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Preface to the ICICTE 2023 Proceedings: Work in
Process and Taming Chat GPT

Evangeline (Litsa) Marlos Varonis
Co-editor, ICICTE 2023 Proceedings

Recently, a gallery hosted the posthumous exhibit of a friend—a member of the
ICICTE family—with the final piece she was working on displayed on her easel,
described as “Work in Process.” While remaining true to her artistic vision and
philosophy, Diane was always challenging herself to experiment with different
media and even different subject matters. She never considered her learning arc as
over, or her portfolio complete. She could always sharpen her technique just a little
more with experimentation and revision.

In contrast, I still remember my horror at meeting a middle-aged pharmacist who
explained that after so many years of school, he couldn’t even bear to read anything
new — he was just enjoying the working life without having to study anymore. He
was not a “work in process”; he considered himself a work completed.

We are not in a static field, and neither was the pharmacist. But many of us choose
to continue experimenting with new media, exploring new subject matters,
sharpening our technique, and sharing what we have learned through professional
conferences and publications. The papers in these proceedings are the best evidence
of that—thoughtful, rigorous, and pushing the boundaries of state-of-the-art
research in multiple areas connected with Information Communication Technology
(ICT). They demonstrate work in process.

Since several papers in ICICTE 2023 focus on the growing use of ChatGPT, I asked
that program to “summarize” each paper in turn (minus the acknowledgements and
references), looking for patterns that could provide insight into how it works and
how it might be tamed. I was also wondering if I could include these summaries in
the preface, with attribution of course. ChatGPT did provide decent summaries of
every paper, with some big differences in the information it included from the 20
papers, which were set up identically:

1. The title was included three times (15%);

2. The names of the authors were included five times (25%);

3. The authors’ institution was included six times (30%);

4. The number of paragraphs in the summary varied from one (10 summaries,

or 50%) through 14 (one summary, or 5%).

Taken together, the summaries ran 11 pages — not what I had in mind!



What does this mean? That ChatGPT is helpful but not totally reliable. It is not
capable of always producing equivalent results with the same instructions, or of
providing identical information when the same data is fed through a second time.
It is a work in process.

I tried again, refining the directions, to standardize the summaries and then use
them for an interactive “matching” quiz (included at the end of this Preface). This
took multiple attempts, a consultation, some hair-pulling, many sighs, grumbles,
and grimaces, and some manual tweaking, but in the end I got close enough.

What does this mean for us as educators and researchers? We can tame ChatGPT
if we know the processes to use and the questions to ask and are willing to put the
time into refining and improving our directions. And, we can tame students’ use of
this and similar Al software so that they are using it to enhance, not cripple, their
learning. Because, like us, they are a work in process.



“Matching” Quiz on 2023 Paper Presentations

Have fun with this! The first person that submits correct answers will be recognized
at the 2024 Closing Ceremonies.

Final directions to ChatGPT (free version) for each conference paper: In the first
sentence identify the author. In the second sentence identify the title. In the third
sentence summarize the article in one sentence.

Final directions to ChatGPT (free version) for building the quiz: Create a matching
quiz question with two sections. In the top section, include each article and author
numbered 1-19 and in the bottom section include each article summary in
scrambled order, numbered a-s.

Note: ChatGPT does not seem to be able to create columns, so instead I requested
sections. I have left discrepancies in capitalization of titles intact but removed the
answers. ChatGPT bold-faced the titles of articles on its own.

Match the ICICTE 2023 articles with their authors and titles:

1. Keynote Address: The Basic Science of Climate Change by Diamando
Vlachogianni.

2. A Bibliometric Analysis of Online Learning in Higher Education: A
Comparison of Research Trends before and during the Covid-19 Pandemic
by Alesksander Aristovnik, Lan Umek, and Dejan Ravselj.

3. Educators’ Digital Competence: First Results of a Systematic Literature
Review by Clarissa Lachmann and Michael T. Riicker.

4. Challenges and Opportunities Presented by Generative Al-Chatbots: Effects
on an Undergraduate Course on Databases by Patricia Brockmann.

5. Authentic Assessments to Address the Use of Chat-GPT in Higher Education
by Tiffany Winchester, Loretta Garvey, and ChatGPT.

6. The Critical Role of School Leaders in Ambitious Pedagogical Strategies by
Maria Spante.

7. Climatopia: Self-Directed Learning to Improve Quality of Life by Orestes
Varonis, Evangeline Varonis, Anastasia Pyrini, & Christos loannides.

8. Project-Based Learning and Scientific Work by Heidi Schuhbauer and
Sebastian Schotteler.

9. HRM STUDENTS’ PERCEPTIONS OF AN ASSESSMENT FOR LEARNING IN A
FULLY ONLINE UNIVERSITY COURSE IN SWEDEN AT THE DEPARTMENT OF
EDUCATION IN UMEA by Monica Liljestrém and Hanna Paulin.

10. Secondary School Teachers’ Collaborative Learning About Digital
Technologies — A Research Circle by Marcia Hakansson Lindqvist.



11.

12.

13.

14.

15.

16.

17.

18.

19.

Attention Under Pressure: The Impact of Technology-Enhanced Learning
Environment on Teacher Presence by Tiffany Winchester, Emma Price, and
Anthea Groessler.

MAKING SKILLS FOR PROMOTION OF YOUR PERSONAL BRAND: FMID
PROJECT by Alicia de Pablo Sanchez.

POST-COVID-19 TEACHING: REFLECTIONS ON EXPERIENCES AND LESSONS
LEARNT by Marcia Hakansson Lindqvist.

TEACHING KIDS THE BASIS OF CODING. MAKE IT FUN! by Nuria de Pablo
Sanchez and Mariano Sanz Prieto.

ROBOAQUARIA: Robots in Aquatic Environments to Promote STEM and
Environmental Awareness by Nancy Pyrini.

Applying the Quality Matters Rubric to Assess Accessibility by Kimera
Moodley and Mari van Wyk.

PLAYING AN INDIGENOUS SOUTH AFRICAN GAME AS AN INDICATOR OF
SUCCESS FOR LEARNING PROGRAMMING IN HIGHER EDUCATION
INSTITUTIONS by Tendesai J.W. Chinamasa and Nola Payne.

