in this application. A
typical challenge will concern how to resolve such changes and
variations in sign words. Another challenge, again, concerns the
use of a large-scale use experiment to test how far it can respond
in practice.

Although a certain degree of effectiveness can be expected at
this stage, the true value of the system will not be known until it
is actually used in a variety of communication situations. We
believe that the next task is to conduct use experiments with the
cooperation of actual deaf and hearing-impaired people.
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ABSTRACT

The wartime emergency induced amplified digitalization
measures in the higher education sphere, informed by the need to
take quick comprehensive action in order to achieve the
overarching result to transform educational scenarios into
interdisciplinary digital, blended, and hybrid frameworks.
Taking into account the context of the erupted military
intervention on Ukraine in February 2022, and the ensuing
information warfare in various digital environments (social
media, news coverage, digital communications), the specific
value of the learning outcomes and outputs is allocated to the
digitally enhanced foreign languages education as a tool of the
internationally broadcast strife of Ukraine for freedom and
sovereignty. The study results disclose the comprehensive review
of dynamics of the metadigital skills development and
application to construe interdisciplinary competencies of
students of European (English, Spanish, French, Italian, German)
and Asian (Mandarin Chinese, Japanese) Languages major
programs in Ukraine through the span of educational activities in
the time-frame of wartime emergency digitization measures of
2022-2023 in Ukraine.

Keywords: metadigital skills, digital literacy, dynamics, foreign
languages education (FLE), emergency digitization

1. INTRODUCTION

Transformative shifts in the knowledge economy of the XXI
century, Industry 4.0 development [17] and elaboration of
networked society, emergency digitization due to quarantine
measures has imposed pressing revisions onto interdisciplinary
and cross-sectorial job market demands of Liberal Arts university
graduates’ skillsets, upon entering the workforce. This, in turn,
stipulates reevaluation of the interdisciplinary approaches to
comprehensive professional competences in foreign languages
acquisition, education, and application [15].

First the global pandemic and later the active phase of the warfare
induced amplified digitalization measures in the higher education
sphere [13; 14; 16], informed by the need to take quick
comprehensive action in order to achieve the overarching result
to transform educational scenarios into interdisciplinary digital,
blended, and hybrid frameworks.

Taking into account the context of the erupted military
intervention on Ukraine in February 2022, and the ensuing
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information warfare in varying digital environments (social
media, news coverage, digital communications), the specific
value of the learning outcomes and outputs is allocated to the
digitally enhanced foreign languages education as a tool of the
internationally broadcast strife of Ukraine for freedom and
sovereignty.

The consequent functional tasks to meet this challenge in the
educational sphere are estimated as 1) adapt the existent
educational scenarios to digital, remote and hybrid formats; 2) to
upgrade ICT competence and digital literacy of all participants of
the educational process under extreme duress; 3) to activate
complex interdisciplinary (soft and hard) skillsets, otherwise
latent or underutilized in the educational process.

The study objective is to diagnose and critically review the
dynamics of metadigital skills development and application to
construe interdisciplinary competencies of students of European
(English, Spanish, French, Italian, German) and Asian (Mandarin
Chinese, Japanese) Languages major programs in Ukraine
through the span of educational activities in the time-frame of
wartime emergency digitization measures of 2022-2023 in
Ukraine.

2. METHOLDOLOGY

The study methodological design includes the following steps:

1) The modelling of interoperability between various
competency principles, derivative of twenty-first-
century skills [1; 3; 4; 22] and projected digital literacy
requirements for Foreign Languages Education (FLE)
across core digital literacy frameworks (European e-
Competence  Framework [7], UNESCO ICT
Competence framework for educators [20] and
European  Commission  Digital  Competence
Framework: DigComp 2020 [6]);

2) The survey method application for diagnostic analysis
of different digital literacy [5] components and
dimensions, as well as digital skills implementation,
used to assess the parameters of efficiency of
transforming real-life linguistic education practices
into the emergency digital and hybrid format.

The identification of the correlation between various groups of
applied digital skills and soft skills, instrumental to develop
interdisciplinary professional competence of FLE students.

https://doi.org/10.54808/IM SC12023.01.40
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3. FINDINGS

Metadigital skills development modelling

The following grid of groundwork concepts is applied to profile

the Foreign Languages Education (FLE) in the study:
e INTERDISCIPLINARITY;

e INTEROPERABILITY;
e META SKILLS;
e VIRAL DIGITAL SKILLS.

The meaning of INTERDISCIPLINARITY is synthesized for the
purpose of this study as an agglomeration of two or more fields
of knowledge into one scope/goal of study, inquiry or activity [2;
8;9;12; 13].
The concept of INTEROPERABILITY is disclosed across
different lens [11; 18] as a characteristic of an object, product or
system, that allows its interface to be comprehensible, to work
with other objects, products or systems.
As applied to Foreign Languages Education, the concept of
interoperability represents the property of functional, dynamic
interconnectivity between the source and target domains of
linguistic content, linguistic theory content, related areas of
scientific and universal knowledge, and domains of professional
and social application.
Interoperability for FLE skills is ensured by the communicative
nature [1] of interdisciplinary skills. The core cross-sectorial
domain that is referential for primary skills (social skills,
emotional intellect, collaboration, communication, ICT-literacy),
necessary for educational goals achievement, is estimated to be
COMMUNICATION.
A METASKILL is defined as a skill requiring to process lots of
information across different knowledge domains and make
complex interoperable decisions simultaneously [21].
VIRAL DIGITAL SKILLS for the purpose of this study are
defined as rhisomatic capabilities of interoperable manipulation
of digital data, tools, and communication formats, acquired
institutionally, intuitively or on the peer-to-peer basis.
Given the nature of increasingly digitalized context of foreign
languages education and communicative application (“the
Technospheric shift” [16], it is suggested to consider the different
types of information source and information destination (human
and machine/computer/program, accordingly) in the structure of
the groundwork Communication Model [19], when
communication is approached as the core factor of
interoperability of source and target knowledge and application
domains in FLE.

Subsequently, a model of soft skills paradigms and digital

literacy frameworks INTEROPERABILITY in FLE is

suggested:

1) European E-competence Framework Guideline (European
Commission, 2020 [7]), customized according to European
Professional Competence Framework, accommodates the
following soft skills in terms of digital competence
requirements for vocational activity in FLE: service
orientation; attention to detail, learning strategies,
leadership and social influence, cognitive creativity and
flexibility, coordination and time-management; human
resources management;

2) UNESCO ICT Competence framework (UNESCO, 2018
[20]), customized for pre-service teachers of foreign
languages, accommodates the following types of soft skills
in terms of digital competence requirements: collaboration,
team-work, problem-solving, reasoning and ideation.

3) Digital Competence 2020 framework (European
Commission, 2020 [6]) for general public, accommodates
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the following soft skills in terms of digital competence

requirements  for  efficient  digital  citizenship:
Communication and collaboration, creativity and
adaptability, learning and innovation, trustworthiness,

emotional intelligence, complex problem solving.

E-skills dynamics in Foreign Languages Education: Survey

results

The survey analysis is further applied for in-depth,

comprehensive diagnostics of interoperable digital literacy

components, used to assess the parameters of efficiency of
transforming real-life FLE education practices into the digital
and hybrid format in the active wartime timeframe in Ukraine

(February 2022 — April 2023) for students of Asian languages

and European languages major programs.

The survey sample consists of 457 respondents of 7 Foreign

Languages Programs (lItalian, Spanish, French, English, German,

Mandarin Chinese and Japanese) across 3 tiers of FLE study

(Bachelor’s, Master’s, Graduate) in the universities of the capital

city (Kyiv, Ukraine) in the timeframe of wartime emergency

digitization measures of 2022-2023 in Ukraine.

The survey structure comprised of 16 complex diagnostic

questions (multiple choice, criteria comparison and Likert scale

score types), divided into the following categories:

1) questions on overall assessment of digital literacy
level in the framework of wartime digitization for university
programs of Asian and European languages;

2) questions on diagnostics of future specialists in FLE
according to the established frameworks of digital competencies
in the professional field;

3) questions on diagnostics of interoperability of
linguistic / communicative / soft professional and e-skills for
university programs of European and Asian languages
The study results disclose the following interoperable
dimensions of dynamic e-skills development, instrumental for
the efficiency of Foreign Languages Education:

Estimation of overall digital literacy level in the framework
of emergency digitization for university programs of Asian
and European languages;

e  Comparative evaluation of individual digital literacy level
for university programs of Asian and European languages
during and prior to the framework of emergency digitization
measures (in peacetime and in wartime);

Diagnostics of future specialists in FLE according to
European e-Competence Framework and estimation of
digital skills of FLE for professional application:

e  The evaluation of the dominant professional e-competence
dimensions for FLE students being to PLAN; to RUN; to
ENABLE professional processes in FLE.

e The corresponding dominant professional goals for FLE
students are measured to be: Planning of professional
processes (in the field of foreign languages); Monitoring of
professional activity (in the field of foreign languages);
Provision (facilitation) of professional activity (in the field
of foreign languages).

e  General types of dominant digital skills for professional
application of FLE students according to the European e-
competence framework - ICT practitioner skills and ICT
user skills

e  Comparative assessment of general types of digital skills for
professional application of FLE students (pre- and Covid-
19 timeframe).
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Diagnostics of digital skills of FLE for pre-service and in-
service teachers according to UNESCO ICT Competence
Framework:
Priority professional activity goals of FLE pre-service teachers
for digital skills application are estimated as:

1) to develop curricula using digital tools;

2) to develop learning materials using digital tools;

3) to understand the role of digital technologies in

language education;

4) to organize and administer the learning process using

digital tools;

5) to improve your own teaching skills with digital tools.
Priority student oriented goals of FLE pre-service teachers for
digital skills application are estimated as:

1) Teach to implement different types of speech activities

(oral, written, listening, dialogue, monologue);

2) Teach to work in a team / organize collaboration;

3) Teach to think critically using digital tools;

4) Teach to solve problems with digital tools;

5) Help learn independently via digital tools;

6) Help to become effective participants in civil society

through digital tools.

SEMIOTIC SOCIOLINGWISTIC
COMPETENCE COMPETENCE
3 ——,

e parﬁcl'patlié-_::t in
- Erocup
learnine comtent itAtiies
— R —
R [

systEmic use of
ICT

systemic use of
ICT

V. Diagnostics  of

V. Diagnostics of future specialists in FLE according to

European Commission DigComp 2020 Framework ensured
assessment of digital skills of FLE for digital citizenship:
Key digital competence dimensions for digital citizenship,
enhanced by FLE (foreign languages education) are estimated as:
1) Information and data literacy;
2) Communication and collaboration;
3) Problem solving;
Digital activities mastery in FLE, enhanced through emergency
digitization timeframe: to articulate information needs, to locate
and retrieve digital data, information and content; to judge the
relevance of the source and its content; to store, manage, and
organize digital data, information and content; to interact,
communicate and collaborate through digital technologies while
being aware of cultural and generational diversity; to keep up-to-
date with the digital evolution.
interoperability  of  linguistic /
communicative / soft professional and digital skills for
university programs of FLE:
Dominant combinations of digital communication elements,
instrumental for professional linguistic competence formation
are estimated as follows (Fig.1):

DISCOURSIVE STRATEGIC
COMPETENCE COMPETENCE
fr— .} .}
systemic use of reation of e-

ICT learninzs content
R — —
fr— .}

presentation to presentation to
the community of the communiaty of
the results of the results of
one's activity via one's activity via

ICT ICT

——— ——

Figure 1. Digital communication elements, instrumental for linguistic competence formation.

1) semiotic competence is enhanced by such elements of digital
communication as creation of e-learning content, systemic use of
ICT;

2) sociolinguistic competence is enhanced by such elements of
digital communication as participation in group ICT initiatives,
systemic use of ICT;
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3) discoursive competence is enhanced by such elements of
digital communication as systemic use of ICT, presentation to the
community of the results of one’s activity via ICT;

4) strategic competence is enhanced by such elements of digital
communication as creation of e-learning content, presentation to
the community of the results of one’s activity via ICT.

e  Dominant linguistic competence elements, instrumental for

digital communication are evaluated as follows (Fig.2):
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1) discoursive competence is estimated as dominant for
participation in group ICT initiatives;

2) semiotic competence is estimated as dominant for creation of
e-learning content;

3) sociolinguistic competence and strategic competence are
estimated as dominant for systemic use of ICT;

4) strategic competence competence is estimated as dominant for
presentation to the community of the results of one’s activity via
ICT.

Key digital competencies, effective for the implementation of
foreign language acquisition activities are evaluated and
estimated as follows:

1) for Oral speech activities the dominant digital competences are
Information and data literacy, Communication and collaboration;
2) for Written speech activities the dominant digital competences
are Communication and collaboration, Digital content creation,
Safety;

3) For Audial activities the dominant digital competences are
Information and data literacy, Communication and collaboration,
Digital content creation;

4) For Vocabulary acquisition activities the dominant digital
competences are Information and data literacy, Digital content
creation, Communication and collaboration;

5) for Stylistic acquisition activities the dominant digital
competences in equal measures are Information and data literacy,
Communication and collaboration, Digital content creation,
Problem solving.

4. CONCLUSIONS

The study findings allow to estimate as well the interoperability
of soft skills and digital competence dimensions in Foreign
Languages Education, and to detect challenges for actual and
underdeveloped skills (hard, technical, and soft), that
stakeholders of the European and Asian languages education
encountered through digital format adaptation in the emergency
digitization timeframes in peacetime and in wartime. These
challenges include the following types:

1) Digital literacy challenges: Lack of proficiency in the
use of LMS tools for specific purposes (tests, test results export,
essay question randomizer); Lack of proficiency in use of
specific communicative interface options (for e.g. screen sharing,
separate rooms division, individual and public chats); Lack of
proficiency in use of Google Suite tools; Lack of proficiency in
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the use of mobile versions and Android/iOS app versions of

platforms, tools and services, used in FLE workflow;

2) Digital divide in accessibility of computer and Web

technologies, necessary for all stages of Foreign Languages

Education: Internet bandwidth and stability of connection;

Update of PC hardware and software for all participants of the

FLE process (out of date software impaired videoconferencing

possibilities, for e.g.); Access to back-up smart devices to carry

out the FLE procedures.

3) Soft skills and emotional challenges: Learning and

innovation (professional activity outside of the comfort zone);

Entrepreneurial outlook; Time-management; Collaboration and

networking via digital media in the lockdown framework;

Emotional intelligence and awareness; Critical thinking and

decision making;

The comprehensive study results inform the derivation of the

following recommendations for Foreign Languages Education in

emergency digitization paradigms:

e tocritical review of the curriculum content to accommodate
the dynamics of multi-disciplinary digital input expectations
of the FLE stakeholders;

e to review and update of the FLE curriculum content
interconnectivity and learning outcomes to accommodate
the interoperable interface of skills, customized to facilitate
professional activity and language application in the
intensely digitized world (especially under extreme duress);

e to devise a flexible model of FLE content upgrade to meet
the dynamic transdisciplinary requirements of the job
market in the digital economy of the post-pandemic / post-
war timespans and to enhance universal employability of
professional application for foreign languages majors in the
digital age.

The study results have a potential to be furthered and elaborated

in assessment of interdisciplinary and interoperable digital skills

adaptability for separate groups FLE stakeholders, according to
according to roles and tasks performed in the language
acquisition workflow, as well as according to age and entry
digital literacy level. The perspective of the study is in scaling
the inquiry to estimate the parameters of digital literacy
formation for separate groups of source and target languages
acquired, as well as to diagnose interdisciplinary digitization
trends of FLE across countries of Asia and countries of Europe.
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ABSTRACT

In order to cover the educational needs generated by the
accelerated change in the rhythm of life of society, the creation
of other study modalities arises that allow access from anywhere,
in this sense, the online education modality emerge, it requiring
teachers to evolve in their skills to be participants in this
teaching-learning process. This research propose a pedagogical
strategy based on the use of tools that allow the development of
teachers' digital skills in the face of virtual learning environments
in the online modality of the in preschool and schools education
careers of the Technical University of Manabi. A descriptive
level methodology is addressed, supported by a mixed approach.
Early outcomes shown the importance of digital competences to
face the educational need of today's society, and, the training
needs of the teachers this environments. The training strategy
based on the use of tools for the development of digital skills
promotes significant learning in teachers, and allows them to
satisfactorily face virtual learning environments, due to the high

motivation that their use generates efficient in these
environments.
Keywords: Digital skills, virtual environments, teachers,

training strategy, online modality.

1. INTRODUCTION

In order to cover the educational needs generated by the
accelerated change in the rhythm of life of society, the creation
of other study modalities arises that allow access from anywhere.
This need allowed the creation of virtual education and closely
related distance education; In the same way, the online modality
was born, among others, requiring teachers to evolve in their
digital skills to be participants in this teaching-learning process.
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According to Quintana [17], a teacher's digital competence is "the
ability to master knowledge, skills, and attitudes to optimally use
ICTs in both the teaching and learning process of the student." In
this regard [16] states that the digital skills developed by the
teacher allowed him to respond effectively and efficiently to the
changes that occur, in a continuous and accelerated way, the
technological advances of globalization. [6] in his study: "digital
skills in upper secondary education teachers", (Master's Thesis)
at the Instituto Tecnoldgico de Monterrey, Naucalpan, Mexico.
With this investigation it was determined that the competences
need to be consolidated by the teacher around the use of
educational technologies axis.

In the Ecuadorian context, the Secretarfa de Educacién Superior,
Ciencia, Tecnologia e Innovacién (Senescyt) has been expanding
the coverage of the online academic offer at the national level,
achieving that thousands of students from different places have
access to higher education, strengthening in a pertinent and
responsible manner to the teaching staff to successfully achieve
its implementation and permanence.

It must be considered that virtual education is related to distance
education, which was born as a result of the need for quality
educational coverage for people who, due to distance and time,
cannot travel to a training center. This need allowed the creation
of online modalities, forcing teachers to be participants in this
teaching-learning process.

The experience of the author of this work as a follow-up tutor in
the initial and basic online careers of the Technical University of
Manabi has made it possible to demonstrate the shortcomings of
digital teaching skills compared to virtual learning environments.
It was observed that teachers do not use technological tools
adequately due to lack of knowledge, lack of skills to execute
innovative strategies aimed at developing the pedagogical

https://doi.org/10.54808/IM SC12023.01.45
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process through digital resources, do not have knowledge
regarding digital skills, are unaware of the use of virtual
environments and lack of institutional support for training;
among the most prevalent.

This problem leads to the following formulation of the problem:
how to contribute to the development of teachers' digital skills in
the face of virtual learning environments in the online modality?
It is proposed as an objective to design a training strategy for the
development of digital skills of teachers in the virtual learning
environments in the online modality of the Initial and Basic
careers of the Technical University of Manabi.

In order to fulfill the general objective, the following specific
objectives are established: 1) To base the theoretical references
that support the importance of digital teaching competences and
virtual learning environments in online mode of the Initial and
Basic Careers of the Technical University of Manabi ; 2)
Diagnose the current state of digital teaching skills and the
management of virtual learning environment tools in the online
initial and basic careers of the Technical University of Manabf;
3) Prepare the structure and activities of the training strategy for
the development of teachers' digital skills through the use of tools
in virtual learning environments in online mode; and, 4) Validate
the feasibility of applying the training strategy designed for the
development of digital teaching skills.

2. DEVELOPMENT

The systematization of the case study carried out in the Initial
Education and Basic Education careers, online modalities, of the
Faculty of Philosophy, Letters and Educational Sciences, of the
Technical University of Manabi is presented, starting with a
theoretical methodological support.

Phase 1: theoretical systematization (Literature Review).

Virtual learning environments: The virtual environment is the set
of means of different synchronous or asynchronous interaction
that is carried out by means of software that complements
interaction and collaboration in the classroom. The importance of
the use of technological tools for learning has become much more
remarkable, since the traditional model has been modified,
therefore, education professionals have seen the need to acquire
new pedagogical skills, which allow them to propose new
methodologies and face new educational challenges [9].

Digital Competences in teachers: [13] affirms that the te

acher's competencies in the educational framework are
established based on the needs or demands of the time, therefore,
it is essential that the educator accommodate and develop
capacities that seek to satisfy the new training needs of future
professionals, which are mediated by the context of the time. "In
the current context we find ourselves immersed in a society that
is increasingly oriented towards the process of massive
technification." (p. 537, 2018). The need to use them or their
obligatory recurrence can be sustained in what was stated by [7]
when mentioning that the "...technological revolution has
reached the classrooms, either by the hand of the students, by the
teachers themselves or as a claim of society, and therefore we
cannot ignore it" (p.1, 2018). An important point for the
university professor in correspondence with modern technologies
is adapting to them, which in itself is not an easy task since,
among other things, it will require them to adjust to digital
literacy and everything that it demands. [7]; [14]. On the other
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hand, [16] indicated that some studies have suggested that, if
teachers use sufficiently concrete knowledge, they will be able to
highlight the drawbacks that arise and thus integrate technology
into their experience.

Virtual learning environments in the development of digital
skills: Specifically, in higher education, the constant training of
teachers should promote the autonomous learning of the student
body, stimulate research and problem solving, through practical
exercises and the use of tools. technological. In this way,
competent students and professionals capable of effectively
responding to the current demands of the country will be created
[19]. On the other hand[5] it confirms that, despite the
implementation of technological tools in education and the
commitment of teachers to continue updating and imparting their
knowledge with a good predisposition and positive attitude, the
lack of interaction and social exchange that the student used to
feel in face-to-face environments, on the other hand [20]
indicates that the aspects of innovative teaching practice,
emphasizing the importance of the teacher mastering his field of
action, but also being a reflective entity that manages to achieve
the different elements that allow you to transform; This is
precisely what virtual environments allow in the learning
process, learning and incorporating new contexts so that students
develop digital skills, to the extent that their teachers lead them
towards the benefits of technology.

Phase 2: materials and methods

The methodological approach comprises a type of descriptive
research. A mixed approach design, parallel design, supported by
a multiple case study was applied based on [10], [18]. This work
was carried out at the Technical University of Manabi, Faculty
of Philosophy, Sciences and Letters of Education in the Initial
and Basic Careers of the online modality, where 99 teachers were
research subjects, including authors and follow-up tutors and
2550 Initial Education students and 2750 Basic Education
students. A random probabilistic sampling was applied, in which
a sampling formula was applied to the total population of 5300,
with a margin of error of 10%, yielding a total of 94 students at a
reliability level of 95%.

The calculation used to draw the sample is proposed:

p=9=50%

N = population size = 5300

e = margin of error = 10%

z = confidence level = 95%

o = confidence level constant 1.96

(N)
(e)2(N-1)
a2(p)(q)

Regarding tutor teachers, authors and follow-up tutors, no
sampling was carried out since 100% of the population was
taken.

m =

The techniques used to obtain information were the following:
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. Observation classroom Students in
Observation .
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Assess if the teacher
) . . possesses  digital
Survey I‘Slflzsqu:;ig;ms skills  from the ' Students
students'
perspective
Conducted an
_— . . interview to verify | Monitoring
Interview Questionnaire

the teacher's digital | tutors

skills

Conducted a group

interview with a

specific focus | Authors and
group, addressing | tutors
questions related to | (teachers)
the protocol's

objectives

Focus group | Interview guide

Phase 3: results

In the country, the valuation of technology for the development,
appropriation and dissemination of knowledge determined that
the National Plan for Science, Technology, Innovation and
Ancestral Knowledge (2013-2017) in its policy 6 establishes
"...incorporate new information technologies information and
communication to the generation and dissemination of
knowledge so that they contribute to boosting national
production with the following improvement in the quality of life
of the population”. Said objective is attached to the technological
advances that the degree must incorporate. The foregoing would
involve that the professionals who are trained in the Basic and
Initial Education career strengthen their capacities in the
management of technological tools applied to the methodology
of work in the classroom, aware that this represents promoting
autonomous and collaborative learning, to facilitate investigative
processes.

For the creation of the Basic and Initial Education careers in
online modality, it was generated with the sum of the efforts of
five public universities: Technical University of Manabi, Central
University of Ecuador, State University of Milagro, Technical
University of the North and Universidad of the Armed Forces-
ESPE. An innovative proposal was presented that allowed access
to quality teacher training, with the use of virtual media and
overcoming mobility and geographic location barriers. Tutors
and teachers had to use technology, materials and be a guide-
mediator or facilitator of learning to contribute to the
development of conceptual reasoning, strengthening continuity
of thought and motivation of student interest. The five
universities have technological support for comprehensive
training. The virtual system of the Technical University of
Manabi made it possible to manage, distribute and control the
activities of the non-contact training learning management
process, of the Learning Management System type, with a
definition of a content management system of the Content
Management System type that empowered the exchange of
learning social tools, blogs, wikis, multimedia content, video
chats, forums, 3D environments, video games, etc. All this
allowed interaction with people and providing information
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between users of the computer platform, the services contained
in the electronic portals through policies regarding the operating
time of the classrooms or the virtual campus, which determine
availability 24 hours a day and access from all types of electronic
devices, through the use of more advanced technological and
communication elements within the process objects simulating
situations real. This entire process was based on policies that
allow users to provide relevant information on the technological
and connectivity requirements necessary to study the degree in
the online modality.

The questionnaire was used with the purpose of making a
diagnosis and evaluating the level of preparation of teachers in
digital skills. For this research, the questionnaire was extracted
from the article entitled "questionnaire to assess teacher digital
competence and the use of social networks by teachers in their
initial training" from [8]. Said instrument was considered
adequate to the needs of the researcher and some questions were
adapted for its application. After this, the changes made were sent
to experts to be validated and then a pilot test was applied to
determine the reliability index by means of Cronbach's Alpha.

For the analysis of the results, the TPACK method was used,
which includes the three types of knowledge in digital skills:
knowledge, pedagogy and technology.

Once the information from the participants was obtained through
the survey, the data analysis was carried out. During this process,
the following could be identified in a general way: in terms of
age, it was observed that the majority of the participants were in
the 41-year-old or older group, followed by the 31-40-year-old
group. There was a minority of participants aged between 20 and
30 years. In relation to gender, it was found that the majority of
the participants were women. In addition, the opinions and
perspectives of teachers regarding Information and
Communication Technologies (ICT) were taken into
consideration. The following significant advantages were
highlighted: access to information, the diversity of
methodologies and the possibility of publishing information.
However, limitations were also identified in the use of ICT, such
as technical failures, access to the network, teacher training and
the prior knowledge that users should have.

DIMENSION A: CONTENT

In the initial diagnosis, it is evident that teachers consider they
have moderate knowledge about the use of ICT tools. During the
focus group with the tutor teachers and authors, when inquiring
about their knowledge of the content to be taught. It was observed
that they are almost always integrated into the tools used,
addressing the contents with clear and structured conceptions,
maintaining continuity in them. The students, when asked in the
survey about the dimension of knowledge, corroborated that
teachers always address content in accordance with the
knowledge that is intended to be taught. For their part, the follow-
up tutors expressed that the teachers almost always master the
contents of the subjects. This information was also supported by
the documentary analysis of the records of teaching activities
carried out by them. Additionally, the researcher, as part of the
group of follow-up tutors, carried out direct observation of the
teaching-learning process in the online modality. During this
observation, he collected first-hand information, evidencing that,
in terms of knowledge, teachers tend to develop and organize the
virtual learning platform effectively in most cases.
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DIMENSION B: PEDAGOGY

In the initial diagnosis, it was evidenced that teachers consider
accessibility for students with disabilities and constant support
for learning to be important. The relevance of the use of resources
by students was highlighted, as well as the ease of use of digital
skills for teachers, regardless of socioeconomic situation, in order
to facilitate access to digital resources and strengthen didactic
innovation. in the teaching-learning process. It sought to enhance
knowledge in the classroom, motivating and encouraging the
dedication of teachers, sharing concerns and using open content
in virtual learning classrooms. In the focus group, when inquiring
about the knowledge of general pedagogical activities and the
processes and practices of the teaching method, the tutor teachers
and authors indicated that they almost always integrate effective
pedagogical techniques. However, only sometimes do they
combine them with technological resources, almost always
responding to the needs of the students. On the other hand,
students have different opinions when asked about the
pedagogical dimension, adding that teachers adequately manage
the knowledge of the teaching and learning processes. The
follow-up tutors expressed that almost always the teachers
demonstrate pedagogical and significant competences in the
management of their class and the contents they teach. This
information was supported by the documentary analysis of the
records of teaching activities carried out by them. In addition, the
researcher, as part of the group of follow-up tutors, was able to
directly observe the teaching-learning process in the online
modality. During this process, first-hand information was
collected, evidencing that, in terms of the pedagogical
dimension, teachers always adequately manage the learning
resources on the virtual platforms, they almost always adequately
manage the qualification processes on the virtual platform of
learning and sometimes proactively use the forums, chats and
emails integrated into said platform.

DIMENSION C: TECHNOLOGY

In the initial diagnosis, it was evidenced that the teachers
considered that the majority of them had a moderate knowledge
of the basic concepts associated with ICT. They indicated that
they had fair to moderate knowledge of the basic hardware and
software components in the computer. They also noted that the
optimal selection of resources was moderate and the ability to
resolve incidents was regular. In addition, it was noted that
autonomous learning by teachers was considerable due to the
lack of institutional support. In the focus group, when inquiring
about the operation of technologies and the modes of presentation
to develop activities, the teacher authors and tutors indicated that
they almost always knew, handled, integrated and applied
technological tools in virtual environments to teach the subject.
However, the students differed when asked about the
technological dimension in the survey, highlighting those
teachers always knew, managed, integrated and applied
technological tools in virtual environments to teach the subject.
The follow-up tutors expressed that sometimes they adequately
used and integrated technological resources in their pedagogical
practice, and almost always demonstrated knowledge and
management of the same in the total teaching of the subject. This
information was supported by the documentary analysis of the
records of teaching activities carried out by them. In addition, the
researcher, as part of the group of follow-up tutors, carried out
direct observation of the teaching-learning process in the online
modality. During this observation, he collected first-hand
information, evidencing that, in terms of the technological
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dimension, the teacher almost always adequately taught the
synchronous class using virtual environments and digital
resources.

