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ABSTRACT

The COVID-19 pandemic has spurred significant scholarly interest, particularly within the realm of
education, prompting researchers to investigate its multifaceted impacts. Despite the global urgency, prior
literature reviews have identified a scarcity of bibliographic research addressing the pandemic's effects
on education. To address this gap, a meticulous literature review employing bibliometric analysis was
conducted, scrutinizing 1,659 publications from the Web of Science database between 2020 and 2022.
The study uncovered various characteristics of these publications, including publication type, language,
contributing countries, and prevalent keywords. Notably, the United States and China emerged as the
leading contributors to research on this subject during the pandemic. Furthermore, all publications
predominantly comprised original articles, with Taylor and Francis being the most prolific journal in terms
of publication count and citations. The key topics focused on areas like COVID-19 and its impact on
education. Additionally, discussions included remote learning, online education platforms, and the
psychological toll of the pandemic on both students and educators. The study explored diverse topics,
such as distance learning modalities and quality of life concerns. Importantly, the study's findings offer
valuable insights for educational administrators, potentially guiding future research endeavors and
facilitating informed decision-making within academic institutions. These results not only highlight
current trends but also suggest new areas for exploration, making this study a crucial step for continued
research on education during the pandemic.
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Introduction

COVID-19, originating in 2019, was designated as a global health emergency by the World
Health Organization (WHO) in the same year. This disease has spread worldwide, leading to high
rates of psychological disorders and deaths. Following the declaration of the pandemic, countries
have created emergency action plans and implemented various measures to combat the outbreak.
As highlighted by Korkmaz and Altuntas (2022), this phenomenon has amplified research attention
towards COVID-19. An illustrative instance of the extensive influence of the pandemic on societal
domains like education includes the widespread adoption of remote learning due to the suspension
of in-person classes across numerous countries during the 2019-2020 academic period. As of 2020,
schools in many countries worldwide were closed for face-to-face education (Huber and Helm,
2020). Selwyn (2012) and Watson & Murin (2014) note that this period coincided with a time of
new technologies and rapid digital developments in education. Therefore, advancements in the
digital realm of education were already prominent before the pandemic (Gewerkschaft Erziehung
and Wissenschaft, 2020).

The pandemic period has led to shifts towards new education methods (Lake and
Dusseault, 2020). However, individual differences in access to educational technologies and the
unfamiliarity of educators and students with distance education have initially caused confusion.
Additionally, the extended break from in-person instruction has forced families to take on more
responsibility for caring for their students (Harris, 2020). The educational impact of COVID-19,
coupled with broader social disruption including economic hardship, unemployment, protests
against racial injustice, and health threats, has led to more people dropping out of college. This
creates a complex situation that makes it difficult to assess student success. As academic
publications rapidly increase, staying up-to-date becomes challenging, and accessing existing
knowledge and synthesizing past research becomes a complex process. Therefore, literature
reviews play a critical role in advancing research fields and supporting evidence-based practices
(Rousseau, 2012). Systematic literature reviews, involving both quantitative and qualitative
approaches, are a common technique researchers use to examine past studies (Aria and Cuccurullo,
2017).

Bibliometrics has the potential to statistically evaluate activities in the scientific field. This
methodology analyzes the production and interaction of scientific knowledge through scientific
publications, citations, and other academic indicators. Thus, it enables an understanding of
researchers' work, developments in scientific fields, and research trends. Bibliometric analyses
provide an objective evaluation of scientific activities and offer a transparent, systematic, and
replicable review process. This procedure is crucial for recognizing research that contributes to the
advancement of science and for comprehending the factors affecting the spread of scientific
knowledge (Broadus, 1987; Diodato, 1994; Pritchard, 1969).

Bibliometrics, as a discipline, enables the impartial assessment of scientific endeavors and
offers a more objective and dependable analysis compared to alternative approaches. Alongside
new knowledge and conceptual advancements, the increasing availability of data allows for
various advantages, such as determining trends over time, defining research areas, monitoring
interdisciplinary interactions, and identifying the most effective scientists and institutions
(Donthu, Kumar, Mukherjee, Pandey, & Lim, 2021).

Examinations conducted on extensive datasets offer a more inclusive perspective on
advancements within the scientific community. This constitutes a valuable instrument for grasping
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the evolution of scientific knowledge and offering an outline of ongoing research endeavors
(Crane, 1972). The use of bibliometric methods emerges as an important tool for identifying,
understanding, and addressing issues arising in the context of a pandemic. This research
emphasizes the utilization of bibliographic analysis to evaluate the worldwide repercussions of the
pandemic, with a particular emphasis on articles investigating educators and the pandemic's effects
on education. Bibliometric analyses conducted on published articles serve as a guide for education
administrators and researchers to make informed decisions and anticipate future developments.
The results of these analyses will contribute to the effective evaluation of studies on pandemics
and education, as well as the development of more effective preparation and response strategies in
education against pandemics.

This study delves into the significant impact of the COVID-19 pandemic on the education
sector and assesses scholarly research in this field through the application of bibliographic analysis
techniques. Aimed at understanding the current status and evolution of COVID-19-related
publications in education, this study seeks to identify gaps in the literature and provide
recommendations. It encourages academics in the education field to easily access current
information on COVID-19 and stay updated on developments in this area. Additionally, it aims to
reach a broader audience by summarizing the findings of existing scientific publications and
raising awareness on this topic. In line with these objectives, the research question is formulated
as "What is the current knowledge structure and development of publications related to education
and COVID-19?"

What is the breakdown of research conducted from 2020 to 20227

In which nations are the highest number of publications originating?

Which journals, publications, authors, and countries receive the most citations?
Which journal boasts the highest number of publications?

To what extent do authors and countries collaborate?

What are the predominant themes and concepts explored through keyword analysis
in research?

©» @ S @[ =
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Method

The bibliometric methodology employs quantitative techniques to systematically analyze
bibliometric data, encompassing publications and citations. Key among these techniques is citation
analysis, which examines how often articles are cited within a field to assess their impact and
influence (Broadus, 1987; Pritchard, 1969). This analysis helps identify seminal works, influential
authors, and prominent journals, offering insights into the dissemination and reception of research
findings over time. Co-authorship analysis explores collaborative patterns among researchers,
revealing networks of collaboration and the geographic distribution of scientific contributions
(Huang & Chang, 2011; Talan, 2021). Additionally, co-word analysis examines relationships
between terms in publications, uncovering thematic trends and the evolution of research discourse
(Bagis, 2021). Together, these bibliometric techniques provide a robust framework for
understanding the dynamics of scientific research, facilitating insights into research trends,
collaborative networks, and emerging topics within a field.

Research Model

This research employed bibliographic analysis methods alongside document review
methodology to accomplish its research objectives and address the research inquiries. Document
review is particularly valuable when extensive interviews and observations are impractical. It
involves a comprehensive examination of documentary sources, offering insights into the
phenomenon or event under investigation. The study integrated bibliographic analysis techniques
with document review methodology to provide a robust framework for analysis.

Bibliometric Analysis and Document Review

Document review is considered an important research method in cases where concrete data
collection is not possible. In this context, written sources were meticulously examined to obtain
and analyze the necessary data for the research objectives (Giiglii, 2014). According to Simsir
(2021), bibliometrics is a type of analysis that provides significant facilitation in identifying studies
representing a particular topic. By scrutinizing the attributes of publications within a specific field,
this approach unveils diverse insights concerning scientific output. These findings encompass
elements like publication volume, researched topics, affiliations of contributors, and keywords
(Ciftgi et al., 2016). Bibliometric research serves as an important tool for understanding
developments in scientific fields and research trends. Donthu et al. (2021), Ciftci et al. (2016), and
Simsir (2021) note that bibliometrics offers an effective way to understand the qualitative and
quantitative characteristics of scientific production in a specific field. By analyzing factors
influencing the dissemination of scientific knowledge, this method provides researchers with a
broader perspective. Various bibliographic methods were employed in this study. Citation analysis
assesses the influence of articles, authors, journals, and countries based on the number of citations
received (Bagis, 2021; Erdogan, 2021). Coauthorship analysis investigates instances where
multiple authors contribute to a publication, shedding light on collaboration among authors (Huang
& Chang, 2011; Talan, 2021). Conversely, co-word analysis explores relationships between terms
found in titles, abstracts, or keywords of studies within a research field (Bagis, 2021). This form
of analysis is specifically suited for keyword co-occurrence examination, offering deeper insights
into conceptual trends and relationships within the research domain.

100



Data Collection/ Research material

The study utilized data sourced from the Web of Science Core Collection (WoSCC)
database, encompassing pertinent publications spanning from January 1, 2020, to December 31,
2022. A literature search was conducted employing the keywords "education™ (all fields), "Novel
Coronavirus Infection (COVID-19)," and "Pandemic". The selection of these keywords facilitated
a focused examination of the relationship between education and the pandemic. The research
results indicate access to 1659 publications, including original articles indexed by the Social
Science Citation Index (SSCI) between 2020 and 2022, published in English. All bibliographic
data were transferred to an Excel spreadsheet from the Web of Science database. This electronic
spreadsheet facilitated easier analysis of the data and served as a foundation for comprehensive
bibliometric analysis of the research.

Data Analyses

This research employed two distinct methodologies to analyze the data: descriptive content
analysis techniques and bibliographic content analysis. Descriptive content analysis was
conducted on the Web of Science Core Collection (WoSCC) platform, followed by an in-depth
examination of the gathered outcomes. This analysis aimed to uncover descriptive characteristics
by examining various attributes of the publications (such as publication years, languages, most
cited first publications or journals, etc.). On the other hand, bibliometric analysis was carried out
using the VOSviewer software tool for mapping and visualization. In this analysis process,
descriptive characteristics such as the distribution of publications by years, languages, and most
cited first publications or journals were examined, and tables and figures were created based on
this information. These two distinct analytical approaches facilitated a thorough organization of
the study and an in-depth analysis of the acquired data. The VOSviewer software was employed
to visually represent relationships and collaborative networks among publications, journals,
authors, and countries. Additionally, this software was used to visualize the frequency of co-
occurring terms in keywords. VOSviewer is an effective tool for visualizing the relationships and
collaboration networks among publications, journals, authors, countries, and keywords, as well as
the frequency of co-occurring terms in keywords.

Applied Procedures

The procedures applied in this research encompassed several critical steps. Initially, data
retrieval was conducted through a systematic search of the Web of Science Core Collection
(WoSCC) database, utilizing specific keywords to extract bibliographic data from January 1, 2020,
to December 31, 2022. During the data processing stage, the retrieved bibliographic data were
transferred into an Excel spreadsheet for preliminary analysis. The data were then organized by
attributes such as publication years and languages, followed by thorough cleaning and validation
to ensure accuracy and completeness. Descriptive content analysis was performed using the
WoSCC platform to gain an overview of publication trends. This involved identifying key
attributes, including publication volume, languages, and highly cited journals. For a more in-depth
bibliometric analysis, VOSviewer was employed. This software facilitated citation analysis to
pinpoint influential articles, authors, and journals; coauthorship analysis to explore collaborative
patterns, and co-word analysis to investigate keyword co-occurrence and emerging conceptual
trends. Visualization of the data involved creating visual maps with VOSviewer to illustrate the
relationships and networks among publications, authors, and keywords. These visualizations
helped provide a comprehensive understanding of the collaborative and conceptual landscapes
within the research domain. During the interpretation phase, these visual maps and tables were
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analyzed to derive insights into publication trends, collaboration networks, and research themes,
thereby offering a deeper understanding of scientific output and its dissemination patterns. Ethical
considerations throughout the research were paramount, including ensuring the accuracy and
integrity of the data, respecting intellectual property rights, and properly citing all sources used in
the analysis. Adhering to these ethical principles was crucial for maintaining the credibility and
reliability of the research findings. Overall, these meticulous procedures ensured a thorough and
systematic examination of the bibliometric data, enabling the study to effectively achieve its
research objectives.

Ethics committee approval process

Since this study involves bibliometric analysis, ethical committee approval was not required.
Bibliometric studies are conducted through the systematic analysis of existing literature and
publications, and do not entail direct research involving human or animal subjects. Consequently,
ethical committee approval is typically not necessary for such studies (Aria & Cuccurullo, 2017).

Results
Descriptive Results
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Figure 1. Publication graph by years (Source: VOS Viewer)

This figure illustrates the distribution of relevant publications across different years within
the Web of Science Core Collection platform. Accordingly, there were 180, 715, and 764
publications in 2020, 2021, and 2022 respectively, totaling 1659 original articles written in
English. The number of publications has increased since 2020.
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The Global Perspective on Publications

USA 577
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Figure 2. Universal publication graph (Source: VOS Viewer)

The analysis in the graph focuses on the top 10 countries in terms of studies conducted on
education during the pandemic. According to this analysis, the United States ranks first with 577
publications, followed by China with 186 publications. The United Kingdom ranks third with 153
publications, while Australia has 112 publications. Canada follows with 68 publications, and
Turkey with 62 publications. During the specified period, the United States recorded the highest
number of COVID-19 cases at 45,406,263, followed by India with 34,175,468 cases and Brazil
with 21,723,559 cases (News Google, 2021). These statistics highlight significant disparities
between the number of publications on COVID-19 in education and the reported cases of the
pandemic across different countries.
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The Bibliometric View of the Data

The citation view of publications by author, journal, and country

Table 1. Table of publications with the most citations

Number Title Author(s)-Year Journal Total
Citation

1. Adapting to online teaching during (Konig, J; Jager- European Journal Of Teacher 338
COVID-19 school closure: teacher Biela, DJ and Education
education and teacher competence Glutsch, N,2020)
effects among early career teachers
in Germany

2. Projecting the Potential Impact of (Kuhfeld, M; Educational Researcher 303
COVID-19 School Closures on Soland, J; (...); Liu,

Academic Achievement J,2020)

3. COVID-19 and digital disruption (Watermeyer, R; Higher Education 303
in UK universities: afflictions and Crick, T; (...);
affordances of emergency online Goodall, J, 2021)
migration

4, Exploring the critical challenges Almaiah, MA; Al- Education And Information 302
and factors influencing the E- Khasawneh, Aand Technologies
learning system wusage during Althunibat,

COVID-19 pandemic A,2020)

58 The sudden transition to (Khalil, R; Bmc Medical Education 245
synchronized online  learning Mansour, AE; (...);
during the COVID-19 pandemic in  Al-Wutayd, o,

Saudi Arabia: a qualitative study ,2020)
exploring medical students'
perspectives

6. Distance learning in clinical (. Al-Balas, M; Al- Education And Information 219
medical education amid COVID- Balas, HI; (...); Al- Technologies
19 pandemic in Jordan: current Balas, B,2020)
situation, challenges, and
perspectives

7. The impact of the COVID-19 Choi, B; Bmc Medical Education 192
pandemic on final year medical Jegatheeswaran, L;
students in the United Kingdom: a (...); Mutengesa,
national survey E,2020)

8. COVID-19 and schooling: (Huber, SG and Educational Assessment 145
evaluation, assessment, and Helm, C, 2020) Evaluation And Accountability
accountability in times of crises-
reacting quickly to explore key
issues for policy, practice, and
research with the school barometer

9. Adaptations to a face-to-face initial (Moorhouse, Journal Of Education For 144
teacher education course ‘forced’ BL.,2020) Teaching
online due to the COVID-19
pandemic

10. Factors Contributing to Teacher (Pressley, T,2021) Educational Researcher 142

Burnout During COVID-19

The table includes two articles with the same number of citations.
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The bibliographic analysis commenced with the citation evaluation of publications
obtained through the Web of Science Core Collection (WoSCC) platform. Table 1 presents the
articles with the most citations in priority order. Out of 1659 publications, 71 of them received at
least 40 citations or more. At the top of the list is the study titled "Adapting Online Teaching
During School Closure Due to COVID-19: Early Career Teachers' Experiences in Germany"
(Konig et al., 2020; 338 citations). In the second place, there are two articles: "Projecting the
Potential Impact of COVID-19 School Closures on Academic Achievement™ (Kuhfeld et al., 2020;
303 citations) and (Watermeyer et al., 2021; 303 citations).
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Figure 3. Network graph of researchers with the most citations

The related visual depicts a network graph of authors with the most citations. Out of the
set of 5959 authors, 640 with 20 or more citations have been examined. Each distinct cluster is
represented by its color. Larger and more prominent clusters belong to authors with higher citation
counts. Clusters in yellow and green represent authors with a significant number of citations.
Additionally, the legend in the bottom right corner indicates the colors according to the years and
periods of publication by the authors. The author with the most citations is identified in the central
circle, including names such as Watermayer, Richard, Guppy, Neil, Eadie, Patricia, and Thomas
K.F. It is observed that these authors were predominantly published in 2021.
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Table 2. Most prolific prestigious journals

Name Number of publications

Taylor and Francis 642
Springer Nature 504
Sage 143
Wiley 113
Elsevier 96
Emerald Group 34
Oxford University Press 20
Athabasca Univ Press 11
Amer Physical Soc 8
Guilford Publications 7

Source: VOS Viewer

This table presents prominent journals with the highest volume of publications. Among the
10 specialized journals listed, 1,659 articles were published across various domains. Notably,
Taylor and Francis lead with 642 publications, establishing itself as the most prolific journal in the

field. Following closely, Springer Nature secures the second position with 504 publications, while
Sage ranks third with 143 publications according to Table 2.