PROJECT: A REVOLUTIONARY APPROACH TO TEACHER EDUCATION USING
VIRTUAL REALITY by Kalliopi Evangelia Stavroulia et al.

Blockchain-Based Companies’ Use of Social Media to Raise Climate Crisis
Awareness: Content Analysis of Single Earth Twitter Account by Hazal Koray
Alay and Seyma Esin Erben.

Summaries

The article emphasizes the importance of integrating coding into education
to develop essential 21st-century skills and discusses the Erasmus+
Coding4Kids project aimed at providing resources and training for both
students and teachers to incorporate coding into classrooms effectively.

The article evaluates the use of blended synchronous learning (BSL) approach
in a university setting, finding that the increased demands on teachers in this
environment negatively impact their ability to be present, suggesting that
professional development alone may not be sufficient to address these
challenges.

The article summarizes reflections on the experiences and lessons learned
from the shift to online learning during the Covid-19 pandemic, particularly
focusing on challenges, opportunities, and hopes for post-pandemic teaching
in higher education.

The article provides an in-depth exploration of climate science, covering the
fundamental concepts of weather, climate, natural and human-induced
causes of climate change, evidence of global warming, and the importance of
education and awareness in combating climate change for future
generations.



The article reports on the results of the Climatopia project pilot at four
schools in Greece, demonstrating its positive impact on student engagement,
collaboration, and awareness of climate change effects, as well as its benefits
for teachers, parents, and the wider community.

The article explores research trends of online learning in higher education
before and during the pandemic by applying several bibliometric approaches,
revealing differences in research trends and providing evidence-based
guidelines for supporting higher education in the future.

The article describes a master's degree class in computer science that
combines project-based learning with scientific work, focusing on teaching
students professional and methodological skills in social network analysis
through research projects and conference paper writing, leading to high
learning outcomes but also highlighting students' difficulties with this type of
work.

The article discusses the importance of creating a personal brand and
acquiring video creation skills to enter the job market, with a focus on
helping young people at risk of exclusion through the Erasmus+ Film Making
for Inclusion and Development project.

Generative Al chatbots pose challenges to education, particularly in assessing
plagiarism and the adequacy of students' programming skills, but also offer
opportunities for integrating new technology into teaching methods.

The article discusses the importance of ensuring accessibility in online
learning, particularly through the use of the Quality Matters (QM) rubric to
evaluate the accessibility of online courses.

The article summarizes the experiences of upper secondary school teachers
participating in a research circle focused on professional development in
digital technologies, highlighting their increased knowledge and confidence
in integrating digital technologies into their teaching practices.

The article discusses the challenges and complexities of implementing
thematic pedagogy and digitalization in schools, highlighting the importance
of supportive leadership and organizational culture in translating theoretical
frameworks into practical teaching realities.

. The article provides an overview of a systematic literature review analyzing
eight national and international frameworks to define the digital competence
of teacher educators, highlighting the lack of binding standards in Germany
and discussing the implications for teacher education.

The article discusses the implementation and effectiveness of the
ROBOAQUARIA program, which aims to promote STEAM education
integrated with environmental topics in elementary schools through robotics
activities.

The article critically analyzes authentic assessments created by ChatGPT for
business and nursing programs, highlighting limitations in relying solely on
technology for assessment and advocating for the integration of artificial



intelligence into higher education with consideration of ethical and legal
implications.

The article explores the potential of using the indigenous South African game
Morabaraba to develop problem-solving skills in computer programming
students enrolled in higher education institutions in South Africa, drawing
parallels between the cognitive requirements of the game and those of
programming.

The article discusses the VRTEACHER project, which aims to integrate Virtual
Reality (VR) technology into teacher education to enhance teaching
practices, promote inclusivity, and foster a deeper understanding of
students' experiences through immersive VR-based training scenarios.

The article discusses how blockchain-based companies, with a focus on Single
Earth, utilize social media, particularly Twitter, to raise awareness about the
climate crisis and promote greentech solutions, as evidenced by an analysis
of 295 tweets shared by Single Earth.

The article summarizes the perceptions of 75 Human Resource Management
students regarding an Assessment for Learning (AFL) implemented in a fully
online course at Umea University in Sweden. The AFL, conducted through
asynchronous online discussions (AOD), was found to be meaningful for
learning and vocational skill development, with students expressing
satisfaction and indicating enhanced engagement in solving the AFL.
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KEYNOTE ADDRESS: THE BASIS OF CLIMATE CHANGE

Diamando Vlachogianni
Environmental Research Laboratory, NCSR DEMOKRITOS
GREECE

To understand the reasons and mechanisms behind climate change, it is crucial to
recognize the role played by the atmosphere. The atmosphere is a complex system
where various chemical, thermodynamic, and fluid dynamics processes occur. It's
important to note that the atmosphere is not uniform; it becomes less dense as it
extends from the Earth. Most of the mass of the atmosphere is within 30 km from
the Earth's surface, and its fluid properties constantly change with time and
location. This variability in the atmosphere is what we call "weather." Weather
phenomena occur mostly within the first 10 km of the atmosphere. The lower edge
of what could be considered outer space is approximately 100 km above the Earth's
surface. However, the atmosphere extends to an altitude of about 10,000 km, into
outer space.

So, What Do We Define as Weather?

Weather is the state of the atmosphere at a particular place during a short period
of time. There are six main characteristics of weather, very well known to all. These
are the temperature, atmospheric pressure, wind, humidity, precipitation/rain-snow,
and cloudiness.

What Do We Define as “CLIMATE”?

The Earth’s climate is a complex dynamic system.

Climate is defined as an area's long-term weather patterns. The simplest way
to describe climate is to look at average rainfall, temperature, snow, or any other
weather condition over time. We usually define a region’s climate over a period
of 30 years.