In the diagnosis, it was observed that teachers have a moderate
level of knowledge and frequently use some tools within the
technological dimension, especially the habitual application of
visual presentations and the frequent use of forums in their virtual
learning classrooms. Likewise, there is evidence of a regular
practice of collaborative networking and the moderate use of
videoconferences to interact with students.

Phase 4. Proposal: Training strategy in digital skills to strengthen
teacher performance in digital environments

This section deals with the design of a proposal based on the
diagnostic study carried out in the online Initial and Basic careers
of the Technical University of Manabi, and with the theoretical
support of the consulted referents.

The theoretical foundation is based on the exhaustive analysis of
the theoretical references consulted regarding the development of
digital skills to strengthen teaching performance in digital
environments. In this, it was obtained as main premises that
digital competences are the skills and abilities to manage
information technologies for a better execution of virtual learning
environments. The teaching performance allows the use of
different teaching-learning methodologies that strengthen the
capacities and competences of each one of the students, the
digital environments allow to complement the synchronous
training given by the teacher since it integrates different tools,
materials and resources, managing to interact through the media.
virtual. The methodological foundation is based on the diagnostic
study carried out through various methods, techniques and
instruments applied to tutor teachers, authors, students and
monitoring tutors of the Initial and Basic online careers of the
Technical University of Manab{ in which evidence that some
teachers have a basic knowledge of digital skills in the virtual
environments used in this modality, which due to ignorance or
lack of motivation do not apply in their virtual classrooms,
turning students into incompetent subjects in the modern world,
since they do not develop their skills to improve teaching-
learning processes, likewise the proposal will be flexible,
adaptable since it allows interdisciplinary training by
maintaining direct contact with the contents and applying
knowledge directly in their classrooms.

Regarding the requirements for an efficient development of the
training strategies, technological equipment (computer, tablet),
connectivity, endorsement of the authority is demanded, it should
be noted that our objective is to strengthen teaching performance
in the face of virtual environments through a strategy training in
digital skills in the online initial and basic careers of the
Technical University of Manabi, for the fulfillment of this
objective the following specific objectives were established: 1)
Plan the methodical and sequential procedure of the training
strategy; 2) Run training workshops in synchronous and
asynchronous virtual environments; 3) Evaluate the strategy
designed in its different moments.

This proposal is conceived in a design of three stages that are
planning, executing, evaluating, each one with its different
actions and recommendations. This is how its structure looks
like:
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Figure 1

STAGE 1 planning: the objective of this stage is to plan the
process of immersion, design and socialization of the training
strategy, within this the immersion, design and socialization
stages were described, in this way it is detailed that in the
immersion stage a call to all teachers of the online Initial
Education and Basic Education careers requesting as the main
requirement the predisposition to participate, learn and improve
the knowledge of digital skills in the face of virtual learning
environments, on the other hand, the design stage consisted of
throughout the process carried out to achieve the training strategy
that was designed as an alternative to improve digital skills,
supported by user guides so that they can be applied in the
different activities related to teaching-learning on virtual
platforms, therefore the socialization stage was planned for two
moments, to the scientific community through this article; and,
to the academic community in a coordinated session with the
respective authorities of online careers.

STAGE 2 execution, aims to: Execute training workshops in
synchronous and asynchronous virtual environments applying a
designed manual, allowing to describe the stages of the different
workshops to be taught. That is why three training workshops
were coordinated with the respective authorities of online careers
where the following topics were focused:

Synchronous virtual environments: These environments allow a
real-time interaction between teacher-student, managing to
resolve different doubts at the precise moment, as well as being
able to interact live with classmates in the different activities that
are presented, it should be noted that for these meetings in the
online careers of the Technical University of Manabi the Zoom
platform is used, for this a workshop was created in which it will
be possible to access to know in depth the operation of the Zoom
platform, which is used for synchronous meetings in the online
classes, it should be noted that the zoom platform is a tool that
allows you to work online, make video calls, with a desktop
sharing functionality, whiteboard, chat, record the conference,
share documents and be able to access from anywhere and any
device.

Asynchronous virtual environments: These environments
achieve the independence of the student, encouraging them to
organize their time since it allows access at any time to review
the material, as for the tool used in these meetings is the Moodle
platform, in fact it was developed a workshop which shows how
to effectively manage the platform so that teachers can plan their

Workshop 1: Synchronous virtual

49

activities in asynchronous meetings in online classes, therefore,
Moodle is an online learning and interaction platform between
teachers and students, it presents an interface as simple and
intuitive in which the course can be published in a dynamic and
interactive way with the possibility of being able to access it from
anywhere

Digital tools: digital educational tools are tools for content
management, for interaction with students and gamification of
learning, allowing the construction of knowledge and achieving
digital skills in students, therefore the workshop has included
tools that will allow favorable transformations to be obtained that
motivate students through the interaction and manipulation of the
different tools, facilitating student learning in online classes.

STAGE 3 evaluation, aims to: Verify the feasibility or results
obtained from the various evaluations, so that the stages of initial,
procedural and summative evaluations can be described. The
initial evaluation begins in the immersion phase, which began
with a call to deepen and improve the previous knowledge of
teachers regarding virtual learning environments, evidencing in a
certain way that knowledge is basic and requires a deep
immersion in field. The formative evaluation promotes learning
since it not only focuses on measuring results but also adds
feedback as a characteristic element of this evaluation. In this
case, this evaluation was developed during the training process
of the workshop, using the main characteristic (feedback) of this
evaluation system that allows attention and progressive
improvement of learning. The summative evaluation gives us the
opportunity to assess the learning obtained in the development of
a process and determine if the objectives set were achieved. The
degree of satisfaction test will be applied to the teachers involved,
which will provide us with the effectiveness of the workshops
carried out.

3. CONCLUSIONS

The theoretical references analyzed support the importance of
digital skills to meet the educational need of today's society. With
a diagnostic study, it was possible to demonstrate the training
needs of the teachers of the Initial and Basic online careers with
respect to digital skills. The inputs obtained allowed the efficient
development of a training strategy aimed at improving digital
skills.
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ABSTRACT

This article presents the development and pilot testing of a
Disclosure of Support Statement (DSS) tool to promote
transparency and student engagement in academic writing.
In an era where human and software supports play integral
roles in completing written work, it is essential to consider
the contributions of human sources and the impact of
artificial intelligence software (AIS) tools. The DSS tool
encourages students to reflect on how much they utilize
human and software supports, including professors, peers,
librarians, tutors, and AIS tools such as search engines and
grammar-checking software. The ethical implications and
boundaries of using these supports are explored through a
series of reflective questions and class discussions. The
pilot study involves a senior seminar class and utilizes the
DSS alongside written reports and a literature review. The
ultimate goal is to increase transparency in student work,
encourage critical thinking about support options, and
initiate conversations about academic integrity and the
purpose of education. The data collected from the pilot
tests will provide insights into student attitudes and pave
the way for further analysis and refinement of the DSS
tool. By embracing transparency and fostering open
dialogue, educators can empower students to make
informed choices in seeking support, thus enhancing their
writing skills and ethical understanding within the
academic environment.

Keywords:  Disclosure of  Support  Statement,
Transparency, Student engagement, Academic writing,
Artificial intelligence software, Human support, Software
support, Academic integrity, Ethical implications, and
Educational process.

1. INTRODUCTION

Disruptive innovation, especially in education, is not new.
The question becomes how quickly the change comes, how
rapid the new adoption is, and what must be transformed
in the wake of that change (Moore, 2014). Currently,
disruptive innovation in education is Artificial Intelligence
Systems (AIS or Al systems) that generate text through
Natural Language Processing (NLP) and Natural Language
Generation (NLG) methods. Content generators like
Generative Pre-trained Transformer 3 (GPT-3) are only the
most recent disruptions. Some Americans may remember
the shift in mathematics education with the advent of
calculators, and this debate continues to some extent
despite the evidence of research (Banks, 2011). More
recently, penmanship has disappeared from school
curricula and has been replaced with keyboarding skills as
an essential tool for modern life and schooling. Fifteen

years ago, in Disrupting Class: How Disruptive Innovation
Will Change the Way the World Learns (Christensen et al.,
2008), the authors proposed that technology-driven
educational reforms will serve students better and bring the
K-12 education system into the 21st century, emphasizing
the need for disruptive innovation in learning and
providing practical strategies and success stories for
administrators, leaders, parents, and teachers.

This article presents perspectives on the newest debate
over a disruptive innovation AIS and its impact on written
communication. However, the challenge may be deciding
where to draw the line with software rather than the
battlelines between AIS as a beneficial force multiplier and
its role as an insidious threat to academic integrity and
writing in higher education. The researchers of this article
would rather avoid the battleground perspective in which
educators and students are in an arms race around integrity,
authenticity, and the value of personal creations (Gluska,
2023; Hetler, 2023; Nanda, 2021; Schatten, 2022). Instead,
the exploratory research detailed in this article relates to
Curriculum and Instructional Designs (CID) that embrace
AIS tools like ChatGPT and the use of an
Acknowledgment Section that goes well beyond citations
to credit the support a student writer received to create,
revise, edit, and proofread their written work. This
Acknowledgment Section aims to increase the
transparency of the support utilized by the student and
disclose the type and extent of each (Lamb, 2023).
Through this, the writing process is the end sought and not
the artifact produced. This allows educators and learners to
converse about the process and products of their
intellectual endeavors rather than the easiest way to
complete a task without getting caught.

The authors performed a Systematic Literature Review
(SLR) by searching for books using the keywords
"Artificial Intelligence," "Writing," and "Higher
Education." This search yielded a total of 518 results. The
books were published between 1987 and 2023, but for the
purposes of the review, the authors focused on books
published between 2020 and 2023.

The search yielded 63 books with four relevant titles
(Arora, 2021; Bruce M McLaren et al., 2022; Churi et al.,
2023; Daniela, 2020). The report of the SLR shows that the
scholarly discussion is more general regarding disruptive
innovation and its impact on academic integrity and CID.
The debate about AIS has been growing over the past few
years (Arora, 2021; Bruce M McLaren et al., 2022; Churi
et al., 2023; Daniela, 2020; Dergaa et al., 2023; Nazari et
al., 2021). With the advent of the newest versions of Large-
Language-Model AIS, the concerns have grown to a
fevered level. Faculty discussed transforming the CID to
face this new paradigm shift during department meetings
and online forums. The traditional way of crediting a
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source of support or content is with a properly formatted
citation. The APA and MLA both have guidance on how
to cite Al-generated work (McAdoo, 2023; McNiff, 2023;
Modern Language Association of America, 2023)

2. ENGAGING WITH CHATGPT

Question.- Is generative Al a force multiplier in education
or an insidious threat to academic integrity and college
writing?

Table 1 below contains the answer provided by ChatGPT
to the above question.

Table 1.-Conversation with ChatGPT
ChatGPT Answer

Generative Al can be both a force multiplier in
education and a potential threat to academic
integrity and college writing.

As a force multiplier, generative Al can enhance
education by providing students with tools and
resources to support their learning. It can generate
educational content, such as tutorials, practice
exercises, and interactive simulations, which can
supplement traditional teaching methods. This
technology can also facilitate personalized learning
experiences, adapt to individual needs, and offer
real-time feedback, thereby improving student
engagement and outcomes.

However, generative Al also poses challenges to
academic integrity and college writing. With the
advancement of language models like ChatGPT, it
becomes easier for students to access pre-written
essays or papers that can be passed off as their own
work. This raises concerns about plagiarism and
undermines the value of education. Institutions and
educators need to stay vigilant and adopt measures
to detect and discourage academic dishonesty.
Ultimately, the impact of generative Al in education
depends on how it is utilized and regulated. When
properly integrated and monitored, it has the
potential to be a valuable tool for educators and
students. However, it is important to address the
ethical implications and ensure that academic
integrity remains a priority. (OpenAl, 2023 Personal
Communication)

3. REFLECTING WITH CHATGPT

Would you have recognized the above text as Al-generated
content? Could you determine to what extent AIS assisted
in creating and proofing the text? The real question is how
the value of the originality of what is written and the
arguments put forth are the authors'. Today few people
would ask us about the search engines or database tools
used to access the scholarly information that underpins the
writing of the work and the research that provides the
background. However, not too long ago, crowd-sourced
pages like Wikipedia or open-access content had a stigma
attached to their value and reliability. This article does not
want to take a stand for or against AIS or other supports
that students might access. Instead, this article presents a
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tool that has been created to allow students to have
transparency in what they did to aid them in the processes
of creating, revising, editing, and proofreading their
written work.

This tool is currently being utilized in pilot tests to see how
students react to their inclusion in assignments and to
gather a baseline of possible responses when questions like
these are asked.

At the time of this writing, the first exploratory ChatGPT
assignments have been administered as the first step to
building the Disclosure of Support Statement (DSS).
Starting in June 2023, two sets of pilots with 20 students
each will be run to see how students react and the types of
responses the tool provides in the context of a senior
seminar with required written reports and a literature
review. An Institutional Review Board (IRB) is currently
beign reviewed for stundet feedback.

4. DISCLOSURE OF SUPPORT STATEMENT OF
CONTRIBUTIONS BY HUMANS AND AIS

A significant aspect of being effective as an expert is using
your expertise to judge when you need help or are not
qualified to speak about a topic. Students often do not
consider this due to poor time management, understanding,
and self-assessment. In college, support is usually provided
if sought, so many students cannot recognize when help is
needed and how to reach out for support in a timely
manner.
Putting aside all the technology needed to facilitate the
construction and submission of work, such as word
processing programs and Learning Management Systems,
humans and software still play many different roles in
supporting the completion of written work in higher
education. Typically, everyone is trained to cite materials
taken from outside sources to give credit to those that
originated the content, whether ideas, data, images,
programing code, or many others. However, with the rise
of AIS, we must also consider those software tools that
aided in the creation, revision, editing, and proofreading of
the written work. First, let us consider the humans that
might be consulted to assist:

e  Professor

e  Peers/classmates

e  Friends

e  Family

° Librarian

e  Tutor/writing center staff

e Outside consultant/Expert/Paid professional

Software support has become more prominent with the
advent of AIS (Murugesan, 2009) and the semantic Web or
Web 3.0. Benito-Osorio et al. defines Web 3.0 as:
"Web 3.0 combines human and artificial
intelligence to provide more relevant,
opportune and accessible
information.[...] Web 3.0 is a neologism
used to describe the transformation of
the Web into a database, a way of
making content more accessible through
multiple non-browser applications,
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artificial intelligence technologies, the
semantic Web, the geospatial Web and
the 3DWeb" (2013, p. 277)
People reported that that AIS can be accessed anytime and
they do not feel judged. Additionally, AIS can provide
answers and support to students that seem to improve the
work with less planning and effort than consulting a
human. AIS is leveraged to accomplish some of the
following:
e  Searching
e  Spelling, grammar, syntax proofing
e  Vocabulary, word choice, and diction
improvement
e  Paraphrasing
Automatic citing
Editing of content
Revising and reformatting
Content generation
Translation
Ideation
Collaboration

Conversations with students highlighted gray areas such
as:

e  To what extent are these different types of
support acceptable, marginal, or a violation of
ethics or academic integrity?

e s paying for a private tutor to help you be a
better writer and complete your essays and
presentations' wrong'?

e Isusing Grammarly to correct grammar, syntax,
and spelling acceptable but wrong when it
suggests how to make your paper more readable?

At some point, AIS tools will impact all of our work life
overtly, so acknowledging the value and reliability of each
is essential to practical outcomes. Therefore, in order to
engage students and encourage them to reflect on options
before using the DSS, I present a task that involves a
summary of scholarly articles followed by consultation
with reference librarians. Finally, I assigned them the
following reflection questions:

"Please discuss to what extent, if any,

you use any of the human and software

supports listed above when completing

academic writing tasks. Next, do you

ever ask about or analyze the Al tools

that support you when you use a search

engine? How much do these tools assist

you in completing your tasks: autofill,

spellchecking, suggested search strings,

presented results, what others have

asked, and other search questions? Next,

consider your use of a simple

spelling/grammar-checking tool. If it

recommends a change, to what extent do

you question autosuggestion? Once you

have finished the proofing on the

computer, do you reread the work to see

how it sounds? Does this activity ever

raise the question if you are violating
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academic integrity? Finally, if you ask a

human to assist you in this proofreading

process, do you feel they are more or

less effective than the software?"
Then, the class discussion moves to one of the ethical
concerns. They are prompted:

"You have been asked to use software to

leverage Al and machine learning to

augment your work. Do you think this is

something that should be allowed? To

what extent should this be restricted,

regulated, or dictated at this university?

Finally, how do you use Al tools in your

text creation process?"
This sets the stage for a complete written report that the
DSS accompanies. The authors hope this type of tool can
be developed to increase the transparency of student work
and support them in seeking all avenues of support
resulting in effective writing. More generally, it reinforces
a conversation about what is and is not permitted in
assignments, along with the purpose of the educational
endeavor. Hopefully, the tool's use initiates thinking about
the types of value of what the student created and how it
reflects on their work and personal ethics and value in the
educational process.

5. DSS FOR THIS ARTICLE

To provide a tangible example, the following responses
provide the completed DSS for this article.

1. Did you seek help or support from other humans to
complete this task:
Beyond the authors listed, we talked with two librarians
participating in the pilot study, Jill Lagerstrom and Quinn
I Morris-Pearson. Additionally, we use two non-blind peer
editors as directed by the conference to review the
manuscript before completing the submission.

2. What software help and support did you receive?

The initial question was inserted into the Google search
box which returned the general Google suggested items
(see citations listed). The entire search string has to be
broken into two different concepts to yield results
unrelated to academic integrity since that term
overwhelmed the search. To discover specific topics
within the larger scope, such as acknowledgment or
disclosures, the original search string had to be adjusted to
yield the cited works related to transparency and disclosure
statements, APA and MLA citations for Al, and other
information. Finally, the authors followed the feedback
section “People also ask” to examine potentially related
searchers to this initial string.

To complete the SLR, the NJIT library database search was
utilized.

The paper was edited and proofed with Microsoft Office
LTSC Professional Plus 2021 using the "Spelling &
Grammar" tool. In addition, the authors utilized
Grammarly Premium to ensure correctness, clarity,
engagement, delivery, and to detect any instances of
plagiarism. Grammarly Premium was used to proofread
and suggest edits for all content, including the text
generated by ChatGPT May24Version (Free Research
Preview). As noted in the prompt, we used ChatGPT to
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generate the answer to the question. Interestingly, it
mirrored the information provided in the Google searches
for both sides of the initial question that Dr. Lipuma had
generated.

ChatGPT was also used to generate the abstract for this
article once the entire work was finished. Other than
Grammarly Premium, no other edits were made to either
contribution.

The authors used Zotero as a tool to collect, annotate, cite,
and organize research.

Finally, VOSViewer and Power BI were used as data
visualization tools for the SLR. At this point, there is not
enough data to include a visualization.

3. Are there other sources of content, authority, and/or
support you incorporated into this work beyond what is
cited in the work (in-text and reference page) and the
disclosure listed above?

To test the opening information about calculators and
penmanship, | had a conversation with my twelve-year-old
daughter about her experience in school and what she and
her classmates said. She shared that the other math class
could use calculators on a test just for the long division
since they had less time due to scheduling. In her mind, the
calculator was a tool to be used and did not provide any
advantage nor negatively impact her math learning.
Therefore, she was happy to do her long division with
pencil and paper.

6. CONCLUSION

This article is only the first step to testing the use of a DSS
tool for aiding students to be transparent about the support
they access. The researchers plan to be able to report on
data by the time of the conference to share some sense of
student attitudes towards this topic. Additionally, using the
DSS may provide unexpected results; as part of this
exploratory pilot, the authors consider this an excellent
first step toward an open conversation with students around
AIS. The researchers do not want to be "academic integrity
police" or suspicious of every word written. Of course, due
diligence in CID is needed to make the lessons and
assessments in class measure student progress and mastery
as intended. The DSS is just another way to make visible
the work of students and their thinking, and perhaps also
give them options they did not realize they had for seeking
help and support on the work they submit. It also has
applications outside of classroom practice in scholarly and
professional writing, as shown in this work. Moreover, the
DSS may prove to be a good conversation starter and not
just another checklist or obligation. Only time will tell as
the pilots yield data to be analyzed.
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ABSTRACT

The Markov chain (MC) approach is used in the evaluation of the
completion rate for each engineering qualification offered in the
technical and vocational education and training (TVET) colleges
of South Africa. The data related to TVET is used to demonstrate

the practical importance of this approach. An absorbing MC is
used where enrolment class and exam illegibility state are
transient states, whereas the exclusion and completion are
absorbing states. The approach replicates the completion rates as
determined by the Department of Higher Education and Training
(DHET). The completion rate is defined as the ratio between
students who completed and those eligible for examination. MC
goes further in defining the rate at which the learner is excluded
from completion as well as the rate of completion considering the
learner starts from enrolment state. The average times are
estimated between the transient states and the completion state.
Generally, the probabilities of absorption into the completion
state were relatively high as opposed to those of exclusion state.

Keywords: Absorbing state, non-absorbing state, uncertainty,
technical colleges, graduation rate, higher education.

1. INTRODUCTION

The educational system of any country is highly regarded as a
catalytic point for many aspects that include the economy,
politics, religion, science and technology, knowledge generation
and application. Education contributes to the generation of
human capital and presents a means for life opportunities [1]. The
technical and vocational education and training (TVET) colleges
are generally post-secondary education phase [2] to help in the
provision of hands-on category of the work force for South
Africa. TVET colleges, private and public universities are
regulated by the Department of Higher Education and Training
(DHET). Generating technical people (artisans) for the
engineering sector is pivotal to the contribution of the country
development, particularly in developing countries. Completion
and student intake phases are key elements in the assessment of
the success of programmes and help different educational
institutions to better plan and manage. These 2 phases may not
be predicted accurately, hence they are usually associated with a
degree of uncertainty. Random processes that characterise a
range of uncertain variables can be handled with the application
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of the Markov Chain (MC) technique [3]. In this study, the
approach used is to deal with the uncertainty associated with the
enrolments and completion rates per qualification of TVET
qualifications of South Africa. These qualifications include N1,
N2, N3, N4, N5 and N6 certificates, each of 6-month duration.
They are standalone programmes for the same duration.
However, the lower level is a pre-requisite to the next one. The
number of students enrolled, students graduated are usually
considered as random events and have been handled with MC,
e.g. [3], [4]. There is no doubt that MC has gained immense
popularity as a predictive tool, e.g. [5], [6]. In the educational
sector, previous MC applications include among others the
progression of secondary school learners using a group of schools
[1]; the determination of retention/completion rates as well as the
expected schooling duration of students before and after
introduction of the free schooling education policy [7];
suggestion of a multi-level absorbing Markov chain for
computing students’ graduation rate, when dealing with small
sample sizes [8]. However, little has been carried out on the
national educational system that includes TVET part in
engineering studies. Based on MC technique, the current study
estimates mainly the completion rates for engineering certificates
N4, N5 and N6 and compare them to those used by DHET. It
does not investigate student progression on specific modules of a
given certificate in a specific college. This is constrained by the
data published by DHET and such data give the overall
performance of TVET certificates at national level. Using the
data related to the above-mentioned certificates and performing
MC, the learner’s progression from the initial state (enrolment
class) to completion at a given time can be modelled/predicted.
The completion rate for each certificate is understood as the
number of students who wrote and completed successfully all
modules versus the number of the students enrolled for the given
programme [9]. This can be referred as the frequentist approach
[8] for computing completion rate. The completion rate in the
context of this study is similar to other parts of the world [8],[10]
i.e. completion rates are understood as graduation rates, which
serves as good proxies for throughput rates in determining the
student cohorts [2].

The rest of the paper is structured as follows. Section 2 gives an
overview of TVET programmes, including the notion of
completion rate/graduation rate. In Section 3, the basics that
underline MC is given. Section 4 presents the data used in line
with the methodological approach of the MC model on
completion rate. Results and discussion are conducted in Section

https://doi.org/10.54808/IM SC12023.01.56
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5 to illustrate the practical application of the MC simulation.
Finally, the conclusion is presented, and recommendations are
formulated in Section 6. In what follows, MC approach and MC
technique will be used interchangeably. Similarly, student and
learner will be used as the same concept. Completion rate and
graduation rate will yield the same meaning. Non-absorbing state
and transient state will be used interchangeably. TVET colleges
will imply in most cases, colleges offering N4, N5 and N6
engineering qualifications. Halting, absorbing, and stopping
stage will be used synonymously. Certificates and programmes
will be meant to describe the same concept.

2. OVERVIEW OF TECHNICAL AND VOCATIONAL
EDUCATION AND TRAINING CERTIFICATES

The details on these certificates can be found in [15]. Nonetheless
selected relevant aspects to the current study are given briefly in
this section. The TVET colleges are education providers for
technical and vocational education and training programmes and
enroll students who have passed at least Grade 9 or equivalent.
In general, TVET colleges provide three broad categories of
qualifications:

a. The National Certificate (Vocational) [NC(V)] which has three
qualification levels, namely, Levels 2, 3 and 4 of the National
Qualifications Framework [NQF].

b. The “Report 190/191 National Technical Education
(NATED)” programmes are offered at 6 different levels (N1 to
N6) for Engineering Studies programmes, and three levels (N4-
N6) for Business and General Studies programmes. Engineering
programmes or certificates require trimester enrolment. The N1
to N6 part-qualifications culminate in a National Diploma on
condition that students meet the requirements for work
experience. In particular, the “Report 190/191 (NATED)” N4-N6
Programmes in Engineering covers field such as Civil,
Mechanical, Automotive and Electrical career fields.

The recent amendment to the TVET colleges programmes
suggested that, from 2022 N4-N6 be run on a semester basis and
N1-N3 be phased out [15]. Nonetheless, the data used in Section
4 are based on trimester certificates.

Completion rates

The following are considerations for the completion rates
calculations for an intake, e.g. 2019 [2]:

“Completion rate” refers to the number of students who
successfully completed a Report 190/1 N4-N-6 part-qualification
in the 2019 academic year, expressed as a percentage of the
number of students who were eligible to complete the Report
190/1 N4-N6 part-qualifications and wrote the examinations (the
latter is defined above) in 2019.

If number of students registered is represented by NR1, the
number of students who wrote by NR2 and those who completed
by NC and Completion rate by CR, hence

CR =NC/NR2 (1

The “Number Registered” is the number of students registered
for the 2019 Report 190/1 N4-N6 examinations for Engineering
Studies and eligible to complete a Report 190/1 N4-N6 part-
qualification during the 2019 academic year.

“Number Wrote” is the number of students who wrote the 2019
Report 190/1 N4-N6 examinations for Engineering Studies and
eligible to complete a Report 190/1 N4-N6 part-qualification
during the 2019 academic year.
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“Number Completed” is the number of learners eligible to
complete and successfully completed the Report 190/1 N-4-N-6
part-qualifications in the 2019 academic year.

The number registered and the number wrote both exclude
students who wrote individual subjects but who were not eligible
to complete the Report 190/1 N4-N6 part-qualifications in 2019,
whereas number completed students who may have passed
individual subjects but were not eligible to complete the Report
190/1 N4-N6 part-qualifications in 2019.

3. BASICS OF MARKOV CHAIN MODEL

The MC deals with stochastic processes known as random events
such that the probability of the future state of a system is not a
function of the previous states but of the present state [11]. The
considerations in this section have similarities with previous
studies, e.g. [7], [12]. Most equations in this section have been
adapted from these authors. Given a state space S=1, 2, ...... n,
the MC is defined by a series of random variables Yk € S where
k=12, ..n

PriYei =y /Yi=y1,ce...... , Yk=yk ]= Prob [ Yk+1 = yk+
/Y1=y1,..., Y =yk ]

=Pr [Yi1/ Y] 2)

The above mathematical expression holds for homogeneous MC.
It implies that given Y1, Y2, Y3,........,Yk, Yx+1 , the conditional
distribution of Yk+1 is only a function of the value of Yk, not a
function of the previous values Yi, ...... Yk-1. This form of

conditional probability is derived from the memorylessness
principle. The probability matrix of the MC corresponding to the
finite space state is of dimension # x » and is called the transition
matrix. The transition matrix summarises all probabilities pj;
obtained from Equation (1), into the following matrix.

B = [py] 3)

Where pj; is the transition probability from state S; to state Sj, i, j
=1,2,...,n

The transition matrix is a key characteristic of MC model and
plays an important role during analysis of the model. The matrix
enables also the system to move from one state to the other. It is
the one-step matrix of transition probabilities between states [12].
The Markov chain is said to be an absorbing chain if it has one
or more absorbing states, meaning that once a subject enters an
absorbing state, it remains trapped. An absorbing state is
characterised by a maximum probability of the occurrence. A
state different from absorbing states is said to be transient or non-
absorbing state. From a non-absorbing state, it is possible to reach
absorbing states in one step or several steps.

3.1. Canonical transition probability matrix

The canonical form of the transition matrix of an absorbing MC
with q non-absorbing/transient states and h absorbing states, is as
follows:

=13 )

Where Q is a matrix of dimension qxq with q non-absorbing
states, R is a non-zero matrix of dimension q x h, with h non-
absorbing states (R shows the move from the non-absorbing
states to the absorbing state) and O is a null matrix of dimension
h xgqg
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I is an identity matrix of dimension /4 xh.

There are 2 important matrices of the absorbing MC model, i.e.
the fundamental matrix and the absorbing probability matrix
[13].

3.2. Fundamental matrix

The expected/average times the MC attains the non-absorbing
states can be estimated by the fundamental matrix [11]. Before
reaching the absorbing state, the time of cycles that a learner
resides in the non-absorbing state is determined by this matrix.
Mathematically speaking the fundamental matrix F is given by
the following equation:

F=(1-Q)! ®)

Matrix F is the inverse of (I — @), hence the determinant of the
matrix (I — Q) must be different from 0. The components of the
fundamental matrix help define the expected times for the
different non-absorbing states before the role player reaches the
absorbing states. However, in a case of learning a subject matter
in the classroom, the time available for teaching and learning
process for a course is usually predetermined, hence the
components of the fundamental matrix could be considered as the
level of difficulty that learners face [13], [14] during the course.