Analysis of Collaborative Work by Authors and Countries
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Figure 4. Collaborative authorship table graph

Figure 4 displays the graph obtained from the VOSviewer application, showing
collaborative authors and citation networks among them. Out of 5959 authors, 640 authors with at
least 20 citations were selected. Networks with the highest collaboration and denser publications
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are represented by larger and denser circle networks of the same color. In Figure 4, larger circles
represent more publications, while smaller circles represent fewer publications. In this context, it
can be stated that authors in the particularly gray-colored cluster have more publication and
authorship collaborations.
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Figure 5. Citation status and relationships among countries graph

Figure 5 depicts a network graph illustrating the citation performance of each country based
on the number of papers published. Notably, 62 out of 110 countries have contributed five or more
papers. The United States emerges as the leading country in terms of publication citations,
followed by China, Germany, Turkey, and Canada. The graph showcases clusters of various
colors, indicating connections between countries in terms of publications. This highlights a robust
publishing network particularly evident among countries such as the United States, Canada, the
Netherlands, Italy, and Germany within the same cluster. Essentially, Figure 5 serves as a network
diagram illustrating the collaborative and co-authorship analysis between countries concerning
educational research during the pandemic. These clusters of different colors signify the proximity
between nations, reflecting enhanced cooperation and communication within the field. Moreover,
countries with the highest citation rates are represented by larger clusters compared to others. In
this context, countries such as the United States, China, Germany, Turkey, and Canada are among
those with higher citation rates. While closer and deeper collaborations are observed between
China, Thailand, Singapore, and Wales, similar collaborations exist between the United States,
Canada, the Netherlands, and New Zealand. Similarly, closer and tighter collaborations are
observed among countries such as Turkey, Greece, Finland, Norway, Brazil, and Portugal. It is
noticeable that publications from these countries were particularly concentrated in the year 2021.
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Figure 6. International collaboration network graph

The graph in Figure 6 illustrates the density of international collaboration networks
obtained from the VOSviewer application. A total of 60 countries with at least 5 studies and at
least 20 citations are represented in the graph. Networks between the countries with the highest
collaboration are depicted as larger and denser. Hence, stronger and deeper collaboration is
observed among China, Thailand, Singapore, and Wales, while a similar level of collaboration
exists among the United States, Canada, the Netherlands, and New Zealand. Similarly, closer and
tighter collaboration is observed among countries like Turkey, Greece, Finland, Norway, Brazil,
and Portugal.
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Frequently Used Keyword Analysis
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Figure 7. Network graph of keywords

Figure 7 illustrates the density of the keyword network based on co-occurrences, along
with word clouds generated using the VOSviewer application. This diagram provides insights into
the most frequently used keywords and their interrelationships. The size of each circle denotes the
prominence of the respective keyword, with the purple region indicating the current topic. The
proximity of words within the graph signifies their co-occurrence within studies, while lines
connecting words indicate their association within the same study. Keywords appearing at least
five times were included in the analysis. Notably, the central position of the term " COVID-19"
underscores its prevalence as the most frequently used keyword. Other notable keywords include
"online learning,” "quarantine,” "pandemic,” and "digital literacy,"” among others, which are
analyzed alongside other clusters. Current topics encompass areas such as "Online Learning,"”
"Adapting to the Process,” "Impact on Teachers and Students,” "Impact of Closure on Academic
Achievement,” "Digital Disruption,” "Online Transition," and "Opportunities,” among others.
Noteworthy topics include "Challenges in distance education” and "The impact of COVID-19 on
teacher burnout." Additionally, a word cloud was generated to visualize the frequency of synonym
usage, with the central placement of " COVID-19" indicating its high frequency of occurrence.
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Discussion, Conclusion, and Suggestions

Due to the sudden emergence and swift worldwide dissemination of the COVID-19
pandemic, researchers across various disciplines, including education, have undertaken numerous
studies to examine its impact on the field of education (Gewerkschaft Erziehung and Wissenschaft,
2020). As the pandemic escalated starting in the year 2020, the number of publications has steadily
increased. It is evident that more research was conducted in this field in the years 2021 and 2022
(Huber and Helm, 2020). Researchers have shown particular interest in topics such as the COVID-
19 pandemic, online learning, quarantine, and digital literacy (Balaman and Tiryaki, 2021). As
the pandemic prolonged and its impact intensified, scholars in the field of education embarked on
research endeavors to analyze the effects. In this context, it is understood that research in the field
of education has continued to increase between 2020 and 2022 (Kuhfeld, M., Soland, J., Tarasawa,
B., Johnson, A., Ruzek, E., & Liu, J. (2020). Erdogan (2021) emphasizes that the most common
publications of countries, authors, or journals provide valuable information about their
productivity. The United States leads in terms of publications regarding the pandemic's impact on
education, followed by China (UNESCO, 2021; Huber & Helm, 2020; Lake & Dusseault, 2020;
National Science Board, 2022). The heightened volume of publications from these nations could
stem from their heightened vulnerability to the pandemic's effects. The extensive morbidity and
mortality rates witnessed in the United States during the pandemic are also reflected in scientific
research (World Health Organization [WHOY], 2020; National Science Board, 2022). For instance,
by October 2021, the United States had reported 45,406,263 confirmed COVID-19 cases and
735,964 deaths, making it the most severely affected country at that time (CDC, 2021; WHO,
2021). According to the World Health Organization's data as of February 16, 2024, there have
been 103,436,829 confirmed cases globally, resulting in 1,144,877 deaths (WHO, 2024). This
situation may explain the higher volume of research conducted in countries with acute case and
mortality rates. Moreover, the substantial budget allocation for research and development (R&D)
in countries like the United States and China, coupled with their capacity for innovation and
technological advancement, influences the volume of research produced in these countries
(National Science Board, 2022; Gewerkschaft Erziehung und Wissenschaft [GEW], 2020)

Citation analysis offers valuable insights into the most renowned and frequently referenced
research findings, authors, and publishing institutions. Hence, our study prioritizes the examination
of the most frequently cited publications (Garfield, 1972; Van Raan, 2005; Waltman & Van Eck,
2012). Accordingly, the most cited publication on the subject of pandemics and education is the
study conducted by Konig et al. (2020). This research delved into teachers' perspectives on
distance learning activities during the period of class suspension due to the pandemic (Reimers &
Schleicher, 2020; Bao, 2020; Hodges et al., 2020). Another notable study by Kuhfeld et al. (2020)
explored the impact of school closures on academic performance. Additionally, a study by
Watermayer et al. on managing digital disruption, challenges, and opportunities during the
pandemic emerged as a highly cited topic. Based on the findings of citation analysis, several
authors have garnered significant attention for their contributions to education-related research on
the pandemic, including Watermayer, Richard, Guppy, Neil, Eadie, Patricia, Zhongchao, and
Thomas K.F. These studies generally address the significant changes brought about by the
pandemic, which forced schools to close and transition to distance learning activities, presenting
various challenges alongside opportunities (Al Lily et al., 2020). For example, they discuss the
significant functional impairment and discomfort experienced by academics due to the transition
to online platforms (Tondeur et al., 2023; Kop, 2011).
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They also emphasize that the transition poses significant challenges in terms of student
enrollment, market sustainability, the academic workforce market, and local economies
(Watermayer et al., 2021). In terms of both citations and publications, Taylor & Francis leads
among the journals where the papers are published, with Springer Nature following closely behind.
These journals are prestigious publications indexed in the SSCI, known for their high citation and
publication rates. It is believed that the analysis of these journals will contribute to raising
awareness among researchers about the implications of the pandemic on education.

Consequently, the journal analysis is expected to guide our study in new research
directions. Given the global scale of the COVID-19 pandemic and its widespread impact,
collaboration between countries is vital (World Health Organization, 2020; Rosenbaum, 2020;
Kupferschmidt & Cohen, 2020). In this context, collaborative research conducted and to be
conducted is crucial in overcoming the challenges. Joint authorship analysis shows that authors
from China, the United States, the Netherlands, Turkey, Brazil, Canada, and New Zealand have
engaged in the most intensive collaborations with other countries. Global collaboration in
educational research related to the pandemic is valuable. The topics that educational researchers
focused on during this period can be understood through keyword analysis (Otte & Rousseau,
2002; Martin-Martin et al., 2018). According to the keyword analysis, education researchers
initially concentrated on the core impacts of the COVID-19 pandemic (e.g., COVID-19, online
learning, quarantine, pandemic, digital literacy, etc.) (Rasmitadila et al., 2020; Viner et al., 2020).
Subsequently, attention shifted towards examining its psychosocial effects during the pandemic
(such as adapting to online learning, the impact of closures, digital disruption, opportunities,
teacher burnout, etc.) (Fegert et al., 2020; Kwok et al., 2020). These results are consistent with
findings in the existing literature. The advancements in remote learning applications and digital
literacy, among other topics, indicate that researchers likely focused on other aspects of the
pandemic as well (Yilmaz and Toker, 2022; Dogan and Birisgi, 2022). The results we obtained
will shed light on different themes and current issues for researchers, guiding for new and much-
needed bibliometric education research. Although this analysis evaluates the research conducted
on education during the pandemic through bibliometric methods, there may be some limitations.
This analysis represents only a specific aspect of academic discourse. The study solely relied on
the Web of Science database and did not incorporate other databases like Scopus, which could be
a consideration for future research endeavors. Moreover, the sample exclusively encompasses
original articles, excluding other types such as conference papers and editorials from the analysis.
Despite these limitations, this study offers a comprehensive evaluation of global educational
research about COVID-19, presenting a range of insights and features. For instance, it is believed
that identifying the topics focused on in published research, will guide education researchers and
encourage them to explore yet unexplored topics during and after the pandemic. Moreover, it
assists education researchers in gaining awareness about countries open to collaboration and
facilitates the establishment of new collaborations.

The results enable education researchers to assess their journal and publication
performance and select research topics. Additionally, this study can pave the way for more
comprehensive studies involving different databases such as PubMed and Scopus, thereby laying
the groundwork for advanced research. The findings can help education administrators identify
and clarify issues related to COVID-19 to be investigated in their institutions (Owusu-Fordjour et
al., 2020). Furthermore, they can guide in selecting appropriate journals, identifying suitable
countries for collaboration, and obtaining information on studies related to the subject. This study
stands out by offering valuable insight into countries' research and publication performance in
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education and COVID-19. It can motivate researchers to conduct more research on pandemic
education globally, thereby positively contributing to publication performance, both worldwide
and on a country-specific basis (Kostoff, 2007; Gargouri et al., 2010).

The comprehensive bibliometric analysis conducted on education-related research during
the COVID-19 pandemic has unveiled critical insights into the evolving landscape of scholarly
discourse (Gonzalez-Padilla & Tortolero-Blanco, 2020; UNESCO, 2020). As education systems
globally continue to navigate the challenges posed by the pandemic, policymakers are urged to
implement evidence-based strategies to address emerging issues and facilitate educational
resilience. To this end, it is recommended that policymakers prioritize the following initiatives:
Enhancing Digital Infrastructure: Policymakers should invest in robust digital infrastructure and
technological resources to support online learning platforms and ensure equitable access to
education during periods of disruption (Organisation for Economic Co-operation and
Development, 2020; Selwyn et al., 2020). Supporting Educator Well-being: Measures should be
implemented to prioritize the well-being of educators, including providing adequate support for
professional development, mental health resources, and workload management strategies
(Hargreaves & Fullan, 2015; Maslach & Leiter, 2016). Promoting Research Collaboration:
Encouraging international collaboration among researchers and educational institutions can foster
knowledge exchange, innovation, and the development of best practices in pandemic education
response (Galea et al., 2020; Viner et al., 2020). Addressing Equity Concerns: Policymakers
should address equity concerns by implementing policies that mitigate disparities in access to
education technology and resources among vulnerable populations (UNESCO, 2020; Garcia &
Weiss, 2020). Strengthening Health and Safety Protocols: Collaborative efforts should be made to
strengthen health and safety protocols in educational settings, ensuring the well-being of students,
educators, and staff. These recommendations aim to inform policymaking efforts and guide future
research initiatives aimed at addressing the multifaceted impacts of the COVID-19 pandemic on
education (Fitzpatrick et al., 2020; Lau et al., 2010). Moreover, to enrich the scholarly discourse
on this topic, it is essential to expand the reference base by incorporating a wider range of relevant
studies and publications. By leveraging additional references, researchers can provide a more
comprehensive analysis and strengthen the theoretical underpinnings of their findings.
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Introduction

Many models have been developed throughout the history to place scores obtained from
educational and psychological measurements on a scale. Classical Test Theory (CTT) and Item
Response Theory (IRT) are the most widely used, known and important among these models.
Classical Test Theory models are often referred to as "weak models™. The reason for this is that
the assumptions of the models can be easily met with the test data. On the other hand, the test data
are less likely to meet the assumptions since they are strict in ltem Response Theory models and
therefore they are called as “strong models” (Hambleton and Jones, 1993). Classical Test Theory
is a theory based on observed score (X), true score (T) and error score (E). This theory has a simple
linear equation expressed as X=T+E, consisting of the sum of the observed test scores (X), the
unobservable and often latent true score (T) and the error score (E) (Novick, 1966). Since there
are two unknown variables in the equation (T and E), the equation cannot be solved unless there
are some assumptions. These assumptions of the CTT are (a) the true scores and error scores are
uncorrelated, (b) the expected value of the error score is equal to zero, (c) the true scores and error
scores in parallel tests are uncorrelated (Lord & Novick, 1968). The true score in the basic equation
of the theory is the difference between the observed test score and the error score. The true score
of the examinee is also defined as the expected score from the parallel forms. CTT models are
focused on modelling at the test score level. These models relate the true score to the total score
obtained from the test, not to the scores obtained from the items. The biggest advantage of CTT is
that its assumptions are easily met and item parameters can be easily calculated (Fan, 1998).
However, CTT has some limitations. Lord (1953) states that the true score in the CTT varies
according to the difficulty of the test. For example, while an examinee will score low on a difficult
test, he/she will score high on an easy test. While the examinee's ability level has not changed, the
fact that the examinee's true score takes different values indicates that the examinee's true score in
CTT is dependent on the test or the group he is in. Thus, different methods and models have been
sought to overcome the limitations of CTT.

Item Response Theory (IRT) is one of the most popular methodologies used to model
response patterns from measurements (Boduroglu & Anil, 2023). IRT studies started with the
modelling of latent variables with the work of Thorndike, Thurstone and Symond in the early 20th
century until its foundations were laid with the studies of Lazarsfeld and Lord in the 1950s. In the
1960s, IRT developed with Rasch's studies on the "Rasch model™ and Birnbaum's studies on the
"logistical model” (Baker, 2001; Himelfarb, 2019). It remained as a theory with no practical
application until the 1970s, as computational technology did not enable data analysis with IRT
models. With the development of computers in computing technology, IRT applications and
research have become widespread. Over time, more complex models have been developed on
logistic models (De Boeck and Wilson, 2004; Reckase, 1997; Rijmen et al., 2003). In the 21st
century, IRT has found a wide and fundamental application area, especially in large scale
educational assessment. Today, IRT is used in the social sciences and behavioral sciences as well
as education, psychology and medical sciences (Reise & Waller, 2009; Thissen & Steinberg, 2020;
Zanon et al., 2016; Mutluer & Cakan, 2023).

IRT is a powerful scaling method used to determine the characteristics of the items and
examinees based on the responses of examinees to the items in the test (Embretson & Reise, 2000;
Selguk & Demir, 2024; Sozer & Kahraman, 2021). In IRT, there is a parameter called ability,
denoted by theta, which corresponds to the true score of the individual in CTT. In addition, IRT
provides useful information about the contribution of the items in the measurement of the latent

119



construct, its quality and at which points of the ability scale it performs the best measurement. One
of the important features of the IRT is that it places both examinees and items on the same scale.
An examinee may have a high or low ability level, and an item may have high or low difficulty
and be on the same scale. Having a common scale for examinees and items makes it possible to
evaluate the amount of information that items provide in terms of latent structure and to match
items in accordance with the ability level of the individual taking the test (Van der Linden & Glas,
2010). Another advantage of IRT is that both item parameters and ability parameters can be
estimated without being dependent on the group or the test. That is, (a) examinees' ability
parameters are independent of the test items they take, (b) item parameters are independent of
examinees' ability distributions (Hambleton et al., 1991). Thanks to its advantages, IRT is actively
used in large-scale tests, computerized adaptive testing, test equating, differential item functioning,
cognitive diagnostic model and scale development applications (Aybek, 2023; Ayva Yorii, 2024;
Dogan & Atar, 2024; Kili¢ et al., 2023; Saatcioglu & Sen, 2023; Sahin, Yildirim & Boztunc
Oztiirk, 2023; Yigiter & Dogan, 2023).