Comparing weather and climate, we can say that weather changes over a short
period of time, which can range from a few minutes to hours or even a few days.
This is reported as a "forecast". Climate, on the other hand, takes a much longer
time to change over a region, often measured in years. There are two main factors
that determine climate: the energy coming from the Sun and the interaction between
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different components of the Earth system. These components include atmospheric,
oceanic, biological, and geological processes, which are all linked together within
a vast number of nested subsystems. These subsystems are the Biosphere,
Hydrosphere, Cryosphere, and Lithosphere, that drive the climate system and result
in regional variations of climate. The atmosphere links all of these vital subsystems.

Climate change refers to alterations in the weather patterns, as well as changes in
oceans, land surfaces, and ice sheets. These changes have a lasting impact on the
local, regional, and global climates of the Earth and occur over periods of decades
or even longer. Human activities, particularly the emission of greenhouse gases
from burning fossil fuels, deforestation, and changes in land use, are the main
drivers of climate change that we have observed in the industrial era. However,
both natural processes and human activities can cause climate change.

Climate variability is a natural phenomenon that occurs due to the interaction of
various climate components like the atmosphere, ocean, and sea ice. There are three
main causes of internal climate variability. First/y, the ocean circulation plays a
crucial role in regulating the climate by storing and transporting heat, carbon,
nutrients, and freshwater around the world. Secondly, the ocean and atmosphere
form a complex coupled system and work together by exchanging gases, water
(including water vapor), particles, momentum, and energy at the air-sea interface.
These exchanges affect the physical, chemical, and biological processes of the
ocean and influence the weather, water cycle, and climate. Thirdly, life itself,
including all plants, humans, and animals, can also cause internal climate
variability. External forcing is another type of natural cause of climate change.
This refers to climate forcing agents that impact the climate system while being
outside of the climate system itself. Examples of external forcing include the
emissions of greenhouse gases, variations in the solar output, orbital variations of
the Earth, and plate tectonics.

Let's discuss how natural causes such as shifts and wobbles in the Earth's orbit can
affect the climate. The Earth makes a full orbit around the sun each year, tilted at
an angle of 23.5° to the perpendicular plane of its orbital path. Even small changes
in the tilt of the Earth can lead to important changes in the “strength” of the seasons
and temperature. More tilt means warmer summers and colder winters, while less
tilt means cooler summers and milder winters. Slow changes in the Earth's orbit
over tens of thousands of years can lead to significant changes in the strength of the
seasons. Climate feedbacks amplify these small changes, which can result in ice
ages. Now, let's talk about how the Sun can trigger climate change. The Sun is a
hot sphere of gases where nuclear reactions take place within its core, producing
vast amounts of energy. The Sun is the primary source of energy for the Earth's
climate system. Although the Sun's energy output may appear consistent from an
everyday perspective, small changes over a long period can lead to significant
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climate changes. As the Sun is the fundamental source of energy that drives our
climate system, it's reasonable to assume that changes in the Sun's energy output
would cause the climate to change. Scientific studies have revealed that solar
variations have played an essential role in past climate changes. For instance, the
Sun was "quiet" for an extended period, resulting in a solar output decrease. This
decrease is believed to have triggered the Little Ice Age, which peaked in the 17th
and early 18th centuries and was characterized by extremely severe winters that
arrived early and lasted well into spring.

Volcanic eruptions can also cause natural climate changes. Though they may last
for only a few days, their effects can influence climate patterns for years. The
principal impact of volcanic eruptions on climate is short-term cooling. This is
because they release clouds of ash and dust that block out some sunlight. These ash
particles are relatively heavy and fall to the ground within three months, so their
cooling effect is short-lived. However, volcanic debris also contains sulfur dioxide,
which combines with water vapor and dust in the atmosphere to form sulfate
aerosols. These aerosols are lighter than ash particles and can remain in the
atmosphere for a year or more. They reflect sunlight away from the Earth's surface,
resulting in a cooling effect that outweighs the warming caused by volcanic
greenhouse gases. For instance, the Mount Pinatubo eruption in 1991 caused a
0.5°C drop in global temperature. Although volcanic eruptions emit lava, carbon
dioxide, ash, and particles, their average CO2 emissions are less than 1-2% of
emissions from current human activities. The release of large volumes of gases and
ash can influence climatic patterns for years, by increasing planetary reflectivity,
which causes atmospheric cooling.

The greenhouse effect is a natural process that helps keep the Earth's temperature
stable and suitable for life. Greenhouse gases like carbon dioxide, methane, water
vapor, and nitrous oxide occur naturally in the atmosphere in low concentrations.
When the Sun's energy enters the atmosphere, some is reflected back by the clouds
and the Earth's surface. However, the greenhouse gases absorb some of this energy
and warm up the atmosphere, much like a blanket. Without the greenhouse effect,
the average temperature of the Earth would be about -18 degrees Celsius, and life
as we know it would not exist. However, human activity has increased the
concentration of greenhouse gases in the atmosphere, mainly through the burning
of fossil fuels. This increase in greenhouse gases is causing the Earth's temperature
to rise, which is leading to climate change. Carbon dioxide is the primary
greenhouse gas responsible for climate change, and its concentration in the
atmosphere has increased by 40% since pre-industrial times. Other greenhouse
gases, such as methane, are even more potent than CO2, and their concentration is
also increasing. Therefore, while the greenhouse effect is essential for life, the
excessive release of greenhouse gases by humans is causing significant
environmental problems and needs to be addressed.
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Deforestation and human activities, such as manufacturing, industry,
transport, and agriculture, are major sources of greenhouse gas emissions.
Deforestation refers to the permanent removal of trees for various purposes,
including agriculture, grazing, or using timber for fuel, construction or
manufacturing. Trees absorb carbon dioxide (CO2) from the atmosphere, and when
they are cut down, they release all the carbon stored in them into the atmosphere,
adding to the greenhouse effect. Deforestation, logging, clear-cutting, fires, and
other forms of forest degradation contribute up to 20% of global carbon emissions.
Greenhouse gases are also released by human activities, such as fertiliser use,
livestock production, transportation, and energy generation from burning fossil
fuels like coal, oil, and gas. Road vehicles are the largest contributors of greenhouse
gases, followed by ships and airplanes. In fact, transportation accounts for almost
one quarter of global energy-related carbon-dioxide emissions. Coal mining also
releases methane (CH4), a potent greenhouse gas. Manufacturing and industry are
also significant contributors to greenhouse gas emissions, mostly from burning
fossil fuels to generate energy for producing cement, iron, steel, electronics,
plastics, clothes, and other goods. Generating electricity and heat by burning fossil
fuels also causes a large amount of global emissions. The transport and energy
sectors are responsible for the highest greenhouse gas emissions in the European
Union (EU), and the EU has committed to reducing its greenhouse gas emissions
by more than half by 2030. Since 1991, the production of greenhouse gases has
reduced by around 30% in the EU, mainly due to imposed rules in the industry.
Each European member state must report its annual emissions to ensure compliance
with the reduction targets.