3.3. Matrix of probabilities of absorption

This matrix gives the probabilities of absorption to reach the
absorbing states. The limiting values of probabilities of the
absorbing states as components of matrix A can be computed
using the following equation:

A=(I-Q7'*R (©)

4. DATA USED AND METHODS

4.1. Data used
The data provided in Table 1 are the performance of the overall
TVET colleges across all 3 trimesters of the academic year 2019.

Table 1. Number of students for the completed Report 190/1
N4 to N6 part-qualifications for Engineering Studies, 2019
[9].

Qualification Nu.mher Number Number Completion
registered wrote completed rate (%)
i‘;{’/ﬁ 4 27818 | 25252 22278 88.2
i{;(;’/%s 19063 | 17860 16 390 91.8
f;op/‘;r;(s 16433 | 15510 14 061 90.7
Total 63314 | 58622 52729 89.9

4.2. MC model formulation

For each certificate that takes a trimester, 4 states can be defined
reasonably. Si: the enrolment state called the starting state; Sa:
the inclusion/admission state where the learner is eligible for
examination, Ss: stopping/halting/exclusion state where the
student is not eligible for examination, S4: the completion state
where the learner graduates. Based on the data, on one hand it is
implied that the number of students ineligible for examination is
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NR1-NR2. These students go into the stopping state. On the other
hand, the number of students who wrote but failed the
examination are assumed to go into the stopping state.
Completion state as well as the halting state are usually
considered to be absorbing states [1], [8]. In these states, the
learner does not go back to any of the non-absorbing states once
he/she has completed (has been halted). Hence the learner cannot
exit from the stopping state or completion state for the duration
of the programme. Since the TVET college engineering
certificates are designed as trimester programmes, students who
were not eligible for examination, failing the exam and those
dropping out have been assumed to remain in the stopping stage
for that specific trimester. Hence, they cannot graduate for the
duration of the certificate. In line with [8], practically speaking,
a student could re-enroll the following trimester or later. The
enrolment class and the inclusion/admission state to examination
are considered as transient states since the learner cannot remain
there for the whole duration of the certificate. From the enrolment
state, students will be split into the halting state or the inclusion
state. Once the student is eligible for examination, or has been
halted, he is not going back to the enrolment state. Figure 1 below
illustrates the above considerations for the MC model.

—
v

—/_> SZ
S1

V

Figure 1. Proposed Markov Chain Model

This model applies to each of the TVET Engineering
qualifications N4, N5 and N6.

Probability values are approximated by using the frequency
values in each state. Therefore, the probability of remaining in
the enrolment state is assumed to be null, i.e. p;; = 0. Similarly,
P22 = 0. The probability of moving from state 1 to the halting
state 3 is p,3, which is a non-zero value. The probabilities of
transiting from non-absorbing state 1 to non-absorbing state 2
and vice versa are p;, (non-zero value) and 0 respectively. The
probability of transiting from non-absorbing state 2 to halting
state and completion state are p,3 and p,, respectively. In any
absorbing state, the following applies, i.e. P33 =pyq =1

Once the student enters any of the absorbing states, he/she cannot
go back again to the initial state. From the above, the following
sums of probabilities are satisfied

Pz tpiz=1 @)

P23t pau=1 (®)

This yield to matrix B in its canonical form as shown below:
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0 piz Pz O
B = 0 0 P23 Do
0 o0 1 0
0 o0 0 1

. M o1.,_70 01 A _
The components of matrix B are I = [0 1], 0= [0 0], Q=

0 plz]andR [p13 ]
D23 D2a

4.3. Fundamental matrix and absorption probability matrix

From the previous section, I — Q is a diagonal matrix with non-
zero entries. Hence, algebraically the matrix is invertible, and its
inverse is obtained as follows

oely 7
F=01-0Q) 1_[1 P12

The absorption probability matrix is

A=F+R = [1 Piz] « [p13

] [p13 + P12P23
D23 D24

P12P24]
D24

5. RESULTS AND DISCUSSION
5.1. Determination of the transition probability matrix
The data in Table 1 from the 3 certificates N4, N5 and N6 of the
TVET colleges yielded to the results presented in Tables 2, 3 and
4 respectively. Each of these tables displays a 4 x 4 matrix, which

gives the estimated transition probabilities of the MC.

Table 2. Probabilities of transition between states for N4

S1 S2 S3 S4
S1 0 0.908 0.092 0
S2 0 0 0.118 0.882
S3 0 0 1 0
S4 0 0 0 1
Table 3. Probabilities of transition between states for N5
S1 S2 S3 S4
S1 0 0.937 0.063 0
S2 0 0 0.082 0.918
S3 0 0 1 0
S4 0 0 0 1
Table 4. Probabilities of transition between states for N6
S1 S2 S3 S4
S1 0 0.944 | 0.056 0
S2 0 0 0.093 0.907
S3 0 0 1 0
S4 0 0 0 1

The one step transition probability matrices for the respective
programmes are as follows
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0.908 0.092 0
_ 0 0.118 0.882|
Bra = 0 1 0o I
0 0 1
0.937 0.063 0
0 0.082 0918]

o>}
=
(%28
|
S oo o0 Ccocooo

0 1 0o I

0 0 1 |
0944 0.056 0

B 0  0.093 0.907
N6 — 0 1 0
0 0 1

5.2. Determination of canonical form of probability matrices

The matrices in the previous section yields to the following
submatrices

=y 7|5 Ona=
Ry =[0092 0
0.118 0.882

0

g o) QM:{(O) 0908] 4q

" [(1)0 0(1)!3; 0
Rys = [0:082 0.918

% Qus=[2 2% ang

_[1 07. _ [0 01. _ [0 0.944
Iye = [0 1] ; One = 0 0], Qne = [0 ]and
R — [0.056 0
N6 7 10.093 0.907
5.3. Calculation of fundamental matrices
1 0.908 1 0.937 1 0. 944
FN4_[0 1 ]FNS [0 1 ] dFNG_[O
The calculation of matrix inverse was also validated using an
online matrix calculator

(https://matrix.reshish.com/inverCalculation.php).

The average time from non-absorbing states to the absorbing
states are as follows for the 3 qualifications

‘ = [(1) 0.9108]* [ﬂ _ [1.9108]; b =

‘= [1.9144];

The above-calculated matrices display the mean number of times
between the initial state and the completion state for the
certificate to reach the absorption state. The elements in the first
row correspond to the time it takes to move from enrolment class
to the completion state, whereas the second element is associated
with time the learner moving from the eligibility/inclusion state
to be in the absorption state, i.e. either in the stopping state or
completion state. The predetermined time is approximately one
trimester, whereas the first components are 1.908, 1.937 and
1.944 for the fundamental matrices. Mean time has been also
used as an expression of the student difficulties in a specific class
[12], [13], specifically when the estimate time goes beyond the
predetermine time of the programme. Hence, in addition to the
normal duration of the certificate, the level of difficulty faced by
the student when he starts from enrolment class to reach the
completion state. The second component of fundamental
matrices is 1, which is equivalent to the trimester and corresponds

[1.9137];


https://matrix.reshish.com/inverCalculation.php
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to the expected time when learner moves from state 2 to the
absorbing states. From these results, it could be predicted that the
level of the learner’s difficulty is increasing with the level of
certificate, i.e. from N4 to N6. However, the differences in levels
of difficulty across certificates are not huge. Hence, for example
an N4 graduate who decides to further his studies in terms of N5,
may not face drastic difficulties since it is believed that he is used
already to the environment of the engineering studies offered in
TVET colleges.

5.4. Computation of absorption probabilities

Ays = [(1) 0.9108] . [0.092 0

0.118 0.882] ~
0.20 0.807. _[0.14 0.860],
0.118 0.8821 N> 7 10.082 0.918)
4. —[0144 0856
N6 7 10.093 0.907

For each certificate, the first row of the above matrix and second
row are the absorption probability for the learner to reach the
halting state and completion state respectively when the learner
starts from the enrolment class. The absorption probability to
reach the exclusion state is relatively higher for N4 certificate as
compared with N5 and N6 certificates. Academic staff and the
TVET managers may investigate teaching and learning
approaches to assist students to reduce further the exclusion rate.
The second row shows the absorption probabilities for the learner
to reach the halting state and completion state respectively when
he/she starts from the inclusion/eligibility state. For each matrix,
the element/probability on the second column and second row
shows exactly the completion rate computed by DHET. Hence
the probability of being absorbed in the completion state is
increasing with the level of certificate. From the results displayed
for N4, N5 and N6, more information is given by the MC and
goes beyond just the computation of completion rate by DHET.
Besides the completion rate between state 2 and the final
completion state, the halting rates have been also computed.
These results did not feature explicitly in the DHET completion
rate. Of course, the case above is simplified in the sense that it
does not take into consideration the progress of the students as
per module. For each certificate, all modules are taken once and
should be completed in principle in the given trimester. The
occurrence of any module is not conditioned statistically by any
other module for the same certificate. Other random factors such
as health or current indisposition may affect the completion of
the certificate [1] as well as the exclusion state. In addition to
these factors, financial difficulty can also be a major problem for
disadvantaged students who may not complete successfully the
certificate during the required time. The simplified MC
developed in this case could help educational managers to wisely
strategise around the issue of learner intakes, resources
distributions such as finances, educational materials, teaching
and learning strategies. In this way improvements in throughput
rates could be sought to, especially for N6 with the relatively
highest mean time, i.e., the relatively lower completion rate.

6. CONCLUSIONS

The current paper has introduced the MC approach with a special
case where non-absorbing states do not interact. The approach
has been in line with the strategy that the DHET uses to compute
the completion rate of the certificates for TVET colleges in South
Africa. MC formulation and implementation for certificate
completion yield to a way of understanding elegantly the level of
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difficulties that the student faces during the programmes. An
estimation of the probabilities of being absorbed into the
completion and exclusion states were determined. MC mimicked
exactly the certificate completion rates calculated by DHET.
Additionally, MC helped to determine the rate at which learners
is excluded from completion as well as the rate of completion
when the enrolment state is the entry point for the learner. The
expected times between transient states and graduation state were
also determined. MC technique showed also that the output
model may send a signal to the educational sector role-players
around their resources planning by putting forward quality
education, especially when dealing with enrolments and
improvement in completion strategies. Equally the model does
assume that the cases of dropout are included in the exclusion
state. The approach does not take into consideration of the
transfer (transition) of students between the different colleges for
the same certificate. Other reasons should be also investigated
such as dropout in the middle of the trimester that could also add
some tone to the level of difficulty of the certificate. This will
require the acquisition of relevant data to conduct such an
investigation.
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ABSTRACT

Consistency among knowledge areas of the Advanced
Certificate in Engineering (AdvCertEng) as proposed by the
Engineering Council of South Africa (ECSA) is evaluated
using Analytic Hierarchy Process (AHP) model. The certificate
is part of the new programmes offered in universities of
technology and comprehensive universities in South Africa. The
AHP model compares the credit weight of each knowledge area
with the existing weights in the programme as suggested by
ECSA. The model has its foundations on pairwise comparisons
of knowledge areas. The findings of the present study showed
that an acceptable level of consistency in credit allocation
among knowledge areas of AdvCertEng was achieved. AHP
was shown to be a validation tool of the existing preference
order of credits allocated to the different knowledge areas.
Nonetheless, very small differences in credit weights between
AHP and ECSA’s were noticed.
Keywords:  Analytic  hierarchy,  model,
qualification, credit allocation

engineering

1. INTRODUCTION

Teaching and learning of engineering programmes in South
African universities is founded on knowledge areas (KAs). KAs
are comprised of 6 elements, i.e. mathematical sciences, natural
sciences, engineering  sciences, design and  synthesis,
complementary studies and for relocation [1]. These KAs are
associated with credit allocation set by the Higher Education
Framework [3]. A credit is 10 notional hours of learning for the
student to achieve learning outcomes. Hence it is imperative for
ECSA to make sure programmes are aligned with the National
Qualifications Framework (NQF) of South Africa.

The Engineering Council of South Africa (ECSA) as an
accreditation body of engineering qualifications is mandated by
the Department of Higher Education (DHET) to conduct
accreditation in different universities offering engineering
programmes. All new programmes are aligned with the
minimum credit qualification set by the Higher Education
Qualification ~ Framework (HEQF) [3]. The Advanced
Certificate in Engineering, as a new engineering programme is
at NQF level 6 Level 6 NQF is A minimum of 140 credits must
be completed for the certification program, with at least 120 of
those credits being at NQF level 6 and including integrated
projects worth at least 70 credits. [2].  The distribution of
minimum credits among KAs is decided by a team of ECSA
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members, who deal with education matters. Moreover, each
institution of higher learning package modules in a programme
based on the minimum credit distribution of KAs. In deciding
on credit distribution, it is almost impossible to exclude a level
of subjectivity. The literature on evaluating KAs degree of
consistency based in terms of their weights is very rare, except
recent studies undertaken on Advanced Diploma in engineering
qualification dealing with KAs, e.g. [4]. In this respect, multi-
criteria decision making (MCDM) such as the family of
Analytic Hierarchy Process (AHP) techniques were used. These
techniques enable to rank the different KAs derived from the
weight calculation. The KAs were approached as criteria in
AHP formulation and implementation. It is worth noting AHP
in its standard form and its variants have been popular in several
fields, e.g. risk assessment in the transportation of hazardous
material [5], fire and explosion in process industry [6], traffic
accessibility of suburban areas [7] implementation of new
communication technology for education [8].MCDM is a
systematic and multidimensional procedure established to
unravel decision-making problems in several different fields
and search for the most logical and reasonable alternative with
consideration of all relevant criteria [13 ].There is no unanimity
of using a specific MCDM method to evaluate criteria [4].
MCDM deals with several criteria that can present some
contraction or conflict. It was proven recently that the decision
to be made on credit allocation of KAs of Advanced Diploma in
engineering may be reveal some complexity and may reveal
some subjectivity [4]. Since AHP is suitable for articulating
complex/subjective problems, it is therefore extended to the
current study. Generally, the level of accommodating
subjectivity is that judgements of the decision-makers called
experts should not reflect the degree of inconsistency of more
than 10 %. This paper uses the standard AHP and the scale 1 to
9 as crisp values [9]. The scale enables to determine the
computation of the consistency degree of the elements,
summarized in a pairwise comparison/decision matrix. This
matrix yields to the determination of criteria weights.

It is reiterated that this study presently takes opportunity to
formulate and implement the standard AHP around KAs, which
are adopted in universities of technologies and comprehensive
universities.  Universities of technologies offer mainly
technology-based programmes while comprehensive
universities offer a combination of technology based and
science-based  programmes. In  this  paper, “method”,
“technique”, “tool”, will mean the same when used in
combination with AHP. In a similar way, “decision matrix” and
“pairwise comparison matrix” will be used interchangeably.

https://doi.org/10.54808/IM SC12023.01.62
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Programme will refer often to “engineering” programme.
“Qualification”, “programme” and “certificate” will be used
synonymously. AHP  will mean standard conventional
technique.

The study is structured as follows. Section 2 focuses on a brief
foundation of AHP and its application to knowledge areas of
engineering programmes. The data availability and the essential
steps for credit determination during AHP are discussed in
Section 3. The results and discussion from the application of
AHP to AdvCertEng are given. Lastly, conclusions and
suggestions are presented in Section 5.

2. FOUNDATION OF AHP AND KNOWLEDGE AREAS
OF ENGINEERING PROGRAMMES

The introduction of the AHP method in years around 1980 [9],
was remarkable and yielded to various applications involving
multi-attributes decision problems [8], that reflect complexity.
The standard AHP has been instrumental in this respect, despite
of being criticized for addressing problems characterised with
imprecision, fuzziness, etc. Several variants have been
introduced in attempt to deal with such problems [5], [7].
However, the application of AHP to problems dealing
knowledge areas of engineering programmes remains very
sparse. The advantage of AHP is in splitting elegantly a
complex problem into a simplified problem. AHP relies on the
collection of opinions expressed by experts/decision-makers in
the form of an interview or written questionnaire and targets in
selecting the best alternatives as solutions to a problem. The
standard AHP is usually in the form of a hierarchical structure
as shown in Figure 1 below. It has basically 3 stages or levels of

decision-making process, namely: objective, criteria, sub-
criteria and alternatives.
Objective
Criterion 1 Criterion 2

Pa————l\

Subcriterion 1 Subcriterion 2 Subcriterion 3

e

Alternative 1

Alternative 2

Figure 1. Hierarchical presentation of AHP

e The top stage is the objective pursued in aligning the
programmes with the National Qualifications
Framework by ranking the different KAs consistently
and then selecting the best alternatives.

e The criteria and sub-criteria constitute the
intermediate stage that enable finding the solution(s).
They are used as means in the ranking of the different
alternatives. Criteria can be divided into sub-criteria,
where applicable. Sub-criteria are catalytic in ranking
the criteria and determination of weight criteria. They
help to establish the comparisons among criteria.

e Alternatives constitute the last stage of the
hierarchical structure and their ranking and weights
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can determined through criteria. Hence, indirectly
alternatives are influenced by sub-criteria.

The ranking of criteria and that of sub-criteria can be carried in
the process. As mentioned previously, pairwise comparisons are
performed (by experts) among entities as shown Table 1. These
comparisons are an expression of the judgements that experts
made in deciding on alternatives. Depend on the problem at
hand, a problem may not contain sub-criteria or it could be
simply to rank and find weights of criteria. Below is the scoring
approach in the AHP technique.

A score of 1 is used if 2 elements are equally perceived in terms
of level of preference. The pairwise comparison scores 1 if 2
elements are of equal importance. The pairwise comparison is
given a score of 3 if one entity is moderately important than the
other. When one entity is strongly important over the other, a
score of 5 should be allocated. If one entity has very strong
importance over the other one, a score of 7 is given. When one
element is extremely more important than the other one, a score
of 9 is allocated. The scores 2, 4, 6 and 8 are intermediate
scores. The scores of all pairwise comparisons are normally
summarized in a matrix called decision matrix or pairwise
comparison matrix. There different kinds of decision matrix
established at the level of criteria, sub-criteria and alternatives.
This matrix plays a pivotal role in the computation of the
weights for the different stages.

Table 1. Likert scale (1-9) for level of importance of AHP
model

Level of Description Reciprocals of
preference levels of
preference
1 Two entities are 1
equally important
3 One entity is 1/3
moderately important
over the other
5 One entity is strongly 1/5
more important over
the other
7 One entity is very 1/6
strongly more
important over the
other
9 One entity is 1/9
extremely more
important over the
other
2,4,6,8 Intermediate values 1/2,1/4,1/6,1/8
between the above
preferences

3. DATAAVAILABILITY AND METHODS

The data pertaining to the KAs of AdvCertEng was extracted
from ECSA publication and adapted in Table 2 below. This is a
programme of a minimum total of 140 credits allocated
throughout the KAs as displayed in the same Table 2. The last
column in the table represents the weights derived by the
author, based on the minimum credits; i.e. 1400 notional hours.
Credit allocation by ECSA team was a result from a
consultative process and an alignment of best practices with the
different accords where ECSA belong to. In line with AHP
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formulation KAs were used as criteria in the evaluation of the
qualification [10]. There is no official publication describing a
scientific procedure or proven methodology undertaken in credit
allocation on the ECSA website.

Table 2. Knowledge areas minimum credits of Advanced
Certificate in Engineering as adapted from ECSA

Knowledge area | Minimum Calculated
credits weights from
minimum
credits
C Mathematical 7 0.05
sciences
D | Natural sciences 7 0.05
E Engineering 35 0.25
sciences
F Design and 35 0.25
synthesis
G | Complementary 7 0.05
studies
H For Relocation 49 0.35
Total 140 1

Based on the minimum credit allocation as shown above, the
formulation and implementation of AHP was carried out briefly
as follows [4]:

-The objective was focused on ranking the different KAs
(criteria) consistently.

- The strategy of credits ratios between knowledge areas was
used to conduct pairwise comparisons among criteria. The
strategy ensured the conversion of credits were converted into
the qualitative likert scale 1 to 9. For instance, C and D have
respectively 7 credits. The ratio of 1:1 is selected for pairwise
comparisons and this could mean that these 2 criterias were
perceived to be equally important. Comparing H with C, the
ratio is 7:1, therefore 7 was used. In this case, its reciprocal is
1:7, i.e. when comparing C with H, 1/7 was used. In the case of
E and H a ratio of 1:1.4 was approximated to 1:2 because of the
existence of intermediate value according to the likert scale. The
rest of pairwise comparisons were carried out in a similar
manner.

-The decision matrix was constructed from all pairwise
comparisons and their reciprocals.

-The validity of the judgment matrix was tested by computing
the consistency ratio (CR) as the ratio between the consistency
index (CI) and random index (R1), using Eq. (1) and Eq. (2),
below

Cl = Harz )
CI
CR = R (2)

The maximum eigen value A,,,5 and the size n of the matrix
can be used as a measure of inconsistency [11], i.e. the
difference between these parameters is relatively big. The
mistake in the evaluation of pairwise comparison process can be
acceptable if CR is equal to 0.1 (or slightly more) [4], [5]. Table
3 is usually used for consistency index values for different sizes
of the judgment matrix, which is a square matrix of order n.

Table 3. Random index representing different sizes of
pairwise comparison matrix.

n 1 2 3 4 5 6 7 8

RI|O 0 0581 090) 112]124]132] 141

If the consistency test does not pass, it could be an indication of
the inconsistency in the experts’ judgments. Hence the weight
determination in the next step cannot be carried out. If done, the
weights could be a result of inconsistency and invalidity. In case
of invalidity, since the decision-making team cannot be asked to
review credit allocation in this point of time, consistency could
be forced. One would refer then to synthetic consistency.

-The weights were computed by considering the priority vector
which represents algebraically the eigen vector. Based on AHP,
this vector normally corresponds to the highest eigen value. The
priority vector is obtained by calculating the sum of entries of
the decision matrix in each column. Then divide each entry by
the above-calculated sum (respectively) to obtain a new matrix
with entries less than 1. Then the weight for each criterion is
obtained by averaging the sum of each row of the new matrix.
-The validation of weights was carried out by comparing the
differences in weight allocation by ECSA and the weight
determined through AHP. The smaller the differences, the better
the results.

The methodology introduced in this study is a double validation
process, i.e. test the consistency of credit allocation from the
strategy of credit ratios, then estimate the differences between
AHP credits and ECSA credits and decide on the magnitude of
the differences.

4. RESULTS AND DISCUSSION

Decision matrix and consistency test

The pairwise comparisons among the knowledge areas were used
to derive the judgment matrix for AHP, which is given in Table
4. The matrix order is 6. This was derived from AHP process as
the result of ECSA team’s judgments in the credit allocation
process.

Table 4. Pairwise comparison matrix of criteria

C D E F G H
Cc 1 1 1/5 1/5 1 177
D 1 1 1/5 1/5 1 177
E 5 5 1 1 5 12
F 5 5 1 1 5 1/2
G 1 1 1/5 1/5 1 1/7
H 7 7 2 2 7 1

The computed maximum eigen value was 6.1. Since the size of
the matrix is 6 corresponding to a random index of 1.24, the
calculated CR was 0.016 (1.6%). Hence CR<10 % and
confirmed that the judgments involved in the decision matrix
were consistency as far as Kas are concerned. ECSA team could
associated with 98.4 % confidence in the process of establishing
credits among KAs, based on AHP technique formulation.
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Calculation of weights of knowledge areas

In the process of calculating weight of the different KAs that
represent the criteria in AHP method, Tables 5 was first
determined by summing up all entries of each column. In this
table, the last row is very important to be used in Table 6.

Table 5. Matrix showing the last row as sum of entries for
each column.

C D E F G H
C 1 1 0.2 0.2 1 0.143
D 1 1 0.2 0.2 1 0.143
E 5 5 1 1 5 0.5
F 5 5 1 1 5 0.5
G 1 1 0.2 0.2 1 0.143
H 7 7 2 2 7 1
sum 20 20 4.6 4.6 20 2.429

Table 6. Matrix obtained by dividing each entry by the
respective sum of entries for each column.

C D E F G H

C 0.050 0.050 | 0.043 | 0.043 0.050 | 0.059
D 0.050 0.050 | 0.043 ] 0.043 0.050 | 0.059
E 0.250 0.250 | 0.217 | 0.217 0.250 | 0.206
F 0.250 0.250 | 0.217 | 0.217 0.250 | 0.206
G 0.050 0.050 | 0.043 ] 0.043 0.050 | 0.059
H 0.350 0.350 | 0.435)] 0435 0.350 | 0.412

1 1 1 1 1 1

Table 7. Knowledge area weights

Criterion Weights
C 0.049
D 0.049
E 0.232
F 0.232
G 0.049
H 0.389

Then each column entry was divided by its respective sum as
computed previously. This led to Table 6, where entries in each
row were averaged to obtain the weights of criteria. The weights
were summarised in Table 7. The weights pertaining to
Mathematical sciences (C), Natural sciences (D), Engineering
Sciences (E), Design and synthesis (F), complementary studies
(G) and for relocation (H) were 4.9, 4.9, 23.2, 23.2, 4.9 and 38.9
% respectively. These results showed that H had the highest
importance from experts’ point of view, followed by (E)/(F).
These were followed by (C)/(D)/(G), which were the least in
terms of importance order. This showed the decreasing ranking
order of Kas, based on AHP technique. The highest weight
attached with the redistribution (relocation) of credits could be
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an opportunity for universities to include courses of their choice
to make the AdvCertEng attractive. At the same time, the course
selection should be aligned with industry requirements and
respond adequately to the societal aspirations. The credits for
relocation could play a major role in the mobility and credit
transfer between institutions of higher learning. In the next
section, a comparison is conducted between the KA weights
obtained from AHP and existing weights from ECSA. This is
used to validate or triangulate the accuracy of ECSA’s weight

Evaluation of validity of knowledge area weights

In the validation process, comparison was carried out by
computing the absolute differences between ECSA weights and
AHP weights, as shown in Table 8. Considering ECSA’ s
weights as benchmark, the absolute differences in percentage
showed there was no significant difference between the 2
categories of weights. This was possible by assuming a
threshold of 10%. Hence AHP method could be used as tool to
validate weights derived from ECSA. The choice of threshold
value is crucial in the validation process and could be
subjective.

Table 8. Comparison between ECSA and AHP weights

AHP ECSA Absolute Relative
weights | Weight | difference absolute
S difference

(%)
C 0.049 0.05 0.01 1.39
D 0.049 0.05 0.01 1.39
E 0.232 0.25 0.018 7.29
F 0.232 0.25 0.018 7.29
G 0.049 0.05 0.01 1.39
H 0.389 0.35 0.039 11.0

From the above exercise, the application of MCDM tools such
the standard AHP has shown a level of transparency in the
determination of weight allocation to the different criteria. This
could be a guiding tool for ECSA in the future allocation of
minimum credits of engineering programmes. Besides,
qualifications should be aligned with graduate attributes, to
increase employability for students [12].

5. CONCLUSIONS

The present study has shown that AHP is a versatile technique
that can be used to rank transparently and simply the knowledge
areas of Advanced Certificate in Engineering. The consistency
in the judgements of ECSA’s experts was proven to be
acceptable. The ranking of knowledge areas of the programme
was carried out consistently through AHP, which was finally
used as a validation tool of the existing credit allocation to the
different KAs. Credit for relocation part was showed to have the
highest preference. The significance of the present study is to
have used innovatively ratios between credits to estimate the
preferences of ECSA’s experts’ judgements, translated into the
likert scale between 1 and 9. For curriculum development in
institutions of higher learning offering engineering programmes,
instructional practitioners could explore AHP as one of the
MCDM techniques. ECSA could also make use of the same
transparent strategy, should a need arise to review or develop
new qualifications. Further research could include the
application of the method presented in this study, to engineering
programmes other than AdvCertEng.
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ABSTRACT

Students’ enrolment plans in South African institutions of higher
learning system are associated with a degree of uncertainty,
which is measured by entropy index, under Shannon entropy
expression. Twenty-six universities have been considered as
contributing to the university system entropy on yearly basis. The
entropy of the system was found to be relatively higher, with a
quasi-constant trend. The University of South Africa (UNISA)
was the main contributor to the university system entropy.
Universities depicted a unique characteristic of enrolments being
statistically independent such that the system entropy and joint
entropy of enrolments were equivalent. It was found that there is
a strong correlation between relative changes in enrolments and
relative changes in entropy. Three zones of uncertainty with
enrolments were finally suggested, i.e. zone of low enrolments,
zone of sustainable enrolments and zone of chaotic enrolments.

Keywords: Uncertainty, enrolment, higher education

1. INTRODUCTION

Institutions of higher learning such as universities face often
more applications of first-time learners than the places available.
The South African educational sector has twenty-six public
universities, which are regulated by the Department of Higher
Education and Training (DHET). Student enrolment plans in
public universities are subsidised by DHET. In the last two
decades, the number of new matriculants produced in high school
outweigh the place availability in these universities. This is one
of the trends of massification and open access to higher education
[1]. The situation is exacerbated by the accumulated number of
matriculants who completed in the previous years. Universities
find themselves compelled to uptake more students than what
they would accommodate. One reason for this uptake is that
universities need to tackle issues around transformation in
addressing the imbalances of the past (apartheid) era, in cohort of
African students [2], hence the least advantaged should be
brought to the level of those advantaged in the past in targeting
equal participation in institutions of higher education (IHE) [3].
The deviation from the enrolment plans in IHE is common
practice, however the costs associated with the deviation from
approved enrolments plans by DHET is incurred by universities.
Consequently, these institutions are uncertain to stick to
enrolment plans. Hence there is a need to assess the uncertainty
of enrolments in the South African higher education sector.
Shannon’s entropy is immensely used to assess the degree of
uncertainty or chaos of systems, e.g. [4-8]. The literature on
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entropy dealing with enrolments in universities is almost
inexistent. The notion of entropy index has been derived from
Shannon entropy to assess the variable uncertainty [11] in terms
of spatial distribution for land use, e.g. [9], [10], mean annual
runoff distribution [12], urban sprawl and fractal analysis [13]. In
this case, the uniformity or concentration of variable in a region
has been of importance. The concept of entropy index is extended
to the South African public universities. The purpose of the study
is to determine the uncertainty associated with the level of
enrolment spread across public universities within the IHE
sector. Hence the study mainly investigates whether the
enrolments are dominantly concentrated in few specific
institutions or distributed uniformly across the IHE sector. The
data of students’ enrolments covers the period from 2009 to 2019.
In what follows, enrolment will mean student enrolment.
Institution, institution of higher learning and institution of higher
education will be used interchangeably. Entropy index, entropy
and marginal entropy will be used interchangeably. University
sector, university system, IHE sector will mean the same.