As previously mentioned, IRT models are strong due in part to the fact that their underlying
assumptions are challenging to meet. To take advantage of the benefits of the above mentioned
IRT, the assumptions of the model need to be tested and met. Estimation made without meeting
assumptions will contain systematic error, and the validity of the obtained item and ability
parameters will become doubtful (Hambleton & Swaminathan, 1985; Reckase, 2009). On the other
hand, IRT needs large samples for the estimation of item and ability parameters. The minimum
sample size differs according to the IRT model used for accurate estimation of parameters in IRT
applications. As the IRT model used gets more complex, larger samples are required (Sireci, 1991).
The assumptions of the Item Response Theory have been discussed in many different sources.
Trabin and Weiss (1983) discussed the assumptions of IRT under three headings: (a)
unidimensionality, (b) local independence, (c) item characteristic curve graph. Hambleton and
Swaminathan (1985) stated that there are four assumptions: (a) dimensionality, (b) local
independence, (c) item characteristic curve fit, (d) non-speedness test. Crocker and Algina (1986)
express that there are two assumptions: (a) unidimensionality and (b) local independence.
According to Embretson and Reise (2000), IRT has two basic assumptions: (a) item characteristic
curve have a specified form and (b) local independence. Demars (2010), on the other hand,
discussed this under the headings of (a) unidimensionality, (b) local independence and (c) fit. Stone
and Zhu (2015) lists five different assumptions: (a) dimensionality, (b) local independence, (c)
form of the IRT Model (Overall Model Fit), (d) non-speedness test and (e) Model Fit (Item and
Person Fit).

In the following sections of the study, firstly, sample size in IRT is discussed. Then, the
assumptions of IRT are described and the methods used to test these assumptions are explained
under separate headings in line with the main sources and books in the literature.

Sample Size

It is difficult to accurately determine the sample size required for an accurate estimation of
the item and individual parameters to be obtained from a test. In particular, as the IRT model used
becomes more complex, both larger sample sizes and longer tests are needed to obtain accurate
estimations (Hambleton, 1989). As an outgrowth, IRT models are used in large scale assessment.
In addition, scaling and estimation can be made with IRT in tests which consist of fewer items and
are applied to groups with a certain sample size (Emretson & Reise, 2000). In the literature, there
are many studies on the sample size which is required to obtain accurate and stable parameter
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estimations with IRT. Lord (1968) discusses that a sample size of more than 1000 is needed to
estimate the item discrimination parameter accurately. It is stated that the Rasch or 1PL model
with fixed item discrimination can be used with a sample size of 100 or 200 (DeMars, 2010). In
models where item discrimination is estimated, it is seen that a larger sample size is required. Ree
and Jensen (1980) state that a sample size of 500 or more is required in order to estimate the item
discrimination and difficulty parameters accurately. According to Hulin et al. (1982), a sample
size of 500 or more is required for the 2PL model, and a sample size of 1000 or more for the 3PL
model. Swaminathan and Gifford (1983) state that a sample size of 1000 gives good results for the
3PL model. Harwell and Janosky (1991) suggested that the sample size should be more than 250
in order to estimate the parameters correctly. Demars (2010) says that the sample size should not
be less than 500 for the 2PL and 3PL models.

Unidimensionality

Unidimensionality means that there is only one type of ability that affects a test taker's
performance in a test subject (Lord & Novick, 1968). In other words, it is a single feature that
keeps the items in the measurement tool together. Unidimensionality appears as the basic
assumption of unidimensional IRT models. In order for an item group to be considered as a single
dimension, these items must have a common characteristic and this item group must have a
common variance that explains the variability among examinees. If unidimensionality is violated,
the multidimensional structure of the latent trait space will not match one-to-one with the
unidimensional IRT model. When unidimensionality is violated, scores obtained with the
unidimensional IRT may be biased. On the other hand, it is very difficult to achieve pure
unidimensionality in practice. Because examinees cannot be expected to act in line with only one
trait while answering the items. Also, the measured trait may be a multidimensional construct.
Multidimensional IRT models have been developed for multidimensional tests. These models
assume that more than one trait underlies performance. Multidimensional IRT models can be used
if more than one trait determines the examinee's performance (Reckase, 2009; Kartal & Mor Dirlik,
2021).

It is seen that Factor Analytical methods are generally used to test the unidimensionality
assumption (Ziegler & Hagemann, 2015). Factor Analytical methods try to explain the
relationships between responses to test items with fewer factors (Stone & Zhu, 2015). For this
reason, with these methods, factor analysis is applied to the data obtained from the items and a
dominant factor is sought (Erkus et al., 2017). Factor Analysis is categorized as Exploratory Factor
Analysis (EFA) and Confirmatory Factor Analysis (CFA). While EFA helps us to determine the
possible factor structure underlying the observed variables based on examinees responses, CFA
allows testing the hypothesis that the determined relationships exist (Suhr, 2006). Apart from
factor analysis, many different methods have been developed to test dimensionality. Horn's
Parallel Analysis (Watkins, 2006), Velicer's Map Test (Zwick & Velicer, 1986), DIMTEST (Stout,
1987; Nandakumar & Stout, 1993), hierarchical cluster analysis (HCA/CCPROX) (Roussos, Stout,
& Marden, 1998) and DETECT index (Zhang & Stout, 1999) are other methods used to determine
dimensionality. Principal Component Analysis on standardized residuals is another method used
to test dimensionality (Chou & Wang, 2010). As noted above, Factor Analysis functions as a
dimension reduction. Decision Tree Induction, Support Vector Machine (SVM), Naive Bayes
Classifier and Random Forest Classifier methods from cluster analysis and Machine Learning
(ML) algorithms as dimension reduction methods also appear in the literature as methods used in
examining dimensionality (Hasan et al., 2021; Dogan & Basokcu, 2010).
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Local Indepencence

Local independence means that an examinee's probability of answering an item is
independent of their response behavior to other items. In other words, when the ability that affects
test performance is kept constant, examinees' responses to items are statistically independent from
each other (Hambleton & Swaminathan, 1985). Local independence comes from the basic rule of
the probability function on which the IRT is based. Failure to meet this assumption causes the
estimations obtained from statistical calculations to be incorrect (Looney & Spray, 1992). For
example, in the estimation of ability with the Maximum Likelihood Function, the estimation of
ability is estimated by multiplying the probabilities obtained from the responses of the examinees
to the items. Likelihood functions calculate probability results by treating items as if they are
independent of each other at a given ability level. In order for the probability of two events to occur
at the same time to be equal to the product of the probabilities of the two cases, the cases must be
independent of each other. It is stated that if the local independence assumption is not met, the test
information and item discrimination parameters are overestimated (Chen & Thissen 1997;
Embretson & Reise, 2000; Sireci et al., 1991). Junker (1991), on the other hand, states that ability
parameters are strongly biased in case of local dependency. In addition, there are studies in the
literature showing that the item difficulty parameters of local dependency are incorrectly estimated
(Eckes, 2011; Min & He, 2014). There can be many factors affecting the assumption of local
independence in educational tests. Response to an item in items with a common root may affect
the responses to other items with the same common root (Chen & Thissen (1997). Also, cheating
behavior, fatigue (Yen, 1993), students' different practice situations or the test being a speed test
(Embretson & Reise, 1999). 2000) affects local independence. In cases where local independence
is violated, three solutions are distinguished. First, one of the two items with local dependence
between them can be excluded. Second, by creating an item group from local dependent items,
this item group can be scaled with IRT models under multi-category models (Yen, 1993). Third,
Testlet Response Theory models, which make predictions by considering grouped items, can be
used, (Wainer et al., 2007).

A wide variety of methods have been developed to test local independence. Local
independence is usually examined through the relationship between the items over the residual
matrix calculated by the difference between the observed matrix and the produced matrix from the
model. Analyses such as Yen's Qs (1984), G? squared (or x2) (Chen & Thissen, 1997), correlation
between residuals (Linacre, 2009), JSI (Edwards et al., 2018) are the methods used to test local
independence. It is also stated that local independence can be examined by categorizing the ability
scale into different ability ranges and examining the correlation or covariance between the items
(McDonald, 1981; Tucker et al., 1986).

Overall Model Fit

As with any modelling study, it is necessary to measure the misfit between the model and
the data to determine which IRT model to use. Estimates and inferences made with an
inappropriate IRT model will be invalid (Maydeu-Olivares, 2006). Evaluation of the overall fit of
the model and the data can be done by comparing the total observed score distribution with the
expected score distribution by the model. Evaluation of residuals from differences between
observed and expected correct response rates at all skill levels provides precious information for
overall model data fit. Model-data fit can be mentioned if the residuals are small and randomly
distributed. Embretson and Reise (2000) state that residuals approaching zero for a model can be
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taken as a measure of model-data fit. In the evaluation of the general model-data fit, information
criterion values that exhibit the y? distribution are generally used. The prominent ones are Log-
Likelihood Test [-2*LL], Akaike Information Criteria [AIC], Consistent AIC [CAIC], Bayesian
Information Criteria [BIC], sample size—adjusted BIC [SABIC], Hannan-Quinn Criterion (HQ)
values (Antoniou et al., 2022; Hambleton & Swaminathan, 1985). The low statistics calculated for
the models indicate a better model-data fit. The differences between these values obtained from
the models allow comparison of the models with the chi-square statistics at the relevant degrees of
freedom. Another test's goodness-of-fit statistic is M> (Maydeu-Olivares & Joe, 2006).

In addition, goodness of fit indexes (x?/sd, GFI, AGFI, CFI, NFI, TLI, SRMR, RMSEA,
et al.) are used in model selection in order to determine which model fits the data better in IRT
(Chalmers, 2012). (For more information on general model data fit, see Demars, 2010; De Ayala,
2013; Maydeu-Olivares, 2006).

Item Fit

In order to make inferences from a data set scaled with IRT, it is important to meet the fit
of the items to the model. In terms of the accuracy of the estimations to be obtained from the
model, the items in the test should fit with the model. Estimates from models with non-fit items
will lead to biased estimation of ability parameters, unfair ranking of examinees, and incorrectly
equalized scores (Wainer & Thissen, 1987; Yen, 1981). The Item Characteristic Curve (ICC) can
be used to evaluate the fit of the items to the model. The indicator of the item's fit with the model
is the similar distribution of the estimated ICC and the observed values across the throughout
ability scale. In other words, the small difference between the ICC and the observed values will
indicate the fit of the item to the model. The difference between the ICC and the observed values
is called the residual. The fact that the residuals approach zero is a sign of good item fit (Embretson
& Reise, 2000). Visual inspection of the residuals on the ICC is helpful, but it also draws criticism
for the subjectivity of the evaluation. For this reason, many item fit indices have been developed.
These indices are divided into two groups as Traditional and Alternative item fit indices.
Traditional indices divide examinees into specific groups and examine the differences between the
expected and observed mean values of these groups. Alternative item fit indices have been
developed since it was stated in the traditional indices that if the item is misfit, the estimation made
is also incorrect, and therefore the expected scores produced from the model will be incorrect.
Traditional item fit indices can be listed as follows: OUTFIT, INFIT indices (for Rasch and 1PL
models) (Wright & Panchapakesan, 1969), Bock's y? index (Bock, 1972), Yen's Q: index (Yen,
1981), G? index (McKinley and Mills, 1985). Alternative item fit indices can be listed as S-y?
(Orlando & Thissen, 2000), scaling corrected fit statistics (x2*) (Stone, 2000), and adjusted chi-
square/degrees of freedom ratio (y2/df ratio) (Drasgov et al., 1985).

Non-Speedness Test

It is an assumption of IRT models that the test is not performed under accelerated
conditions. That is, if an examinee did not answer some test items, it must not be because he did
not reach the test items or the time period has expired. This situation must be due to the insufficient
level of talent of the examinee. This assumption is sometimes referred to in the unidimensionality
assumption. When speed affects test performance; test performance is affected by at least two
dimensions - measured talent and speed. This situation has a disruptive effect on
unidimensionality. The non-speedness test assumption assumes that examinees should have
enough time to answer the items they think they can answer. Many different methods have been
proposed to test the non-speedness assumption. A few methods in the literature are as follows: The
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first is to examine the relationship between the scores obtained by applying the same test form to
the same group under a certain time limit and without a time limit. The second is the ratio of the
variance of the number of items that each examinee left blank to the variance of the number of
items they answered incorrectly. If this ratio is close to zero, it is stated that the test is a non-
speedness test, and if it is close to one, it is a speed test (Gulliksen, 1950). The third is the
examination of the marking rates of the items. It is expected that the percentage of those who reach
the items and give correct or incorrect answers is high. The fourth is the evaluation of the
percentage of “unreachable” items. In order to determine that the test is a non-speedness test, 80%
of the examinees must complete the test by reaching all the items, and each examinee taking the
test must reach at least 75% of the items (Swineford, 1956).

Aim and Significance of the Research

In this study, it is aimed to determine the status of examining the IRT assumptions of the
studies using the IRT model in the literature. For this aim, master’s theses and doctoral
dissertations written using the IRT model in Tirkiye are addressed. The methods by which the
researchers tested the IRT assumptions were examined in detail. It is known that IRT models,
which have been widely used recently, have many strengths. However, it should be taken into
account that the estimated parameters and interpretations will be erroneous in cases where IRT
assumptions are violated. When the literature is examined, it is seen that there is no study that deals
with the examining of assumptions in detail. It is thought that this study will contribute to the field
in terms of revealing the general framework of the IRT assumptions in the literature and presenting
an awareness of testing of these assumptions.
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Method

This study is a descriptive research as it reports the existing characteristics of the studies
conducted using IRT models in terms of IRT assumptions. Descriptive research aims to report the
characteristics of the situation examined in the research as it exists (Fraenkel & Wallen, 2011;
Koyuncu & Kilig, 2021). At the same time, document analysis method was used in this research,
which was created by gathering information from the studies in the literature. Document analysis
IS a systematic process that enables the analysis of the information and content in the written
elements considered for the purpose of the research (Ary, Jacobs, & Sorensen, 2010). In this study,
document analysis method was preferred to examine the master's and doctoral theses written on
Item Response Theory between 1993 and 2023 in Tiirkiye.

Many different and complex IRT models have been developed, such as Multidimensional
IRT Models, Mixture IRT Models, Nonparametric IRT Models, Explanatory Item Response
Models, etc. Studies conducted on these different IRT models were excluded from the context of
this study due to the different scaling methods and assumptions. Therefore, in this study, only
master's and doctoral theses prepared using unidimensional IRT models were analysed. This
situation is a limitation of this study.

- N
- Studies containing the following keywords in the National Thesis Center of
-% the Council of Higher Education database.
‘tf:j + “Item Response Theory”
% + “Latent Traits Theory”
E ° (4[RT77
—_J |
( ) . :
Studies obtained as a result of the search (n = 328)
o I
g
o Inclusion criteria in document analysis;
A e Studies published between 1993-2023,
e Studies involving unidimensional IRT application,
\_____/ | e Studies using real data,
e Studies done as a master’s theses and doctoral dissertations.
2 1 l
;cén Eligible studies (n = 107) Excluded studies and their reasons (n =221)
= e Simulative data (n = 67),
® Does not include application on IRT
(n=118),
) e A different model is used (n = 11),
e The text of the thesis cannot be reached
2 (n=25).
o
d=
Q
A
Studies included in document analysis (n = 107)
. J

Figure 1. Literature review flow chart
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Within the scope of the research, the database of the National Thesis Center of the Council
of Higher Education was searched. Details of the literature review are presented in Figure 1.

107 studies that are in line with the inclusion criteria were examined within the scope of
the research. In determining the criteria to be investigated, the researchers examined the books and
articles that were the main sources in the development and dissemination of the IRT. Aligning
with the literature review, unidimensional IRT assumptions are discussed under five headings in
Figure 2.