What is the Evidence of Climate Change?

Climate change is believed to be caused by human activities. The levels of carbon
dioxide (CO2) concentrations in the atmosphere have increased over the last
800,000 years. Pre-industrial CO2 levels were around 280 parts per million (ppm),
but today we are close to 420 ppm. Scientific findings show that concentrations of
carbon dioxide, methane, and nitrous oxides have reached unprecedented levels in
at least the last 800,000 years. The estimated levels of CO2 from 500 million years
ago during the Ordovician period are the most distant in time. Carbon dioxide from
human activities is increasing about 250 times faster than it did from natural sources
after the last Ice Age. The last glacial period lasted from about 100,000 years ago
until 25,000 years ago, and today we are in a warm interglacial period.

There is overwhelming proof that the Earth is undergoing a rapid warming process.
It is an undeniable fact that human activities have led to the release of greenhouse
gases that have trapped more of the Sun's energy in the Earth's system. This
increased energy has caused warming of the atmosphere, ocean, and land, leading
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to significant changes in the atmosphere, ocean, cryosphere, and biosphere. Thanks
to Earth-orbiting satellites and new technologies, scientists are now able to collect
many different types of information about our planet and its climate, revealing the
signs and patterns of a changing climate. The heat-trapping nature of carbon dioxide
and other gases was demonstrated by scientists in the mid-19th century, and there
is no question that increased greenhouse gas levels are responsible for warming the
Earth in response to their measured impacts.

The planet's average surface temperature has risen by 1 degree Celsius since the
late 19th century. This change is primarily due to increased greenhouse gas
emissions into the atmosphere. Most of the warming has happened in the past 40
years, with the last seven years being the warmest. Heat has been absorbed by the
ocean, with the top 100 meters of ocean showing warming of 0.33 degrees Celsius
since 1969. The Greenland and Antarctic ice sheets have lost mass, with Greenland
losing an average of 279 billion tons of ice per year between 1993 and 2019, and
Antarctica losing about 148 billion tons per year. Glaciers around the world,
including in the Alps, Himalayas, Andes, Rockies, Alaska, and Africa, are
retreating. Satellite observations show that spring snow cover in the Northern
Hemisphere has decreased over the past five decades, and the snow is melting
earlier. Climate change is causing our oceans to warm and glaciers to melt, resulting
in sea level rise. The extent and thickness of Arctic sea ice have declined rapidly
over the last few decades. Extreme weather events are happening more frequently
and can have far-reaching impacts on communities, causing critical system failures.
The impacts of extreme events are not confined to the place where they occur and
can cause a sequence of climate hazards that cover large regions, such as flooding,
droughts, and wildfires.

"I's it possible to reverse global warming?" is a question that may arise. If we
completely stop all global net emissions, the warming that we've caused will
gradually begin to reverse. However, it may take several decades for this to happen.
Unfortunately, other changes induced by climate change will persist for decades, if
not centuries. For instance, the rise in sea levels will likely take thousands of years
to reverse its course.

The younger generation needs to be equipped with knowledge and critical thinking
skills to effectively handle the inevitable obstacle of climate change and its impacts.
Education plays a crucial role in the urgent global fight against climate change.
Providing knowledge to children regarding climate change can help them in the
following ways:
1) Understand the magnitude of the problem and deal with the consequences
of global warming.
2) Motivate them to modify their daily activities and lifestyle to reduce the
effects of climate change.
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3) Enable them to adapt to the global emergency that is already upon us.

Teaching climate science and raising awareness about climate change in schools is
a crucial step in combating climate change in the upcoming years. Today's youth
will eventually become the decision-makers and policy-makers of tomorrow, and
it is therefore their responsibility to shape a brighter future for humanity.

Author Details

Diamando Vlachogianni
Environmental Research Laboratory
NCSR DEMOKRITOS

Greece

mandy@ipta.demokritos.gr
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A BIBLIOMETRIC ANALYSIS OF ONLINE LEARNING IN
HIGHER EDUCATION: A COMPARISON OF RESEARCH
TRENDS BEFORE AND DURING THE COVID-19
PANDEMIC

Alesksander Aristovnik, Lan Umek, and Dejan Ravselj
University of Ljubljana, Faculty of Public Administration
SLOVENIA
Konstantinos Karampelas
University of the Aegean, Department of Primary Level Education
GREECE

Abstract

Online learning has a considerable history in higher education, implying that it is
not a novel concept. However, with its primary purpose of providing education for
those otherwise unable to participate in a traditional learning setting, online
learning became an emergency and mandatory mode of learning during the Covid-
19 pandemic. Therefore, this paper explores research trends of online learning in
higher education before and during the pandemic by applying several bibliometric
approaches. The results of the bibliometric analysis reveal differences in research
trends before and during the pandemic and provide evidence-based guidelines for
supporting higher education in the future.

Introduction

This paper aims to examine the impact that Covid-19 had on research about online
learning in higher education. This mode of learning has been studied over the last
decades. Education institutions have been using online learning with a rising
frequency, as it has been considered an innovation in learning, which brings on new
opportunities in knowledge transmission or dissemination. However, until the end
of 2019, educators, instructors or policymakers would treat online learning as
optional. This changed drastically at the beginning of the year 2020 when online
learning was decided as the only option for delivering teaching or instruction due
to lockdowns and restrictions. Therefore, it was imposed through the paradigm of
Emergency Remote Teaching (Fuchs, 2022).