2. DATA AND METHODS
2.1. Shannon’s entropy

Entropy associated with a random variable has been proposed by
Shannon [11]. Equation below gives the expression of entropy
when extended to entropy index.

E(P) = =X, pilog(py) 1)

where k are elements making contribution to the given system P,
and pi is the fraction contributed by an element i to the system in
a particular time. Hence pi is given by

pi=3 @)

where Xi is the quantity of element i and X is the total quantity
representing the system P. The unit is in bits if the base of the
logarithm of Equation (1) is 2, in Napiers if the base is e, and in
decibels (dB) if the base is 10. In this study, the bits will be used.
Entropy index is bound between the minimum entropy (0) and
the maximum entropy log(k). When the contribution of elements
to the total quantity is uniformly distributed, i.e., all
frequencies/probabilities are equal, the maximum entropy is
attained.

https://doi.org/10.54808/IM SC12023.01.67
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For the purpose of this study, in the above equations, k represents
the number of universities within the higher education system
regulated by DHET.

2.1.1 Relative entropy

The relative entropy of a variable can be used to compare
entropies of elements with different contributions or entropies
occurring at different times. The variable, i.e. student enrolment
for each public university will contribute to the total enrolment
related to the set of IHE. Each enrolment number represents a
fraction of this total quantity.

The relative entropy can be expressed in its standardised form
using Equation (3), as shown below

_E®

E(P)rel - logN (3)

2.2. Joint entropy and mutual information

Since each university has its own student enrolment plan, a
reasonable assumption could be made that enrolments in each
university occurs independently statistically from one another.
One could say for instance, enrolment at the University of
Johannesburg (UJ) does not influence UNISA enrolments.
Therefore, the joint entropy index between these 2 institutions is
the sum of the entropy index related to each enrolment.
Generalising, the joint entropy associated with the university
system is the sum of entropy indices and is given by Equation (4)
below:

JE(P) = =Xt pilog(p;) @)

Therefore, this equation is equivalent to (1) for the South African
university system.

By virtue of the assumed independent enrolments among
universities, the mutual information which shows the amount of
information related to enrolment interdependences between two
given universities is null.

2.3. Relative change of entropy between consecutive years

The relative change in entropy is defined between 2 consecutive
times, i.e. years t and t+1 by Equation (5) as shown below:
_E;(t+D-E;(©)

AE; = L 100 (5)

This can be monitored with respect to the relative change in
enrolments, between years t and t+1, i.e.

_ X (D) =x44(6)
Ax; = By a— * 100 (6)

2.4. Data availability

This study used the data as published by DHET, in terms of
number of first-time undergraduate students enrolled in public
IHE, by institution from 2009 to 2019 [14], hence 10 years. Out
of 26 universities, only 3 cover at the most 5 years of data because
they have been created recently. Hence, the 3 institutions were
not considered in this study. These are the University of
Mpumalanga, Sefako Makgatho Health Science University and
Sol Plaatje University. The 23 universities considered for the
study are Cape Peninsula University of Technology (CPUT),
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University of Cape Town (UCT),University of Kwazulu-Natal
(UKZN), Durban University of Technology (DUT), Mangosuthu
University of Technology (MUT), Nelson Mandela Metropolitan
University (NMMU), North-West University (NWU), Rhodes
University (Rhodes), Tshwane University of Technology (TUT),
University of Fort Hare (UFH), University of Johannesburg (UJ),
University of Kwazulu Natal, University of Limpopo (UL),
University of Pretoria (UP), University of South Africa
(UNISA), University of Free State (UFS), University of Venda
(Univen), University of Western Cape (UWC), University of the
Witwatersrand (Wits), University of Zululand (UZ), Vaal
University of Technology (VUT) and Walter Sisulu University
(WsSu).

3. RESULTS AND DISCUSSION

Entropy values for each university were calculated and
summarised in Table 1 (Appendix), where the public university
system entropy (pus) is calculated in the last row. The annual
values are relatively high and are displayed in the graphical form
in Figure 1. The temporal evolution of entropy tends to the
maximum entropy, i.e. the tendency is towards pseudo
uniformity. This tendency is largely influenced by UNISA, which
is the major contributor to the system entropy and has been
considered as the largest open distance education in Africa. When
UNISA is omitted from the data, the pus entropy dropped by 10
% from its initial value. The annual average entropy in their
standardised form are shown in Figure 1 for each university and
depicts the enrolment contribution of each university to the pus
entropy, from 2009 to 2019. Hence Figure 2 shows the
descending order of universities with respect to the marginal
entropy associated with enrolments. The higher the entropy, the
higher the exposure of the institution to chaos associated with
student enrolments. UNISA for instance has the highest degree
of uncertainty contributing 12 % to the total entropy out of 23
universities, hence this institution of higher learning would
require strong management system coupled with adequate
resources to deal with issues around enrolments. This is followed
by UJ, with Rhodes University showing the least entropy.
Besides UNISA, the rest of universities each contribute below
1% of the system entropy. The lowest entropy for Rhodes
university could mean enrolments in this institution are
associated with relatively low chaos as compared with other
institutions. However, issue of sustainable enrolments that could
impact on economic return should be investigated.

Average relative entropy of university
enrolments (2009-2019)
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Figure 1. Average relative entropy associated with student
enrolments in public universities.
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The trend in pus entropy is linear and closely parallel to the time
axis. This shows that the temporal entropy variation is quasi-
constant over time. The same trend is translated in Fig 3 where
relative entropy values are presented in a standardised form with
respect to the maximum entropy (Log2(23) = 4.52). Relatively
high values of entropy from year to year signal that attention
should be paid to enrolments of first-time students in universities
since the entropy of the public university system is relatively
high. This value would mean that enrolment numbers are
distributed equitably across all IHE, but the enrolment
distribution is not necessarily uniform due to the differences in
marginal entropy among institutions. To recall the major
contribution to this uncertainty is UNISA due to its size and
gigantesque enrolment plan.

Entropy of student enrolments-Public
university system (pus)
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Figure 2. Entropy of student enrolments in the public
university system of South Africa. This entropy is symbolised
by Hpus and varies between 0 and max entropy.
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Figure 3. Relative entropy of students’ enrolments in the
public university system of South Africa. This entropy is
symbolised by Hrelpub and varies between 0 and 1.
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Figure 4 shows there is a strong correlation between relative
change in entropy of enrolments versus relative change in
enrolment. This would mean that the variations in these 2
variables entities generally point in the same direction. Sudden
changes in enrolments may yield to higher changes in uncertainty
of the university system.

Relative change in entropy of enrolments
versus relative change in enrolments
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Figure 4. Relative change in entropy of student enrolments vs
enrolment relative change of the public university system of
South Africa.

Availability of space to accommodate students should be
assessed carefully since the system entropy is relatively high. In
case enrolment plans are exceeded the maximum allowable
registrations, mechanisms should be put in place to have
rotational classes for examples. This will also require extra
resources such as administrative and academic in proportion with
the workload. The employment of extra staff on contract could
be envisaged for example. This is common practice in most
universities, especially those situated in metropolitan areas. Flip
classroom technology can be envisaged to enable lectures to be
delivered across universities offering the same programmes if
these agree formally. This technology can limit the space
constraints of teaching and learning [15]. Extra consumables
especially for institutions equipped with science and engineering
laboratories could be revisited. However, it will be wise for an
institution exceeding its maximum capacity to make it in a
reasonable and manageable fashion. In fact, the growth of
satellite campuses currently for most public institutions of high
learning, the long and early queues during student’s registration
could explain the degree of uncertainty associated with students’
enrolments. As documented, in the past during registration in a
particular year, long queues broke into a stampede, which yielded
to an unfortunate loss of a potential student at UJ. Exceeding
students’ enrolment plans come with issues of residence
accommodation. This is a puzzling aspect for most universities,
especially for applicants from disadvantaged background. The
government has come up with an encouraging bursary scheme to
meet halfway the needs of these students who qualify for the
scheme.

The relatively higher entropy could suggest that the public
education system assess on a regular basis chaos in terms of
student management, teaching and learning, and student support.
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Proactive decision making should be put in place to mitigate any
adverse negative impact of enrolments on good functioning of
universities. This study could help education managers and
practitioners to avoid an unbearable chaos that emanates from
students’ enrolments. Hence, they could come up with
sustainable management strategy of student enrolments, should
chaotic situations arise. It should be noted that an uncertainty free
system does not exist, and this would imply a perfect educational
system. A certain level of uncertainty is necessary to the system
since it makes the system adjust through self-organisation and
come back to its normal course.

Hence it is necessary for a system to keep at the minimum
acceptable threshold of uncertainty associated with enrolments to
make the system resilient when subjected to enrolment
disturbances. Below the minimum entropy, the system is stable
but may have difficulty to adapt when chaotic situations arise
suddenly since the system has never been exposed to significant
enrolment perturbations. Therefore, based on linear resilience
concept [12], it is proposed 3 situations of enrolments that
educational system could consider. Institutions of higher learning
should navigate into 3 zones of entropy with regards to
enrolments demarcated by 2 thresholds of entropy, i.e. minimum
entropy and maximum entropy:

-Zone of lower entropy: This zone is bound by the minimum
entropy. The educational system is stable when subjected to
minor enrolment increases. But it may still be vulnerable as it
does not have mechanism of fast adaptability when big enrolment
deviations occur. This zone presents a certain degree of
vulnerability, should a high surge in enrolments occurs.

-Zone of intermediate entropy. This zone is between the
minimum and maximum entropy and corresponds to sustainable
enrolment deviations. The educational system is sustainable
when subjected to manageable changes in enrolments and is
within the entropy thresholds. Enrolments should be maintained
very reasonable and sound management put in place to handle
student intakes without stretching too much resources.

-Zone of chaos: the educational system exceeds the maximum
entropy and becomes chaotic since high perturbations due to
huge enrolment deviations that have exceeded the maximum
uncertainty. Enrolments become very unpredictable and the
system become vulnerable and cannot cope effectively with
student numbers. Huge student intakes beyond the acceptable
capacity of the institution can compromise the purpose of
teaching and learning and may lead to unbearable workloads for
the academic staff. This zone is associated with high
unpredictability or uncertainty.

Hence entropy is good tool to measure the level of chaos that
could emanate from the enrolment exercise. It signals that
adjustments in students’ enrolments management plan but does
not show how management strategies should be implemented.

4. CONCLUSIONS

The versatility of Shannon entropy has been shown again here,
i.e. to measure the level of uncertainty that comes with students’
enrolments in institutions of higher learning of South Africa.
Entropy calculations showed that there is spread of student across
universities. The relative entropy showed that the system of
public university system is associated with higher entropy at least
80% of the maximum entropy, but the system can still be
managed. The enrolment spread among universities is not
uniform. Universities have been also ranked based on level of
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entropy, which showed that UNISA has the highest entropy and
account for 12 % on average of the total entropy over 10 years
and implying strong enrolments management plans to be put in
place to cope with huge numbers. Other institutions are below
1% of the total entropy. A structural entropy has been suggested
based on linear zoning concept of entropy, where the zone of
sustainable enrolment, zone of chaotic enrolments and zone of
minimum entropy have been identified. Considering
simultaneously all students’ enrolments, it was shown that
entropy is good measure for the uncertainty of the university
system.
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Appendix

Table 1. Entropy of enrolment in bits for each public university in South Africa (Only 23 universities considered)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

CPUT 0.216 | 0.211 | 0.198 | 0.207 | 0.210 | 0.202 | 0.194 | 0.217 | 0.177 | 0.167 | 0.173

UcTt 0.134 | 0.120 | 0.110 |[0.124 |0.128 | 0125 |0.129 |0.139 |0.118 | 0.103 | 0.117
Cut 0129 |0.112 |0.092 |0.098 |0.119 |0.123 |0.119 |0.141 |0.136 | 0.114 | 0.128
DUT 0.191 | 0.193 |0.169 |0.172 |0.19 |0.201 | 0.200 | 0.200 | 0.187 | 0.177 | 0.201
UFH 0.087 | 0.089 |0.088 |0.098 |0.088 |0.09 |0.101 |0.102 | 0.097 |0.097 | 0.105
UFS 0131 |0.151 |0.161 |0174 |0.169 |0.165 |0.147 |0.216 | 0.191 | 0.195 | 0.189
ulJ 0.292 | 0245 | 0.267 | 0.243 | 0.254 |0.270 | 0.245 |0.271 |0.218 | 0.204 | 0.225
UKZN 0.213 | 0.210 | 0.194 |0.192 |0.230 |0.251 | 0.208 | 0.218 | 0.204 | 0.186 | 0.194
UL 0.116 |0.145 | 0.150 | 0.153 | 0.154 | 0.157 [ 0.138 |0.154 |0.131 |0.124 |0.134
MUT 0.106 | 0.097 | 0.086 |0.099 |0.105 |0.095 |0.097 |0.112 | 0.109 |0.098 | 0.111
NMU 0.162 | 0.153 | 0.161 |0.153 |0.162 |0.171 | 0161 | 0174 |0.138 | 0.148 | 0.161
NWU 0173 0195 |0.192 |0.205 |0.231 |0.226 | 0.229 | 0.269 | 0.244 | 0.235 | 0.257
up 0212 | 0211 | 0.190 |0.197 |0.226 | 0.220 | 0.219 |0.215 | 0.182 | 0.197 | 0.210

Rhodes 0.067 | 0059 |0.049 |0.053 |0.059 | 0.060 | 0.059 | 0.056 | 0.050 | 0.047 | 0.055

UNISA 0499 | 0514 | 0529 | 0523 | 0476 | 0471 | 0501 |0.368 | 0515 | 0.527 | 0.504

us 0.136 | 0.142 | 0.134 | 0.126 | 0.147 | 0154 | 0.154 |0.158 | 0.140 | 0.133 | 0.140
TUT 0.286 | 0.266 | 0.241 | 0.273 | 0.304 | 0.297 | 0.282 | 0.305 | 0.284 | 0.256 | 0.254
UNIVEN | 0.071 | 0.066 | 0.072 | 0.081 | 0.120 | 0.118 | 0.113 | 0.121 | 0.095 | 0.095 | 0.105
VUT 0.173 | 0.173 | 0.140 |0.137 |0.134 |0.124 | 0109 |0.15 | 0.427 |0.133 | 0.135
WSU 0.176 | 0.173 | 0.159 |0.154 |0.178 |0.168 | 0.190 | 0.208 | 0.173 | 0.165 | 0.180
UwcC 0112 |0.123 |0.119 |0124 |0.131 |0.131 |0.127 |0.158 |0.128 | 0.120 | 0.136
WITS 0.186 | 0.157 | 0.137 | 0.157 | 0.167 | 0.170 | 0.158 | 0.187 | 0.154 | 0.147 | 0.148
uz 0.148 | 0.145 | 0110 | 0120 |0.130 |0.129 |[0.122 |0.129 |0.109 |0.103 |O0.112
(E'iFt);J)S 4016 | 3949 |3.750 |3.864 |4120 | 4141 |4.072 | 4372 ]399 | 3.878 | 4.096

72



Proceedings of the 17th I nternational Multi-Conference on Society, Cybernetics and I nformatics (IMSCI 2023)

Self-Physical Fitness Training Program with Sit up Sensor
to Enhance the Abdominal Muscle Strength

Nuttaporn SUDDEE!
Chulalongkorn University Demonstration Elementary School,
Faculty of Education, Chulalongkorn University Bangkok, 10330, Thailand

Noawanit SONGKRAM?
Department of Education and Communication Technology,
Faculty of Education, Chulalongkorn University Bangkok, 10330, Thailand

ABSTRACT

Technological advancements have resulted in
changing the people of today's behaviours and has
encouraged a change in lifestyles. And is an exercise
that can be done by yourself, anywhere you like and
when done regularly with correct posture, it will
strengthen the abdominal muscles. Also, by doing
this you will reduce the chance of an injury by doing
sit-ups. This can be included within modern exercise
trends, as those who want to exercise are already
familiar with using technological exercise equipment.
This study aimed to develop a self-physical fitness
training program with a sit-up sensor to enhance
abdominal muscle strength. It featured 60 undergraduate
students from Chulalongkorn University, ages 18 to
23, who were split into two groups with 30
participants each using purposive sampling: the
experimental group, which used the self-physical
fitness training program with a sit-up sensor, and the
control group, which used the program without the
sensor for three days a week over six weeks, or 18
days in total. These were the research's findings: The
Self-Physical Fitness Training Program with Digital
Innovation to Improve Abdominal Muscle Strength
study discovered a substantial difference between the
study results of the current stage and the needs analysis
of technologically connected devices for exercising in
the program at the 0.05 level. As a result of this
innovation, a chest strap could measure the slope of
the exerciser's body while performing a sit-up to
measure the length when connected to a smartphone
and the Sit-Up Fitness Tracker Application, which
reduces injuries and makes self-exercising convenient,
efficient, and easy. After using the Self-Physical
Fitness Training Program's digital technology, the
experimental group’s mean increased with a
significant difference at 0.05 levels. (M=4.99,
SD=0.03) Keywords: Self-Physical Fitness Training
Program, Sit Up, Sit Up Sensor, Abdominal Muscle
Strength

Keyword : Fitness Training Program, Sit up, Sit up
sensor, Abdominal Muscle Strength
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1. INTRODUCTION

Technology has changed today's world so it changes
human behavior and lifestyle. [1] From the survey
between 2013 to 2015, there is an increase from 66.3
percent to 68.3 among the population Generation Y
(Generation Y) aged 11-32 years, but in 2015 it was
found that many children and young people have the
least physical behavior compared to Silane. Generation

(Silent generation), Baby boomer (Baby boomer),
and Generation X (Generation X) [2] because of the
changing lifestyles of the current generation, resulting in
NCDs (Noncommunicable diseases) are diseases
caused by habits or lifestyle behaviors that are not
under good hygiene practices. Non-communicable
NCDs include diseases of the cardiovascular system
such as hypertension, coronary artery disease, stroke,
diabetes, cancer, metabolic syndrome, and other diseases.
The data supported by the World Health Organization
indicates that over the past 10 years, NCDs have been the
number one cause of death for Thai people, with 14
million Thai people dying before the age of 60, more than
300,000 people per year and up to 73% higher than the
global average [3]. Therefore, to adjust the behavior that
causes NCDs disease, one has to adjust one's own
behavior. Emphasis is placed on regular exercise, at least
30 minutes per session, at least 5 times per week [4] or a
lot of administrative space can be done by everyone on
their own [5], such as sitting up, wall pushing, pushing
up, stretching, different types of abdominal exercises,
body exercises with a chair, etc. Sitting up (sit up) is an
exercise that helps work the muscles in every part of the
body. Sit-ups also helps to burn calories as well. Sit-up
exercises come in a variety of positions, but the basic
ones start with lying on your back on the floor, bending
the knee up, putting your hands on the nape of the neck,
on the chest or wherever you like, then exerting force
from the small abdomen in order to lift the body up so
that the back is high above the floor at a sitting angle of
90 °. It is considered a sit-up angle that causes changes in
the waistline and abdomen better than sitting angles of
45 ° and 120 °. There is also evidence proving that sit-ups
will cause changes in abdominal fat to decrease. This will
have a huge impact on health [6]. For people who do not
posture correctly, there is a risk of injury in the neck and
lower back as well [7]. To reduce such injury problems

https://doi.org/10.54808/IM SC12023.01.73
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the researcher invented a digital innovation in sports to
help make exercise easier with sit-ups benefits and the
ability to practice on their own to reduce injury and
allows exercisers to know their ability level and readiness
of their health. If the exerciser does the sit-up posture
correctly, it will increase the physical performance in the
strength of the abdominal muscles.

2. LITERATURE REVIEW FRAMEWORK

Self-Physical Fitness Training Program

Physical fitness is a health-related attribute as well as
the ability of an individual's body to work, in which a
person with good physical fitness will be able to
perform various tasks in daily life smoothly and happily.
The component of physical fitness has 2 components:
1) the component of physical fitness for health. (Health-
Related Physical Fitness) consists of Muscle Endurance,
Muscle Strength, Speed, and Flexibility. Body composition
2) physical performance related to skills (Skill-related
Fitness), consisting of agility, balance, coordination of
body movement relations, muscle power, reaction time,
speed and which physical fitness training programs help
develop the body to have the ability to work or do
physical activities effectively. Some scholars and
researchers have presented the principles, and details of
a variety of physical fitness training programs. The
exercise program to build muscle strength should do
activities for 2 or more days per week.[8] Physical
fitness was measured using a physical fitness test. The
purpose of the test is to cover various aspects of physical
fitness, the test's reliability, and that the tool has a fixed
rating of validity and standardized testing. Users of the
physical fitness test should select the test item that is
suitable for the actual situation and also meets the
objectives that one wants to test. Most of the studies
on physical fitness have been studied on the effects of
using a series of training activities to enhance physical
performance including the development of physical
fitness criteria [9-14]

Abdominal Muscle Strength

Abdominal muscle strength is the ability to perform the
work of the abdominal muscle groups that are subjected to
maximum resistance. Abdominal muscles are part of the
core muscle group. There are 4 parts of abdominal muscles:
1) Rectus Abdominis 2) External Abdominal Oblique 3)
The inner abdominal muscles (Transverse Abdominis)
are the parts that support the functioning of the internal
organs and helps to have a good posture and a straight back
and 4) The internal abdominal oblique muscles are useful
for movement and balance. The sit-up posture is a skill
used to exercise the abdomen to create strength. Abdominal
muscles, waist circumference, thigh muscles, and lower
back muscles. The research by Giacomini, M.B. et al.
(2016) [15] showed that using a Pilates program helps
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promote the growth of abdominal wall muscles and
increase respiratory muscle strength, and effective
prevention of abdominal muscle weakness.

Sit-up Sensor

The Sit-up Sensor is a sports digitalized innovation for
use in exercising with sit-up postures, developed to meet
the needs of today's people. It is designed to be modern
for people who love sports and like to use technology. It
is the aim to increase confidence in self-exercise in the
sit-up position for the new generation who want to start
exercising whilst learning new technologies that will
make their exercise more fun. There are also modern
and interesting digital innovations such as Ski Sensors,
Checklight, Exercise Devices, Fitness Trackers, etc. The
research by Kato, et. al. (2017) [16] showed that in
fitness equipment there was a significantly higher intra-
abdominal and intra-abdominal muscle accumulation of
FDG in the experimental group. In addition, the
research report of Termpetch Sookhanaphibarn and
Earn Suriyachay (2021) [17] showed that a web
application for health promotion was written by using
VUE.js technology and the google cloud vision
engine encouraging users to run a distance of 100
kilometers within 100 days. There were 90% having
a better score on health-related physical fitness by
comparing before and after the activity.

Research Framework

From the study of the above 3 concepts and the research
hypothesizes that the physical fitness training
program together with the sit-up sensor helps to promote
the strength of the abdominal muscles. The variables
used in the study consisted of the self-training program
with Sit-up Sensor and is a training program to
effectively develop the physical fitness of the abdominal
muscles of each individual with digital innovation,
consisting of 1) Sit-up Sensor device with Chest strap 2)
Smartphone with a specific application (Application)
and strength of the abdominal muscles. Here, it means
being able to do sit-ups for 60 seconds as many times as
possible. The details are shown in Figure 1 showing
the relationship between the study variables.

Self-Physical Fitness
Training Program

Sit up Sensor

.

Self-Physical Fitness Training Program with Sit up Sensor
to Enhance the Abdominal Muscle Strength

L 2

the Abdominal Muscle Strength

Figure 1: Conceptual framework of a research program for
self-training physical fitness with the sit-up sensor to
promote strength of the abdominal muscles.
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3. METHOD

Phase 1: To study the need for self-service physical
fitness training programs and the acceptance of digital
innovations in physical education. The samples were
undergraduate students across the country consisting
of males and females aged between 18 and 23 years
old of 1,001 people who did not exercise regularly.
52% of them were male students and 48% of them
were females. 0.8% were aged 17-18 years old, 45.3%
were aged 21-22 years old, 42.1% were aged 19-20
years old and 11.8% were aged 23 and over. The sample
group was 2nd-year university students 32%, 3rd-year
university students 26%, 4th-year university students
20.2%, and 5th-year university students 10.3%. 50.8%
were non-athletes and 49.2% were athletes. The research
instruments were questionnaires. Part 1 was the condition
and needs of using physical fitness training programs by
themselves. It is a 7-level estimation scale (1 = least need,
7 = most need) and part 2 acceptance of digital innovation
in physical education. It is a 7-point estimation scale
(1= strongly disagree, 7 = strongly agree). Part 1 of the
questionnaire had a reliability value of 0.97 and part 2 of
the questionnaire had a reliability value of 0.95. The data
was analyzed using inferential statistics: Confirm Factor
Analysis and Structural Equation Modeling Analysis.

Phase 2: Create a prototype of a self-physical fitness
training program with the Sit-up Sensor to promote the
strength of the abdominal muscles. Data collection was
conducted with a Focus Group Discussion Form by
a specialist in the fitness training program, digital
innovation experts muscle strength specialist and
research experts totaling 5 persons.

Phrase 3: To study the effects of using a self-physical
fitness training program with the Sit-up Sensor to
promote abdominal muscle strength. The participants
comprised of 60 undergraduate university students
aged between 18-23 years old from the Faculty of
Education at Chulalongkorn University. The study
was divided into two groups: the experimental group
and the control group, each consisting of 30 participants.
(20 males, 10 females) The experimental group used
digital innovation with a self-physical fitness training
program. The control group used the self-physical
fitness training program without digital innovation.
The programs lasted for six weeks, three days per
week (18 days in total). Before the experiment, the
subjects assessed their readiness before training
according to the physical fitness training program by
themselves in combination with the sit-up sensor.
The research tool was a 6-week self-physical fitness
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training program and digital innovation included a Sit
up Sensor device with a chest strap digital clock or
smartphone installed with an experimental application
(sit-up application). The data was analyzed using
descriptive statistics, and inferential statistics.

Phrase 4: To verify the effectiveness of the Self-
Physical Fitness Training Program with Sit up Sensor
to promote the strength of the abdominal muscles.
5 experts evaluated the physical fitness training
program by themselves with the Sit up Sensor to
promote the strength of the abdominal muscles to
certify the physical fitness training program by
themselves with the Sit-up Sensor to promote the
strength of the abdomen muscles.

4. ANALYSIS RESULTS

The condition and need for a self- physical fitness
training program with Sit up Sensor to promote
the strength of the abdominal muscles.

The comparison results of the actual mean and the need
for manual programming were significantly different at
the .05 level (Sig=.000), with the actual mean being at
quite a high level (M = 4.04, S.D. =1.46) and the
demand is in quite a high level (M = 4.40, S.D. = 1.36)
compared to the average reality and the need for
technologically connected equipment used for exercise.
In the self- physical fitness training program, the
difference was statistically significant at the .05 level.
(Sig=.000) The actual condition was at a high level (M
= 4.86, S.D. = 1.62) and the demand was at a high
level (M = 5.12, S.D. = 1.56). Confirmation Factor
Analysis and Structural Equation Modeling Analysis
found that perceived usefulness had a CR value of
0.943, an AVE value of 0.768, and a perception of
ease of use. Perceive ease of use had a CR value of
0.938, AVE had a value of 0.750, Attitude had a CR
value of 0.951, AVE had a value of 0.796, behavioral
intention had a CR value of 0.947, and AVE had
a value of 0.782. Actual Use, CR 0.956, AVE 0.814,
Cronbach Alpha, whole issue 0.975, factor loading
ranged from 0.732-0.851, AVE ranged from 0.750-
0.814, Cr ranged from 0.938-0.956. There was
a direct effect on attitude equal to 0.34 Perception of
ease of use (p < 0.001). There was a direct effect on
attitude equal to 0.53 (p < 0.001), attitude had a direct
effect on behavioral intention equal to 0.88 (p < 0.001),
behavioral intention had a direct effect on actual use
equal to 0.84 (p < 0.001), X2-test value, P-value = 0.000,
chi-square = 2.55 (X%df = 656.58/257), GFI 0.95,
CFI 1.00, AGFI 0.92, RMSEA 0.039 and SMER.
0.032 details as shown in Figure 2
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Figure 2 : Structural equation model for accepting digital
innovations in physical education

Development of a self -physical fitness training
program with a sit up sensor to enhance the
abdominal muscle strength

Smart chest strap device (Sit-Up Fitness Tracker) is a
chest strap for measuring the inclination of the torso
for sit-up exercises and when the sit-up has reached
the standard incline or desired incline. There will be a
warning sound as in Figure 3 with regard to the level
of the lower back muscles raised off the floor. It will
also include functions that tell about the strength of
the abdominal muscles and the appropriate sit-up
time for each age group. Plus, there are other related
functions. By working with a smart phone and a specific
application (Sit-Up Fitness Tracker Application) to make
a sit-up effective. It is also ensured that the exercise is
easy to use and does not cause injury. The set of
equipment used consists of an abdominal muscle exercise
monitor, chest strap and USB-C charging cable, as
shown in Figure 4. To start, hook the chest strap onto
the chest strap eye of the device. Wear and adjust the
device to chest level as in Figure 4. After that, press
the button. Turn on/off the device once to turn on the
device. To turn it off, press and hold for approximately
5 seconds or until the device display turns off. Make a
connection to the application and access the device
through the application. When the machine is turned on,
the screen will show the letter B (Bluetooth) and that
it is waiting to connect to the application. When
connected, it will change to R (Ready) as in Figure 5.
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The machine can set the angle of the sit-up position.
In the application, as in Figure 6, when finished, it
will appear on the screen of the Sit-Up Fitness Tracker to
let the user know and be ready to start practicing sit-ups
immediately. When starting sit-ups, the system will count
the number of sit-ups, and show the whole screen. When
the sit-ups are completed, the system will summarize
the time per round, rest time per round, degrees, total
number of times and number of sets are shown to the
user as shown in Figure 7.

l 97 Sit-Up Fitness
© - {Tracker Application
annectlng - count - time
VAV'thI_ |- record statistics
pplication (Daily, monthly,
yearly)

o
Sensor

a
¢ 90°

height from back
to floor

W=t

- Chest Strap
- Sit up Sensor

non

nsoe

Figure 3: Digital innovations in sports to build
abdominal strength
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The effect of using a physical fitness self-physical
fitness training program with the Sit up Sensor to
enhance the abdominal muscle strength

The participants who used the self-physical fitness
training program with the Sit-Up Sensor to enhance
abdominal muscle strength had a higher mean number of
completed sit-ups in the allotted time than before the
experiment used the program and equipment. The
difference was statistically significant at the .05 level,
and those who used the physical fitness training
program with the sit-up sensor to enhance the strength of
the abdominal muscles had a higher average number
of sit-up times than the group using the training program
without the Sit-up Sensor device, the difference was
statistically significant at the .05 level as shown in
Table 1 and Table 2.