_ Unidimensionalty

(  Overall Model Fit - ( Local
- = Independence
| Item Response o
Theory
Assumption
Item Fit L Non-Speedness

Test

Figure 2. Unidimensional IRT assumptions

As noted in the Sample Size section, the sample must be of a certain size in IRT. For that
reason, it was considered to analyze the sample size as a criterion. Then, 107 studies were analyzed
according to the assumptions in Figure 1 (1) unidimensionality, (2) local independence, (3) overall
model fit, (4) item fit and (5) non-speedness test.

After the included studies were reviewed within the scope determined by the researchers,
the data were analysed using descriptive analysis. Results were reported using frequency and
percentage.

Ethics

The ethics application for the study was made on 20/06/2021 and the research was carried
out with the approval of Social Sciences University of Ankara Ethics Commission dated
06/08/2021 and numbered 14020.
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Results
Distribution of Studies by Years
Table 1 shows the distribution of the studies in the study group by years.
Table 1. Distribution of IRT studies by years

Year Numbc_ar of Year Numb(_er of Year Numb_er of Year Numb(_er of
Studies Studies Studies Studies

1993 1 2001 0 2009 4 2017 6
1994 2 2002 1 2010 1 2018 11
1995 1 2003 1 2011 4 2019 10
1996 0 2004 0 2012 4 2020 5
1997 0 2005 2 2013 6 2021 8
1998 0 2006 3 2014 7 2022 2
1999 1 2007 0 2015 9 2023 6
2000 0 2008 5 2016 7 Total 107

When Table 1 is examined, it is seen that the studies written using IRT have increased
significantly in the last 10 years.

Sample Size

The sample sizes of the studies were investigated in four classes as [0,200], [201,500],
[500,1000], [1001+]. In order to evaluate the sample size of the polytomous IRT models, the
dichotomous IRT model was coded as the corresponding models (Partial Credit Model -> Rasch
or 1PL; Generalized Partial Credit Model, Graded Response Model -> 2PL) (Brzezinska, 2016).

Table 2. Sample size

Sample Size
Model Total
[0,200] [201,500] [501,1000] [1001+]
Rasch or 1PL 3 9 3 16 31
2PL 3 10 14 25 52
3PL 0 1 3 20 24
Total 6 20 20 61 107

When Table 2 is examined, it is seen that there are few studies with low sample size. While
there are no studies with a sample size of 200 or less in the 3PL model, there are some studies with
low sample sizes in the Rasch-1PL and 2PL models.

Unidimensionalty

The distribution of the methods used in testing the unidimensionality assumption in 107
studies examined in the research is presented in the figure below.
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Unidimensionality
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Figure 3. Methods used in testing unidimensionality assumption

When the results are analyzed, it is seen that unidimensionality is tested at a high level
(n=95, 88.79%). EFA (n=47,%=43.93), CFA (n=21, %=19.63) and EFA and CFA
(n=16, %=14.95) are the most used methods for testing unidimensionality.

Local Independence
The distribution of the methods used in testing the local independence assumption in the
studies examined in the research is presented in the Figure 4 below.

Local Independence
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Figure 4. Testing the local independence assumption

When the results are analyzed, it is seen that the local independence is mostly handled on
the basis of unidimensionalism and there is no additional testing (n=43,%=40.19). Yen Q3
(n=9, %=8.41), Residual Correlation Matrix (n=8, %=7.48), Inter-item relations (n=7, %=6.54)
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and G? (n=2, %=1.87) methods are used to test local independence. In many studies, local
independence was not examined (n=38, %=35.51).

Overall Model Fit
The distribution of the methods used in testing the overall model fit assumption in the
studies investigated in the research is presented in Figure 5.

Overall Model Fit

60
50 50
40 40
30 30
20 20
10 10
0 _ mbm Elwm = e
Not onlv 2LL 2LL, AIC, Chi-Square Goodness of  Residual Graphics
Examined y BIC g Fit Indexes  Analysis Review
® Method 52 36 8 4 4 2 1
*% 48,6 33,64 7,48 3,74 3,74 1,87 0,93

B Method &%

Figure 5. Testing of overall model fit

When the results are analyzed, it is seen that the overall model fit was tested at a moderate
level (n=55, %51.4). In the testing of overall model fit, it is seen that Log Likelihood (2LL)
(n=36, %=33,64) value is mostly analyzed. Information Criteria values (2LL, AIC, BIC)
(n=8, %=7.48), Chi-Square (n=4, %=3.74%), goodness of fit indexes (n=4 , %=3.74), Residual
Analysis (n=2, %=1.87) and Graphical Review (n=1, %=0.99) are other methods used to test the
model data fit.
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Figure 6. Testing of item Fit
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The distribution of the methods used in testing the item fit of the studies included in the
study is presented in Figure 6.

When the results are analyzed, it is seen that the item fit is tested at a low level
(n=28, %=26,16). It is seen that Bock's y2 (n=19, %=17.76) statistics are mostly used in the testing
of item fit. INFIT-OUTFIT (n=6, %=5.61), Residual Analysis (n=2, %=1.87), and S-y?
(n=1, %=0.93) methods are other methods used to test item fit.

Non-Speedness Test

The distribution of the methods used in testing non-speedness test assumption is presented
in Figure 7.

Non-Speedness Test
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Figure 7. Testing of non-speeded test assumption

When the results are analyzed, it is seen that non-speedness test assumption is tested at a
low level (n=10, %9.34). Item Marking Rate (n=5, %=4.67), variance ratio (n=3, %=2.80) and
75%-80% (n=2, %=1.87) methods were used in the testing of non-speedness test.

Discussion and Conclusion

Item Response Theory has been widely used by researchers in recent years thanks to the
advantages it offers. In this study; the studies carried out with the IRT model in the last 30 years
in Tirkiye have been examined and it has been observed that approximately 93% of these studies
have been carried out from 2005 to the present. This situation can be interpreted as an indication
of the increasing interest in the IRT in recent years. It is known that model assumptions must be
met in order to benefit from the strengths of IRT and to interpret test scores correctly. The studies
examined in this study were limited to unidimensional IRT models. In this study, the testing of the
dimensionality assumption was discussed primarily. Due to the difficulties in the unidimensional
test development process, researchers are trying to obtain a dominant factor or component.
Although there are many different methods to test the unidimensionality assumption, it is stated
that factor analysis methods provide more effective results and are widely used (Erkus, 2006;
Lumsden, 1961, 1976; Ziegler & Hagemann, 2015). As a result of the investigations made in this
study, it was seen that 78% of the researchers resorted to factor analytical (EFA or CFA) methods
in testing the unidimensionality assumption. It is stated that the unidimensionality assumption
should be checked in studies using IRT models (Crocker & Algina, 1986; Demars, 2010;
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Hambleton & Swaminathan, 1985; Lord & Novick, 1968). In approximately 11% of studies, it was
observed that the unidimensionality assumption was not examined.

When the testing of the local independence assumption was analyzed, it was seen that
approximately 40% of the researchers did not make a further test, referring to the fact that when
the unidimensionality assumption is met, the local independence assumption will also be met. This
situation is generally based on Lord's (1980) view that the correlation between the responses of
individuals to the items for a given ability level in a one-dimensional test will be zero. So, when
the unidimensionality assumption is met, the local independence assumption will also be met.
Similarly, since Hambleton & Swaminathan (1985) stated that these two assumptions are
equivalent when 9 ability level is unidimensional, the researchers did not perform a local
independence test other than unidimensionality. DeMars (2010), on the other hand, stated that in
cases where the dependence between item pairs is at limited levels, it may not emerge as a separate
dimension, for that reason, local independence may not be determined with unidimensionality tests
and local independence should be tested with different methods. Local independence was tested
in 24% of the studies reviewed. Yen's Qs test, Residual Correlation Matrix, Inter-item relations
and G2 methods were used to test local independence. In 36% of the studies, the assumption of
local independence was not examined. Considering that the estimations obtained from the
statistical calculations will be incorrect if the local independence assumption is not met, it is an
important problem that there are many studies that do not examine this assumption.

The benefits of IRT for applications such as test development, item bank creation,
differential item function (DIF), computerized adaptive testing (CAT), and test synchronization
may not be realized unless a fit IRT model is used for a given dataset. The success of IRT
applications requires a satisfactory fit between the model and data. The most critical problem
caused by model-data misfit may be that parameter invariance, which is the hallmark of IRT, is no
longer valid (Rupp & Zumbo, 2006; Shepard, Camilli, & Williams, 1984). Similarly, the items in
the test should be fit with the model, that is, the values observed with the estimated ICC should
exhibit a similar distribution across the throughout ability scale. When examining the overal model
fit in the theses in this research, it was seen that this assumption was not tested in approximately
49% of the studies, and only the LogLikelihood (2LL) value was examined in 34% of the studies.
Information criteria, Chi-Square, Goodness of Fit Indexes, Chart Review and Residual Analysis
are other methods used to test the overall model fit.

It is seen that in 26% of studies, item fit is tested. Bock's y2, INFIT-OUTFIT, Residual
Analysis, S-x?2 indices are the methods used to test item fit. In approximately 74% of the studies,
item fit was not examined. The fact that overall model fit and item fit were not tested at a high rate
in the studies discussed makes the validity of the results obtained from the model questionable.

In IRT models, the failure of examinees to respond to test items should occur not because
of their inability to reach the test items, but because of their limited abilities. In other words, the
measurement tool in which IRT models are used should not be a speed test. There are many
methods developed to test this assumption. However, it was observed that the assumption of non-
speedness test was tested in only 9% of the studies examined. In 91% of the studies, this
assumption was not examined. Evidence that the data included in the study was obtained from a
measurement tool, which is a non-speedness test, should be presented.

As a result of the examinations carried out, it was seen that there is no certain standard for
examining the assumptions in the studies. It is also thought that this situation is caused by the
differences between the basic books in the literature in their handling of IRT assumptions. At the
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same time, it was concluded that the researchers did not test many IRT assumptions with the
necessary rigor. Assumptions must be met in order to benefit from the advantages provided by the
IRT. However, in many studies, estimations were made without testing these assumptions. In this
case, it should be considered that the measurement results obtained and the decisions made based
on these results may be incorrect. Another point is that thanks to the many packages, programs
and software developed with the advances in computer technologies, it has become easier to test
the assumptions and access to many methods that can be used. It is thought that the use of
alternative statistical methods in testing the assumptions in studies to be carried out with IRT
models will contribute to the field.
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Introduction

Artificial intelligence (Al) technologies are among the most significant technological
disruptions in history, their capacity and effects have not been fully evaluated yet. Specifically, Al
applications, which began to emerge in fields such as education, healthcare, and finance in the
1970s, have gained significant momentum over the past decade, elevating this technological
disruption to a new phase compared to previous technological transformations (Acemoglu &
Restrepo, 2018; Frank et al., 2019; Ilikhan et al., 2024; Ozer, 2024; Perc et al., 2019; Septiandri et
al., 2023). At this point, there are no areas untouched by Al technology, and new applications are
being introduced in every field daily. Consequently, an Al ecosystem encompassing all areas of
life is now being discussed (Ozer et al., 2024a; Stahl, 2023). In other words, there is a significant
potential for jobs to fall under the dominance of Al (Ozer & Perc, 2024). Furthermore, the
advancement of generative Al such as ChatGPT and Gemini has accelerated these developments
(Hosseini et al., 2023; Lo, 2023).

The rapid proliferation of Al technologies is now drawing the attention of all segments of
society, revealing significant risks alongside the advantages it provides (Suleyman, 2023). It is
known that these technologies reproduce the biases present especially in the training data sets used
during the learning process, thereby deepening inequalities (Ozer et al., 2024a). In this context, it
has been shown that Al technologies in healthcare services deepen racial and ethnic disparities,
further exacerbating the disadvantages of already socioeconomically disadvantaged groups
(Ilikhan et al., 2024; Obermeyer et al., 2019). Similar biases manifest themselves in various fields
from education to security and law (Ozer et al., 2024a; 2024b). In short, awareness of Al is
increases globally, discussions emerge on how to create an Al ecosystem that does not exacerbate
social inequalities, respects social and ethical values, and particularly does not adversely affect
employment (Acemoglu & Restrepo, 2018; Ozer & Perc, 2024; Ozer et al., 2024a; Varma et al.,
2023).

The opportunities provided by Al increase the allure of Al utilization in also educational
environments; however, discussions continue regarding the reliability of Al in education, whether
these opportunities are offered within the framework of ethical principles, and whether they
support the improvement of educational quality (Acemoglu, 2024). In other words, by utilizing
educational data, Al offers opportunities to transform and enrich the learning and teaching
processes on one hand, while on the other hand, it carries the risk of increasing existing inequalities
among students and ethical misuse (Aquino, 2023; Silva-Jurado & Silva-Jurado, 2024; Ozer,
2024). Therefore, Al system needs to regulate the learning journey in a healthy manner while
supporting student development at the same time. In this context, measurement and evaluation
processes play a critical role. The development of Al systems signals the revision requirements of
traditional assessment methods (Gardner et al., 2021). Al offers a process that encourages
individual development, provides guidance, and supports fair assessment outcomes while also
having the potential to reduce the workload of educators (Kamalov et al., 2023).

However, integrating Al into measurement and evaluation systems also brings along a
series of risks (Cotton et al., 2024; Sok & Heng, 2023; Surahman & Wang, 2022; Verhoeven et
al., 2023). Al's text generation capability leads to the risk of cheating and plagiarism in assessment
processes. The text generation capabilities offered by generative Al tools like ChatGPT raise
serious concerns about undetectable cheating and plagiarism (Kamalov et al., 2023; Ozer, 2024;
Surahman & Wang, 2022). The inability of assessment mechanisms to be able to detect Al-
generated content provides an unfair advantage to students who use Al for text generation,
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adversely affecting the fundamental quality of fair evaluation in assessments. Another negative
impact of this situation is the loss of opportunities for individuals to achieve the targeted learning
outcomes (Lancaster, 2023). In this context, unethical use of Al for cheating and plagiarism
distorts the true value of assessment results and disrupts academic development processes.

On the other hand, the capacity of generative tools like ChatGPT is limited by the dataset
they are trained on (ilikhan et al., 2024; Ozer et al., 2024a). In other words, the outputs generated
by ChatGPT are limited by the size, scope, and diversity of its training dataset. Since the datasets
are derived from real-life scenarios where biases exist, there is a risk of obtaining biased results
from Al. While the use of Al in text-related tasks such as translation, essay writing, and automatic
content generation offers opportunities for saving time and managing the learning process, it also
carries the risk of reinforcing and perpetuating these biases (Gardner et al., 2020; Rane et al.,
2023). For example, when translating from a gender-sensitive language to a gender-insensitive
language, biased results are observed. In Turkish, he/she is a nurse is translated as she is a nurse
by referring to women, while he/she is a doctor is translated as he is a doctor by referring to men.
In other words, Al-assisted translation perpetuates the societal biases, such as gender bias (Akgun
& Greenhow, 2021; Johnson, 2020).

In addition, it is known that not all content produced by Al systems is accurate and often
exhibits a behaviour called hallucination (Ji et al., 2023). When productive Al systems exhibit
hallucinatory behaviour, they may produce context-irrelevant or non-existent content, although it
may seem plausible. For example, it has been shown that most of the references provided by
ChatGPT for use in scientific papers do not actually exist (Athaluri et al., 2023). More
interestingly, it is known that once ChatGPT shows hallucinatory behaviour, it maintains this
behaviour to ensure the consistency of the content it produces, thus leading to the snowball effect
of hallucination (Zhang et al., 2023).

The impact of Al's capabilities on assessment and evaluation systems should be examined
in terms of the opportunities it presents and the risks it entails. While maximizing the benefits of
Al usage in assessment processes, risks should be minimized to a maximum as well. Enhancing
the accuracy and reliability of assessment while using this technology to achieve maximum
efficiency should be an essential responsibility for educators. Therefore, the purpose of this article
is to identify the opportunities created by Al in measurement and evaluation processes, along with
the ethical risks involved, and to propose solutions to mitigate these risks.

Method

This study employs a descriptive approach to evaluate the risks associated with the use of
artificial intelligence in text generation and assessment processes in education and also to offer
recommendations for managing these risks. The document analysis method is employed to conduct
a detailed examination aimed at mitigating the risks associated with the use of artificial intelligence
in text generation and assessment. As a qualitative method, document analysis involves conducting
a comprehensive review of relevant documents including articles, books, and reports (Bowen,
2009). Accordingly, the literature on the use of artificial intelligence in text generation and
assessment has been reviewed. The study illustrates application of artificial intelligence in text
generation and assessment including a detailed examination of potential ethical risks. Additionally,
a thorough analysis has been conducted to provide recommendations for addressing the risks
associated with the use of artificial intelligence in text generation and assessment.
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Text generation

Generative Al tools such as ChatGPT have the capability to generate coherent text tailored
to assignments and exam questions using machine learning and natural language processing
(Cotton et al., 2024; Salvagno et al., 2023). The biggest challenge encountered with Al in education
IS its predominant use in creating assignments and projects. By doing so, students put themselves
into two problematic situations. Firstly, they engage in behavior where they present knowledge
that is not their own as if it were theirs, potentially leading to significant long-term behavioral
distortions. Secondly, they may mask their shortcomings by presenting deficiencies as
competencies (Kasneci et al., 2023; Sok & Heng, 2023). In this case, the complementary support
that artificial intelligence could provide to the measurement and evaluation processes could lead
to a reverse effect and could enable students at all levels of education to progress successfully
despite all their shortcomings. In other words, students may appear to succeed even though they
are failing. This situation could deprive students of remedial training for their shortcomings,
ultimately leading to their graduation from education without gaining the expected skills in human
capital in the long term.