This forced the implementation of online learning in higher education and triggered
the interest of the researchers in that research topic. Studies have shown that there
are advantages to using online learning (Dumford & Miller, 2018; Mukhtar et al.,
2020; Yuhanna et al., 2020). First, it can provide flexibility in the delivery of
education in terms of time and place, leading to greater participation. Second, it
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may permit learners to have their own pace in catching up with the requirements of
a course, especially in cases of asynchronous teaching. Third, it can provide
interaction, mainly through Web applications, that can be embedded in the teaching
process (Adedoyin & Soykan, 2023).

However, online learning has significant challenges. Both teachers and students
might feel isolated and stressed. To respond to course requirements, they have to
demonstrate not only academic qualities but digital competency, as well. Apart
from that, there is also a need for appropriate context and infrastructure in
educational institutions. These challenges were particularly evident in the case of
Covid-19. Since the institutions were obliged to use online learning through
Emergency Remote Teaching, the platforms for learning had to accommodate a
large number of participants. Aside from that, teachers and students who were not
very familiar with digital technologies were obligated to become so (Fuchs, 2022;
Maatuk et al., 2022).

Accordingly, this paper aims to point out whether these issues are reflected in the
research trends around online learning in higher education before and during the
Covid-19 period and reveals the shift towards emergency remote learning. The
paper is structured as follows. After the introduction section, the next section
presents a short literature review. The following section explains the materials and
methods. The next section presents the main results of the bibliometric analysis.
The paper ends with a conclusion in which the main findings are summarized.

Literature Review

Online learning at all levels of education has attracted the interest of bibliometric
studies over the last decades. Rodriguez Jimenez et al. (2019) aimed to investigate
the production of articles relating to using Technologies in Higher Education
through the Web of Science database. The researchers gathered 1689 articles from
656 journals published between 1972-2019. However, a surge in the number of
publications was observed during the decade of the 2010s, especially on articles
that focus on training future teachers and professionals to use technology in their
work. According to the researchers, this tendency is expected to continue, while
technology would not be considered only as means for teaching but as a stimulus
for new ideas and ways of thinking.

Similarly, Hernandez et al. (2017) have investigated research activity as it takes
place in learning communities based on ICT. These communities aim to
disseminate and exchange knowledge between members through technology-based
functions. By investigating through Scopus, the researchers collected 226
publications. With regards to the number of publications per year, it was observed
that this rate peaked in 2010, whereby a slight decrease followed. The main
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conclusion was that ICT assists learning communities. However, their function
needs to focus on four fundamental principles: access, creation, collection and
connection of materials. It is additionally established that cooperation between
community members was a basic condition for an efficient outcome.

Chen et al. (2019) investigated research topics, authors' profiles and collaboration
networks based on 3963 articles retrieved from the Web of Science, published
between 1978-2018, in Computers & Education. The researchers conclude that
there has been an increase in the number of articles, especially after the first decade
of 2000. Collaborations are also increasing, especially between authors of the same
institution or the same country. The most frequent keywords occurring in the

articles were “interactive learning environment”, “teaching/learning strategies”,
“pedagogical issue” and “computer assisted communication”.

Tibanéa-Herrera et al. (2018) have investigated publications regarding e-learning in
3680 articles from 219 journals, published between 2012 and 2014, as collected
through Scopus. E-learning was found to be linked to different issues that the
researchers describe as “descriptors”. These can be modes of learning such as
online, social, lifelong, or virtual learning. It was also linked to applications such
as simulations, augmented reality, MOOCS, and education technology. Lastly, it
was linked to instructional issues such as learning objects, instructional design,
learning environment, teaching and learning, and learning analytics. Kiigiik-Avci
et al. (2022) investigated 746 articles on online learning published between
December 2019 and January 2020, right before the outbreak of the Covid-19
pandemic. They concluded that the most frequent keywords were ‘“higher
education”, “e-learning”, “blended learning” and “distance education”. This
demonstrates the application these types of online learning have in higher education
institutions.

In addition, there is significant bibliometric research on implementing online
learning during the Covid-19 pandemic after the year 2020. Baber et al. (2022)
carried out a bibliometric study of publications on digital literacy. They examined
2307 articles published between 2017 and 2021. The main findings were that the
rate of publications around digital literacy has risen during these years. Digital
literacy is associated with concepts such as fake news, education, competency and
Covid-19. In a bibliometric study, Karakose and Demirkol (2021) aimed to explore
the impact of Covid-19 on research trends. In doing so, they investigated 8324
articles published during the year 2020. They concluded that topics such as online
learning, distance education, blended learning, and teacher education came in
greater frequency than others. Most of the publications disseminated research on
data deriving from content analysis, descriptive statistics, correlation or interviews.
The samples were usually students, teachers, university teachers, and academics.
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Lastly, they also concluded that the field of health concerned a comparatively larger
number of these publications.

Zhang et al. (2022) provided a holistic view of research on online learning during
the Covid-19 lockdown period. Through research on 1061 articles, they conclude
that online learning has been implemented and researched in the context of higher
education, by a rising number of authors and research groups, in many countries
around the world. Challenges were mentioned in the articles, such as infrastructure,
teacher training, student preparation, and mental health issues. Similar was the
bibliometric research by Cigek Korkmaz and Altuntas (2022), who examined 1280
articles published on nursing and health education. They concluded that there is a
rising interest in researching that area of study, especially as concerns topics such
as students, online learning and the effect of the pandemic. The countries with the
largest number of publications were the United States, China, Spain, Australia,
Brazil, Turkey, and England.

There were research projects examining specific fields of study. Karakose et al.
(2021) investigated the effects that Covid-19 had on medical education at the global
level. By analyzing 446 articles, they concluded that the countries with the greatest
number of publications were the United States, the United Kingdom, China,
Singapore, and Canada. Among the most frequent keywords were “telemedicine”,
“online teaching”, and “e-learning”, which proves that these concepts have grabbed
the interest of researchers in the field. Metinal and Gumusburun Ayalp (2022)
conducted a bibliometric analysis regarding articles about architectural education
during Covid-19. They concluded that there was a focus on online learning and
distance education. Topics that have risen are the students' experience with online
learning, transition and adaptation, blended learning implementation, and
curriculum and development, along with other trends about re-organization and
integration.