Table 1: Experimental results of the group using the
self-physical fitness training program with the Sit-up
Sensor.

TEST N Number of times in Sit-up t P
Mean S.D.
Pre test 30 22.67 6.21 14.65*  .000*
Post test 30 31.43 7.31
p<.05
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Table 2: Experimental results of the group using the
self-physical fitness training program with the Sit-Up
Sensor and the group using the training program
without the Sit-up Sensor.

TEST N Number of times in sit-up t P
Mean S.D.
he group using the 30 27.87 5.57 2.16 .035%
raining program with
‘he Sit-Up Sensor
he group using the 30 31.43 7.13

raining program
vithout the Sit-up

>ensor.

p < .05

The results of the test verify the effectiveness of a
Self-Physical Fitness Training Program using a Sit up
Sensor to enhance abdominal muscle strength to
optimum levels.

5. CONCLUSION

Discussion

Conditions and needs for Self-Physical Fitness Training
Program with a Sit-up Sensor to enhance abdominal
muscle strength found that the actual situation and
the need for technologically connected devices for
exercising were significantly different at the .05
level. The study of acceptance of educational
innovation found that recognition of the benefits of
using this has a direct effect on attitude. Perceived
ease of use had a direct effect on attitude. Attitude
had a direct effect on behavioral intention and
behavioral intention has a direct effect on actual
usage. Since today's world has many facilities being
driven by science and technology, things have changed
dramatically over the past decade. In particular,
technology has resulted in people nowadays having
behaviors and lifestyles that have changed. It has
long-term effects on both physical and mental health.
Most of the time each day is spent working and
traveling with a lack of regular exercise. Therefore,
the availability of technology and facilities allows
people to exercise more. The reach of wearable trackers
allows consumers to monitor their physical activity
alongside online applications, with the tool showing
that Exercise programs and equipment are necessary
and important to facilitate everyday life [1]
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Using a self-physical fitness training program with the Sit-
up Sensor to enhance abdominal muscle strength allows
users to do more sit-ups with the sit-up device to strengthen
their abdominal muscles. Innovations and sports
technology were developed to meet the needs of people in
today's era. It has a direct effect on health, reducing
sedentary behavior among young people that can lead to
obesity. This leads to a better life as well, including muscle
strength training, there is a specificity of training, should
focus on training the muscles or muscle groups that will
actually be used to achieve maximum benefit, including the
duration of training and continuity, the character of the
body will develop more strength.

Limitation

Sit-up Sensors or sports digital innovation developed
are devices that are small, lightweight, and easy to use.
The device will connect to the application on the
smartphone with a Bluetooth signal. The sensor will
send the signal to the smartphone for counting the
number of times the particular exercise can be
performed. In addition, the application saves personal
data, sets the range of time and sets degrees of posture
including saving data for users to see details about the
data of the operation, to develop their strength even
further in the future to make the equipment more
complete and modern, The researcher found that other
indicators should be added to the application and
added other functions, such as adding vibration for the
blind, deaf, showing the body fat, bone mass, etc., as
well as physical fitness training programs and that this
device is used for sit-ups only. Therefore, to meet the
needs of various types of exercises, it should be used
with exercise equipment to enhance performance in
other areas as well. The sample was limited because of
the participants. have similar backgrounds too without
being different from other factors. In order to expand
the research results more broadly, future research
developments may include trials with more diverse
participants.
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ABSTRACT

Health informatics is rarely introduced to middle school students
due to their age and insufficient background knowledge in
computing and healthcare. At the same time, it has been observed
that many students have lost interest in science and technology
when they reach high school. Funded by the NIH AIM-AHEAD
initiative, we embarked on a project to create a health informatics
after-school initiative focused on Al. We recognize that youth
who identify as racial or ethnic minorities are less likely to be
introduced to and less prepared for a range of STEM-H careers.
Limited diversity in the life sciences and health professions has
significant consequences for access to healthcare services.
Preparing diverse students for the future digitally proficient
healthcare workforce is fundamental to addressing health
disparities, increasing cross-cultural communication, and
positively impacting health equity. We acknowledge that
students are more likely to thrive academically in areas of STEM-
H when they have access to instructors from diverse races,
ethnicities, and backgrounds who understand their experiences
and perspectives.

Keywords: Health informatics education, middle schoolers, Al,
healthcare, disparity, digitally proficient.

1. INTRODUCTION
The overall approach of our project is focused on transforming

student lives and increasing diversity in the digitally proficient
healthcare workforce. According to one study, women make up
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15% of Al researchers at Facebook and 10% at Google [1]. It has
also been reported that less than 3% of workers at technology
companies are Black [2]. The healthcare workforce also faces
challenges: A cross-sectional study using data from the 2019
American Community Survey (ACS) to compare the diversity of
10 healthcare occupations (advanced practice registered nurses,
dentists, occupational therapists, pharmacists, physical
therapists, physician assistants, physicians, registered nurses,
respiratory therapists, and speech-language pathologists)
reported that Blacks and Hispanics are underrepresented in these
occupations that have higher education requirements [3]. On the
surface, Asians are overrepresented in many technology and
healthcare fields. Studies, however, revealed strong
discrimination against Asian workers. For example, among all
races and ethnicities, Asians are most likely to be hired by a
technology company and are the least likely to be promoted to
senior leadership positions and receive lower performance
ratings [4].

Diversity also goes beyond race and gender [5]. Young people
from immigrant backgrounds, speaking English as a second
language, growing up in low-income neighborhoods, etc., are
disadvantaged when it comes to early exposure to advanced
technology fields such as AI. Our project aims to provide a
solution to this problem by bringing Al in a medical training
program to a diverse group of middle school students in the form
of AIM-AHEAD after-school clubs using a state-of-the-art
mobile classroom.

Theorem/Proof/Lemma: The pilot objective is
promoting diversity, equity, and inclusion in healthcare and

https://doi.org/10.54808/IM SC12023.01.81
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informatics education. Students in US schools are growing
increasingly racially and ethnically diverse, teachers and school
leaders, for the most part, do not reflect this diversity [6]. To
address the unique needs of students, our project is guided by the
Culturally Responsive Teaching (CRT) model, which is an
approach to teaching that is based on the idea that students learn
best when their cultural backgrounds and experiences are taken
into account. It is a student-centered approach that focuses on
building relationships, creating a safe and supportive learning
environment, and engaging students in meaningful learning

experiences. CRT also emphasizes the importance of intrinsic
motivation, which is the idea that students are more likely to be
successful when they are motivated by their own interests and
curiosity [7].

Our overarching hypothesis is that personalized and
representative informatics will increase children’s knowledge,
interest, and future participation in a STEM-H workforce (Fig.

1.

Al curriculum framework for middle school

"Teens like me"
pathway

activities

Culturally Responsive Teachers Model

School values

Proficiency

Attitudes - Skills & Competencies - Knowledge

workforce
A
Ethical Reasoning School-bound

Efficient knowledge
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Fig. 1. Conceptual framework for diversified Al-focused medical training program for middle school students.

The pilot target population is Alexandria City Public Schools
(ACPS) in Virginia, serving more than 15,700 students who hail
from more than 119 countries and speak 124 languages. ACPS
has 18 schools, including two middle schools (6-8 grade), two K-
8 schools, one pre-K school, and the internationally recognized
Alexandria City High School. Middle school challenges include
providing students access to advanced technology resources,
such as Al, and providing early exposure to technology to
enhance learning experiences. Introducing this technology
allows students the ability to apply, evaluate, and improve their
skills in a controlled learning environment, without the risk of
real-world consequences. Created learning scenarios are
repeatable to allow students to improve performance through
carefully analyzing mistakes and being free to make them
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without real-world risks. The immersive nature of our approach
adds an experiential and spatial component that helps learners to
retain information.

The after-school STEM-H programming is an effort to provide
students with hands-on collaborative interactive activities to
learn the basics of health informatics, computing, and Al

2. BIG DATA APPROACH TO HEALTH INFORMATICS
EDUCATION IN CHILDREN AND ADOLESCENTS

The AIM-AHEAD after-school club takes place in the Immersive
Learning Center (Fig. 2 & Fig. 3) and has 3 key components:
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Fig. 2. Sixth- and seventh-grade stu ents are learning about
health informatics in the Immersive Learning Center.

Fig. 3. The Immersive Learning Center.

1) Mini “Tech Talks” on Al in medicine:

We recruited a wide range of speakers from pioneers in Al in
medicine and health informatics experts who are developing
cutting-edge solutions in academia and industry to middle- high-
school/college students who are learning about AI. We asked
each speaker to record a 15-20 minute talk to inspire students
with a focus on Al applications rather than the technical details
of methodology. By providing concrete and compelling
examples of Al applications that have an impact on health and
healthcare, we hope to introduce the field of Al and health
informatics as both exciting and important.

One example of a “Tech Talk” is a lesson by Marius George
Linguraru, DPhil, MA, MSc, Children’s National Hospital/The
George Washington University, on the uses of advanced Al in
facial recognition for early detection of Down syndrome in
diverse populations and in developing countries. Image
recognition is a powerful technology with significant
implications in everyday life. Al image recognition picks up
hidden patterns, even those not apparent to the human eye (Fig.
4). While the technology is sophisticated, even middle school
students can appreciate the disparity problem and the benefit of
the image recognition solutions.
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Fig. 4. Dr. Marius George Linguraru of Children’s National
Hospital/The George Washington University gave a “Tech Talk”
on “Al for Children with Rare Diseases.”

2) Hands-on programming using Lego Robots:

Since most of our ACPS middle school population is students
from diverse backgrounds with no prior exposure to
programming, we decided to teach programming using Lego
Inventor Robot. Considering the limited classroom time, we
recruited a team of middle and high school students to pre-
assemble the robots, allowing the after-school participants to
jump into the programming components directly (Fig. 5, Fig. 6).

The first part of the programming lessons is focused on the basic
commands, control structures, use of variables, and sensors. The
second part dives into machine learning. The lessons give
students an opportunity to experiment with learning from audio
and visual data. The students are also able to use the trained
model to make the robots more “intelligent.”

Fig. 5. Students buildingand programming Lego robots. We are
also working on designing a final project that demonstrates how
Lego robots could be used in the health domain.
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Fig. 6. Students in middle school after-school club using code to
control the Lego robots.

3) Experiment with big, real word healthcare data in a
“Teens Like Me” app:

To introduce the middle school students to real life, big data in
healthcare, we curated two adolescent-focused datasets using the
Cerner Real World Data (RWD) and the National Health and
Nutrition Examination Survey (NHANES) (Table 1). We have
experience working with both datasets. RWD is a huge, national
electronic health record (EHR) dataset from more than 100
healthcare facilities across the US [8]. As its name suggests, it
contains valuable real world clinical data that can be used to
demonstrate the power of AI. NHANES, on the other hand, is a
yearly survey conducted by the US Centers for Disease Control
(CDC). NHANES collects cross-sectional data from a nationally
representative sample, while over-samples certain minority
groups [9]. We have identified subjects in their teens from both
datasets, to allow the “like me” analyses that are more relatable
for the students. One analysis we have conducted is to
characterize the nutrient patterns of food items in adolescent diets
using data from a novel citizen science project we have
previously carried out with the ACPS and the NHANES. In this
analysis, we used two different unsupervised learning methods to
discover the common nutrient profiles of food items consumed
by teenagers and visualized the deficiencies and excesses
according to the FDA recommended daily values (DV) [10] (Fig.
7.

TABLE 1. The demographic characteristics of the CDW and
NHANES datasets.

Cerner CDW NHANES
(N=1,450,782) (N=7,110)

Gender
Female 673,417 3,460
Male 776,482 3,650
Unknown 883
| Race
‘White American 904,844 2,034
African 184,865 1,752
American
Asian 28,643 N/A
Others 0 965
Unknown 196,032 0
| Ethnicity
Non-Hispanics 967,974 4,751
Hispanics 308,496 2,359

Given that most students do not have the level of programming
skills to train realistic machine learning models, we are
developing a “Teens Like Me” app to allow the students to
experiment with risk prediction models. For example, the
students can use the app (instead of R or python) to explore the
unsupervised learning analyses of the nutrients’ datasets and
observe the effect of using different clustering methods and
number of clusters.

3. DISCUSSION POINT: PM METHODOLOGY OF
HEALTH INFORMATICS EDUCATION FOR MIDDLE
SCHOOL LEARNERS

Development of Al-based technologies calls for a new social
contract between the computer sciences (CS) community,
including ITs, ICTs, programmers (aka IT specialties) and digital
society stakeholders in order to be successful with adolescents
that have been immersed with the computer-mediated
interactions since early childhood. Traditional education is
transformed by new learning practices focusing not only on
knowledge acquisition, but efficient knowledge implementation
expressed through learning and professional competencies. In
our pilot, students from diverse backgrounds and knowledge
levels have joined an after-school club to learn more about health
informatics. The proposed method was applied in an after-school
club for 6-8th grade students (Fig. 8). There were four after-
school 6-8th grade student clubs, with 12-26 students
participating in each club.

An important part of the after-school club was to give students
the chance to have hands-on learning experiences with health
informatics. A unique combination of this technology promotes
interactivity, and engagement, allowing students to enhance
critical thinking and communication skills, team building and
collaboration, and technical knowledge. The cumulative learning
outcomes can be defined in our conceptual framework as
generalized intellectual capital in education (InCEP), expressed
through an algorithm comprising four different factors: ethical
reasoning, academic achievements, coping with complex school-
bound activities and related everyday life situations, and, most
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% of DV

Cluster Size Energy Protein Total Lipid Carbohydrates Dietary Fiber Total Sugars Calcium Iron Potassium Sodium Cholesterol

K-Means 28%
16%
14%
14%
11%
%
5%
4%

<1%

Cluster Size Energy Protein Total Lipid Carbohydrates Dietary Fiber Total Sugars Calcium Iron Potassium Sodium Cholesterol

GMM 32%
21%

11%
10%
8%
8%
6%

3%
1%

Fig. 7. This figure shows the nutrient profiles of 9 clusters of food items generated using two different methods (K-Means and GMM). It
suggests that the largest clusters are low in many nutrients, with sugar and protein being the exceptions when compared to the DV.

importantly, digital proficiency. It is hypothesized that InCEP has
a direct impact on learning competencies of students, warranting
future successful management of professional and life challenges
[11]

Fig. 8. 8th grade students participating in the afterschool program
in the Immersive Learning Center.

Our conceptual framework recognizes certain limitations of the
approach undertaken. Teaching and learning health informatics
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is challenging in the middle school 6-8th grades. Both teachers
and students require a great deal of support.

We recognize that youth who identify as racial or ethnic
minorities are less likely to be exposed to and less prepared for a
range of STEM-H careers. Limited diversity in the life sciences
and health professions has significant consequences for access to
healthcare services. Preparing diverse students for the future
digitally proficient healthcare workforce is fundamental to
addressing health disparities, increasing cross-cultural
communication, and positively impacting health equity. We
acknowledge that students are more likely to thrive academically
in areas of STEM-H when they have access to instructors from
diverse races, ethnicities, and backgrounds who understand their
experiences and perspectives.

The proposed Al curriculum framework for middle schoolers
addresses the existing gap in teaching digital core competencies
as an integrated discipline for middle school students. Education
through children-centered health informatics focuses on
providing a methodology and metrics for aligning Al-based
technologies with school values, and also enhances primary
education with research and development components across
traditional and innovative teaching disciplines.
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The process of piloting and expanding initiatives like this are
challenging. However, educating diverse students for careers in
health informatics is fundamental to addressing disparities in
healthcare, increasing cross-cultural communication, and
positively impacting equity in health career pathways.
Ultimately, to achieve change and to prepare a diverse healthcare
workforce, ongoing commitments from secondary and higher
education, as well as community collaborations are required. We
will continue to work closely with teachers, leadership, and
community partners to ensure that our middle school after-school
programs have the support needed to take root and thrive. We are
also planning to create an online curriculum that can be shared
with other school districts.
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ABSTRACT

The world enters a new normal in response to the crisis brought
on by the COVID-19 pandemic. This new normal has its unique
challenges and opportunities for the faculty as physical campuses
gradually re-open for teaching and learning. Although a growing
amount of research has shown a relationship between the extent
of basic psychological needs satisfaction and the state of well-
being in diverse populations, studies focused on the faculty in the
new normal remain limited. An online survey of 100 faculty from
an institution of Catholic higher education in the Philippines was
thereby carried out in the latter half of 2022 to examine such a
relationship. The results of this study showed that satisfying the
basic psychological needs of the faculty during the new normal
can contribute significantly to their well-being. These results can
inform higher education institutions on how they can best support
their faculty in the new normal and promote student learning.

Keywords: Basic Psychological Needs Satisfaction, Self-
Determination Theory, Well-Being, Mental Health Continuum,
Higher Education, Faculty Development

1. INTRODUCTION

The COVID-19 pandemic has disrupted the way we live our
lives. Countries across the world seemingly halted in the middle
of March 2020 as governments strictly enforced precautionary
measures and restrictions, such as community lockdowns, to
contain the spread of COVID-19 particularly in areas with
vulnerable health systems. These community lockdowns
involved limiting the movement of people and closing the
national borders. Not spared from these community lockdowns
was the education sector as physical campuses were forced to
close in adherence to government mandates. To continue the
education of students in this adverse situation, higher education
institutions, for example, shifted from offering in-person classes
to using online learning platforms [1]. This abrupt shift in the
delivery of teaching posed several challenges that may impact the
well-being of the faculty. These challenges include the need to
learn new technology, difficulty in engaging the students, lack of
connection with students, and absence of work-life balance,
among others [2].

The Philippines implemented one of the world’s longest and most
stringent community lockdowns [3]. It gradually eased
restrictions on conducting in-person classes two years after the
start of the COVID-19 pandemic, being the last country in the
world to allow its students to return to classrooms [4]. With the
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decline in COVID-19 cases and rollout of vaccines, the pandemic
has eventually ushered the Philippines and other countries into a
new normal where drastic changes have taken place as a result of
adapting to the crisis [5]. This new normal though is not without
its unique challenges and opportunities that may influence the
well-being of the faculty. An area of scholarship not yet
extensively explored is how satisfaction of basic psychological
needs or lack thereof during the new normal can affect the well-
being of faculty teaching in higher education institutions.

Hence, this study aims to 1) determine the level of satisfaction of
basic psychological needs for autonomy, competence, and
relatedness among higher education faculty during the new
normal using the Basic Psychological Needs Satisfaction (BPNS)
Scale; 2) assess the state of emotional, psychological, and social
well-being among higher education faculty during the new
normal using the Mental Health Continuum-Short Form (MHC-
SF); 3) investigate if there is a correlation between their level of
satisfaction of basic psychological needs and state of well-being
during the new normal; 4) determine if the level of satisfaction
of basic psychological needs is a significant predictor of well-
being among faculty with age, gender, civil status, years of
teaching, current engagement as a faculty, rank, academic
discipline, and mode of teaching as co-variates. Results from this
study can hopefully contribute to ongoing discussions on how
higher education institutions can support faculty development in
the new normal. Fostering faculty development is significant as
itis an essential element in meeting the Sustainable Development
Goals on quality education as well as on health and well-being.

2. THEORETICAL FRAMEWORK

Self-Determination Theory (SDT) suggests that satisfaction of
the three basic psychological needs, namely autonomy,
competence, and relatedness, can bring about a sense of well-
being in individuals. Although these three basic psychological
needs are inherent and universal, a need-supportive environment
is warranted for individuals to flourish and fully function. A lack
of a need-supportive environment, on the other hand, can lead to
impaired well-being and failure to thrive [6, 7].

Autonomy refers to an individual’s self-endorsement and sense
of ownership of their actions. It can be realized when one's
actions are done wholeheartedly and are in line with their
interests. In contrast, autonomy can be hindered by socio-
contextual and interpersonal factors that tend to pressure and
control an individual’s actions [6, 7].

https://doi.org/10.54808/IM SC12023.01.87
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Competence entails a sense of mastery or a belief that one can
achieve and progress. This basic psychological need is best
fulfilled in  well-structured environments that provide
opportunities for growth, optimal challenges, and positive
feedback. Conversely, it is undermined in environments where
non-constructive criticisms, negative feedback, and social
comparisons are pervasive, and challenges are unreasonably
difficult [6, 7].

Lastly, relatedness involves experiencing a sense of belonging
and kinship with peers and social organizations that individuals
are a part of. It refers to the feeling of being connected and
involved with others. Mutual respect and expression of care can
facilitate relatedness, while unresponsiveness, neglect, and
insensitivity can impede it [6, 7].

One of the most comprehensive constructs of well-being is the
operationalization of mental health as the presence of positive
feelings and functioning in life. This construct describes mental
health as a continuum in terms of emotional, psychological, and
social well-being [8]. If individuals are feeling good about and
functioning well in their personal and social life, they are
considered flourishing [9] and tend to have high levels of well-
being [8]. Otherwise, they are deemed as languishing and are
likely to have low levels of well-being [8, 9].

Emotional well-being (EWB) is viewed as the presence or
absence of positive feelings and emotions about life. This
emotional dimension of well-being centers on the individuals’
capacity to have positive feelings in life as they go through
various emotional experiences [8]. It not only includes the
presence of positive affect and the absence of negative affect, but
it also accounts for perceived satisfaction in life [8, 9].

Psychological well-being (PWB) represents the degree to which
individuals perceive themselves functioning in their personal life
[8]. It is characterized by self-acceptance, personal growth,
purpose in life, positive relations with others, autonomy, and
environmental mastery [8, 9]. Individuals are functioning well in
their personal life if they like most parts of themselves, find
themselves developing into better persons, have direction in life,
enjoy warm and trusting relationships, demonstrate self-
determination, and can shape their environment according to
their needs [8].

Social well-being (SWB), on the other hand, highlights the
importance of functioning well in one’s social life [8]. It involves
social integration, social acceptance, social contribution, social
coherence, and social actualization [8, 9]. Individuals can
function well in their social life if they feel that they belong to
and are accepted in society, they see themselves contributing to
society, and they find society meaningful and has the potential
for growth [8].

Satisfying the three basic psychological needs of teachers not
only affects their well-being favorably, but also influences their
teaching practices positively [6]. Several studies showed that
teachers whose needs for autonomy and relatedness are met tend
to experience greater engagement in teaching aside from
encountering lesser incidences of burnout and emotional
exhaustion [10, 11]. Another study also revealed that providing
teachers with a need-supportive environment seems related to
their use of effective teaching strategies [12]. These findings
though only speak of circumstances before the pandemic. Hence,
investigating the relationship between satisfaction of basic
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psychological needs and state of well-being among the faculty
has become more salient particularly in this new normal as
student learning depends on these teacher-related factors.

3. METHODOLOGY

This study used an observational, non-experimental approach as
it is the most appropriate research design for measuring the
relationship between variables and predicting how one variable
influences the other variable [13]. Satisfaction of the three basic
psychological needs based on the BPNS scores of the surveyed
faculty is the independent variable in this study, while the state
of well-being based on their MHC-SF scores is the dependent
variable. These variables alongside co-variates were collected
from a sample at one point in time [14].

Setting and Participants

This study was set in an institution of Catholic higher education
in the capital of the Philippines. This higher education institution
was chosen as a research setting because of its faculty
development programs that aim to support teachers in their
teaching, research, and community service. It was also selected
as a research setting as this higher education institution provided
among others a month-long training of its faculty during the
initial weeks of the pandemic to equip them in utilizing online
learning platforms for teaching, such as the use of learning
management system for asynchronous learning and
videoconferencing for synchronous learning. It likewise
instituted alternative learning models when students were
allowed by the government to gradually return to the physical
campuses as part of the new normal. In June 2022, faculty from
this higher education institution adopted fully online, hybrid
learning, or both as modes of teaching for the summer term to
suit the needs of the course offered while considering their
contexts and the students involved. By the first semester in
August 2022, they assumed fully online, fully onsite, flex
learning, or any combination of these modes of teaching as
government restrictions against in-person classes eased further.

There are about 1,030 full-time and part-time faculty in this
institution of Catholic higher education during the summer term
(i.e., June to July 2022) and first semester (August to December
2022) of the academic year 2022 to 2023. After securing ethics
clearance from an institutional review board, this study recruited
these faculty to take part in a survey by sending them
notifications to their institutional emails twice (two weeks apart)
to address non-response bias. They should have taught during the
summer term and/or first semester of the academic year specified
above to be included in the study to assure representativeness.
Those faculty, who have direct supervision of teaching and hold
high-level administrative positions, were not included in this
study to minimize social desirability bias. However, faculty
diagnosed to have mental illness were still included in the study
to lessen selection bias. As part of ethical considerations,
psychological help was made available in case mental health
issues arise from taking part in this study. Furthermore, those
faculty, who opted not to join in the survey and who decided to
withdraw their participation, were excluded from the study to
recognize their rights.

Data Gathering

To collect data on the faculty’s perceived satisfaction of their
basic psychological needs and their state of well-being as the
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physical campus re-opens for teaching and learning, this study
administered an online survey questionnaire using Google Forms
last September 2022. The online survey contained items from the
BPNS scale to quantify the level of satisfaction of basic
psychological needs among the faculty and items from the MHC-
SF to measure their state of well-being in the new normal. It also
consisted of questions related to demographic information, which
may be considered confounding variables.

Basic Psychological Needs Satisfaction (BPNS)
Scale. This scale is composed of 21 items that can measure how
satisfied individuals are with their three basic psychological
needs. Seven items were meant to quantify satisfaction with the
need for autonomy (e.g., | feel like I am free to decide for myself
how to live my life), six items for competence, (e.g., People |
know tell me | am good at what | do), and eight items for
relatedness (e.g., | really like the people | interact with). Survey
respondents were asked to indicate the degree to which each item
was true or relatable to them in the new normal by rating it on a
Likert scale of 1 (i.e., not at all true) to 7 (i.e., very true). The
higher the mean average score for the scale and its subscales, the
higher the degree to which survey respondents were satisfied
with their basic psychological needs. The BPNS scale is a highly
researched instrument demonstrating excellent reliability and
validity across cultures [15, 16].

Mental Health Continuum-Short Form (MHC-SF).
This short form is one of the most common instruments that can
measure positive mental health. It is derived from the 40-item
Mental Health Continuum-Long Form and consists of 14 items,
with three statements looking into EWB (e.g., Happy), six
statements for PWB (e.g., That you liked most parts of your
personality), and five statements for SWB (e.g., That you had
something important to contribute to society). Survey
respondents were requested to specify how often within the past
month they experience certain indicators of well-being by rating
them on a Likert scale of O (i.e., never) to 5 (i.e., every day).
Higher scores for the MHC-SF and its subscales signify higher
levels of well-being. The MHC-SF is also a highly researched
instrument garnering excellent reliability and validity across
cultures [17, 18].

Demographic Information. Certain demographic
information was also collected in the survey given that they can
affect how satisfied the faculty are with their basic psychological
needs and how they perceived their state of well-being in the new
normal. These confounding variables include age, gender, civil
status, years of teaching, current engagement as a faculty, rank,
academic discipline, and mode of teaching during the summer
term and first semester.

Data Analysis

Frequency and percentage distribution were used to describe the
study population in terms of their demographic information.
Mean and standard deviation (SD) were gotten to illustrate how
satisfied the surveyed faculty are with their basic psychological
needs (i.e., BPNS scores) and how they viewed their state of
well-being in the new normal (i.e., MHC-SF scores). Pearson
correlation at a 95% confidence interval was carried out to
investigate if there is a significant relationship between the BPNS
and MHC-SF scores of the surveyed faculty. Lastly, multiple
linear regression at a 95% confidence interval was conducted to
determine if their BPNS scores can be a significant predictor of
MHC-SF scores with age, gender, civil status, years of teaching,
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current engagement as a faculty, rank, academic discipline, and
mode of teaching as co-variates. Jamovi was used as statistical
software in this study.

4. RESULTS

100 higher education faculty participated in this study,
representing around a 10% survey response rate. This sample size
can be considered ample for this research since an estimate of ten
survey respondents is needed per independent variable or co-
variate included in the multiple linear regression analysis [19].
Table 1 shows a summary of their demographic information.