On the other hand, due to the widespread use of Al text generation among students,
concerns have emerged that traditional evaluations must be revised (Khalil & Er, 2023). The high
grades achieved by texts generated with ChatGPT validate these concerns (Stokel-Walker, 2022).
As a strategy to address these concerns, some universities have developed policies prohibiting the
use of ChatGPT (Sullivan et al., 2023). However, instead of banning it, universities should focus
on integrating Al into their systems ethically and should provide regular trainings to their students
on how to benefit from Al (Ozer, 2024; Sok & Heng, 2023; Yu, 2023).

In education, ethical concerns related to Al are not limited to K-12 levels but also
encompass higher education institutions (Huallpa, 2023). The impact of Al technologies in higher
education institutions is significantly higher for both the researchers and the students. In other
words, Al's capabilities in generating texts extend beyond educational assignments, and offer
substantial opportunities in scientific article production (Rane et al., 2023). Recently, there has
been even discussion regarding whether ChatGPT should be considered a co-author in scientific
publications (Stokel-Walker, 2023; Thorp, 2023). This is because ChatGPT's abilities in text
generation, translation, and summarization enhance its potential utility in scientific writing
(Verhoeven et al., 2023). Hence, Al is expected to support reseachers in organizing ideas,
translating, drafting, providing feedback and proofreading in the process of producing scientific
articles (Rane et al., 2024). This support makes the preparation of academic studies faster and
easier and provides the advantage of increasing the quantity and quality of publications (Rane et
al., 2023; Salvagno et al., 2023). However, in scientific articles, authors bear collective
responsibility for the content (Stokel-Walker, 2023; Thorp, 2023). Computers are just tools and
cannot assume responsibility for the content (Thorp, 2023). Therefore, it cannot be expected by
Al to produce original, creative, and critical ideas like humans in scientific article production (Rane
et al., 2023; Salvagno et al.,, 2023). Al-generated texts have not yet established significant
credibility in scientific research due to risks such as containing biased content and hallucinations
(Salvagno et al., 2023; Stokel-Walker, 2022; Verhoeven et al., 2023).

In summary, the main risks in creating text with Al are ethical concerns in general and the
accuracy of the content produced in particular (Lo, 2023). In this context, using Al to generate
entire texts rather than as a guide poses the greatest risk leading to fundamental ethical violations.
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Therefore, Al's role in text writing should remain that of a helpful assistant to improve efficiency
and performance (Verhoeven et al., 2023).

Automatic item generation

The preparation of measurement tools such as exams, assignments, and presentations to
measure knowledge and skills increases the workload of educators due to the time involved in the
item generation process. Additionally, questions created through traditional methods are constraint
by the capabilities of the item writers. Therefore, developments in Al lead to the expectation of
speed and increased quality in automatic item generation (AlG) (Bezirhan & von Davier, 2023;
Cotton et al., 2024). As Al applications provide educators with the opportunity to easily create
achievement tests for classroom assessments. In this context, it is seen that significant
developments have been achieved in Al-supported creation of assessment tools by analyzing the
educational content such as multiple-choice questions and open-ended questions. (Owan et al.,
2023; Qi et al., 2020; Swiecki et al., 2022). In particular, generative Al tools such as ChatGPT and
Gemini have the capacity to generate questions in line with the basic skills expected from students.

AIG with correct sentence structures has been partially achieved with existing Al
algorithms; however, the content quality of these questions remains debated (Du et al., 2017,
Swiecki et al., 2022). For instance, automatically generated items have been criticized for being
difficult to understand and aligned with the objectives to be measured (Mulla& Gharpure 2023,
Scialom et al., 2019). However, in the process of text generation with Al, studies are ongoing to
produce questions with desired features by intervening in Al. For example, Saym and Gierl (2024)
standardise the item generation process by providing ChatGPT with templates containing
limitations such as question types, word counts, and sentence structures during the process of item
generation with Al. The quality of the generated items was evaluated by experts in the field and
item statistics were also calculated. As a result, it was determined that Al increases efficiency in
item development processes (Sayin& Gierl, 2024). On the other hand, Bezirhan and von Davier
(2023) found that ChatGPT was effective in generating paragraph-based questions in a large-scale
reading assessment (PIRLS), but it needed supervision to ensure the content quality of the
questions in the AIG process.

The use of AIG studies by teachers in classroom assessments for getting ideas such as
creating scenarios, preparing games, adding distractors to multiple-choice questions and
improving assessment will increase the efficiency to be obtained from Al-supported AIG
(Sherman et al., 2020). It is recommended that educators use these tools to guide them for the time
being against the risks of the relevance, quality and content validity of an automatically generated
measurement tool (Al-Worafi et al., 2023). In addition, efficiency will increase if the educators
review the generated questions.

In summary, AIG with Al presents significant opportunities for educators. However, the
generated items should not be used directly for measurement and evaluation purposes before being
checked for accuracy, reliability and purposefulness by educators. In other words, educators should
actively participate in the item generation process and assign Al an assistant role in supporting and
complementing educators.

Automatic assessment and feedback

The concept of automatic text assessment was first introduced by Page (1966). This work
laid the foundation for automatic assessment. As technology advanced, awareness of automatic
assessment and feedback grew and led to the more widespread use of automatic assessment
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platforms. Automated assessment platforms provide the opportunity to conduct exams and
assignments electronically. These platforms are preferred because they allow question presentation
with animation, video, and audio content that cannot be presented on paper. Additionally they
produce objective results, perform automatic evaluations, and provide instant feedback by
identifying students' strengths and weaknesses (Akgun & Greenhow, 2021; Kasneci et al., 2023;
Owan et al., 2023; Swiecki et al., 2022; Wang et al., 2023). In these respects, they support student
development, save time for the teacher, and enable rapid evaluation and feedback.

Advances in Al, have enhanced the potential to assess student-written texts, to provide
feedback, and to reduce educators' grading time and, ultimately, have impacted classroom
assessment processes (Huang et al., 2023; Jang, 2014). Classroom assessments are rooted in more
diverse and enriched student responses compared to standardized tests. They aim to measure
students' creative thinking, whether they have learned a topic in depth, and their written and oral
communication skills (Warschauer & Grimes, 2008). For example, in essay assessments, although
there is a strong relationship between machine and human scoring, machines focus on technical
aspects such as word count and correct use of punctuation, while humans focus on skills such as
fluency, completeness and creativity. Therefore, at this point, Al-supported automated assessment
can increase the efficiency of human-led processes (Gardner et al., 2021). On the other hand, a
teacher who realises that a student makes a mistake in a math problem knows that the source of
this mistake may vary according to the student’s visual defect, psychological state, and
misconception. Therefore, teachers tailor the intervention method in the teaching process
according to the student’s situation. However, Al usually does not have the data to detect these
differences while automating the decision-making process (Cardona et al., 2023). For this reason,
it is recommended that Al-supported automated assessments should be used for formative
assessment in schools until Al can assess similarly to humans (Cardona et al., 2023; Gardner et
al., 2021).

On the other hand, despite the opportunities offered by Al-supported automated assessment
software, it has the potential to provide unfair advantage or disadvantage to certain student groups.
For example, in an exam canceled in the UK due to the Covid-19 pandemic, it is revealed that an
algorithm that determines student results based on the success of schools in previous years
provides an advantage to the students studying at private schools. This situation reveals that as a
result of the decision making mechanism supported Al may let the unfair situations to continue
(Akgun & Greenhow, 2021). For this reason, instead of fully automating the evaluation processes
with support from Al, using automatic evaluation in situations where objective results will be
obtained, such as evaluating multiple-choice questions and giving feedback, will increase the
productivity of educators and students.

Responsible and participatory management

The ethical risks associated with the integrating Al in education extende beyond the issue
of bias, cheating,and plagiarism in text creation, which fall under fairness. Data protection, data
privacy, and accountability also stand as issues that should be confronted in measurement and
evaluation processes (ilikhan et al., 2024; Huang, 2023; Lebovitz et al., 2021). In order to build
measurement and evaluation processes that deal with these ethical risks, it is necessary to develop
strategies to promote responsible Al practices (Theodorou & Dignum, 2020). Responsible Al
discusses the question of who is responsible for the ethical use of Al. In this context, responsible
Al encompasses Al developers, users, policy makers, societal norms, and even the system itself
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(Ozer & Perc, 2024; Stahl, 2023). Therefore, in this section, the risks in the ethical dimension of
measurement and evaluation processes are examined from a holistic perspective.

The ethical responsibility for using Al technologies, which develop as a dynamic
ecosystem, is the responsibility of all stakeholders. Therefore, all stakeholders should take part in
the integration of Al into measurement and evaluation processes, the functioning mechanism of
the system should be open to users, and Al should be a system that is constantly monitored,
evaluated and updated (Ozer et al., 2024a; Stahl, 2023). In this context, the ethical use encompasses
both the development of Al technologies and the use of them. Therefore, both dimensions should
be taken into consideration in order to create an Al ecosystem that is compatible with ethical and
social values.

The rapid and profound advancement in Al technologies poses a risk that educators may
lose control of their assessment processes related to Al. Since the control process is time-
consuming and costly, there is a distance between educators' decisions and the evidence-gathering
process on which these decisions should be based (Couldry, 2020; Swiecki et al., 2022).
Additionally, the fact that Al algorithms are closed to users (blackbox) and controlled by a few
companies raises concerns that Al will use student data through its ability to organize datasets,
ultimately exacerbating concerns about trust in society (Khosravi et al., 2022; Sullivan et al., 2023;
Stahl, 2023). For this reason, it is of great importance to work in a participatory way in which the
development processes of Al systems to be used in education are open to all educational
stakeholders and the system is constantly evaluated and updated (Ozer et al., 2024a). In other
words, educators and educational administrators should be actively involved in the development
processes of Al technologies used in education. This approach will also reduce the risk of educators
being misled as it will increase their Al technology knowledge and awareness (Khosravi et al.,
2022). In short, the participatory Al model will not only enable the development of more ethical
Al practices by involving all stakeholders in the process, but also strengthen educators' immunity
to the risks that these practices may pose (Ozer et al., 2024a). This approach is also important to
ensure social acceptance of Al systems and to build trust among the society (Blasimme & Vayena,
2020; Huang, 2023; Ozer et al., 20243).

On the other hand, it is necessary to rethink assessment systems to mitigate ethical risks in
Al-influenced measurement and evaluation processes (Halaweh, 2023; Lancaster, 2023; Surahman
& Wang, 2022). Existing measurement and evaluation approaches should be continuously updated
in parallel with the advancements in Al. New tools to measure students' contribution to their work
will increase academic honesty (Ozer, 2024). In this context, heterogeneous measurement and
evaluation approaches should be integrated into the education systems to ensure fairness and
objectivity (Yu, 2023). For example, measurement and evaluation approaches that reveal the
student's contribution, such as oral presentations, laboratory activities, group work, and
assignments with limited scope, will increase students' responsibility and significantly reduce the
risk of using Al as a cheating tool (Sullivan et al., 2023).

Additionally, structured and clear instructions in measurement and evaluation processes
encourage students to express their original thoughts and prevent them from engaging in unethical
behaviors (Cotton et al., 2024). To reduce the risk of plagiarism and cheating, it is also
recommended to compare current performence with previous ones (Sullivan et al., 2023).
Assessors' close monitoring of students during the measurement and evaluation process is also an
effective way to determine whether Al is being utilized (Cotton et al., 2024). Progress has been
made in plagiarism detection with the development of tools that can detect how much of a text has
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been written with Al. However, rapid developments in Al technologies often limit the reliability
of these tools as well (Foltynek et al., 2019; Khaled & Al-Tamimi, 2021). Therefore, such
platforms are required to be closely monitored the developments in Al technology and be
constantly updated.

On the other hand, the proliferation of Al increases the amount of data accumulated in Al
systems every day, making it necessary to take serious steps to ensure data privacy (Yanisky-Ravid
& Hallisey, 2018). In this sense, educational institutions and Al developers should determine data
protection strategies together to ensure the security of students' data (Huang, 2023; Ozer et al.,
2024a). At the same time, users of the Al system should have the freedom to protect their personal
data and rights.

Certainly, the key approach to both the development and implementation of Al applications
in education is to increase the Al literacy of students, educators and educational administrators
(European Commission, 2022; Sok & Heng, 2023; Ozer, 2024). Thus, it will be possible to benefit
from the advantages of these technologies with the least risk by increasing awareness of how to
use them, their limitations and risks. Teachers' gaining competence in Al will support the more
successful use of course contents and assessment and evaluation processes and will let them
determine whether there is cheating in the assignments submitted by the students easily.

Discussion and Conclusions

Al technology affects and transforms all sectors in the context of the multifaceted
opportunities it offers. Measurement and evaluation is one of the most important application areas
of Al in education. The use of Al-supported text generation, individualised learning platforms,
automatic item generation, automatic assessment and feedback applications is becoming
widespread. Therefore, the effects of Al on students, educators and education administrators would
increase swiftly (Ozer, 2024). In this context, the potential to produce content using Al in education
raises ethical risks with texts being fully or partially authored by Al. In other words, the fact that
Al tools using large language models such as ChatGPT offer the opportunity to perform textual
tasks such as answering exam questions and writing essays poses the risk of deceiving assessment
systems with masked performances. However, Al tools should play a role in supporting the
development of students and teachers and organizing teaching processes (Owan et al., 2023).
When assessment and evaluation systems lack the ability to detect ethical violations, Al is seen as
a tool that supplies unfair advantage to students. An educational life sustained by Al-generated
texts will distort the behavioural patterns of students in the short term and negatively affect the
quality of human capital in the labour market in the long run.

On the other hand, Al-supported AIG promises to produce questions with high quantity
and quality in a short time to be used in both large-scale exams and classroom assessment practices.
Although there are still debates on the content quality of automatically generated items, progress
is being made in producing items that are compatible with the skills targeted to be measured thanks
to the natural language processing models. Although AIG in classroom assessments saves time for
teachers, the items are still in need of teachers' supervision in terms of the appropriateness and
accuracy of the content to the grade level. At the point where Al has reached today, the leadership
of teachers cannot be given up in the process of AlG.

In addition, Al-supported automatic assessment applications also offer the potential to
transfer assessment tasks to machines. Assessment processes that are completely left to machines
have the potential to fail to monitor student development and produce unfair results due to the
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limitations of Al such as algorithm biases, inability to be as effective as humans in assessing high-
level skills (Acemoglu et al., 2023). An assessment process that integrates Al should offer a
combination of automated and manual assessment methods to measure students' abilities with the
least margin of error and support their learning processes. In this context, in automatic assessment
processes, Al should be utilized in such a way that it can contribute to teachers and students such
as giving feedback and making objective measurements strengthening indivualized learning.

Additionally, studies investigating the contributions of generative Al systems to employee
performance have shown that these technologies most significantly enhance the performance of
individuals with medium and low skill levels (Brynjolfsson et al., 2023; Noy& Zhang, 2023; Peng
et al., 2023). In other words, the contribution of Al technologies to individual performance varies
according to skill level, with the level of contribution decreasing as skill levels rise. These findings
open up a significant opportunity for assessment and evaluation practices. First, these systems can
significantly help reduce achievement gaps in schools by quickly addressing learning deficiencies,
especially in low-skilled students. Secondly, considering that Al systems can rapidly elevate
novices to targeted proficiency levels in workplaces (Alam et al., 2024; Korinek, 2023), teachers
have the potential to quickly improve their measurement and evaluation skills and achieve a
common convergence in measurement and evaluation.

The aspect of Al that supports student development such as generating ideas and providing
guidance should be emphasized and the idea of using it as a cheating tool should be suppressed.
In this context, the priority in Al systems should be given to educating the users (Khosravi et al.,
2022; Sullivan et al., 2023). Because students need to be educated about academic honesty and
awareness should be raised about the role of Al systems in this regard (Cotton et al., 2024). In
other words, instead of deceiving individuals with short-term gains, the complementary aspects
that constantly support them should be emphasized. Because those who can use this system
efficiently will be ahead not only in their educational journey but also in the labour market (Ozer,
2024). When individuals make use of Al to organize their learning journey, they will gain a
valuable companion in their educational journey (Lancaster, 2023).