The main conclusion is that the previous bibliometric studies before the Covid-19
pandemic have investigated the research trends around the publications of
education technologies before 2020. These focused on different aspects and
contexts of using technologies in learning. The common conclusions were perhaps
the rising number of publications and the variety of keywords around education
learning, which reflect probably the complexity of this topic, along with its
necessity (Hernandez et al., 2017; Rodriguez Jiménez et al., 2019; Tibana-Herrera
et al., 2018; Chen et al., 2019). On the other hand, the bibliometric studies around
online learning during the Covid-19 lockdown period are significant in number. A
common conclusion is that there is interest in what concerns online learning and its
application (Baber et al., 2022; Zhang et al., 2022). Aside from that, some fields,
such as health studies, seem to prevail (Karakose & Demirkol, 2021; Karakose et
al., 2021).
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Materials and Methods

The bibliometric data on online learning in higher education was retrieved on 1
January 2023 from Scopus, a world-leading bibliographic database of peer-
reviewed literature. The Scopus database was preferred because it has a broader
coverage of scientific research than other databases such as Web of Science
(Falagas et al., 2008). This was further confirmed with the initial search using the
same search query in both databases, revealing that Scopus provided more relevant
documents than Web of Science. Moreover, compared to the Scopus database, the
Web of Science significantly underrepresents scientific disciplines of the Social
Sciences and Arts and Humanities (Mongeon & Paul-Hus, 2016). Therefore,
Scopus appears to be a more relevant bibliographic database meeting the specifics
of this research.

The search query covered keywords related to different online learning types. To
compare the research on online learning in higher education, the search was
conducted separately for the period before (2017-2019) and during (2020-2022) the
Covid-19 pandemic. The search for the second period was additionally limited
using “covid” as a keyword, isolating Covid-19-related research from other general
research on online learning. Finally, the obtained collection of documents on online
learning research was narrowed to documents related only to higher education,
thereby excluding documents related to primary, secondary, and adult education.
The bibliometric analysis utilized several bibliometric approaches, performed using
the Python Data Analysis Library Pandas (McKinney, 2012).

Results

The search strategy for online learning research yielded 13139 documents, of which
6994 were published before and 6145 were published during the Covid-19
pandemic. The most relevant, highly cited documents in online learning research
before and during the Covid-19 pandemic are presented in Tables 1 and 2. Before
the Covid-19 pandemic, online learning research was predominantly focused on
exploring the potential of virtual learning, including augmented/virtual reality, in
the context of higher education (Jensen & Konradsen, 2018; Makransky et al.,
2019; Ibafiez & Delgado-Kloos, 2018; Martin-Gutiérrez et al., 2017), with some
attempts to appropriately adapt the distance learning process for some specific
courses (Elgrishi et al., 2018). Recently, online learning research shifted towards
exploring pedagogy (Bao, 2020; Rapanta et al., 2020; Pokhrel & Chettri et al.,
2021), life and work (Aristovnik et al., 2020) and higher education delivery (Mishra
et al., 2020).
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Table 1

Most Relevant Documents before the Covid-19 Pandemic

Authors Year Title Source title Cited Onh?le Country
by learning
Elgrishi et al. 2018 A practical beginner's guide to cyclic Journal- of Chemical 1463 Dlstapce Us
voltammetry Education learning
Jensen & A review of the use of virtual reality ~ Education and Virtual
2018  head-mounted displays in education Information 489 . Denmark
Konradsen .. . learning
and training Technologies
Makransk ot Adding immersive virtual reality to a Learnin and Virtual
y 2019  science lab simulation causes more £ 460 . Denmark
al. . Instruction learning
presence but less learning
Ibaiiez & Augmented reality for stem learning: Computers and Virtual .
Delgado-Kloos 2018 A systematic review Education 376 learning Spain
Eurasia Journal of
Martin- 2017 Virtual  technologies trends in Mathematics, Science 358 Virtual Spain
Gutiérrez et al. education and Technology learning P
Education
Note. Top cited documents in online learning research before the Covid-19 pandemic.
Source: Authors' elaboration based on the Scopus database.
Table 2
Most Relevant Documents during the Covid-19 Pandemic
Authors Year Title Source title Cited Onhf]e Country
by learning
Covid-19 and online teaching in Human Behavior
Bao 2020  higher education: A case study of  and Emerging 954 e-learning China
Peking university Technologies
Online university tea.chlng du.rnllg Postdigital
and after the Covid-19 crisis: ) .
Rapanta et al. 2020 . Science and 716 e-learning Portugal
Refocusing teacher presence and .
. L Education
learning activity
Impacts of the Covid-19
. . pandemic on life of higher Sustainability : . .
Aristovnik et al. 2020 cducation students: A global  (Switzerland) 682 e-learning Slovenia
perspective
Online  teaching-learning in  International
Mishra et al 2020 higher education during  Journal of 637 1 . Indi
1shra et al lockdown period of Covid-19  Educational c-lcathing ndia
pandemic Research Open
A literature review on impact of Hicher Bducati
Pokhrel et al. 2021  Covid-19 pandemic on teaching igher tducation 561 e-learning Bhutan

and learning

for the Future

Note. Top cited documents in online learning research before the Covid-19 pandemic.

Source: Authors' elaboration based on the Scopus database.

The most productive and characteristic countries for each period, i.e. before and
during the Covid-19 pandemic, as well as countries which cannot be statistically
classified (Yule Q) into one of these two groups (neutral), are presented in Table 3.
It is evident that large and developed countries were more involved in online
learning research before the Covid-19 pandemic (with some equally engaged in
both periods) while emerging and predominantly large Muslim countries increased
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their research activity during the Covid-19 pandemic. This implies that in large and
developed countries, online learning was already well-established before the
Covid-19 pandemic and has been only further expanded to accommodate increased
demand. In contrast, numerous emerging and large Muslim countries have faced
greater challenges (e.g., poor internet connection, insufficient knowledge about the
use of ICT, etc.) in transitioning to online learning, leading to higher interest in the
research during the Covid-19 pandemic (Maatuk et al., 2022).