Table 1. Demographic Information of Surveyed Faculty

Age n (%)
25 to 34 years old 31 (38%)
35 to 44 years old 19 (19%)
45 to 54 years old 28 (28%)
55 to 64 years old 13 (13%)
65 years old and above 9 ( 9%)
Gender
Female 55 (55%)
Male 44 (44%)
Prefer Not to State 1( 1%)
Civil Status
Single 46 (46%)
Married 47 (47%)
Separated, Annulled, or Widowed 7( 7%)
Years of Teaching
0to 4 years 37 (37%)
5to 9 years 15 (15%)
10 to 14 years 14 (14%)
15 to 19 years 17 (17%)
20 to 24 years 7( 7%)
25 years and above 10 (10%)
Current Engagement as a Faculty
Full-Time Faculty 44 (44%)
Part-Time Faculty 56 (56%)
Rank
Lecturer 44 (44%)
Instructor 19 (19%)
Assistant Professor 22 (22%)
Associate Professor 8 ( 8%)
Professor 7( 7%)
Academic Discipline
Humanities 19 (19%)
Management 18 (18%)
Science and Engineering 24 (24%)
Education and Social Sciences 39 (39%)
Mode of Teaching for the Summer Term
None 50 (50%)
Fully Online Learning 28 (28%)
Hybrid Learning 18 (18%)
Both Fully Online and Hybrid Learning 4 ( 4%)
Mode of Teaching for the First Semester
Fully Online Learning 23 (23%)
Fully Onsite Learning 25 (25%)
Flex Learning 14 (14%)
Both Flex and Fully Online Learning 6 ( 6%)
Both Flex and Fully Onsite Learning 14 (14%)
Both Fully Online and Onsite Learning 14 (14%)
Fully Online, Onsite, and Flex Learning 4 ( 4%)

The survey respondents felt their basic psychological needs for
autonomy, competence, and relatedness were satisfied in general
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during the new normal. Their mean average scores on the BPNS
scale and its subscales can be seen in Table 2. Based on their
responses to the MHC-SF, 45 (45%) of them were categorized as
flourishing, 1 (1%) was languishing, and 54 (54%) were neither
flourishing nor languishing. Their total scores on the MHC-SF
and its subscales can be found in Table 2.

Table 2. BPNS and MHC-SF Scores of the Surveyed Faculty

Variable Mean SD

BPNS Scores (Likert scale of 1 to 7) 5.22 0.82
Autonomy (seven items) 5.04 0.97
Competence (six items) 5.23 1.02
Relatedness (eight items) 5.40 0.79

MHC-SF Scores (Likert scale of 0to 5)  43.59 9.96
EWB (three items) 10.79 2.66
PWB (six items) 15.19 4.09
SWB (five items) 21.21 5.10

Pearson correlation at a 95% confidence interval showed a
strong, positive relationship between BPNS and MHC-SF scores
(r = 0.72, p < 0.001). The correlations of scores between the
subscales of the BPNS and MHC-SF were significant (r ranging
from 0.43 t0 0.79, p < 0.001) as reported in Table 3.

Table 3. Correlation between Subscale Scores

Variable 1 2 3 4 5 6
1 Autonomy 1.00 071 064 065 052 0.59
2 Competence 100 064 0.64 061 0.73
3 Relatedness 1.00 0.43 050 0.54
4 EWB 1.00 0.75 0.76
5 PWB 1.00 0.79
6 SWB 1.00

Assumptions for the use of multivariate analysis, namely
minimal autocorrelation (e.g., DW statistics within the range of
1.5 to 2.5), minimal multicollinearity (e.g., variance inflation
factor below 4 and tolerance values above 0.25) and normality
(Shapiro-Wilk p value greater than 0.05), were met in this study.
Multiple linear regression at a 95% confidence interval
demonstrated the BPNS score as a significant predictor of the
MHC-SF score (8 = 0.73, p < 0.001). Specifically, an
accompanying 0.73 unit increase in the MHC-SF score could be
expected for each unit of increase in the BPNS score. The co-
variates included in the regression model as confounding
variables had no significant effect on the MHC-SF scores (5
ranging from -0.03 to 0.17, p > 0.05). This regression model
showed 56% of the variance in MHC-SF scores could be
explained by the BPNS scores and co-variates (R? = 0.56, p <
0.001). The remaining 44% were unaccounted for.

5. DISCUSSION

The surveyed faculty perceived that their basic psychological
needs were generally met as they taught in this new normal.
Relatedness, being the most satisfied need, can be due to the
presence of an environment that fosters social connectedness and
genuine care. Competence, the second most satisfied need, can
be attributed to an environment that allows them to be effective
and adept in their teaching. Autonomy, despite ranking third, can
be credited to an environment that supports self-endorsed
decisions and actions [20]. Whether such an environment solely
describes their workplace is less clear though. Other non-work-
related factors can be contributory.
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Almost half of the surveyed faculty were classified as
flourishing, while the remaining half were neither flourishing nor
languishing based on their responses to the MHC-SF items.
These figures suggest that the survey respondents enjoyed EWB,
PWB, and SWB despite the challenges that have accompanied
the new normal.

This study also revealed that there was a strong, positive
correlation between BPNS and MHC-SF scores within the
context of the new normal. Moderate to strong, positive
correlations were also documented between the BPNS and MHC-
SF subscales. These results are similar to the findings of previous
studies on the likely relationship between basic psychological
needs satisfaction and well-being [6, 7, 20, 21, 22].

Given the new normal, this study showed BPNS score was a
significant predictor of MHC-SF score after controlling for age,
gender, civil status, years of teaching, current engagement as a
faculty, rank, academic discipline, and mode of teaching for the
summer term and first semester. These results support the
assumptions of SDT on how basic psychological needs
satisfaction can influence well-being [6, 7, 22]. Such results
emphasize the importance of satisfying the three basic
psychological needs of the higher education faculty in ensuring
their overall well-being as they teach in the new normal [20, 21].
Higher education institutions are thereby encouraged to foster a
need-supportive environment for their faculty in the new normal
not only to look after their professional and personal
development but to also facilitate quality teaching and better
student learning.

6. LIMITATIONS AND FUTURE RESEARCH

Several limitations were encountered in this study. First, study
participants were recruited through voluntary sampling. The
response rate to the online survey was also low despite resending
email notifications. This selection bias limits the
representativeness of the surveyed respondents and affects the
generalizability of the results. Future studies can address this
selection bias by employing probability sampling, surveying
faculty from multiple higher education institutions, and
explaining the significance of their participation in the research.
Second, surveyed faculty could have provided social desirability
responses on the online questionnaire. Future research can
minimize social desirability bias by emphasizing anonymity and
data confidentiality when obtaining informed consent. Third, the
scope of this study only included basic psychological needs
satisfaction and well-being as independent and dependent
variables, respectively. Motivation and negative indicators of
mental health were not measured. Additional studies can
incorporate these variables to gather a more comprehensive
understanding. Fourth, this study used the BPNS scale and MHC-
SF as constructs for basic psychological needs and well-being,
respectively. Future studies can explore other definitions and
measurements of needs satisfaction and well-being. Fifth, the
research design undertaken in this study could only offer a
snapshot view of the variables at one point in time and could not
establish causal associations. Further studies can investigate
causality by conducting a longitudinal follow-up. Finally, the
quantitative nature of this study could not offer definitive
explanations for the results. Additional studies can carry out a
mixed methods design to gather an in-depth understanding of the
quantitative data based on the qualitative data.
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7. CONCLUSION

Higher education faculty felt their basic psychological needs for
autonomy, competence, and relatedness were generally satisfied
as they teach in the new normal. They also experienced
emotional, psychological, and social well-being amidst the
demands brought by the gradual re-opening of physical campuses
for teaching and learning. Data from the faculty suggest
satisfying their basic psychological needs seems contributory to
their perceived state of well-being. These results have theoretical
and practical implications on how higher education institutions
can support their faculty as they navigate through the changing
realities that characterized the new normal.
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ABSTRACT

When governments restricted holding in-person classes to
contain the spread of COVID-19, many higher education
institutions turned to digital technology to continue the education
of their students. This abrupt change in the delivery of teaching
and learning posed pedagogical and technological challenges to
the teachers. And as governments have gradually allowed the
return of students to physical classrooms with the decline in
COVID-19 cases and the rollout of vaccines, teachers must adapt
once more to a different arrangement for teaching and learning.
Using the Job Demands-Resources Model as a theoretical
framework, this case study examined the stressors (i.e., job
demands) encountered by teachers in a higher education setting
as students have returned to physical campuses. It also explored
their coping strategies (i.e., job resources) that helped them adjust
to the demands of using a different arrangement for teaching and
learning in the new normal. Thematic analysis of responses to
open-ended questions in a survey of 100 teachers in an institution
of Catholic higher education in the Philippines showed demands
related to teaching as a job and other competing concerns were
brought up as stressors when in-person classes resumed after two
years of fully online teaching. It also revealed seeking social
support, focusing on teaching and research, and practicing self-
care as their ways of coping with the demands of the new normal.
Findings from this study can contribute to policies that can cater
to faculty development.

Keywords: Job Demands-Resources Model, Stressors, Coping
Strategies, Teachers, Higher Education, New Normal, Faculty
Development

1. INTRODUCTION

The COVID-19 pandemic has changed everything in an instant,
leaving no one prepared for the crisis it has caused [1]. It has
unraveled the normal, which we can no longer regain [1, 2]. In
its wake is a new normal that is characterized by a great reset of
many aspects of our lives [3]. This great reset has compelled us
to adapt to the drastic changes in our personal, social, economic,
and spiritual spheres [4].

Not exempted from this great reset is the education sector [2, 3].
The COVID-19 pandemic has forced educational institutions
across the world to reproduce digital versions of themselves as
governments have restricted the conduct of in-person classes [3,
5]. Specifically, many educational institutions have hurriedly
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adopted digital technology in teaching and learning to ensure
continuity of education despite this global crisis [6]. Such an
abrupt shift from holding in-person classes to occupying digital
spaces has been challenging for teachers, who must design
modules, prepare asynchronous activities, and deliver
synchronous classes [5]. These teachers, among others, have
been at risk of psychological distress brought on by the duration
of community lockdown, fear of infections, feelings of
frustration and boredom, inadequate resources, and uncertainties
due to insufficient information [6].

Several studies have documented the stressors that teachers
encountered as physical campuses closed to contain the spread of
COVID-19 and the delivery of teaching and learning relocated to
digital spaces [5, 7, 8, 9, 10]. As physical campuses have
gradually re-opened for teaching and learning due to a decline in
COVID-19 cases and the rollout of vaccines, the future of digital
practices instituted during the pandemic is less clear [10]. Other
stressors may have also emerged as the delivery of teaching and
learning has resumed in-person attendance of classes. These
stressors may warrant further coping strategies from teachers as
they must adapt anew to a different arrangement for teaching and
learning. Studies are few though that look into the stressors that
teachers encounter and the coping strategies that they undertake
as physical campuses have gradually re-opened for teaching and
learning.

Hence, this study aims to examine the stressors faced by teachers
in a higher education setting as in-person classes have gradually
resumed as part of the new normal. It also seeks to explore the
coping strategies used by them to respond to the demands
brought by the re-opening of physical campuses for teaching and
learning amidst the threats of the pandemic. A higher education
setting was chosen in this study as there is a growing openness
among higher education institutions toward innovation and new
learning modalities because of the opportunities gleaned in using
digital technology for teaching and learning [9]. Findings from
this study can contribute to efforts toward meeting the
Sustainable Development Goals on quality education as well as
health and well-being.

2. THEORETICAL FRAMEWORK
To identify the perceived stressors and self-reported coping
strategies of teachers in higher education institutions as the

delivery of teaching has gradually returned to physical
classrooms, this study used the Job Demands-Resources (JD-R)

https://doi.org/10.54808/IM SC12023.01.92
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Model as a theoretical framework. The JD-R Model is apt for the
purposes of this research as it can be applied in diverse
occupational settings, such as teaching, in evaluating the
demands of a job and the resources available in the workplace
[11].

Job demands are described as the physical, psychological, social,
or organizational aspects of a job that necessitate sustained
cognitive and emotional effort or skills. These demands at work
have accompanying physiological and psychological costs to the
individual [11, 12]. They include challenges at the workplace that
may not necessarily be taken as negative [11]. When reasonable,
certain occupational challenges can foster a sense of mastery or
competence, for instance [13, 14]. Job demands become negative
only if they turn into stressors wherein huge efforts are demanded
in fulfilling an occupation and recovery from them seems
insufficient [11]. These stressors may include qualitative job
demands (e.g., emotional, mental, and physical demands),
quantitative job demands (e.g., work overload and pace of
change), and organizational demands (e.g., bureaucracy, role
conflicts, and interpersonal conflicts) [12].

Job resources, on the other hand, refer to the physical,
psychological, social, or organizational aspects of a job that
impact an individual’s ability to reach occupational goals, offset
the physiological and psychological costs of the job demands,
and encourage the individual’s growth, learning, and
development [11]. These resources include external (i.e., social,
work, organizational, and developmental resources) and internal
factors (i.e., personal resources) that can motivate an individual
at work [11, 12]. Any resource, which can mitigate a stressful
situation or environment, can be considered a coping resource or
a coping strategy [15].

A coping resource involves cognitive and behavioral efforts that
aim to manage the external and/or internal demands of a stressful
situation or environment [15, 16]. Problem-focused coping seeks
to handle a problematic situation, while emotion-focused coping
intends to control one’s emotional response to difficulties. To
cope at work depends on the resources that are available or
unavailable to an individual [15]. A coping strategy can either be
functional (e.g., seeking support) or dysfunctional (e.g.,
excessive drinking of alcohol). When teachers attribute their
stressors to external factors, they tend to display functional rather
than dysfunctional coping strategies. When they internalize the
constraints at work, they are more likely to exhibit dysfunctional
over functional coping strategies [17].

The JD-R Model suggests that the interaction between job
demands (i.e., stressors) and job resources (i.e., coping strategies)
can influence an individual’s well-being [11]. Burnout can
happen when job demands are high and job resources are lacking.
In contrast, work engagement can ensue when job resources are
abundant amidst high job demands [11, 12].

Several studies have used the JD-R Model in investigating the
effects of job demands and job resources on the well-being of
teachers as they taught in the initial months of the COVID-19
pandemic [18, 19, 20, 21]. However, most of them have recruited
respondents from teachers in basic education. The perspectives
of teachers in higher education are underrepresented.
Furthermore, these studies have only offered insights into the
experiences of teachers as they carried out emergency remote
teaching in the first few months of the pandemic. Little is known
about the stressors and coping strategies of teachers as the
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physical campuses have gradually re-opened for in-person
classes. Lastly, only a few studies have collected qualitative data
that describe in depth the job demands and job resources of
teachers in higher education as they adapt once again to changing
realities in teaching and learning during the new normal.

3. METHODOLOGY

This study is part of a larger research project that looked at the
well-being of teachers in higher education as they teach in the
new normal. It employed a case study approach as it is the most
suitable research design for examining a phenomenon within its
real-life context, namely teaching in the new normal [22]. A case
study approach is also useful in arriving at an in-depth
understanding of a bounded phenomenon [23].

Setting and Participants

This study was set in the Philippines, where the world’s longest
and most stringent community lockdown was implemented [24].
The Philippines was the last country to allow its students to
physically return to schools as it only eased restrictions against
holding in-person classes two years after the COVID-19
pandemic was declared by the World Health Organization [25].

Specifically, this case study was carried out in an institution of
Catholic higher education located in one of the highly urbanized
cities in the Philippines. This higher education institution was
selected for this study due to its faculty development programs
that are geared toward supporting its teachers in their teaching,
research, and community service. It was also chosen as a setting
for this research as this higher education institution provided
training workshops during the first few weeks of the COVID-19
pandemic to equip its teachers for the pedagogical and
technological aspects of online learning. Furthermore, this higher
education institution fits the aims of this study as it instituted
alternative learning models that make the most of digital
technology in teaching. In June 2022, teachers of this higher
education institution explored fully online, hybrid learning, or
both in the delivery of teaching for the summer term. Hybrid
learning involves students attending their classes onsite and
online alternately. By the first semester in August 2022, they
adopted fully online, fully onsite, flex learning, or combinations
of these approaches in teaching as government restrictions
against holding in-person classes eased further. Flex learning
entails several students attending class onsite, while others are
online.

This higher education institution had 1,032 full-time and part-
time teachers in the summer term (i.e., June to July 2022) and
first semester (i.e., August to December 2022) of the academic
year 2022 to 2023. After securing ethics approval from an
institutional review board, this study invited these teachers to
participate in a survey as part of a larger research project by
sending them notifications to their institutional emails twice (two
weeks apart). Teachers assuming high-level administrative
positions, opting not to take part in the survey, or withdrawing
their participation were excluded from the study.

Data Gathering

To gather data on perceived stressors and self-reported coping
strategies of teachers as physical campuses have gradually re-
opened for teaching and learning, this study administered an
online survey questionnaire in September 2022 by sending via
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email the URL link to Google Forms. The online survey
requested the teachers to signify their informed consent,
complete their demographic information (i.e., age, gender, civil
status, years of teaching, current engagement as a faculty, rank,
academic discipline, and delivery of teaching during the summer
term and first semester), and respond to the following open-
ended questions:

1) As an educator, what stressors have negatively impacted
your well-being during the transition to the new normal?

2) While teaching during the transition to the new normal,
what coping strategies have helped you maintain your
well-being?

The teachers were also asked to provide additional information
about their teaching experiences in the new normal, which they
deemed valuable for this study.

Data Analysis

Thematic analysis was used in this case study to make sense of
the qualitative responses gathered from the online survey. It
allows the identification of underlying themes or patterns from
the repeated meanings that can be found in qualitative datasets
[26]. The thematic analysis involved immersing in the data by
reading the survey responses to the open-ended questions several
times to increase familiarity with the data. Coding was then
carried out by assigning a word or phrase to best describe a
segment of data [27]. Both a priori coding (i.e., codes developed
beforehand based on a theoretical framework) and in-vivo coding
(i.e., codes emerging from the study participants” own language)
were performed. Coding was likewise theory-driven (i.e.,
deductive coding) and data-driven (i.e., inductive coding) so that
existing concepts from the literature can guide the analysis while
being open to codes that developed organically from the study
participants [27, 28]. Afterward, similar or related codes were
grouped together. Patterns from the categories of codes were
looked for to arrive at emerging themes that provide larger
meanings [27]. Finally, recurring themes were kept and reported
as findings [26].

Taguette was used as an online software application for
qualitative data analysis because it permits multiple researchers
to collaborate in the coding and theming process. Several steps
were undertaken in this study to ensure the gathered qualitative
data were interpreted in the most truthful ways possible. First,
detailed documentation, such as memo writing and journaling,
was adhered to throughout the thematic analysis to leave an audit
trail. Second, researcher triangulation was observed by having
multiple researchers do the coding and theming process to
guarantee consistency in assigning and classifying codes into
themes. Third, themes and subthemes were reviewed against the
raw data. Fourth, relevant quotes from study participants were
included in the findings to support the reported themes. Lastly,
initial findings were presented to a panel of experts to address
researcher bias and assure the integrity of the thematic analysis
[26, 27, 29, 30, 31].

4. FINDINGS
100 teachers from this higher education institution participated in

the online survey, yielding almost a 10% response rate. Table 1
summarizes their demographic information.
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Table 1. Demographic Information of Surveyed Teachers

Age n (%)
25 to 34 years old 31 (38%)
35 to 44 years old 19 (19%)
45 to 54 years old 28 (28%)
55 to 64 years old 13 (13%)
65 years old and above 9 ( 9%)
Gender
Female 55 (55%)
Male 44 (44%)
Prefer Not to State 1( 1%)
Civil Status
Single 46 (46%)
Married 47 (47%)
Separated, Annulled, or Widowed 7( 7%)
Years of Teaching
0 to 4 years 37 (37%)
5to 9 years 15 (15%)
10 to 14 years 14 (14%)
15 to 19 years 17 (17%)
20 to 24 years 7 ( 7%)
25 years and above 10 (10%)
Current Engagement as a Faculty
Full-Time Faculty 44 (44%)
Part-Time Faculty 56 (56%)
Rank
Lecturer 44 (44%)
Instructor 19 (19%)
Assistant Professor 22 (22%)
Assaciate Professor 8 ( 8%)
Professor 7( 7%)
Academic Discipline
Humanities 19 (19%)
Management 18 (18%)
Science and Engineering 24 (24%)
Education and Social Sciences 39 (39%)
Delivery of Teaching for the Summer Term
None 50 (50%)
Fully Online Learning 28 (28%)
Hybrid Learning 18 (18%)
Both Fully Online and Hybrid Learning 4 ( 4%)
Delivery of Teaching for the First Semester
Fully Online Learning 23 (23%)
Fully Onsite Learning 25 (25%)
Flex Learning 14 (14%)
Both Flex and Fully Online Learning 6 ( 6%)
Both Flex and Fully Onsite Learning 14 (14%)
Both Fully Online and Onsite Learning 14 (14%)
Fully Online, Onsite, and Flex Learning 4 ((4%)

Thematic analysis of their responses to the open-ended questions
in the survey revealed demands related to teaching as a job and
other concerns were identified by the study participants as
stressors when in-person classes resumed after two years of fully
online teaching. It also showed several strategies they used to
cope with the demands of teaching in the new normal.

Stressors

Stressors in the new normal among the study participants include
job-related demands (i.e., qualitative demands, quantitative
demands, and organizational demands) and other demands that
affect in one way or another their functioning as teachers.
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Job-Related Demands

Qualitative Demands. A common stressor that affected the study
participants emotionally is the unremitting fear of getting
infected with COVID-19. Despite the lowering of COVID-19
cases in the population and increasing availability of vaccines,
there is still, as Teacher 45 pointed out, “a constant threat of the
COVID-19 infection.” “Variants of the virus,” as Teacher 71
explained, “are still evolving and there is no real certainty that
the pandemic is over.” Several study participants, such as
Teachers 39 and 83, were also anxious that they would “bring
home the disease to [their] loved ones™ and found this possibility
worrisome as they “live with people with co-morbid conditions.”
Hence, “being in a crowd” and “being in close contact with
people during the daily commute” would be distressing for
Teachers 43 and 49, among others.

Many of them, including Teachers 65 and 82, were anxious about
whether their students are “learning well enough” given the
different arrangements for teaching and learning. Compared to
fully onsite learning, they felt a sense of connection with the
students is lacking when teaching has an online component.
Teacher 56, for instance, described their experience in flex
learning as facing the “uncertainty of connecting with [their]
students on a literal (technical challenges) and figurative
(teaching something useful to them) level.” Teachers 4, 34, and
56 attributed this desire to “connect better with [their] students”
to the “limited interaction” and “less social contact” that they
came across in fully online, hybrid, and flex learning.

Study participants, such as Teachers 29, 39, 50, and 93 were
concerned about the well-being of their students as schoolwork
in the new normal can be “overwhelming” for them. However,
others, namely Teachers 28, 35, and 92, felt some of their
students can be “demanding” and “emotionally manipulative” as
they expect their teachers would “always be available” and would
“live only for the students.” Teacher 60 and others also observed
“the above normal number of students, who would absent from
class” and “numerous requests [from students] to move deadlines
or be lenient with requirements.” This “sense of entitlement”
among the students, according to Teacher 72, can be quite
stressful for them to deal with.

Another common stressor brought up by the study participants is
the many adjustments that they must make as holding in-person
classes gradually resumed in the new normal. First, they must
adjust to different arrangements for teaching and learning.
Teacher 89, for example, found themselves having to adjust to
hybrid and flex learning when they barely got accustomed to
teaching online. “Toggling between [their] onsite and online
students [in a flex arrangement]” was “a source of strain and
frustration” for Teacher 46, among others. Second, study
participants must adjust their manner of course delivery. Teacher
32 and others “need to restructure [their] lessons and teaching
styles.” This restructuring, as described by Teacher 39, entails
“having to think and rethink teaching strategies to make the most
of the situation.” For Teacher 80, “the demands of learning new
ways of teaching and new tools [for teaching]” can be mentally
draining. Lastly, study participants must adjust to the use of
technology for their classes, particularly for flex learning.
Teachers 66 and 74, for instance, must learn “a lot of tech-based
stuff with very little time.” Teachers 18, 45, and others found
such “full dependence on technology” for their classes as
“anxiety-provoking” as it “sometimes does not work and gets
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faulty.” That is why experiencing “spotty internet” while
teaching was worrisome for many, such as Teachers 63 and 79.

Several study participants, including Teachers 1, 44, and 45,
raised their concerns about how physically taxing commuting has
been to and from the campus. The public transportation system,
according to Teacher 45, has been “chaotic” compared to how it
used to be before the pandemic. Others, such as Teachers 60, 88,
93, and 94, complained about how exhausting the traffic situation
and the long drive have been for them.

Quantitative Demands. Furthermore, study participants felt
burdened by their heavier workload. This sentiment stemmed
from how teaching in the new normal, as Teachers 65 and 97
elaborated, involves “a lot of preparations.” They, including
Teachers 18, 83, and 91, must also “juggle” multiple classes to
teach, administrative responsibilities to fulfill, various meetings
to attend, and emails to reply. These tasks, as Teacher 18
emphasized, would “take up so much of [their] time [to a point
that] 24 hours seem not enough.” Their “workload,” as described
by Teacher 20, “seems to deny the existence of a pandemic.”

Organizational Demands. There are study participants, such as
Teacher 8, who felt some of the university policies as stressful
because they “are not well-thought-out.” Teacher 23, for
instance, found the policy to resume holding in-person classes
while the pandemic is still ongoing as difficult to comply with.
This apprehension to return onsite for teaching, as Teacher 40
and others explained, can be attributed to their views on the
COVID-19 protocols and health care coverage of the university
as lacking.

Teacher 5, among others, also considered the academic policies
of the university as “too prescriptive.” Specifically, policies on
how to structure and conduct their classes were “annoying” since
these policies tend to limit their exercise of academic freedom.
Moreover, several study participants, including Teacher 67,
criticized the policies that tend to set the “bar to education too
low just to accommodate the demands of the students.” As such,
Teacher 88 and others believed “too much compassion and
consideration [are] given to students.” These policies, according
to Teacher 76, “asked [them] to care for the students during the
transition.” Yet they “did not feel the same care from [the
administration.”

Another common stressor among the study participants is their
salary. Teacher 19 and others felt their salaries are no longer
sufficient due to inflation and rising fuel prices. For Teacher 76,
the compensation they received is also “unjust” given the various
demands being asked from them by the university in this new
normal.

Other Demands

Several study participants raised other competing concerns that
are not directly related to their teaching as a job but have a
significant impact on their functioning at work. Teacher 11, for
instance, found the current socio-political situation of the country
worrisome. Many of them, such as Teachers 24, 25, 68, and 97,
also deemed the country’s socio-economic circumstances (i.e.,
high inflation rate and prohibitive fuel prices) disturbing. Issues
within their family, on the other hand, deeply affected Teachers
10, 18, and 53, among others.
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Coping Strategies

A list of external (i.e., social, work, organizational, and
developmental) and internal (i.e., personal) resources were
tapped by the study participants to cope with the previously
mentioned job-related demands and other competing concerns in
the new normal.

External Coping Resources

Social Resources. Most of the study participants viewed
garnering social support as a coping strategy to the demands of
teaching in the new normal. First, several of them, including
Teacher 11, turned to colleagues in the faculty for their “support
group.” For instance, Teachers 29, 92, and others could “air out
their grievances” with colleagues as they basically “go through
the same things.” Aside from sharing their daily experiences with
colleagues, study participants, such as Teachers 29 and 91, would
also spend time hanging out together. For Teacher 93, this
“unwinding with colleagues” entails “letting [themselves] be
open to unscheduled invitations.” Second, many of the study
participants relied on their family and friends for support.
Teachers 47 and 58, among others, would “find time” to be with
their family and friends despite their hectic schedules. This
“reaching out” to their family and friends, as Teacher 52 stated,
is comforting for them as they could make the most of spending
time with them. Third, several of the study participants, such as
Teachers 11, 36, and 56, found consolation from their students.
Specifically, their interaction with students would remind them
why they choose to teach. Lastly, some of them, including
Teachers 6, 50, and 74, found asking for help and assistance
valuable. In the case of Teacher 14, their mental health benefited
from seeking professional help from a counselor.

Work and Organizational Resources. Teachers 30, 36, and others
considered teaching itself as a coping strategy. Focusing on their
teaching, such as learning to use technology for teaching,
accepting the challenge to re-tool, and preparing course
materials, aided Teachers 69, 74, and 90 in dealing with their
stressors. “Doing relevant research,” on the other hand, helped
Teachers 9 and 66 get by. “Being able to meet deadlines and
accomplish things” at work kept Teacher 18 “sane.” Several of
the study participants, including Teacher 25, also “appreciated
[their] relative freedom to pursue [their] interests as a researcher
and educator.”

A few of them, however, adopted dysfunctional coping strategies
in response to the various demands of teaching in the new
normal. Teacher 8, for instance, would rather not expect
“competence” from the administrators of the university as they
felt most of their policies were unreasonable. Teacher 98 would
preferably “deny the importance of [their] job so that they would
care less about the subject not being taught the way they want to
teach it.”

Developmental Resources. Many of the study participants, such
as Teachers 54 and 77, chose to stay positive amidst the demands
of teaching in the new normal. They, including Teachers 4, 17,
33, 66, 78, and 84, believed they were able to manage well
because they practiced self-affirmation, gratitude, openness, and
work-life balance, among others.

96

Internal Coping Resources

Personal Resources. Aside from social resources, making use of
personal resources is commonly mentioned as a coping strategy
in the new normal by the study participants. Teachers 5, 10, 12,
16, 20, 22, 70, 91, and others made it a point to work out and
exercise. Some of them, such as Teacher 76, also tried yoga and
meditation. Several of the study participants, including Teachers
5, 57, and 95, made sure to eat healthy, get enough sleep, and
practice other daily self-care routines. Engaging in hobbies (i.e.,
watching tv series and movies, playing video games, listening to
music, and reading a book) and taking care of pets were helpful
for Teachers 16, 84, and others. Also, praying and deepening
their relationship with God comforted Teachers 3, 14, 45, 58 and
others amidst the demands of teaching in the new normal.

5. DISCUSSION

The resumption of holding in-person classes while the pandemic
is ongoing entails teachers being in close contact with others,
which increases their risk of exposure to COVID-19 and the
likelihood of them infecting significant others [32]. That is why
it is understandable that many of the study participants were
apprehensive about teaching classes onsite. They fear contracting
COVID-19 and were also worried about how they could
potentially endanger the well-being of their family.

Study participants considered being concerned about their
students’ learning, disruptive behaviors, and well-being in the
new normal as added stressors. They yearned for meaningful
connection with their students particularly during these online
arrangements for teaching and learning that have become part of
the new normal as literature showed building student-teacher
relationships matters for students to engage in learning [33]. A
previous study also showed their role as teachers goes beyond the
confines of the classroom. They must deal with the disruptive
behaviors of students and look after their well-being [34].