Consequently, to deal with these ethical risks, Al should not go beyond being supportive
and complementary tool for the individuals. To realize this goal, it is crucial to increase the Al
literacy of all stakeholders of education. In order to achieve this goal, we suggest the development
and use of processes of Al applications in a participatory way involving experts, students, teachers,
administrators, and worker unions. On the other hand, it is critical to develop and continuously
update digital platforms that will contribute to prevent ethical violations that may arise despite all
precautions.
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ABSTRACT

In the current study, it was aimed to investigate the views and experiences of preschool and primary school teachers
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Introduction

Rapid changes in the field of technology have affected the field of education just as they
have impacted many other sectors. One significant outcome of these technological advancements
in education is the increased use of distance and blended learning. The importance of these
methods surged during the Covid-19 pandemic, which had a profound global impact in 2020. As
formal education was disrupted, distance and blended learning emerged as critical alternatives on
an unprecedented scale.

Countries worldwide, including China, were compelled to close schools and universities in
March 2020 due to the pandemic. To ensure continuity in learning, many adopted online and
blended learning solutions (Cao et al., 2021). This global shift sets the stage for examining the
status of the education system in Turkey during this period. In the academic year of 2019-2020,
nearly 25.8 million students were enrolled in education in Turkey, with 1.6 million in preschool
and 5.3 million in primary education. Preschool and primary education, considered the basic
education stage, encompassed 6.9 million students, accounting for 26.7% of the total student
population (Turkish Statistical Institute [TURKSTAT], 2022). With the World Health
Organization (WHO) declaring a pandemic on March 11, 2020 (Ministry of National Health,
2022), Turkey's education system faced significant challenges, mirroring the global scenario
(United Nations Educational Scientific and Cultural Organization [UNESCO], 2022). Each
country, including Turkey, sought temporary solutions to cope with the crisis. Initially, education
in Turkey was suspended from March 16, 2020, to March 30, 2020, followed by a mid-term break
(Ministry of National Education [MoNE], 2022a). Education quickly resumed across all levels
after the break (MoNE, 2022b). Subsequently, face-to-face education was intermittently conducted
(MoNE, 2022c; MoNE, 2022d; Anadolu Agency [AA], 2022a), and a blended learning model was
implemented for a period (AA, 2022b; MoNE, 2022¢).

Blended learning model can be defined as the practice of face-to-face education and
online/distance education together (Dag, 2011). In other words, blended learning is the practice
face-to-face and online/distance education together in order to make the learning process fruitful
and flexible (Gilroy, 2001; Jumabaeva et al., 2020; Lago, 2000; Osguthorpe & Graham, 2003;
Porter et al., 2014; Rasheed et al., 2020; Stein & Graham, 2014). Blended learning does not mean
a limited case like using more technology in the class. According to Grupe (2002), it is the increase
in distance education using various digital software by decreasing the number of face-to-face
courses rather than increasing the technological possibilities of educational settings. In the blended
learning is regarded as a modern teaching form because of its effectiveness in achieving flexible,
timely, and uninterrupted learning (Porter et al., 2014). The use of blended learning has increased
recently in every stage of education (Sloman, 2003), triggered the start of a new education period
with the support of technology (Erdogan, 2021) and according to some researchers of educational
sciences, it has started to be regarded as “new normal in education” (Dziuban et al., 2018; Wut &
Xu, 2021).

Blended learning has been extensively evaluated for its impact on various aspects of
education. Studies consistently show that it enhances student success (Korkmaz & Karakus, 2009;
Korkmaz & Kadirhan, 2020; Uluyol & Karadeniz, 2009; Yilmaz, 2018) improves athletic skills
(Cakit & Karadeniz, 2020), and increases active student participation in courses (Hastie & Curtner-
Smith, 2006). Additionally, blended learning has been found to contribute positively to reading
courses, facilitating deeper engagement in learning activities (Jumabaeva et al., 2020). The
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primary focus of these studies has been on academic achievements and course effectiveness, often
overlooking broader implications for younger learners.

Recent research further supports these findings and extends them to different educational
contexts. Dikmen (2021) demonstrated that blended learning environments enhance teachers'
social, cognitive, and instructional presence, particularly in programming education. Higde and
Aktamis (2021) highlighted the positive impact of blended learning on student attitudes towards
online learning, despite the presence of technical issues. Tiirker (2021) and Diana et al. (2022)
emphasized blended learning’s ability to provide personalized feedback, accommodate individual
learning differences, and create a supportive communication environment between teachers and
students. Finlay et al. (2022) found that sports students in the UK responded more favorably to
blended learning, appreciating the opportunities it offered for practical application. Similarly, Prifti
(2022) observed that blended learning improved students' self-efficacy and satisfaction,
particularly in a higher education setting.

This study stands out by focusing on the largely unexplored area of blended learning in
early education, particularly in preschool and primary settings. These stages are crucial for
children's development, and the role of teachers in shaping foundational skills and attitudes is
paramount. By examining the experiences of these educators, the research provides unique insights
into the practical challenges and benefits of integrating technology and innovative teaching
methods with young learners. This approach not only fills a gap in the existing literature but also
offers valuable implications for educational practices and policies. To investigate the experiences
and views of preschool and primary education teachers in blended learning, the following
questions were addressed:

1. What do they think of the applicability of blended learning model in preschool / primary
education?

2. What do they think of the advantages and disadvantages of blended learning model in terms

of teachers?

What do they think of the advantages and disadvantages of blended learning model?

How do they practice blended learning model?

What kind of challenges did they encounter while practicing blended learning model?

Do they need education on blended learning, if they do, what must be the content of this

education?

RCIEERC
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Method

The research was designed according to case study, a qualitative research approach. Case
studies are carried out to make a deep investigation using the elements (place, person/s, process
etc.), qualitative data collection tools (observation, interview etc.) affecting the case and to
determine the details regarding the case (Creswell, 2014; Yildirnm & Simsek, 2016). In this study,
a case study approach is appropriate because it allows for an in-depth exploration of the specific
context in which preschool and primary education teachers in Ankara experience blended learning.
This method enables the collection of rich and detailed data on the practical applications,
challenges, and benefits of blended learning as perceived by the teachers, providing valuable
insights into their educational practices and the contextual factors influencing their experiences.

Participants

Which teachers would participate in the research was determined by using the criterion
sampling model, which is one of the purposive sampling methods. Purposive sampling is to make
a deep investigation by choosing rich cases in terms of information depending on the purpose of
the study (Biiytikoztiirk et al, 2018). In accordance with the criterion that teachers are the primary
school and preschool teachers having an experience in blended learning model, the working group
was made up of 14 preschool teachers, and 15 primary school teachers teaching at 1-4 grades
working in the city of Ankara. Preschool and primary school teachers were included in the study
simultaneously because the early educational stages are foundational in children's development.
This approach allows for a comprehensive understanding of how blended learning is applied across
different age groups in early education. Professional seniority of the teachers varied from 7 to 25
years. Detailed personal information regarding the participants is given in Table 1.

Table 1. Personal information of participants

n %
Branch
Preschool 14 48
Primary school 15 52
Gender
Woman 21 72
Man 8 28
Age
20-30 12 41
31-40 8 28
41-50 7 24
51 and over 2 7
Professional Seniority
1-10 years 11 38
11-20 years 9 30
21-30 years 8 28
31 years and over 1 4
Status of Education
Bachelor’s degree 25 86
Master’s degree 4 14

As given in Table 1, the working group was made up of 29 teachers, 48% in preschool
(n=14), and 52% in primary school (n=15). As for the gender, 72% of the teachers were woman
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(n=21) and 28% were men. Besides that, 41% were in the age group of 20-30 (n=12), 28% were
in the age group of 31-40 (n=8) while 68% (n=20) had a professional seniority of 1-20 years with
86% were bachelor (n=25) teachers. In short, the distribution of the participant teachers was similar
to each other, woman teachers were high in number, professional seniority outnumbered in the
group of 1-20 years, and most of the teachers were a bachelor.

Data Collection Tools

Before the study began, ethical consent was obtained from Nevsehir Hac1 Bektas Veli
University. The data was gathered using semi-structured interview questions developed by the
researchers after a literature review on blended learning. Three experts, lecturers in primary and
preschool teaching with experience in distance and hybrid learning and educational technologies,
reviewed the interview form. Based on their feedback, two questions were removed, and three new
ones were added. A pilot interview with three teachers revealed some questions were unclear, so
probing questions were included.

Data Collection and Analysis

Participants were informed about the study and their consent was obtained. During the data
collection process, necessary precautions were taken to ensure the data's security and
confidentiality. Most of the data was collected through face-to-face or video calls, with a few
conducted via telephone. The views of the teachers were coded as “P1, P2, P3, ...” for preschool
teachers and “C1, C2, C3, ...” for primary school teachers to adhere to ethical rules. The teachers'
views were shared in italic fonts.

The data obtained from the teachers were analyzed through content analysis. The data was
coded in consistency with the nature of content analysis, themes were formed and evaluated
(Yildirim & Simsek, 2016). To prevent bias in the data, it was examined by two researchers three
times, significant parts were marked, and the codes obtained were noted down across the
expressions. The repeating codes were evaluated with an inductive approach, and themes were
formed.

Validity and Reliability

To ensure the reliability of the research, direct quotations from the obtained data were used,
and multiple researchers participated in each phase of the study. Additionally, the Miles and
Huberman formula was applied. This formula defines reliability as "agreement / (agreement +
disagreement)." The calculations revealed that the reliability was 88%. Miles and Huberman
(1994) consider reliability rates of 70% and above to be reliable. The high similarity in the codes
(88%) indicates a high level of reliability in data coding. Although the initial coder similarity was
88%, discussions continued until full consensus was reached throughout the study. To ensure the
validity of the research, expert opinions were obtained, data were collected through long-term and
detailed interviews, and the stages of the research were described in detail.

Ethics committee approval process

The ethics application for the study was made on 07/05/2021 and the research was carried
out with the approval of Haci Bektas Veli University Ethics Commission dated 14/06/2021 and
numbered 2021.07.221.

156



Results

In this part, the findings of the research questions formed to investigate the views of
preschool and primary education teachers regarding blended learning were given in order and
evaluated. The first question of the research was “What do the preschool and primary education
teachers think of the applicability of blended learning model in preschool / primary education?
The findings obtained by means of the questions asked to the teachers to answer this question were
gathered in the theme of “the applicability of blended learning model in basic education”. Sub-
themes and frequencies regarding the theme of applicability of the blended learning model in basic
education were given in Table 2.

Table 2. Sub-themes and frequencies regarding the theme of applicability of the blended learning
model in basic education

Main Theme Sub-Themes f
Non-applicable

It cannot be applied in preschool and 1% and 2" grades of primary education 1

Students in this age do not have basic skills yet 3

It is necessary to teach the student by showing personally 2

It cannot be applied without parent support 2

Children in this age should learn by experiencing 2

2

2

1

1

1

Children in this age cannot keep up with blended learning technology
Games and activities are of vital importance in this period
It is difficult to apply blended learning with old-age teachers

The Contact is important in preschool

Applicability _Distance education prevents socialization of students

of the Applicable

Blended It can be applicable in the 3 and 4™ grades of primary education 6

Learning |t can be applied as face-to-face for four days and in distance form for one day 6

Model in ¢ can be applied very easily in primary education 6

s . It can be applied in preschool education 5

Education L . . .
Games and activities, face-to-face cognitive outcomes can be given online 3
It can be applied as face-to-face for three days and in distance form for two days 2
Students in 3™ and 4™ grades have the skill of using technology adequately 2
Duration should be adjusted according to age level 2
It can be applied if teachers are trained in this case 2
It can be applied easier with educated parents 1
Parents should be trained on blended learning 1

As given in Table 2, some teachers pointed out that blended learning cannot be applied in
preschool and primary education known as basic education while some others indicated that it can
be applied. Those having the idea that it cannot be applied expressed that it would particularly be
difficult to apply blended learning in preschool and first and second grades of primary education.
As for the participant views regarding that it is difficult to apply blended learning in basic
education, it was pointed out that students in this age do not have basic skills yet, it is necessary to
teach the student by showing personally, children in this age should learn by experiencing, games
and activities are of vital importance in this period, contact is important in preschool and that
distance education prevents socialization of students. Some of the answers given by the
participants regarding the “non-applicable” sub-theme of “‘can blended learning be applied in basic
education” theme is given below:
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“It is not possible to apply it in the first and second grades of primary education, since
you should teach this age group by showing and making them experience personally”
(C2).

“It might be applied at children, but I cannot do it much. I am an advanced age person.
Some younger friends say that they can do it better. They are telling something, but I
cannot understand it much” (C5).

“I do not find it applicable particularly in preschool and in the first years of primary
education, because this young age group do not have the developmental
characteristics to sit and listen in front of technological devices for minutes with a
concentration. In addition, game is the most important method used in this period, and
it would be more difficult to make the play games through distance education” (P17).

Some other participants argued that blended learning could be applied both in preschool
and primary education. It was pointed out by the participants that the students particularly in the
3" and 4" grades of primary education have a high technological adaptation and blended learning
can easily be applied to the students in this age group. It was also indicated that planning it as a
face-to-face education for three or four days a week and a distance education for one or two days
a week would increase the applicability of blended learning. The participant also pointed out that
giving education to both teachers and parents on blended learning would increase the applicability
of this education model. Some of the answers given by the participants as to the fact that blended
learning model can be applicable are given below:

“It can be applied in 4th grade. Children have the skill of using technology
adequately” (C4).

“It can be applied in preschool period. It can be applied as a face-to-face education
for four days and a distance education for one day. | would plan and inform parents
at the very beginning of the educational year about blended learning process. Parent
involvement is necessary, particularly the parents at medium and low economic level
and those having a child with an attention deficit. Parents have responsibilities in
blended learning” (P11).

“It can be applied as face-t0-face for three days and distance education for two days”
(P13).

As the second question of the research, the answers given to the question of “What do the
teachers think of the advantages and disadvantages of blended learning model in terms of students
and teachers?” were gathered under the theme of “evaluation of blended learning”. Sub-themes
and frequencies regarding the theme of evaluation of the blended learning were given in Table 3.
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Table 3. Sub-themes and frequencies regarding the theme of evaluation of the blended learning

Main Sub-themes f
Theme

Advantages

Using technology more functionally

Providing the possibility of digital material development

Encouraging using digital materials

Saving time

Being more economic

More active parent involvement to education process

It offers new alternatives in assessment and evaluation
Evaluation  Flexibility in course hours
of the Disadvantages
Blended Increase in workload, carrying it to family life, expecting everything from teacher
Learning

o

NWWN~N O OBk

~

Disorganization, not knowing what to do

Challenges in classroom management

Challenges in knowing technology and using it

Difficulty in assessment and evaluation

Being unable to use non-verbal expressions (gesture, mimic)

Unwillingness and weariness at teacher

Not being able to produce digital materials

Not being able to guide education according to individual differences
Disadvantages resulting from non-involvement of parents to the education process

PR RPERPRPNDOO N

The participants evaluating blended learning process applied in the pandemic period
indicated that the highest benefit they obtained in this process was technology use and developing
digital education materials. In this sense, the expressions of “I didn’t think that | would be able to
use technological devices in such a useful way” (P4) and “As far as I learned from my young
colleagues, developing digital material was not so difficult” (C10, with a higher seniority) could
be commented such that blended learning applied in the pandemic period made a contribution to
the professional development of teachers.

Another advantage expressed by most teachers was that they were able to spare more time
for their daily affairs on the days when distance education was applied in blended learning model,
they did not have to endure the traffic of the metropolitan city and that they were able to save both
time and economy since they did not go to school every day. The participant “C14” pointed out
that “It is likely to say that it is more advantageous for teachers in terms of both time and
transportation costs”. In addition, participants indicated that increased active involvement of
parents, flexibility in the course hours and developing new alternatives in the assessment and
evaluation were among other advantages of blended learning.

It was indicated that the increase in the workload and the discomfort felt from carrying
work to family life were among the disadvantages concerning blended learning. Particularly
woman teachers having a young child expressed that they got tired for that reason and that they
could not spend qualitative time both to their job and to their children. Another disadvantage given
by the teachers was that they found themselves insufficient regarding how to carry out blended
learning in its most effective way. Besides that, the fact that teachers had difficulties in technology
use and that they felt themselves insufficient in classroom management were among the frequently
expressed disadvantages. In addition, not being able to produce digital materials, not being able to
guide the education depending on individual differences and the challenges caused by the
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involvement of parent in the education process in a wrong way were the disadvantages given by
the teachers. Some of the answers given by the participants regarding the “disadvantages of
blended learning” sub-theme is given below:

“... disorganisation, decrease in motivation based on the increase in workload and
weariness come to the forefront” (P6).