Table 3

Characteristic Countries before and during the Covid-19 Pandemic
Before Neutral During
Australia China Saudi Arabia
United Kingdom Canada Indonesia
Spain Hong Kong India
Russian Federation Portugal Turkey
United States France Malaysia

Note. Countries in the before and during group are sorted by Yule Q, while countries in the neutral
group are sorted by the number of documents.

Source: Authors' elaboration based on the Scopus database.

A similar classification of most productive and characteristic sources, i.¢., scientific
journals, is presented in Table 4. It reveals a significant shift towards publishing
online learning research in open-access journals, as observed by some of the
previous bibliometric studies of online learning during the Covid-19 pandemic
(Zhang et al., 2022).

Table 4
Characteristic Sources before and during the Covid-19 Pandemic
Before Neutral During
Turk. Online J. Distance Educ. Educ. Inf. Technol. Int. J. Environ. Res. Public Health
Online Learn. J. J Chem Educ Front. Educ.
Br J Educ Technol Interact. Learn. Environ. Front. Psychol.
IEEE Access Int. J. Interact. Mob. Technol. Sustainability
Int. J. Emerg. Technol. Learn. Electron. J. e-Learning Educ. Sci.

Note. Sources in the before and during group are sorted by Yule Q, while sources in the neutral
group are sorted by the number of documents.

Source: Authors' elaboration based on the Scopus database.

Based on the extensive examination of keywords in the obtained collection of
documents, three main pillars of online learning research were identified, namely:
1) ICT tools, including five different tools, which can be used in the context of
online learning; 2) online learning approaches, covering six possible approaches to
provide higher education; and 3) fields of study, including five main fields
emphasized in the analyzed collection of documents. These pillars and
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corresponding keywords are included in the analysis presented in Table 5 to
determine characteristic ICT tools, online learning approaches, and fields of study
before and during the Covid-19 pandemic.

Table S

Characteristic Keywords before and during the Covid-19 Pandemic

ICT tools Yule Q  Online learning approaches Yule Q Field of study Yule Q

video conference 0.758 distance learning 0.376 medical education 0.363

social media -0.135  virtual learning 0.274 matherpatlcs 0.112
education

augmented/virtual -0.404  c-learning 0as4  social. work 9012

reality education

learning  management -0.417  blended learning -0.243 nursing education -0.072

system

mobile application -0.575  computer/web-based learning -0.580 engineering -0.177
education

mobile learning -0.654
Note. Positive (negative) Yule Q coefficient indicates that a keyword is more characteristic for the
period during (before) the Covid-19 pandemic. The bold number indicates a statistically significant
coefficient (p <0.1).

Source: Authors' elaboration based on the Scopus database.

Looking first at the ICT tools, the results suggest that video conferences are
discussed in online learning research, especially during the Covid-19 pandemic,
while the remaining tools seem to be highlighted in the research before the Covid-
19-pandemic. As regards online learning approaches during the Covid-19
pandemic, most attention was devoted to exploring distance learning (pre-recorded
online lectures), followed by virtual learning (real-time online lectures) and e-
learning (a combination of asynchronous and synchronous learning). Since all these
online learning approaches limit physical contact between teachers and students,
they have been referred to as emergency remote learning approaches (Fuchs, 2022),
while the remaining approaches (mobile learning, computer/web-based learning,
and blended learning) do not necessarily take place in an online learning
environment. Finally, medical education seems to be highlighted during the Covid-
19 pandemic, while engineering education before it, as suggested by a significantly
lower number of documents published in this period, implying not necessarily the
irrelevance of engineering education in the post-Covid-19 era.

Finally, the results of binary regression analysis, in which some relevant keywords
are regressed against the main ICT tools, are presented in Table 6. They suggest
that academic success factors, such as student engagement and professional
development, were more important before the Covid-19 pandemic, particularly in
the context of video conferences, while mobile applications were more related to
(student) self-efficacy and attitude. On the other hand, technology factors, such as
artificial intelligence and technology acceptance, were relevant both before and
after the Covid-19 pandemic, especially in the context of learning management
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systems. Additionally, pedagogy issues emerged as significant factors in
augmented/virtual reality and learning management systems during the Covid-19
pandemic, as well as in the context of mobile applications in both periods. As
expected, public and mental health issues were more widely discussed in online
learning research during the Covid-19 pandemic, especially in relation to social
media. Finally, medical (and also nursing) education received greater attention
during the Covid-19 pandemic in the context of video conferences, whereas less
focus was given to these fields of study in the context of learning management
systems. Finally, engineering education is related to augmented/virtual reality
before the Covid-19 pandemic and learning management systems during the Covid-
19 pandemic.

Table 6
Results of Binary Logistic Regression
video social augmented/ learning mobile
conference media virtual reality management application
system

before during before during before during Dbefore during before during
Academic success
academic performance 1.069
student engagement 2.110 0.876
self-efficacy 1.706
attitude 1.501
professional development 2.274

Technology

artificial intelligence 0.699  0.969
digital divide 1.703

technology acceptance 1.074 1.611

Pedagogy

evaluation 1.014 1.910
pedagogy 1.275

teaching methods 2.671

Public and mental health

public health 1.380

anxiety 1.620
depression 2.543

Fields of study

medical education 0.731 -2.124  -1.607

nursing education 1.182 -1.684 1.394
engineering education 1.568 1.236

Note. The binary logistic model is performed on 30 predictors, whereby each cluster was tested
separately. Only statistically significant coefficients (p < 0.1) are presented. A positive (negative)
coefficient indicates that a document with a selected keyword is likely (unlikely) to be related to a
certain ICT tool.

Source: Authors' elaboration based on the Scopus database.