This study demonstrated that teachers adjusted anew when
different arrangements for teaching and learning were instituted
as physical campuses re-opened for in-person classes. These
adjustments posed additional pedagogical and technological
challenges to the teachers in their already demanding profession
[34].

The physical demands of commuting to and from the university
exacerbated the stressful situations of some of the study
participants in the new normal. In contrast to holding in-person
classes, the disadvantages of commuting were not a concern
when teaching was fully online. Aside from the flexibility offered
by the work-from-home arrangement, teachers can save time and
money when they do not have to commute [35].

Handling increased workload and taking on multiple roles and
responsibilities are unrealistic job-related demands in the new
normal that can adversely affect the well-being of teachers [34,
36]. Study participants also felt some university policies were
unfavorable to their circumstances in the new normal. Similar to
a previous study, they believed these not well-thought-out
policies interfered with their effectiveness as teachers [34].
Moreover, many of the study participants considered their
salaries to be no longer sufficient based on the expectations asked
of them at work as well as the prevailing socio-economic
conditions in the country.
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In times of pandemics and other crises, job-related demands
become interconnected with the demands of various life domains
[37]. Additional competing demands seen in this study include
family issues, socio-political situations, and socio-economic
circumstances.

Furthermore, this study showed the importance of social support
from colleagues, family, friends, and students in coping with the
demands of teaching in the new normal. Social support is a key
job resource that can offset the load at work, minimize the
occurrence of burnout, and promote well-being among teachers
[36, 38, 39].

Interestingly, focusing on teaching and research is viewed by
several study participants as their way of coping in the new
normal. Keeping themselves busy at work to de-stress is likewise
reported as a job resource in a previous study [39].

Study participants overcame the demands of teaching in the new
normal by drawing from their personal resources, such as
engaging in leisure activities, practicing self-care, and taking part
in spiritual activities. Some of these coping strategies are existing
approaches to job demands, while others are new [36].

6. LIMITATIONS AND FURTHER RESEARCH

This study encountered several limitations, which may affect the
generalizability of its findings. First, there is selection bias as
voluntary sampling from one higher education institution was
used to recruit the study participants. Future studies can minimize
this selection bias by employing probability sampling in multiple
higher education institutions. Second, the study participants
could have provided social desirability responses when
answering the online questionnaire. Future research can address
this social desirability bias by emphasizing their rights to
anonymity and data confidentiality when obtaining informed
consent. Third, the data used for thematic analysis only came
from open-ended responses of the study participants in an online
survey. Further research can benefit from employing interviews
to gather an in-depth understanding. Lastly, this study used the
JD-R Model in examining the stressors (i.e., job demands) and
coping strategies (i.e., job resources) of teachers in the new
normal. Future studies can explore other theoretical frameworks
to understand the phenomenon.

7. CONCLUSION

This study aims to examine the stressors and coping strategies of
teachers in a higher education setting as holding in-person classes
has resumed as part of the new normal. Demands related to
teaching as a job and other competing demands were identified
as stressors when in-person classes resumed after two years of
fully online teaching. Several strategies they used to cope with
the demands of teaching in the new normal include seeking social
support and adhering to self-care routines. Findings from this
study can offer insights on how higher education institutions can
better support their faculty in the new normal.

8. DECLARATION OF FUNDING
AND COMPETING INTEREST

Funding was not received for this study. The authors have no
competing interests to declare.

97

9. REFERENCES

[17J.A. Pacheco, “The ‘New Normal’ in Education”, Prospects,
Vol. 51, 2021, pp. 3-14.

[2]S. Zizek, PANDEMIC! COVID-19 Shakes the World, New
York: Or Books, 2020.

[3] A. Bozkurt and R.C. Sharma, “Education in Normal, New
Normal, and Next Normal: Observations from the Past,
Insights from the Present, and Projections for the Future”,
Asian Journal of Distance Education, Vol. 15, No. 2, 2020,
pp. i-X.

[4] J.C.G. Corpuz, “Adapting to the Culture of New Normal: An
Emerging Response to COVID-19”, Journal of Public
Health, Vol. 43, No. 2, pp. e344-e345.

[5] J. Mananay, R. Alda, and M.S. Delos Santos, “Glimpses of
Teaching in the New Normal: Changes, Challenges, and
Chances”, International Journal of Learning, Teaching,
and Educational Research, Vol. 21, No. 4, 2022, pp. 276-
291

[6] H. Onyeaka, C. Anumudu, Z. Al-Sharify, E. Egele-Godswill,
and P. Mbaegbu, “COVID-19 Pandemic: A Review of the
Global Lockdown and Its Far-Reaching Effects”, Science
Progress, Vol. 104, No. 2, 2021, pp. 1-18.

[7] J.A. De Villa and F.K.B. Manalo, “Secondary Teachers’
Preparation, Challenges, and Coping Mechanism in the Pre-
Implementation of Distance Learning in the New Normal”,
IOER International Multidisciplinary Research Journal,
Vol. 2, No. 3, 2020, pp. 144-154.

[8] B.J. Tuga, J.V. Jocson, and R.A.S. Mabunga, “The Impact of
COVID-19 on a Philippine University: Challenges and
Responses Towards a New Normal”, ASTEN Journal of
Teacher Education, no. 1, 2021, pp. 8-13.

[9] C. Rapanta, L. Botturi, P. Goodyear, L. Guardia, and M.
Koole, “Balancing Technology, Pedagogy, and the New
Normal: Post-Pandemic Challenges for Higher Education”,
Postdigital Science and Education, Vol. 3, pp. 715-742.

[10] H. Cool, T. Apps, K. Beckman, and S. Bennett, “Digital
Competence for Emergency Remote Teaching in Higher
Education: Understanding the Present and Anticipating the
Future”, Educational Technology Research and
Development Vol, 71, 2023, pp. 7-32.

[11] A.B. Bakker and E. Demerouti, “The Job Demands-
Resources Model: State of the Art”, Journal of Managerial
Psychology, Vol. 22, No. 3, 2007, pp. 309-328.

[12] W.B. Schaufeli, “Applying the Job Demands-Resources
Model: A How to Guide to Measuring and Tackling Work
Engagement and Burnout”, Organizational Dynamics, Vol.
46, 2017, pp. 120-132.

[13] R.M. Ryan and E.L. Deci, Self-Determination Theory:
Basic Psychological Needs in Motivation, Development,
and Wellness, New York: The Guilford Press, 2017.

[14] RM. Ryan and E.L. Deci, “Intrinsic and Extrinsic
Motivation from a Self-Determination Theory Perspective:
Definitions, Theory, Practices and Future Directions”,
Contemporary Educational Psychology, Vol. 61, 2020, pp.
1-11.

[15] R.S. Lazarus and D. Folkman, Stress, Appraisal, and
Coping, New York: Springer, 1984.

[16] M.M. Matthieu and A. Ivanoff, “Using Stress, Appraisal,
and Coping Theories in Clinical Practice: Assessment of
Coping Strategies after Disasters”, Brief Treatment and
Crisis Intervention, Vol. 6, No. 4, 2006, pp. 337-348.

[17] F. Klapproth, L. Federkeil, F. Heinschke, and T. Jungmann,
“Teachers’ Experiences of Stress and their Coping Strategies



Proceedings of the 17th I nternational Multi-Conference on Society, Cybernetics and I nformatics (IMSCI 2023)

during COVID-19 induced Distance Teaching”, Journal of
Pedagogical Research, Vol. 4, No. 4, 2020, pp. 444-452.

[18] L.J. Sokal, L.G. Eblie Trudel, J.C. Babb, “Supporting
Teachers in Times of Change: The Job Demands-Resources
Model and Teacher Burnout during the COVID-19
Pandemic”, International Journal of Contemporary
Education, Vol. 3, No. 2, 2020, pp.67-74.

[19] M. Chan, J.D. Sharkey, S.I. Lawrie, D.A.N. Arch, and K.
Nylund-Gibson, “Elementary School Teacher Well-Being
and Supportive Measures Amid COVID-19: An Exploratory
Study”, School Psychology, Vol. 36, No. 6, 2021, pp. 533-
545,

[20] L.E. Kim, L. Oxley, and K. Asbury, “My Brain Feels Like a
Browser with 100 Tabs Open: A Longitudinal Study of
Teachers’ Mental Health and Well-Being during the COVID-
19 Pandemic”, British Journal of Educational Psychology,
Vol. 92, 2022, pp. 299-318.

[21] B. Klusmann, M. Trippenzee, M. Fokkens-Bruinsma, R.
Sanderman, and M.J. Schroevers, “Providing Emergency
Remote Teaching: What are Teachers’ Needs and What
Could Have Helped Them to Deal with the Impact of the
COVID-19 Pandemic?”, Teaching and Teacher Education,
Vol. 118, 2022, pp. 1-10.

[22] W.A. Edmonds and T.D. Kennedy, An Applied Guide to
Research Designs: Quantitative, Qualitative, and Mixed
Methods, California: SAGE Publications, Inc., 2017.

[23] J.W. Creswell and C.N. Poth, Qualitative Inquiry and
Research Design: Choosing among Five Approaches,
California: SAGE Publications, Inc., 2017.

[24] B. de Vera, “PH Economy Sinks Deeper into Recession”,
Philippine Daily Inquirer, May 12, 2021 [Online].
Available: https://business.inquirer.net/322729/ph-economy
-sinks-deeper-into-recession. [Accessed May 22, 2023].

[25] C. Deiparine, “After 19 Months, Philippines Begins Gradual
Return to Classrooms”, Philippine Star, November 15, 2021
[Online]. Awvailable: https://www.philstar.com/headlines/
2021/11/15/2141445/after-19-months-philippines-begins-
gradual-return-classrooms. [Accessed May 22, 2023].

[26] N.R. Wooten, N.M. Cavanagh, L.J. Cornelius, Thematic
Analysis of Guided Reflective Journal Narratives on
HIV/AIDS in the Southern United States, United
Kingdom: SAGE Publications, Ltd., 2019.

[27] P. Leavy, Research Design: Quantitative, Qualitative,
Mixed Methods, Arts-Based, and Community-Based
Participatory Research Approaches, New York: The
Guilford Press, 2023.

[28] J. Saldana, The Coding Manual for Qualitative
Researchers, California, SAGE Publications, Inc., 2009.
[29] V.N. Anney, “Ensuring the Quality of Findings of
Qualitative Research: Looking at Trustworthiness Criteria”,
Journal of Emerging Trends in Educational Research

and Policy Studies, Vol. 5, No. 2, 2014, pp. 272-281.

[30] M. Maguire and B. Delahunt, “Doing a Thematic Analysis:
A Practical, Step-by-Step Guide for Learning and Teaching
Scholars”, All Ireland Journal of Teaching and Learning
in Higher Education, No. 3, 2017, pp. 3351-33514.

[31] L.S. Nowell, J.M. Norris, D.E. White, N.J. Moules,
“Thematic Analysis: Striving to Meet the Trustworthiness
Criteria”, International Journal of Qualitative Methods,
Vol. 16, 2017, pp. 1-13.

[32] A. Padmanabhanunni and T. Pretorius, “I Teach, Therefore
I Am: The Serial Relationship between Perceived
Vulnerability to Disease, Fear of COVID-19, Teacher
Identification, and Teacher Satisfaction”, International

98

Journal of Environmental Research and Public Health,
Vol. 18, No. 24, 2021, p. 13243.

[33] A. Bray, J. Banks, A. Devitt, and E. Ni Chorcora,
“Connection before Content: Using Multiple Perspectives to
Examine Student Engagement during COVID-19 School
Closures In Ireland”, Irish Educational Studies, Vol. 40,
No. 2, 2021, pp. 431-441.

[34] L.E. Robinson, A. Valido, A. Drescher, A.B. Woolweaver,
D.L. Espelage, S. LoMurray, A.C. Long, A.A. Wright, and
M.M. Daile, “Teachers, Stress, and the COVID-19
Pandemic: A Qualitative Analysis”, School Mental Health,
Vol. 15, No. 1, 2023, pp. 78-89.

[35] S. Cornell, B. Nickel, E. Cvejic, C. Bonner, K.J. McCaffery,
J. Ayre, T. Copp, C. Batcup, J. Isautier, T. Dakin, and R.
Dodd, “Positive Outcomes associated with the COVID-19
Pandemic in Australia”, Health Promotion Journal of
Australia, Vol. 33, No. 2, 2022, pp. 311-319.

[36] L.E. Kim, L. Oxley, and K. Asbury, “My Brain Feels Like a
Browser with 100 Tabs Open: A Longitudinal Study of
Teachers’ Mental Health and Well-Being during the COVID-
19 Pandemic”, British Journal of Educational Psychology,
Vol. 92, No. 1, 2022, pp. 299-318.

[37] E. Demerouti and A.B. Bakker, “Job Demands-Resources
Theory in Times of Crises: New Propositions”,
Organizational Psychology Review, Vol. 0, No. 0, 2022,
pp. 1-28.

[38] D.G. Taylor and M. Frechette, “The Impact of Workload,
Productivity, and Social Support on Burnout among
Marketing Faculty during the COVID-19 Pandemic”,
Journal of Marketing Education, Vol. 44, No. 2, 2022,
pp.134-148.

[39] P. Hidalgo-Andrade, C. Hermosa-Bosano, and C. Paz,
“Teachers’ Mental Health and Self-Reported Coping
Strategies during the COVID-19 Pandemic in Ecuador: A
Mixed-Methods  Study”, Psychology Research and
Behavior Management, Vol. 14, 2021, pp. 933-944.



Proceedings of the 17th I nternational Multi-Conference on Society, Cybernetics and I nformatics (IMSCI 2023)

Uses of quantification and modelling category. The case of antimicrobial
coating development.

Claudio GAETE-PERALTA
Departamento de Matematicas y Ciencias de la Ingenieria, Universidad Bernardo O Higgins
Santiago, 8320000, Chile

Katherine DELGADO
Facultad de Ingenieria, Ciencia y Tecnologia, Universidad Bernardo O Higgins
Santiago, 8320000, Chile

Jaime HUINCAHUE
Centro de Investigacion de Estudios Avanzados del Maule, Universidad Catolica del Maule
Talca, 3480005, Chile

ABSTRACT

In order to provide elements for the construction of reference
frameworks that allow the educational community to value and
recover the uses of mathematical knowledge of people that
occur in specific situations in their daily life, the aim of this
research was to analyse the uses of quantification that emerge in
a specific situation of measurement by a professional
community. To address this objective, the uses of quantification
of a chemical engineer were analysed by means of a debate
between performance and form in a specific measurement
situation whose argumentation was given by the quantification
of grams of additive necessary to elaborate an antimicrobial
coating. The results of this research allowed to account for the
uses of quantification that emerged by the chemical engineer in
this specific measurement situation. Among the conclusions,
this research allowed the identification of epistemological
aspects and contextualised rationalities that emerged in this
situation and that are expected to provide elements for the
construction of this type of reference frameworks.

Keywords: Modelling category, Engineering, Antimicrobial
coating, Measurement situation, Uses of quantification.

1. INTRODUCTION

One of the purposes of mathematics teaching is to achieve a
link with reality [1, 2]. Parra-Sandoval and Villa-Ochoa [3]
point out that attending to this link implies recognising the
existence of mathematical knowledge that is not
institutionalised and that is used in different situations in
everyday life. However, when making this type of link, schools
often resort to the development of stereotyped tasks whose
realities turn out to be artificial [4] and contribute little to the
achievement of the link at issue [5]. Moreover, the cultural
conception of mathematics as an abstract and infallible
discipline is a factor that further complicates the achievement of
this link, as it recognises school mathematics as something
untouched, where the student is usually limited to learning in a
mechanical way, leaving aside the functionality of mathematical
knowledge [6], understood as knowledge that is useful for
people in situations of everyday life, work and profession [7].
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Mendoza and Cordero [8] indicate that the teaching of
mathematics, in addition to being distanced from everyday
reality, ignores the uses of mathematical knowledge by people
that occur in non-school scenarios, where functional
justifications prevail that do not necessarily respond to logical-
mathematical reasoning. In this regard, when we speak of
functional justification, we refer to the fact that the mechanisms
in which the uses of knowledge in specific situations are
developed are functional, that is, the justification is based on
what is useful to humans [9].

A frame of reference for school mathematics is understood as a
construct from the socioepistemological theory [10] that points
out the elements that comprise the different possible
perspectives and configurations that indicate guidelines and
trace explanations about the ways of constructing and
disseminating the teaching and learning of mathematical
knowledge [11]. Considering that idea, this research aims to
provide elements for the construction of frames of reference that
allow the educational community to value and recover the uses
of mathematical knowledge of the people that occur in specific
situations in which they are involved. Along these lines, the
concept of mathematical modelling in education is an attractive
tool to support the construction of this type of frame of
reference. Within the different approaches that exist to carry out
the study and development of the concept of mathematical
modelling (for example, Borromeo [12]; Lesh and Caylor [13];
Lesh and Doer [14]; Rodriguez and Quiroz [15], among others),
we find the category of modelling [16], which is positioned as a
process focused on people's uses of mathematical knowledge
that occur in specific situations in which they are involved. For
this reason, the category of modelling will be developed in this
research to provide elements for the construction of the required
frame of reference.

The structure of this article is as follows: Section 2 will show
the theoretical framework that will support this research, where
the modelling category will be presented. In addition, the
research objective will be stated in this section. Section 3 will
show the methodology that will make it possible to respond to
the stated objective. Section 4 will report on the analysis and
results, and finally, in section 5, the conclusions of this research
will be presented.

https://doi.org/10.54808/IM SC12023.01.99



Proceedings of the 17th I nternational Multi-Conference on Society, Cybernetics and I nformatics (IMSCI 2023)

2. THEORETICAL FRAMEWORK

For the Socioepistemological Theory of Mathematics Education
[10], a fundamental thesis to favour the learning of the

meanings of mathematics is to know the environment of

reciprocal relations between mathematical knowledge and the
reality of the learner [2]. Socioepistemology focuses on
studying people's uses of mathematical knowledge in specific
everyday situations, in order, on the one hand, to recover the
social character of mathematics, by focusing on the practices
that regulate the social construction of mathematical knowledge
[17], and, on the other, to contribute to a decentring of
mathematical objects in the teaching of mathematics. It is
important to highlight that, for socioepistemology, to speak of
the social construction of mathematical knowledge refers to a
notion that considers the interactions and processes of debate
that communities experience, in order to carry out processes of
institutionalisation of mathematical knowledge, together with
its functionality in specific contexts and situations [6].

SOLTSA Programme

This research is framed within the socioepistemological

programme called Forgotten Subject and Transversality of

Knowledge (SOLTSA, acronym in Spanish), whose main
objective is to reveal the uses of mathematical knowledge and
its resignifications that emerge in the mathematical knowledge
communities of people at school, at work or profession and in
their daily lives, where the functionality of mathematical
knowledge predominates. Regarding the uses of mathematical
knowledge, these are understood as the organic functions of
situations (functionings), which are manifested by the “tasks”
that make up the situation, and forms of use that refer to the
kind of those “tasks”. As for the tasks, these can be activities,
actions, executions or alternations of domains proper to the
organism of the situation [16]. When the alternation of tasks
takes place, a new organic function originates, which debates

with the forms of uses. This “act of use” is the resignification of

uses of mathematical knowledge [9], which happen in specific
situations that are part of that environment of reciprocal
relations between mathematical knowledge and reality [18].

The argumentation of mathematical knowledge generated in a
specific situation is a resignification of uses constructed in that
situation, understanding by argumentation of mathematical
knowledge the guiding thread of the specific situation from
which mathematical knowledge emerges [6] Additionally, these
resignifications are also constructed when transversalities of
uses of mathematical knowledge occur between domains of
knowledge, understanding by transversality of uses the
resignification of uses of mathematical knowledge between
scenarios or domains of knowledge, for example, between
school and work; or between mathematics and engineering [18].
In other words, when the functionings and forms of the uses of
mathematical knowledge that occur in a specific situation Sj,,,
proper to a domain knowledge D,, debate with other
functionings and forms that occur in a specific situation Sj,,
(i # j) proper to a domain Sj,, (i # j) thus generating new
resignifications of uses.
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The modelling category

The modelling category [16] has been worked on in the
SOLTSA programme as the use of mathematical knowledge in
a specific situation [6]. Several researches have developed this
category - that is, they have promoted a resignification of uses
of mathematical knowledge - by analysing the uses of
mathematical knowledge that emerge from people in different
types of specific situations, as is the case of the uses of
optimisation in selection situations [18], the wuses of
compensation in weighting situations [19], the wuses of
accumulation in situations of change [20], the uses of
anticipation in situations of periodisation [21] (Pérez-Oxté,
2021) and the uses of behaviour reproduction in situations of
transformation [22], among others. These investigations have
provided elements to build reference frameworks that serve as a
basis for the design of school situations that allow the
educational community to promote, in the teaching of
mathematics, the uses of mathematical knowledge that emerge
from the people in specific situations in which they are
involved. In order to develop the category of modelling, and
thus provide elements for the construction of reference
frameworks that serve as a basis for the design of this type of
situation, the objective of this research is to analyse the uses of
quantification that emerge in a specific situation of
measurement by a professional community.

3. METHODOLOGY
Context and participants

Delgado [23] developed an antimicrobial additive through the
incorporation of copper-based particles (see Figure 1). This
additive has the potential to be incorporated in different types of
surface coatings as a complementary measure in the prevention
of different diseases caused by pathogenic microorganisms, for
example, those diseases caused by coliform bacteria
contamination.

The additive consists of a copper-based antimicrobial agent
supported on zeolite. Zeolite is an organic material considered
to be a carrier because of its ability to absorb or support other
materials, where carrier means an inert material to which other
materials are added (adsorbed, impregnated or coated). The
antimicrobial additive is in powder form and can range in size
from 20 to 100 microns.

In order to test the potential of this additive, a professional
community working at a Chilean university participated in a
research project to validate in situ the antibacterial properties of
a commercial epoxy coating containing an antimicrobial
additive. In particular, it was evaluated whether it would
significantly reduce the amount of coliform bacteria present on
the walls of the prison cells of a police station located in
Santiago, Chile.
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Figure 1. Antimicrobial additive used for the production of an
antimicrobial coating.

An antimicrobial coating is the one that inhibits or eliminates
the growth of bacteria adhering to its surface. To evaluate the
antimicrobial activity of a coating it is necessary to quantify the
number of bacteria adhering over time. If the number of bacteria
decreases, it means that there is antimicrobial activity.

The professionals who were part of this community were four: a
Civil Chemical Engineer with a PhD in Engineering Sciences,
with specialisation in Materials Science (P1), a Chemical
Engineer (P2), a Chemist with a PhD in Chemistry (P3) and a
Biochemist with a PhD in Biotechnology (P4). The immersion
with this community comprised four moments (M1, M2, M3,
M4): M1: Preparation of an antimicrobial coating based on an
antimicrobial additive, M2: Painting of the walls of the prison
cells with an antimicrobial coating, M3: Sampling of coliform
bacteria on the walls of the prison cells painted with an
antimicrobial coating and M4: Counting of coliform bacteria.
However, this research will report the uses of quantification that
occurred during M1, which was conducted by P2. Specifically,
this immersion was carried out in a specific measurement
situation (situation in which we searched for measuring the
amount, in grams, of additive needed to make an antimicrobial
coating) which had the purpose of quantifying the grams of
additive to be mixed with the grey oil-based coating' that came
in a 20 litre bucket (see Figure 2), in order to transform it into
an antimicrobial coating that could be applied to the walls of the
police station's prison cells.

! This paint is traditionally used by Carabineros (Chilean
national law enforcement police) to paint the walls of the police
station's cells.
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Figure 2. Paint used by Carabineros to paint the walls of the
cells.

Data collection

During this immersion, data collection was carried out by
means of: (a) audiovisual and photographic records to support
the observation carried out by the researchers, (b) semi-
structured interviews with the professionals in this community
who participated in the process of making an antimicrobial
coating, in order to better understand this process of
elaboration. In order to avoid introducing possible obstacles to
the objectivity of the data collected through the researchers'
participation in this community, this research chose the
researchers to play the role of observers [24]. However,
according to Guber [25], the researchers took on the role of
participants only when necessary and always remembering that
their primary role was that of observers. The above allowed us
to identify the routine situation where this community made use
of quantification.

Data analysis

The uses of quantification that emerged in this specific
measurement situation were analysed according to the analysis
of uses of mathematical knowledge carried out in different
socio-epistemological works (for example, see [18]; Opazo and
Cordero [26]; Tuyub and Zapata [27]; Morales and Cordero
[28], who carried out this type of analysis by means of a debate
between functioning and form, where functioning responds to
what knowledge is used for and form responds to how
knowledge is used [29]).

4. ANALYSIS AND RESULTS

The preparation process of the antimicrobial coating was carried
out in the chemistry laboratory of the university where the
community professionals worked. To prepare the antimicrobial
coating, P1, the project leader, decided that one kilogram of
mixture should be made up of 95% paint and 5% additive. This
percentage was determined on the basis of experience and the
background of an investigation in which hospital intravenous
poles (IV poles) were coated with paint containing 3% by mass
of the antimicrobial additive, which did not result in a
significant decrease in the number of bacteria [30]. Therefore,
P1 decided that the 3% should be increased to 5%.

Based on this indication, P2 undertook to develop an
antimicrobial coating. For this purpose, he made use of a
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graduated glass container that allowed him to take out the paint
in a smaller volume so that he could handle the paint more
easily and comfortably. His initial idea was to take one litre of
paint out of the bucket with this container, put it in another
plastic container and there make one litre of antimicrobial
coating, and then repeat this process 20 times in order to make
20 litres of antimicrobial coating. Before starting this process,
P2 used an electronic balance to find out the mass of the plastic
container, so that he could tare the mass. Thus, when
calculating the mass of the plastic container with paint, the
electronic balance would only indicate the mass of the paint and
would not consider the mass of the plastic container. In this
regard, P2 stated the following:

P2: This weighs 66.86 grams [referring to the plastic container]
and what we are going to do is tare it, leave the balance at zero
[grams] to eliminate the factor [referring to the mass of the
plastic container] (see Figure 3).

Figure 3. Calculation of the mass of the plastic container on the
electronic balance.

However, due to convenience, P2 decided to work with 800 ml
instead of one litre, as otherwise he would stain his glove with
paint and it would be uncomfortable for him to take the
graduated glass container. In this regard, an extract of P2's
statement is shown:

P2: We are going to leave it at 800 [ml] in fact....

Researcher: It's not going to be the litre any more?

P2: No...because otherwise it will touch my glove [referring to
the paint] and make it dirty. We'd better use the 800 [ml] and
then I can transfer it better (see Figure 4).

102

Figure 4. Using the glass container to remove 800 ml of paint.

Once the 800 ml of paint was placed in the plastic container, P2
proceeded to determine its mass using the electronic balance,
determining that 800 ml of paint had a mass of 703.78 grams
(see Figure 5).

Figure 5. Calculation of the mass of 800 ml of paint using an
electronic balance.

To quantify the amount of grams of additive that should be in
703.78 grams of an antimicrobial coating, P2 made use of a
simple rule of three, where he considered as 100% to 703.78
grams and as 5% to a x (amount of grams of additive),
determining the latter equal to 35.189 grams (see Figure 6).
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Figure 6. Quantification of the grams of additive to be used to
make 800 ml of an antimicrobial coating.

The process of homogenising the mixture of the additive with
the paint was first carried out manually and then mechanically,
with the aid of mechanical stirrers operating at an average speed
of 80 revolutions per minute for 10 hours (see Figure 7).
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Figure 7. Use of mechanical stirrers to homogenise the mixture
of the additive with the paint.

Once the homogenisation process was completed, P2 repeated
this process 25 times to produce 20 litres of antimicrobial
coating, which was subsequently used to paint the walls of the
police station cells.

This specific situation corresponded to a measurement situation
as it sought to measure the amount of grams of additive to be
used to prepare 20 litres of antibacterial coating. Table 1 shows
a use of P2 quantification in this specific measurement
situation.
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Table 1. Uses of P2 quantification.

To determine the amount of
grams of additive to be used
to make 800 ml of an
antimicrobial coating.

Functioning of the use of
quantification  (what  is
quantification used for?)

Form of the wuse of
quantification ~ (how  is
quantification used?)

By means of a simple rule of
three.

5. DISCUSSIONS AND CONCLUSIONS

The modelling category emerged in this research as the use of
quantification by P2 in this specific measurement situation. The
common thread of this situation that allowed the mathematical
knowledge to emerge was given by the quantification of the
grams of additive that were necessary to elaborate an
antimicrobial coating. This allows us to point out that the
argumentation generated from this specific measurement
situation was given by the quantification, which in turn is a
resignification of uses constructed in this situation.

This research provides elements to understand the mathematical
knowledge that emerges from specific communities based on
their functionality. The emphasis was not on paying attention to
what people in the communities do not know and should learn,
but on what they do, how they do it and what they do it for. The
emphasis is then on the uses of mathematical knowledge put
into play in this specific situation and not on the mathematical
objects. In particular, this research has made it possible to
identify epistemological aspects and contextualised rationalities
that emerged in this situation and which are expected to provide
elements for the construction of frames of reference that will
allow the educational community to value and recover the uses
of quantification that emerge from people in specific
measurement situations. This idea will be possible by designing
school situations that, once implemented in mathematics
classes, can contribute to transforming school mathematics with
the aim of generating a reciprocal relationship between people's
daily lives and school mathematics, taking into account the
functionality of mathematical knowledge.
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ABSTRACT
This paper presents a teaching strategy for topics in
undergraduate  courses  which  require  simultaneous

consideration of several parameters. Such topics present several
challenges: i) initial learning is difficult because of the multiple
issues (parameters) that must be checked, ii) covering all cases
can leave students confused, leading to omission of certain
details, iii) it is not clear what presentation vehicle is best for
learning. This paper proposes a mathematical-logic technique,
the prime implicant normal form, PINF, to address these
problems. The PINF method can easily be mastered without
technical knowledge. Familiar examples are provided from
Statistics and English Grammar. A survey of alternate
presentation methods, gleaned from a simple Google search,
reveals several advantages of using the PINF method.