“... itis difficult for the married and for those having children. It brought me a serious
workload” (C11).

“I am in difficulty with what students learn and what they do not. I would not prepare
for the courses before. I thought that | would teach it in any case. Thinking that
everybody would watch me particularly in the distance education part of blended

learning, I spend more time for the preparation. It brings us a serious workload”
(C12).

The third question of the research was “What do preschool and primary education teachers
think of the advantages and disadvantages of blended learning model in terms of students?”. The
answers given to the interview questions were gathered under the theme of “blended learning in
terms of students”. The sub-themes and frequencies regarding the theme of blended learning in
terms of students are given in Table 4.

Table 4. The sub-themes and frequencies regarding the theme of blended learning in terms of
students

Main Theme  Sub-Themes f
Advantages

Increase in technology using skills 7

Possibility of partly resting at home 4

Being more comfortable at home 3

Increase in the possibility to work with the family 8

3

3

2

Missing the school setting

Increase in the attendance to school

Positive development at children with a slow learning pace and introverted
ones

Blended Opportunity to learn from different sources 2
Leg?nien in Easier access to teacher 1
terms g of Being able to support what is learned at school with distance education 1
Increase in adaptation to school 1
Students . _ N - .
Being able to complete unfinished activities at school with distance education 1
Carrying on education in the vacant periods because of interruption of 1

education

Disadvantages

Computer insufficiency and connection problems

Lack of motivation at school attendance

Lack of adoption by families for blended learning

Screen addiction

Spending more time with affairs out of courses

Not being able to receive enough support from guidance service

P NN B

Table 4 indicates that participants view the benefits of blended learning for students as
outweighing the drawbacks. Benefits include enhanced tech skills, partial home rest, increased
family collaboration, improved attendance, positive development for various student profiles,
diverse learning sources, better teacher access, and support for in-school learning. Downsides
encompass tech insufficiency, connectivity issues, reduced school motivation, family hesitancy
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towards blended learning, screen addiction, non-academic time use, and limited guidance support.
Some participant responses on "student-oriented blended learning” are as follows:

“Having one day distance education makes students be attached to school and
increases missing. Insufficiency of computer at families with more children and
connected might cause problems. Blended learning provides an advantage for children
with a slow learning pace in cognitive sense.” (P1).

“They are happy as they carry school setting to home environment. They would misS
the school when they are at home. It was hard for students to come to school every
day. They felt easy in the distance part. Their wishes to go to school and attendance
increased.” P13.

“Children play with the computer mostly and they do not listen what is taught. | tell
the course on the book, but they would not listen to me much. I think they find it boring.
| am talking about the distance education part. | do my course normally in face-to-
face. Other days look like going for nothing.” (C15).

The fourth question of the research was “How do preschool and primary education teachers
practice blended learning model?”. The answers given to the interview questions were gathered
under the theme of “the ways of practicing blended learning model by teachers”. The sub-themes
and frequencies regarding this theme are given in Table 5.

Table 5. The ways of practicing blended learning model by teachers

Main Theme Sub-Themes
Primary f
I planned difficult courses (Turkish, mathematics, science) as face-to- 5
face and easy courses (life sciences, physical education, art etc.) as
distance education
I did the teaching of the course as distance and its exercises and 4
application as face-to-face
| tried to take family support 4
I did not make any different application 3
| tried to do what | did at normal education as methods and techniques 3
in distance education as well.

I made use of visuals and videos more in distance education 3
I used more digital application 2
I made use of Power Point presentations 1

The Ways of Practicing Blended Preschool
Learning Model by Teachers

Family support is of quite importance 8

Group activities could be made face-to-face while individual ones could 7
be made in distance education

I did concept teaching face-to-face, but application in distance 6
education

I informed the parents about the materials to be used one day before. 5

Language and science activities could be done in distance education, 4
but experiments, trip, and observation in face-to-face.

I did not make any change in methods and techniques 3
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As shown in Table 5, the application methods of blended learning by preschool and primary
education teachers display both differences and similarities. Primary school teachers preferred
distance teaching with exercises and face-to-face application, while primary school teachers
favoured face-to-face concept teaching and distance application. Both primary and preschool
education teachers indicated a preference for teaching subjects like Turkish language,
mathematics, and science through distance education, but opted for face-to-face instruction in
courses like life sciences, physical education, and art. Family support was considered crucial by
both groups for blended learning success. Preschool teachers also emphasized informing parents
about preparation before distance education days. Additionally, some teachers in both groups
maintained their teaching methods and techniques from regular education during the distance
education period, without making changes. Below are some participant responses related to "the
ways of implementing the blended learning model by teachers” theme:

“... I tried to practice what I did in normal education in distance education as well.
Perhaps, we were not able to learn at first how fast we carry on the course. However,
we experienced which topic should be taught how long in time and made the program
flexible” (C1).

“I planned it as difficult courses in face-to-face education and easy courses in
distance education. | made more use of visuals and videos in the distance education
part of blended learning” (C3).
"I would opt for methods and techniques that lend themselves well to distance
education, like drama, material design, and painting, which can also be individually
executed for planning. In terms of face-to-face teaching, | would select group games
that are enjoyable when collaboratively undertaken. For me, executing group work in
distance education might be more challenging, so | would consider group activities as
classroom-based and individual tasks as suited for distance education™ (P17).

“I was supported by the parents. I had challenges at first in the adaptation to distance
education. | improved myself but students had hard times in distance education. By
getting the support of the parents, we carried on the process by training them. Then,
we had a fruitful period. I would pay attention to teach practical courses at school but
the theoretical ones as distance education. | used the methods that had used in the
class in blended learning as well with the support of technology” (C235).

The fifth question of the research was “What kind of challenges did teachers encounter
while practicing blended learning model?”. The answers given to the interview questions were
gathered under the theme of “the challenges teachers encountered in blended learning”. The sub-
themes and frequencies regarding this theme are given in Table 6.
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Table 6. The challenges teacher’s encountered in blended learning

Main theme Sub-themes

Lack of technological devices for students

Being insufficient by the teachers regarding technology use
Problems experienced in classroom management

Students’ inability in motivation

Challenges of students in adaptation to school (absenteeism)
Discomfort felt in the reveal of teacher’s privacy during the course
Teacher’s young child at home

Long teaching hours

Teacher’s lack of motivation in courses

Parental indifference

Young students’ not knowing what to do in full sense

'S

The  Challenges
Teachers
Encountered in
Blended Learning

PP R RPRPNDWODSDN ORI

As given in Table 6, the mostly encountered problem in the question where the problems
experienced in the application process of blended learning by preschool and primary education
teachers and the ones observed by their colleagues was that students did not have a computer to
join the course or cuts in the internet connection that would prevent the flow of courses. Besides
that, some teachers indicated that their computers were rather old-fashioned and it was hard for
them to renew them or as they had children having distance courses at home, they had problems
in sharing computers. Another problem that basic education teachers frequently encountered in the
application process of blended learning was that they felt themselves insufficient in terms of
technological literacy in the distance education part of blended learning. In particular, those who
were near to retirement indicated that they had challenges both in using technology in the distance
education part of blended learning and in double planning (face-to-face + distance= of this process.

Teachers working particularly in the preschool and first stages of primary education in the
distance part of distance education of blended learning pointed out that they had problems in terms
of classroom management and student motivations. They also expressed that they had worries
about that parent were always listening the course they were teaching and that they couldn’t obtain
classroom management since they couldn’t make harsh warnings to the students in terms of
discipline. Some participants indicated that their privacy during the courses in blended learning
was harmed and they were uncomfortable about that. Another problem experienced in this process
was that the students could not adapt to the school as they attended to both school and distance
education. Some of the answers given by the participants regarding the “the challenges teachers
encountered in blended learning” theme are given below:

“Preschool children are young age children and they think everything in a concrete
way, they cannot think in an abstract way” (P2).

“... They could misunderstand the words and behaviours of the teacher. Families are
sometimes lack of technological devices, particularly large families. As for distance
education, it is hard to motivate children for the courses” (C5).

“I am not so familiar with technology and my computer is old-fashioned. Brand-new
computers are very expensive. | am not so good at it even though | buy it. It is very
difficult to manage students in distance education courses” (C15).

The sixth question of the research was “Do preschool and primary education teachers need
education on blended learning, if they do, what must be the content of this education?”. The
answers given to the interview questions were gathered under the theme of “educations to be given
to the teachers”. The sub-themes and frequencies regarding this theme are given in Table 7.
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Table 7. The sub-themes and frequencies regarding the theme of educations to be given to the
teachers

Content development

Teaching methods and techniques
Educations to Be Parent education
Given to the Classroom management
Teachers Use of Web 2.0 tools

Family Involvement

Communication 3

&~ O 01 01 0O 0O

Twenty-six of the participants indicated that they wanted to have an education but three
did not. Depending on this finding, it is likely to say that a great majority of the participants was
willing to have an education on blended learning model and, they needed this education. The
answers given to the question of “which items should be included in the education to be given?”
by the participants were gathered under the theme of “the educations to be given to the teachers”.
The sub-themes and frequencies regarding this theme are given in Table 7.

Upon the revision of the education that the participants wanted to have regarding blended
learning model, it was found that their technical information and skills in hand were not available
for this model, and they needed to renew their technical information and skills. In addition, it is
likely to say that the participants were aware of this case, and they expressed it. Some of the
answers given by the participants regarding “educations to be given to the teachers” are given
below:

“... I would like to learn blended learning better, since it is told that future education
will in this way” (C9).

“Yes, I would. Teachers need this education. Subjects, planning the courses, using
technology” (C2).

“Yes, I would. Teachers must have the education. Parents rather than teachers must
have that education. It is because there are a great many parents who do not think
positively over the distance part of blended learning. Teachers could be given
education about technology use, managing the process, teaching methods, course
planning, and access to children, and parent education.” (P12).

Discussion, Conclusion and Implications

With the analysis of the findings obtained in the research, it was found that teachers were
confused about how to practice blended learning model, in other words, they did not know what
to do exactly in this process. As an example, some teachers developed peculiar, blended learning
models taking the age and grades of students, while some others did not do anything in this sense.
It is thought that teachers needed education, particularly in the part of distance education of
blended learning. It is because there is a need to knowledge of suitable planning (Haylock &
Cockburn, 2014) and pedagogical methods and theoretical background (Van de Walle et al., 2010),
and adoption of course and teaching design principles (National Council of Teachers of
Mathematics [NCTM], 2000). However, because of urgency in the pandemic process, institutions
were not able to find opportunities to plan this transition systematically to make an adaptation to
new teaching and learning applications. As a matter of fact, what is ideal in a transition or a
changing process is to invest in the precautions that would decrease challenges against professional
development opportunities of institutions, research and data collection, capacity development and
changing attempts (Rad et al., 2021). Upon the revision of the related literature, it is likely to see
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that these challenges are not only experienced in basic education stages but also in higher
education. In a study by Singh et al., (2021), it was found that Covid-19 pandemic process had
significant challenges upon lecturers, students and administrator and it affected almost all the
academic staff; technological fear, limited software knowledge, time management problems and
feeling of loneliness created challenges for the lecturers at universities.

Upon the analysis of teacher views, it was found that family support is needed more to be
able to apply blended learning at all stages of basic education successfully. For that reason, it is
believed that parents must be given education to inform about blended learning. In their study,
Barnett and Jung (2021) indicated that parents were not able to make necessary support to the
educational process of their children, their efforts (e.g., the number of books they read) regarding
the support they made for the personal development of their children decreased, and it led to
possible learning losses in pandemic period.

Depending on the findings of study, it is likely to say that teachers try to increase their
developments in technical fields such as technology literacy and producing digital content thanks
to blended learning. In addition, providing with the opportunity of saving time and acting more
flexibly in running the courses gives advantages to both teachers and students. On the other hand,
students get accustomed to using technology for educational purposes and they have chances to
learn from more different sources. This case that was determined in the study supports various
studies in the literature. Studies show that blended learning increased the success of students
(Giirdogan & Bag, 2019; Junco et al., 2011; Korkmaz & Kadirhan, 2020; Rovai & Jordan, 2004;
Uluyol & Karadeniz, 2009; Unsal, 2010; Usta & Mahiroglu, 2008; Y1lmaz, 2018), supported active
involvement of students to learning processes (Junco et al., 2011; Yilmaz, 2018), provided easy
access to information and enriched learning experience to students (Singh & Reed, 2001; Stein &
Graham, 2014; Yildirim & Vural, 2016), became more economic (Singh & Reed, 2001; Stein &
Graham, 2014)), and was useful for the prospective teachers having difficulty in expressing
themselves verbally (Alhan, 2019). It was determined in a study carried out with prospective
teachers by Higde and Aktamis (2021) that participants found face-to-face learning settings more
effective compared to online setting, and they also thought that having the chances of watching
videos again and of saving time were the positive sides of distance education. Gilirdogan and Bag
(2019) pointed out that students found blended learning applications fun, it provided permanency
in what they learned, varied learning and gave a chance to watch the videos again.

One of the positive experiences of teachers regarding blended learning was that some
introverted and shy students mostly overcame these challenges in the distance education courses,
in other words, they their social sides gained strength when they came to face-to-face education.
This finding is parallel with the study by Xie et al. (2020). In this study, because online education
was designed to focus on the educational demands of individual students by nature, it could be
advantageous for the students who are socially weak and in cooperation. Singh et al. (2021) carried
out research to determine the facilities, challenges, strong and weak sides of education software
platforms for students. In this study, it was determined that self-sufficiency, self-awareness, and
self-esteem of the student were affected positively thanks to blended learning experiences.

One of the results obtained through the analysis of the findings of the current study was
that insufficiency of the infrastructure regarding the provision of technological equipment and the
internet was one of the most important reasons making blended learning difficult. Both students
and teachers have challenges in this sense. This case causes an important problem in providing
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social justice in education (Cho, 2021). Xie et al. (2020) indicated that the insufficiency of
technology and infrastructure with the compulsory process of distance education deepened
inequalities in education more, and particularly underdeveloped countries were influenced badly
in this fact. Similarly, Barnett and Jung (2021) found in a study carried out to investigate the effects
of pandemics on preschool education in the USA that 51% of the children at the age of 3 and 71%
of those at the age of 4 participated in preschool education before pandemic, but a 25% dropped
was seen in the pandemic process including students participating in distance education. In
addition, there became sharp decreases in the general participation and particularly face-to-face
participation of the children in poverty (known as the families have an annual income under 25.000
dollars). It was found that only 13% of the children in the families in this economic level were able
to participate in preschool education.

Carrying the office home and turning home into school in terms of students is one of the
important reasons making blended learning more difficult to conduct. Teachers expressed that they
found it hard to motivate both themselves and students in the courses while practicing blended
learning. It was found that teachers had challenges in classroom management, adapting students
to the course and producing contents. This result is parallel to some studies in the literature. As an
example, Rasheed et al. (2020) and Wut and Xu (2021) indicated in their studies there were some
challenges regarding using technology true and effectively in teaching processes, while Burke and
Dempsey (2020) with Saridas and Topdagi (2021) emphasized that teachers must be supported to
overcome the insufficiencies in digital literacy. Similarly, according to Xie et al. (2020), students
could easily be distracted by social chats, news, or games in online education. Some students
cannot complete their school activities because there is no teacher to encourage and remind them
their tasks and overcome their lack of motivation. The case of home and expectation cannot be
taken into consideration during blended learning. It is because students can be in trouble since they
have to look after family member (siblings, elderly, or patients).

It is likely to say that teachers agreed on the fact that blended learning is not suitable in the
distance education part, particularly at the first and second grades of primary education with the
preschool stage. Similar findings were found in a study by Cao et al. (2021) in a study carried out
into the effects of teachers in China on the mathematic teaching in online teaching process during
Covid-19 pandemic process. In this study, it was determined that distance education made
mathematics teaching difficult particularly for the lower grades. In online teaching, as each student
participated in the courses with their own devices, teachers had challenges in grouping students
and arranging classroom activities, and they pointed out that distance education was not much
suitable for young age group. The authors of the well-known book “Understanding Mathematics
for Young Children”, Haylock & Cockburn (2014) indicate that some hard to teach subjects could
be taught easily to the students in this age group by using classroom activities, discussions, and
some methods comprising peer cooperation.