Conclusion

The present bibliometric study provides several important insights from online
learning research before and during the Covid-19 pandemic. The results reveal that
the most recent top-cited documents focused on pedagogy, life and work, and
higher education delivery. Moreover, the results show that large and developed
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countries were already well-established in online learning research before the
pandemic, while emerging and predominantly large Muslim countries increased
their research activity during the pandemic. This suggests that former countries
were better equipped to handle the transition to online learning, while the latter
faced challenges, resulting in a higher interest in research during the pandemic
(Maatuk et al., 2022). The results further reveal a significant shift towards
publishing online learning research in open-access journals, which is also observed
by some of the previous bibliometric studies of online learning during the Covid-
19 pandemic (Zhang et al., 2022). Furthermore, the results also reveal that online
learning research was recently discussed in the context of so-called emergency
remote learning (Fuchs, 2022), as suggested by distance learning, virtual learning,
and e-learning aiming to limit physical contact between teachers and students,
being the most characteristic online learning approaches after the Covid-19
pandemic. Finally, regression analysis reveals the most important factors predicting
selected ICT tools.

Before generalizing these conclusions, it is important to point out the limitations of
the paper. First, the bibliometric analysis relies on documents indexed in the Scopus
database, which might not cover the entire collection of the research. Therefore,
utilizing other databases like the Web of Science may have disclosed some further
insights not revealed by this paper. Second, despite the detailed search query, some
other relevant keywords might not be considered in the document search. Finally,
as a methodological approach based on big data analysis, the bibliometric method
may miss certain highlights from the scientific literature that a systematic literature
review would otherwise capture. Regardless of these limitations, the findings may
benefit the scientific community in facilitating the detection of research gaps in
online learning research during the Covid-19 pandemic and evidence-based
policymaking to help identify appropriate educational practices in emergencies.
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Abstract

What defines a digitally competent teacher educator? This systematic literature
review was set out to answer that specific question. Eight national and international
frameworks for the digital competence of teacher educators were selected and are
analyzed and compared through a qualitative content analysis. This paper gives an
overview of the theoretical background and the method of this research.
Furthermore, first findings of the systematic literature review are presented and
discussed in terms of what they imply for further research and for teacher education
in Germany.

Introduction

Nowadays, it is impossible to imagine life without digital technologies. They will
therefore continue to play an increasingly important role in education in the future.
In recognition of the many potentials that digital media offer for teaching and
learning, this is initially a positive development. But in order to exploit their full
potential, digitally competent teachers are needed. According to research, teachers
in Germany currently lack digital competence (Eickelmann et al., 2016). One
reason for this is certainly that teacher training does not adequately prepare
prospective teachers for the professional use of digital media (Senkbeil et al., 2020).
The inevitable question arises as to the causes of this. Part of the reason might be
due to the fact that there are not enough competent educators at the universities. As
Tondeur et al. (2012) have shown, educators are important role models for student
teachers, and at the same time their own digital competence plays a key role in
preparing prospective teachers to use digital media in class. However, recent studies
- at least in Germany - only focus on the digital competence of pupils, student
teachers, and practicing teachers (Capparozza & Irle, 2020). So far, we hardly know
anything about the digital competence of university teachers in teacher education.

But before one can investigate the digital competence of teacher educators, we need
to know what defines a digitally competent teacher educator. In Germany, there is
a lack of binding standards or research regarding this topic. This literature review
tries to find an answer to the question of which competences teacher educators need
in order to be digitally competent. Before describing the methodology and first
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results, this paper addresses the concept of digital competence and related
frameworks.

Digital Competence

In general, competences describe desired outcomes and achievement goals, usually
with respect to an educational process. Digital competence is a term with no
consistent definition. In the context of higher education, it is often used without any
definition at all (Spante et al., 2018). According to the European Commission
(2019) “digital competence involves the confident, critical and responsible use of,
and engagement with, digital technologies for learning, at work, and for
participation in society” (p. 10). According to this definition, depending on the
context (e. g. work, participation in society, etc.), different competences are needed.
Additionally, this means that the required digital competences might also differ
depending on the profession — a physician may need different professional digital
competences than an architect.

From a theoretical point of view, it is possible to distinguish between competence
as a latent construct and the observable behaviors it enables. Correspondingly,
competence models can be distinguished from target statements or standards. In
general, competence can be defined as consisting of knowledge, skills, and attitudes
(Wiater, 2013; Frezza et al., 2018). A competency model then primarily specifies
its internal structure, i.e., what knowledge, skills, and attitudes are involved in a
particular competence and how they are interrelated to form a coherent construct.

In contrast, a target statement describes a particular observable behavior whose
successful performance requires the right-minded and skillful application of
knowledge in a certain situation (Clear et al., 2020). As such, it represents an
operationalization of the latent competency construct. Moreover, multiple target
statements may refer to the same competence, e.g. at different levels of mastery.
Target statements describe what certain individuals are ultimately expected to be
able to do, often at various intermediate stages throughout an educational program,
which serves as a basis for the development of both interventions and assessment
instruments.

In practice, the development of competency models and target statements involves
complex and often interrelated processes. They might be derived from theory, or
relevant competences can be determined empirically. Often, a combination of
theoretical and empirical work is used. In recent years, different approaches were
used to describe the digital competence for teacher educators (e.g., Foulger et al.,
2017). Yet a commonly accepted set of target standards does not exist.
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Method

To identify relevant digital competences for teacher educators, a literature review
was conducted. Relevant competency frameworks are compared to a qualitative
content analysis.

Systematic Literature Review

In the following, the search strategy of the literature review and the
selection process of relevant frameworks are presented.

Search Strategy

The intention was to include literature, published in English or German, from
Computer Science as well as from Educational Sciences. To cover this broad
spectrum, three literature databases were therefore selected (below, the name of
each database is hyperlinked, followed by the actual URL):

e dblp Computer Science Bibliography (https://dblp.dagstuhl.de): A
database of English and German language results in the field of Computer
Science.

e ERIC-Institute of Education Sciences (https://eric.ed.gov): A database
with English-language results from the field of Educational Sciences

e FIS Bildung Literaturdatenbank (https://www.fachportal-
paedagogik.de/literatur/produkte/fis_bildung/fis_bildung.html): A
database with German-language results from the field of Educational
Sciences

The search was conducted between June and October 2022. Search terms were
combinations of keywords regarding the digital competence (digital, competenc?,
literac*), the target group (teacher, educator, teacher educator), the educational
institution (higher education, university) and requested document type (framework,
model). G