Keywords: prime implicant normal form, instructional design,
good pedagogy, normal distribution, student t distribution,
relative pronouns, matrix organizers, tables,

1. BACKGROUND and GOALS

Recall, that pedagogy theory teaches that identical content can
be delivered by different vehicles, with some vehicles excelling
over others in facilitating student learning and retention.

Perhaps the simplest illustration of a pedagogically superior
presentation method is the use of graphical organizers such as
tables or matrix displays [10, 11, 17]. Although a bulleted list
can present the same information as the table, the table provides
quicker access to contrasts and comparisons, because it displays
more relationships. Hence, it is superior for presentation.

This paper presents a superior teaching method motivated by a
technique of mathematical logic, the prime-implicant normal
form, PINF, of Boolean algebra. This method is particularly
useful when a course topic requires simultaneous consideration
of multiple parameters. The capacity of PINF to facilitate
student learning and retention is just as powerful as the use of
graphic organizers but not as commonly known.

To illustrate the pedagogic superiority of this technique we
select two undergraduate topics, one from statistics (Section 2)
and the second from English grammar (Section 4). Contrastive
to traditional textbooks and online teaching resources which
present either by using bulleted lists, complicated flowcharts, or
omitting cases (Section 3)., the PINF is comprehensive, more
compact, and clearer. The paper concludes by advocating that
instructors incorporate the PINF technique into their courses
(Section 5).
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2. NORMAL, t, or PARAMETRIC DISTRIBUTIONS

2.1 Background: Statistics deals with making valid inferences
from a sample obtained from a population. Typically, a sample
statistic is computed, for example, the average or proportion of
the particular sample studied. Statistics then informs you how
confident you can be that the corresponding population statistic
is within a certain margin of error from the sample statistic. In
making this inference, the analyst must make computations with
certain standard distributions. The three most frequently used
methods used in making inferences from a sample to a
population are i) the normal distribution, ii) the student t-
distribution, and iii) non-parametric methods. Therefore, the
analyst needs a decision rule by which to select the appropriate
method. This entire theory is well understood and presented in
numerous textbooks which typically service introductory
statistic courses [5, 18].

Using the PINF technique, Section 2.2 presents a decision rule
for how to select the appropriate one of these three methods.
Section 2.3 is easy to follow; Section 2.3 explains the approach
of the underlying PINF technique used without requiring
familiarity with technical mathematical-logic. Section 3 then
compares the PINF technique advocated by this paper with
several alternative presentation vehicles.

2.2 The Decision Rule: Table 1, constructed with the PINF
technique, compactly presents the decision rule for which of the
three methods to use. To arrive at a conclusion of which
distribution to use (last column), the table requires simultaneous
consideration of several parameters, or attributes, of the given
sample and the underlying population.

Is the sample | Is the | Is the | Then use

size  large? | population population the

(i.e., at least | normally variance following

30 (See | distributed? known? distribution

Section 2.4))

Yes Normal
Yes Yes Normal

No Yes No Student t

No No Parametric

No No Parametric

Table 1: The PINF approach to choosing the correct method by
which to make inferences from a sample.

Although Table 1 should be self-explanatory, we review the
first two rows to fully clarify its meaning.

e Row 1: The first question to consider is whether the sample

https://doi.org/10.54808/IM SCI2023.01.105
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size is large (Column 1). If it is, no other questions need be
asked; one should use the normal distribution (last column).
e Row 2: If the answer to the following two questions is,
"Yes",

o Is the population known to be normal? (Column 2)

o Is the variance of the population known? (Column 3),
then we use the normal distribution to make inferences (last
column).

2.3 PINF: To clarify the PINF technique used in Table 1, we
contrast it with the disjunctive normal form taught in
mathematic logic courses. These courses traditionally use a
truth table. The truth table would contain one column for each
question asked. In the example studied in this section we
consider three questions, i) Is the sample large? ii) Is the
population normal? iii) Is the variance of the population known?
as shown in the first three columns of Table 1.

Notice that each of these three questions has a yes or no
response. The disjunctive normal form requires that the truth
table contains all eight possibilities of yes and no, each
possibility presented in a separate row. For each row, the table
then indicates whether the method is normal, t, or parametric.

The contrast to the disjunctive normal form introduced by the
PINF table is that blank cells are allowed which contain neither
yes nor no. We can illustrate this with the first row of Table 1.
The disjunctive normal form would require the following four
rows to replace the first row of Table 1.

Is the sample | Is the | Is the | Then use
size large? | population population the
(usually normal? variance following
bigger than known? distribution
30; but other

numbers are

possible)

Yes No No Normal
Yes No Yes Normal
Yes Yes No Normal
Yes Yes Yes Normal

Table 2: The first row of Table 1 would require the four rows
of Table 2 if disjunctive normal form were used.

By comparing Table 2 with the first row of Table 1 we
immediately see the advantage of PINF. The PINF table focuses
on what drives use of the normal form, namely largeness of the
sample. Contrastively, Table 2 is too busy; it overwhelms the
reader, not allowing such a focus.

This example illustrates how an instructor can construct a PINF
table: i) First gather all rules, ii) next list all questions, issues, or
parameters that must be asked, iii) assure that each of these
questions has simple yes-no responses, iv) list all known rules
in a table, v) then, if not already done, reduce redundant rows
and information in the table by leaving certain cells blank.

2.4 A Technical Comment.: Because the purpose of this paper
is presentation of the PINF method, it abstains from making
excessively technical statistical points. We illustrate such
omissions with one subtlety. In an actual course such subtleties
would, of course, be mentioned. Table 1 requires ascertaining
whether a sample is large. Typically, textbooks will suffice with
classifying a sample as large if it has 30 or more elements. The
reason for this is that for samples of 30 or more elements, the
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student t and normal distribution are very close in numerical
value; hence, using either one is appropriate.

But this argument is only valid when the desired significance
level is the typical 5%, that is, when one wishes to be 95%
confident that the sample is predictive of the population. For
some applications, a 99% or even a 99.99% confidence level
may be desired. For these applications, the cutoff point for
classifying a sample as large would be bigger than 30.
However, as remarked, this is a very technical point and need
not concern us further in this paper.

3. ALTERNATIVE FORMULATIONS

To defend the superiority of the PINF teaching delivery method,
alternate approaches to the decision rule for sampling were
randomly obtained, in March 2023, by a simple Google search,
using the search phrase "when to use the normal vs. t
distribution" (including “parametric distribution” in the search
phrase did not significantly change the search results). Several
alternate approaches were obtained [2, 3, 7, 9, 13, 20], some
from university websites, some from online tutorials, and some
from expository articles in refereed journals; these sources were
supplemented with two textbooks [5,18].

The alternate approaches were qualitatively inferior; they
frequently omitted cases, omitted parameters, or presented the
decision rule in stages leading to unintended contradictory
statements of the decision rule.

Rather than review each source by itself, we summarize several
repeating issues.

Issue #1: A Contrastive Narrative Style: A contrastive style is
easy to retain but may omit information. Two examples of
contrastive styles are the following:

(1) For large samples use normal; for small samples use t.
(2) When the variance is known use normal; if unknown use t.

Although (1) and (2) are useful rules of thumb, they are not
complete. For example, both formulations leave out the critical
information that one should not use the t-distribution unless the
population is known to be normal.

Issue #2: A Development Style: Some narratives develop the
complete set of decision rules over several pages. This
development may begin with a contrastive style like (1) or (2)
and then, in a later paragraph, remark that other requirements
(such as normalcy of a population) are needed.

While such a development style is easier to read than a table, it
presents multiple statements which, if read alone, are
contradictory, the initial statement being too simple and the
final statement being correct, albeit technical. This can easily
confuse a student that has before him or her two formulations.

One simple remedy to this is to supplement narrative
development styles with a summary such as Table 1. This has
the advantage of providing a one-stop complete set of rules (the
table) but developing the ideas at a leisurely pace which helps
weaker students.

Issue #3: Confusing Logical Connectives: The exportation law
of classical logic states that the following two formulations of
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an abstract rule are equivalent.

(3) If both (A) and (B) are true then do (C)
(4) If (A) is true then we consider further cases. If (B) is true,
then do (C).

Formulation (4) is appealing when presenting rules using a
nested bulleted list. The main (outer) bullets could present
variance known and variance unknown. The sub-bulllets of
variance unknown could then present the cases of the sample
large or not large.

But formulation (4) which fits in with a nested-bulleted-list
presentation is harder to read than formulation (3). In fact, one
point of the exportation law is that very often a reader will
understand (4) by first reformulating it as (3).

An additional point in comparing nested bulleted lists with
tables, is, as pointed out earlier, that tables are superior since
they facilitate comparisons and contrasts [10, 11, 17].

Issue #4: Lack of Completeness: One should be careful in a
critique of lack of completeness. A textbook or handout could,
for example, argue that its purpose is to discuss particular
methods such as normal and t. In such a case, an omission of
mention of parametric methods may appear defensible.

We therefore formulate completeness as completeness relative
to the parameters the narrative introduces to describe the
decision rule. Table 1 illustrates this approach: The table
requires consideration of three issues, i) whether the underlying
population is normal, ii) whether the population variance is
known, and iii) whether the sample size is large. Consequently,
completeness of a decision rule requires that the decision rule
lays down what happens in each combination of these three
requirements. It immediately follows that, based on its choice of
parameters, the narrative explicitly requires a discussion of the
non-parametric approach: when the sample size is small, and
the population is not normal.

It is interesting that some undergraduate textbooks or courses,
by design, omit parametric methods from introductory statistics
courses. Fortunately, some recent textbooks remedy this
problem by providing appropriate material [18].

The author’s practice, when teaching from a curriculum not
requiring teaching parametric methods, is to point out that the
correct response to a question where the population is not
normal and the sample size is small is, "This question cannot be
answered by the methods of this course."

It is noteworthy, that even though students are explicitly told
that at least one question on examinations cannot be approached
through the normal and t distributions, weaker students,
typically get these questions incorrect; they approach these
problems using the normal and t distributions without first
applying the decision rules presented in Table 1 to ascertain
what method should be used. This anecdote points to the
challenge in teaching material based on multiple parameters:
such material lends itself to avoidance of certain cases by
weaker students.

In summary, the PINF has a variety of nice attributes:
v It is complete
v It is brief and compact
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v Itis readable
v It does not contain any redundant information.

The author's experience with the PINF is that it is superior for
instruction, retention, and learning. While flowcharts are also
complete [5], the flowchart is somewhat overwhelming, lacks
compactness, and cannot easily be learned. Flowcharts are
typically only useful when considering one path in the
flowchart. Additionally, the author has found the PINF
approach useful for remediation. The author explains to a
weaker student who confuses rules that their problem is not
mathematical but logical. Many of these students have never
seen a multiple-parameter rule. Such a remediation approach
can help some of the weaker students.

4. RELATIVE PRONOUNS

This article includes examples from disparate disciplines,
Mathematics and English, in order to emphasize the cybernetic
nature of the material presented. Cybernetics is intrinsically
multi-disciplinary, since in its essence, it refers to the flow and
organization of information independent of content [21]. The
cybernetic flavor of this article helps the reader focus on the
abstract Boolean nature of the PINF format advocated.

4.1 Rules Governing the Five Definite Relative Pronouns:
The topic of definite relative pronouns was selected for this
paper’s second example for a variety of reasons. i) There are
only five definite relative pronouns in English: that, who,
whom, which, whose. (Occasionally, but not always, where,
when, why can also function as relative pronouns. There are also
indefinite relative pronouns: whoever, whomever.) ii) Despite
the small number of definite relative pronouns, the theory is rich
and nuanced; even experienced native speakers can get caught
in errors.

4.2 The Rules and Their PINF: Table 3 compactly presents i)
the rules, ii) the parameters driving them, and iii) illustrative
examples. The following explanatory comments clarify further:

o For purely formatting reasons the following abbreviations are
used in order to fit the table to the page: sub refers to a case
where the relative pronoun is the subject of the clause it heads;
obj refers to a case where the relative pronoun is the direct
object of the verb of the underlying sentence; prep. refers to a
relative pronoun in a prepositional clause. Similarly, the who
and who(m) rules in the row for object with preposition at end,
are combined (again for purely formatting reasons).

e Table 1 listed questions in the column headers and responses
to these questions, yes or no, in the cells. Because of the
complexity of the relative pronoun rules a slightly different
format is used here. For example, Row 1 presents two rules: if
the subject of the sentence is a person, then the rule requires
using who or that, while if the subject of the sentence is an
impersonal object the rule requires using which or that. This
reflects the fact that the question or issue, what is the type of the
subject? is answered with the two possibilities people or
objects.

o lllustrative examples follow each rule. For example, the
sentences | praised the student who got A, | praised the student
that got A, and | praised the student getting an A are all
examples where the relative pronoun (who, that, or blank) is the
subject of the sentence clause it is connected with (The student
got A).
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For Examples For Examples
Case People (people) Things (Things)
1)1 praised the DI
student WHO praised
earned A the
grades
2) | praised the WHICH
student THAT were all
WHO earned A WHICH | A
THAT THAT 2)1
praised
the
grades
THAT
were all
Sub. A
1)1 praised the 1)The
student WHO got grades
A WHICH I
praised
2) | praised the were A-s
student THAT 2) The
WHO got A WHICH | grades
THAT THAT THAT |
BLANK | 3)I praised the BLANK | praised
student___getting were A-s
A 3) The
grades
|
praised
Obj were A-s
1-2) This is the 1)This is
student WHO(M) the
I gave ATO report
WHICH I
3) This is the recorded
student THAT | A-son
WHOM | gave ATO 2) This is
WHO WHICH | the report
THAT 4) This is the THAT THAT |
BLANK | student 1 BLANK | recorded
gave ATO A-son
3) This is
the
report
Obj., 1
Prep. at recorded
end A-son
This is the This is
student TO the
WHOM | gave A report
Obj., ON
Prep. at WHICH |
begin WHOM WHICH | placed A
This is the This is
student WHOSE the
POSSESS- grade is A report
- WHOSE WHOSE | WHOSE
grades
are all A-
s

Table 3: The decision table, with examples, for definite relative
pronouns.
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e As can be seen, the rules are similar for some columns (for
example, who, that, and blank (pronoun absence) occur with
variations in several rows). Understanding such associations
facilitates student learning, retention, and avoidance of error. As
indicated in Section 1, table format, is superior to the list format
in communicating such associations.

4.3 Comparisons with Alternative Rule Presentations: As
done for the statistics rule presented in Section 3, a Google
search, using the search phrase “the rules governing relative
pronouns” was made in March 2023 leading to a variety of
online sources, from universities and online tutorials [4, 6, 14,
15, 16]. These, sources, supplemented with one textbook, [1],
were compared and contrasted. Rather than review each source,
certain general tendencies are summarized.

o Use of Tables vs. lists: Both list and table formats are used.

o Incompleteness: Certain minutiae in the table are overlooked
by some sources. For example: i) the use of whom and who for
the case of object of a verb is overlooked in some sources;
contrastively, some sources correctly note that use of whom vs.
who corresponds to proper usage in formal vs. conversational
English; ii) The blank rule (permissibility of absence of a
relative pronoun) is sometimes omitted; and i) The
dependency for the object-preposition case on whether the
preposition is placed prior to the relative pronoun or after it is
also sometimes omitted. In general, rules that require
introduction of extra parameters tend to be omitted.

o Integrated Rules: Table 2 assumes student familiarity with
identifying the relative pronoun as being a subject, object, or
indirect object (object of a preposition). Contrastively, some
sources integrate the rules for syntactical recognition with the
relative pronoun usage. Integration of modules, particularly,
when there is a review and reference to a prior module, is good
pedagogical practice and facilitates avoidance of silo effects
where each rule stands by itself without its relationship to other
rules.

o Integration Presentation of Examples and Rules: Table 2
integrates the presentation of rules and examples. This is a
superior pedagogic practice. Some sources adopt this practice;
other sources give preference to spreading out the statement of
rules by studying examples after each individual rule statement.
o Additional Elaborations: One source explicitly notes that
pronouns that refer to animals are treated the same way as
pronouns referring to inanimate things. It is a matter of taste,
and dependent on the target student population, to what extent
an instructor wishes to emphasize these subtleties.

5. CONCLUSION

This paper has presented best practices of teaching delivery
when a multi-parameter rule is present. These best practices are
formulated with the mathematical logic concept of the Prime
Implicant Normal Form, PINF. Examples using PINF are
presented from disparate disciplines and compared to a variety
of alternative presentations currently being used. The
comparative analysis shows that the PINF technique: i)
facilitates completeness of rules without omissions, ii) avoids
narrative styles that are not conducive to presenting multi-
parameter rules, iii) provides clearer logical statements, and
facilitates student learning and retention, and iv) is easy to
learn, master, and apply.

It is hoped that this modest presentation will suffice to inspire
instructors to use this technique in their courses.
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ABSTRACT

We discussed the form of education that fosters rational judgment
based on the selection and prioritization of a large amount of
information. Specifically, we developed a lesson plan for
fostering judgment skills focused on the theme of the pros and
cons of COVID-19 vaccination for prevention. We sorted out the
twelve requirements for classes from three perspectives:
education for fostering judgment, risk education, and critical
thinking education. Based on the extent to which the twelve
requirements were reflected in the course design, the course was
evaluated on two aspects: "A: education that promotes subjective
judgment without scientific or logical errors™ and "B: education
to achieve desirable judgment through communication.” As a
result, it was evident from the questionnaire survey evaluation
that B was sufficiently achieved. On the other hand, the
effectiveness of A resulted in different outcomes between student
questionnaire survey evaluations and instructor assessments of
the reports. In other words, while the student survey indicated
sufficient achievement, the instructor evaluation indicated that it
was not sufficient. From this, it is inferred that some
simplification is important at least as an educational practice in
this university.

Keywords: education to foster judgment skills, COVID-19,
critical thinking, risk education

1. INTRODUCTION

In modern society, we are exposed to a vast amount of
information and are required to make judgments based on our
understanding and selection of that information. To make a
judgment that aligns with our desired results, we now need to
understand a significantly larger amount of information than
before, to choose or discard information and then to make
decisions. Atrtificial intelligence (Al), such as ChatGPT, can help
in information-gathering and, in some cases, its selection.
However, individual judgment, which includes personal
subjectivity, naturally requires each individual’s ability and
cannot be replaced by Al. Moreover, since Al is now expected to
replace more human roles, the ability to make appropriate
judgment is likely to be increasingly valued as a human role that
is not so easily replaced by Al.

Education that fosters rational judgment based on the selection
and evaluation of large amounts of information is not well
developed today. Since the easiest form of judgment involves
choosing between two options, our focus will be on educating
about such binary scenarios. Some approaches to making
decisions in such cases have been demonstrated by one of the
authors, Kusumi [1]. While there is no single correct method for
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such approaches, the methods proposed by Failing et al. [2],
Hammond et al. [3], and Quist et al. [4], as well as Kusumi's
method, generally agree. These authors express nearly the same
ideas, though with different order and emphasis.

In exploring educational methods centered around making
decisions between two options, we have designed and published
a judgment education program that focuses on the topic of the
pros and cons of vaccination, using the COVID-19 pandemic as
the subject matter. This program fosters the ability to make
rational judgments based on the selection and evaluation of large
amounts of information. The aforementioned approach to
judgment can be described as an educational method that
specializes in organizing information, particularly to enhance the
understanding of the pros and cons of choices. The aim of this
paper is to evaluate the effectiveness of this course, identify its
limitations and potential, and discuss the future direction of
judgment education.

2. THE OUTLINE OF THE PROPOSED EDUCATIONAL
CONTENT

We discussed the requirements for the desired educational
approach from three perspectives: judgment education, risk
education, and critical thinking (CT) education. Here are the
twelve requirements we extracted from the discussion:

1) Foster the ability to make appropriate choices from large
amounts of complex information

2) Address issues that present binary choices

3) Teach an understanding of risk and risk comparison

4) Foster an understanding of uncertainty

5) Handle topics that absolutely require judgment

6) Foster risk communication skills

7) Foster expression and logic

8) Foster the ability to minimize bias

9) Foster trade-off understanding

10) Foster natural scientific literacy

11) Foster critical thinking (CT) skills

12) Make efforts to create effective meta-critical-thinking (MCT)
skills.

We designed and implemented the course to meet the twelve
requirements. Details are documented in Kusumi et al. [5], so
here we report only the essential elements necessary for the
evaluation.

The content of the class centers around teaching a "'Simple Story"
and a "Detailed Story" that could serve as prototypes for the
logical structure used to evaluate the pros and cons of vaccination.
The main focus of the class is to allow each student to build their
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own argument and refine it through discussion. As a prerequisite
for teaching the "Simple Story" and "Detailed Story," we taught
students the way to think about risk and risk comparison.

The “Simple Story” involves calculating the risk of death from
COVID-19 and the risk of death from the vaccine, and making a
judgment about the vaccination based on the comparison of these
values. While omitting the detailed explanation as described in
Kusumi et al. [5], it shows that the death risk from COVID-19 is
estimated to be between 2-35 and the death risk from the vaccine
is estimated to be between 0.1-2. Based on this, it was considered
that getting vaccinated is better than not getting vaccinated.

On the other hand, the "Detailed Story" is more cautious in
judging the necessity of vaccination, taking into account the
uncertainty of the underlying assumptions of the "Simple Story."
The "Detailed Story" explains various uncertain factors from the
"Simply Story" and has students themselves think about what
other uncertain factors exist. Based on these findings, even if the
quantitative assessment in the "Simple Story" is highly reliable,
it is not necessarily a perfect decision to endorse vaccination
based solely on the "Simple Story." This explanation takes into
account the uncertainties and limitations of the "Simple Story"
approach. In other words, the "Detailed Story" added an
explanation that because of many uncertain factors, it can be
difficult to make a judgment, and a negative judgment regarding
vaccination cannot be considered a mistake.

The actual class was conducted in the course "Environmental
Science B" at Chukyo University. We taught the same content in
four classes per week of "Environmental Science B" at Chukyo
University. Out of the 15 sessions of 90 minutes each, six
sessions were dedicated to the actual class. In the first class, the
focus was on teaching the previously-mentioned risks and the
concept of risk comparison. In the second class, the focus was on
teaching the "Simple Story" and the "Detailed Story." In the third
class, the focus was on developing and refining individual
arguments for and against vaccination. In the fourth class, we
conducted group debates in teams based on the arguments each
student had built and polished in the previous classes, further
promoting a deeper understanding of the topic. In the fifth class,
based on the arguments each student had polished in the debate
during the fourth class and turned into a written report, the
students checked and reviewed each other's reports. To make the
classes more effective, we minimized lectures and instead used
cooperative learning techniques. For reasons mentioned later, an
additional sixth class was held to address areas of insufficient
comprehension identified through the evaluation of the submitted
reports.

In the sixth class, we presented typical arguments both for and
against vaccination to serve as examples of possible stances on
the topic. One argument in favor of receiving vaccination is that
"based on a simple comparison of the risk of death, it can be said
that receiving the vaccine is preferable. Quantitative risk
assessment cannot make definitive judgments due to
uncertainties such as unknown future circumstances, but
organizing currently available information leads to the
conclusion that there is no better overall judgment than this." The
example of an argument stating that it is better not to receive the
vaccine is as follows: “Even though a comprehensive judgment
based on a “Simple Story” of comparing the risk of death can be
considered valid, focusing on the subjectivity of vaccine side
effects and prioritizing uncertain circumstances cannot refute the
idea that not receiving the vaccine may be better.” | also said
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these are just some examples of answers from the second class,
and there could be other types of correct answers.

3. TWELVE REQUIREMENTS AND TWO
EVALUATUION PERSPECTIVES

To evaluate education that fulfills the twelve requirements
outlined in chapter 2, we identified two perspectives that reflect
these requirements: A) "Education that promotes subjective
judgment without scientific or logical errors" and B) "Education
to achieve desirable judgment through communication.”

Of the two perspectives, the first one, A, reflects requirements 1,
2,3,4,5,8,9,and 10.

First, requirement 1 was a requirement to be included by the
instructors during the design phase. Since requirement 1 was
itself difficult, the instructor performed it on behalf of the
students, and it was an important premise for the framework of
perspective A. Requirement 2 was originally an important
requirement for designing a relatively simple framework for
education aimed at fostering judgment skills. And it was also an
important requirement for constructing the framework of A. In
other words, it was originally a requirement that needed to be
fulfilled when designing the course. Requirement 3 was also
important for A's "scientifically correct” judgment. Regarding
requirement 4, the instructor clarified all aspects that could be
made clear and organized the uncertain elements into a form that
requires individual judgment based on personal preference. By
doing this, the "understanding of uncertainty" required was made
in a form that did not require specific situations. Therefore,
requirement 4 was an important requirement for deriving A's
scientifically accurate judgment. Requirement 5, just like
Requirement 2, was an important requirement for constructing
the framework of A, and it was a requirement that needed to be
fulfilled when designing the course. Requirement 8 was also an
important requirement as it helped to build the framework of A
by fulfilling it. Requirements 9 and 10 were also important in the
same way.

On the other hand, the second perspective, B, succinctly reflects
requirements 6,7,11, and 12.

Requirement 6 is indeed an important element of B in this course.
The same applies to requirement 7. This course is inherently
important for demonstrating critical thinking ability, and
requirement 11 is an element of B. Requirement 12 is a slightly
different element, but it is also a B-element in the sense that it is
a requirement to facilitate smooth communication.

Based on the above, in this paper, we will evaluate this course
from two perspectives: A and B.

4. EVALUATION OF THE TEACHING PRACTICE

Perspective A: Education that promotes subjective judgment
without scientific or logical errors

A questionnaire survey was conducted after the classes. A total
of 71 students took the course, and for the debate, the number of
participants on the affirmative and negative sides was adjusted to
be equal. As a result, some students conducted debates taking a
position that was different from their own. The number of
students who responded to the questionnaire survey was 57. A
six-point Likert scale was used in the questionnaire. The option
that most closely corresponded to the question received a score
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of 6, and scores decreased in one-point increments for each
subsequent option. For example, "Strongly Agree" or
"Completely Satisfied" would be given a score of 6, and
"Strongly Disagree” or "Completely Dissatisfied" would be
given a score of 1. The results of the questionnaire obtained in
this way are summarized in Table 1.

In t-tests, a meaningful numerical value (threshold) for
comparison is required. Therefore, for the overall educational
effect, a threshold was considered assuming that the respondents
followed a standard normal distribution (refer to Figure 1).

In the case of the standard normal distribution, the mean is 0 and
the standard deviation is 1, and 66.6% of respondents fall within
the range of -1 to 1. If x is less than -1, it was judged as "low",
and if x is greater than 1, it was judged as "high" score.
Furthermore, since 95% of respondents fall within -2 to 2 in a
standard normal distribution, we judged that a score below -2
corresponds to "very low" and a score above 2 corresponds to
"very high".

Table 1. Results of questionnaire survey on judgment ability

Highest Were  you | Do youthink | Do you think
score: 6 satisfied you could | your ability
Median:3.5 enough with | explain the | to compare
Lowest your  own | validity of | risks has
score: 1 judgment? your improved by
judgment taking  this
adequately class?
enough to
others?
Average 4.61 4.30 4.82
standard 0.90 0.78 0.89
deviation
t-test result *Statistically | *Statistically | *Statistically
significant at | significant at | significant at
the 1% level | the 1% level | the 1% level
*high *high *high

The educational effectiveness questions were scored on a scale
ranging from 1 to 6, with a median value of 3.5. Therefore, we
divided the range as shown in Figure 1, set a threshold, and used
t-tests to determine how significantly lower or higher the average
score was for each question.

=Y

standard normal distribution === —3 -2 -1 0 1 2 3

the data obtained in this survey ™= 1 % '—: 35 ¥ Lﬁ’ 6

Figure 1. Correspondence of t-test values in this study to
standard normal distribution

As shown in Table 1, all three questions, namely "Were you
satisfied enough with your own judgment?”, "Do you think you
could explain the validity of your judgment adequately enough
to others?" and "Do you think your ability to compare risks has
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improved by taking this class?" received significantly "high"
evaluations. The results of the t-test were also high. Based on the
students' own evaluations, their ability to compare risks
improved and they were satisfied enough with their own
judgment.

Next, we conducted an evaluation from the perspective of the
instructor. After the fifth class, one of authors assigned a report
that required students to discuss their views on the “pros and cons
of COVID-19 vaccination." The students were asked to choose
whether they thought it was better to get vaccinated or not, and
then list their reasons for their decision on the report form.

Fifty-four students submitted the report, but few of them were
able to provide "subjective judgment without scientific or logical
errors" with appropriate reasons. From the instructor's
perspective, it was not yet possible to achieve the goal of
providing education that helps students make subjective
judgments without scientific or logical errors. The effectiveness
of such a course is influenced by the level of the university that
offers the class. At Chukyo University, a mid-tier private
university, because of the many students who are weak in the
field of science, technology, engineering, and mathematics
(STEM), the abilities to make scientific or logical judgments are
lacking in the first place. In this context, it seems that despite the
challenges, education is being provided and many students feel
they have made significant progress, although we as educators
feel it is not sufficient.

In response to results noted above, an additional explanatory
session was added, which was held in the sixth class. The
questionnaire survey was conducted after this session. One
possible factor for the higher self-evaluations compared to
external evaluation could be attributed to this additional session.

From the instructor's perspective, this course did not achieve
sufficient effectiveness until the fifth class, according to external
evaluation. However, considering the high self-evaluation after
the sixth class, one of the reasons for the higher self-evaluation
may have been the effect of the supplementary explanations
provided in the sixth class, even if the level of achievement was
not as high as the instructor's goal. There are two possibilities:
one is that the supplementary explanations provided in the sixth
class were effective, and the other is that even though the students
did not achieve the level of education the instructor aimed for,
they still felt a sufficient educational effect. It is unlikely the sixth
class had no effect at all, so it is reasonable to consider both
possibilities.

From this point on, at least in the case of Chukyo Univer