It is likely to say that parents who cannot take necessary care of the education of their
children is another factor making blended learning harder. In their study, Barnett and Jung (2021)
found that parents from USA were less contented from distance education in preschool period,
teachers were bored of the demands of supporting distance education, and childcare and education
process affected work life negatively. This limitation in young age groups comes to the forefront
as insufficiencies of technological literacy for the students in older age groups. According to Lake
and Makori (2020), even though most students regard themselves as “digital natives” today, a great
many of them, particularly young students, still need supports to overcome the problems of
becoming online, and of technical troubles as well.
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Effects regarding theory and application

The study provides comprehensive insights into the theory and application of blended
learning. Initially, it explores the blended learning model, which is perceived as restructuring the
fundamental operations of the educational system within schools. It emphasizes the importance of
considering students' developmental levels, particularly in early education settings such as
preschool and primary education, when implementing the blended learning approach. Moreover,
the study highlights the crucial role of school administrators in effectively managing various
aspects of education management, including planning, coordination, organization,
communication, and supervision, within the context of blended learning.

During the Covid pandemic, the adoption of the blended learning model led to significant
challenges for teachers as physical classrooms transitioned to virtual settings. Teachers' technical
competencies developed in traditional classrooms may not be as effective in virtual environments.
Consequently, there is a growing necessity for teachers to enhance their technical skills, including
planning virtual courses, creating activities and content, utilizing technology, managing virtual
classrooms, and facilitating communication.

While blended learning offers numerous advantages for educators, students, and parents, it
also presents certain drawbacks. The study aims to identify and evaluate both the benefits and
limitations associated with blended learning.

Additionally, the study highlights that while blended learning offers flexibility, models
prioritizing face-to-face instruction may be more suitable for younger learners, particularly in early
education settings. The findings emphasize that the success of blended learning relies not only on
the structure of the model but also on the teacher's ability to effectively integrate technology and
adapt to both virtual and physical classroom environments. This adaptability is crucial for
addressing the unique developmental needs of preschool and primary school students, ensuring
that educational methods remain effective and engaging across different learning contexts.

Limitations and research recommendations

The current study is a qualitative study carried out with a small participant group made up
of teachers working in preschool and primary education in Ankara in Tiirkiye. For that reason, the
results cannot be generalized with larger samplings. It is recommended that future studies should
be carried out with the support of quantitative research methods having larger samplings.
Samplings from the cities in different sizes could be chosen. The results of the studies investigating
how blended learning is carried out in the student groups with older ages as in secondary education
and university could be compared with the results of the current study.

The contents of the courses given to prospective teachers in the faculties of education could
be rearranged in a way to increase the competencies in distance and blended learning applications.
Policy makers could be recommended to carry out studies regarding how to apply blended learning
at schools by taking the results of the current study into consideration. It is also recommended that
teachers teaching in preschool and first and second grades of primary education should teach in
distance education for one day while applying blended learning, and those teaching in the second
and third grades should teach in distance education for two days.
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ABSTRACT

Statistical literacy is one of the most important actors in the information age. There has been an
increase in the importance of education. Therefore, teachers' mastery of statistical concepts is
necessary for quality education. The present study aims to examine the statistical literacy levels of
pre-service elementary mathematics teachers. The study is a quantitative research with ex post
facto design. The sample consists of 530 pre-service teachers in two universities. "Statistical
Literacy Scale" was used for data collection. For the validity analysis of the scale, a first level
confirmatory factor analysis was carried out and the Cronbach alpha coefficient was calculated for
reliability. The data were analyzed using independent samples t-test and one-way ANOVA. The
statistical literacy levels of pre-service teachers increase with the statistics and probability courses
they take during their undergraduate education. It was also concluded that there was a significant
difference between the students who took the courses and those who did not. It is recommended
to conduct new studies for curriculum development and educational policies by revealing the
factors affecting the development of statistical literacy.
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Introduction

Education has a vital role in the development of societies (Bali & Donmez, 2018).
Therefore, teachers’ competencies and skills are a determining factor in the effectiveness of
education (Wu et al., 2022). Statistical literacy (SL) is gaining more importance in education. In
addition, SL has become an indispensable requirement in today's information age. It is also
important that teachers will use both in their professional development and teaching (Sharma,
2017). Therefore, determining and improving the SL levels of pre-service teachers (PST) is
important in improving the quality of education. The studies conducted in this direction have a
significant place in the literature. The present study examines the SL levels of PST and the gap in
this field.

Literature Review

In today's information age, individuals need literacy skills for personal development and
social participation. Literacy requires mastery in various areas of knowledge. Within the education
system, teachers must have literacy in various fields to ensure that future generations grow up as
individuals who can make informed decisions (Mhlongo et al., 2023). In this context, SL is
becoming increasingly important at all levels of education.

Literacy is one of the most basic needs of modern societies. Beyond the ability to read and
write texts, literacy now refers to the ability to critically evaluate and use information effectively.
Today, the ability to access and interpret information accurately plays a critical role in determining
individuals' personal and professional development (Pilgrim & Martinez, 2013). Literate
individuals can solve problems more effectively, make more informed decisions and contribute to
society. Literacy supports individuals' lifelong learning and is an essential requirement for general
well-being. Therefore, individuals need to acquire literacy skills. This can be realized through
education.

Literacy is needed in many different areas of society. For example, it manifests in various
fields such as finance, media and digital technologies, information management, and mathematics.
Financial literacy is concerned with the ability to manage finances (Goyal & Kumar, 2021). Digital
literacy, which is indispensable today, includes the ability to interact with digital tools and
understand media content (Kaya et al., 2024; Nicholson, 2017). Information literacy is related to
the skills of accessing, sharing, evaluating, and using information (Walsh, 2011). Mathematical
literacy requires performing basic mathematical operations and recognizing symbols and terms
(Holenstein et al., 2021). Different types of literacy promote individuals' involvement in social life
and enhance their overall well-being. One of the types of literacy is SL. It is essential in today's
data-driven world. It basically involves understanding and interpreting statistical data (Sharma,
2017). Many situations and events encountered both in professional life and in the public domain
are based on data. For example, statistical methods are used to evaluate the effectiveness of
constructive policies, measure the performance of employees, and evaluate education. Therefore,
to make rational and efficient decisions, it is necessary to make inferences by mastering the data
obtained. SL is necessary and essential for everyone involved in social life. Moreover, SL is needed
to calculate probabilities when shopping individually or when planning a career. SL is also
becoming increasingly important today due to its use in many areas of social life. It involves
understanding and using statistics' basic concepts and language (Garfield, 2011). SL also includes
being able to recognize and interpret different representations of data. Moreover, its scope is not
limited to these but goes beyond the basic skills. SL includes the ability to interpret and critique
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real-world data, such as graphs presented in the media on climate change. It also develops the
ability to understand and evaluate, and cultural contexts of data's social, environmental, and
cultural contexts. Thus, it strengthens individuals' statistical thinking skills, enabling them to solve
real-life problems more effectively. There are many different models related to SL in the literature
as it concerns society in general. Gal (2002) proposed a SL model that includes knowledge and
attitude or disposition components and emphasized the importance of making inferences after
understanding and interpretation. For this, mathematics, statistics, and literacy skills are employed,
and dispositions are effective in this process. Watson and Callingham (2003) constructed the
structure of SL in a hierarchical way. This structure is from personal and informal views (the
lowest) to the stage that has grounds and requires critical thinking (the highest). Sharma et al.
(2011) presented a four-stage framework for diagnosing students' thinking. The aim of this
framework, which is similar to the Watson and Callingham (2003) model, is to provide teachers
with a tool that can be used to construct and assess students' SL constructs. Finally, the GAISE
framework defined three statistical stages (levels A, B, and C) through which students’ progress
to develop their statistical understanding in order to determine the level of development of K-12
students (Carver et al., 2016). In these models and frameworks, SL levels were determined
according to individuals' knowledge. In addition, the importance of the components of SL was
emphasized. SL has an essential place in education, especially in the case of Sharma et al. (2011)
and Carver et al. (2016), who focus on students' statistical skills.

SL aims to develop individuals' statistical thinking skills. Therefore, teachers and PST must
help students develop their SL skills. In this way, educational practices become more effective,
students' statistical thinking skills increase and their academic achievement and social
contributions are strengthened (Darling-Hammond et al., 2020). Therefore, for teachers, SL is of
critical importance in education. Teachers need to have SL enabling students to think and make
inferences based on data. SL empowers teachers to make informed and effective decisions not only
in their own field but also in education. It also allows teachers to monitor student achievement,
evaluate educational programs, and develop strategies that are appropriate to student needs
(Ridgway et al., 2011). Moreover, SL is becoming increasingly important in education because
today's decision-making processes require making inferences from data. Teachers are responsible
for equipping their students with the skills that they will need in society. Therefore, teachers must
continuously improve their SL competencies and apply these skills effectively in and out of the
classroom (Ben-Zvi & Makar, 2013). In order to strengthen teachers' knowledge and skills in SL,
it is important that they successfully complete the teacher training program and follow the best
practices in this field. Also, teacher training programs must emphasize the importance of SL
(Guven et al., 2021). In this way, future generations can be better educated and more successful in
a data-driven world. Moreover, school administrators and educational institutions must also
provide appropriate environments to support teachers' SL skills and offer professional
development opportunities in this area.

In summary, developing and promoting SL should become a key priority of education
systems. This increases success in individuals' personal and professional lives and contributes to
society's general well-being. Furthermore, statistical skills are needed in daily life. Therefore,
statistics is an essential integral part of education and training. Statistics also goes beyond the
transfer of mathematical knowledge. It encompasses an understanding of statistical concepts and
their applications. Mathematics teachers play an important role in developing individuals' SL
(Callingham & Watson, 2017). However, teachers experience difficulties because they struggle
with statistical content or lack confidence in teaching statistics (Marshman & Dunn, 2024).
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Therefore, knowledge and experience in undergraduate education are required for PST of
mathematics. Within the scope of probability and statistics courses, basic concepts of probability,
probability types, probability function, sampling, data organization and analysis, sampling
distribution and estimation, and confidence intervals are included. Topics related to probability
and statistics are included in all levels of education from primary school to undergraduate level.
PSTs are expected to be statistically literate individuals to teach in their future professional lives.

Research conducted to evaluate the SL levels of PST is considered an important step
toward increasing the effectiveness of education. Statistics is developing and, therefore, the focus
of numerous research. Many studies are focusing on SL (Badenes-Ribera et al., 2018; De Vetten
et al., 2023; Zieffler et al., 2018). In the literature, various tools and methods for measuring PST’s
SL skills have been examined, and research on the effect of these skills on PST’s professional
performance has been discussed. In addition, studies on the importance of SL training of PST and
the effectiveness of these trainings have a prominent place in the literature. Ozmen and Baki (2019)
examined the secondary school mathematics curriculum in the context of SL and revealed that SL
is shaped around statistical process components and indicators. Cakmak and Durmus (2015) stated
that secondary school students had difficulty learning probability concepts. Regarding this result,
it is known that PST has difficulties in providing appropriate feedback based on student mistakes.
They also have difficulty solving problems that require going beyond procedures and comparing
measures of central tendency (Kazunga et al., 2023). Guven et al. (2021) stated that the SL levels
of PST are generally low, which affects the competencies. PST who had and had not taken
mathematics courses in their undergraduate education responded similarly to the SL questions.
There was no significant difference between them (Forgasz et al., 2024). (Schreiter et al., 2024)
reported that PST had low conceptual knowledge in the basic areas of statistics. PST understand
statistical data and present them in different representations, but they are inadequate in interpreting
and making inferences (De Vetten et al., 2023; Nahdi et al., 2021). In addition, there is a greater
focus on the procedural aspects of statistics with significant differences in their knowledge levels.
Aydin et al. (2019), who examined the self-efficacy and attitudes of PST toward the statistics
course, reported that their self-efficacy beliefs and attitudes toward the statistics course were high
and moderate, respectively.

The theoretical framework and empirical studies reveal the importance of SL. Recent
studies on PST’s SL have focused on variables such as attitude and competence. PST’s SL levels
are expected to increase with the statistics and probability courses they take during their
undergraduate education. The present study aims to investigate the relationship between statistics
and probability courses on PST's SL level. The research questions are:

1. Is there a relationship between statistics and probability courses and the SL levels of
pre-service elementary mathematics teachers?

2. s there a significant difference in the SL levels of pre-service elementary school
mathematics teachers according to grade level?
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Method
Research Design

The present study utilized a descriptive survey, which is one of the quantitative research
approaches (Sata, 2020). The model is preferred to explore the relationship between changing
conditions and subsequent behaviors after the pre-existing conditions and situations are defined.

Sample

The study's population consists of PSTs studying in an elementary mathematics teaching
program in Turkey. The sample consists of 530 PSTs (67.7% female) selected by convenient
sampling method. Table 1 shows the demographic variables of the participants.

Table 1. Distribution of participants according to demographic variables

Variables Categories N %
Gender Female 359 67.7
Male 171 32.3
1st grade 122 23.0
2nd grade 161 30.4
e 3rd grade 130 245
4th grade 117 22.1
Take a statistics and probability 1 253 ar.1
BalEs 2 277 52.3
Total 530 100.0

*1: PST who have taken statistics and probability courses
2: PST who have not taken statistics and probability courses

Of the sample who continue their education in 2 different universities, 23.0% of them are
at the 1st-grade level, 30.4% are at the 2nd-grade level, 24.5% are at the 3rd-grade level, and 22.1%
are at the 4th grade level. In addition, the percentage of participants who took and did not take
statistics and probability courses is almost equal to each other. The fact that the participants were
selected from different universities in Turkey and from different grade levels contributes to the
generalizability of the study.

Data Collection

The data for this study was collected through an online survey using Google Forms. All
participants took part in the study voluntarily and were informed of the purpose and procedures.
Responses were assured of confidentiality.

Data Collection Tools
SL Scale (SLS)

SLS, developed by Sahin (2012), consisting of 17 items, was designed to measure the SL
levels of PST. Items (e.g., "There are 30 numbers. The standard deviation of these numbers is
found to be zero. Which of the following can you be sure of?™) are scored one-point for questions
with four options and 0.5 points for questions with two options. The score obtained from the SLS
varies between 0 and 16. High scores mean that PST’s levels of SL have increased, while low
scores mean that their levels of SL have decreased. In the present study, the Cronbach a coefficient
calculated for the whole scale was. 601, while the McDonald o coefficient was determined to be
.933. CFA was performed for the validity of the measurements obtained from the measurement

177



tool, and the fit values were y? /df = 297.82/118 = 2.523, CFI = .981, NNFI = .980, NFI = .965,
RMSEA (%90 CI) = .054 (.040 - .050), SRMR = .060.

Data Analysis

Descriptive statistics of the measurements, Cronbach alpha coefficients for the reliability
of the measurements, and confirmatory factor analysis were performed to provide evidence for the
validity of the measurements. One-way ANOVA was conducted to determine the change in SL
levels of PST according to their taking statistics and probability courses. In addition, Levene's test
was used to determine whether the variance was equally distributed before the variance analysis.
SPSS and LISREL software packages were used for data analysis. In data analysis, the .05 level
was taken into consideration for statistical significance.

Ethic

The study was conducted with the permission of Agr1 Ibrahim Cecen University Scientific
Research Ethics Committee dated 24.03.2022 and numbered 84.

Results

Descriptive statistics calculated for the measurements obtained from the measurement
tools are presented in Table 2.

Table 2. Descriptive statistics of measurements

. . Skewness Kurtosis
Variable variable level Value  Std. Error  Value  Std. Error
- - 1 -0.217 0.153  -0.243 0.305
Take a statistics and probability course 5 -0.293 0146  -0095 0.292
1 -0.145 0219  0.040 0.435
Grade 2 -0.331 0191 -0.124 0.380
3 -0.240 0212 -0.191 0.422
4 0.147 0.224  -0.382 0.444

Table 2 shows that the skewness and kurtosis values of the measurements according to
both the status of taking statistics and probability course and the grade level are within the range
of + 2.00. Accordingly, it was determined that the measurements had a normal distribution (Shiel
& Cartwright, 2015).
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The confirmatory factor analysis of the SLS was made and the results are presented in
Figure 1.

a0

[+)]

,.
JAlh s W sl W oW
&

Figure 1. Measurement model defined for SLS first-level CFA results

Figure 1 shows that the factor structure of the scale was confirmed by confirmatory factor
analysis. When Figure 1 is examined, it is seen that the factor loadings of some items are low. The
analysis included these items because the model-data fit had a high fit value. No items were
removed because there was sufficient evidence for construct validity. The results of the analysis
conducted to determine the SL levels of PST according to their course-taking status are presented
in Table 3.

Table 3. SL levels of PST

Variables Categories n X SD
- - 1 253 9.84 3.082
Take a statistics and probability course ) 277 796 5 537
Total 530 8.86 2.961

Table 3 shows that PSTs who did not take the statistics and probability course (X =7.96)
had lower SL scores than those who did (x =9.84). The results of the independent samples t-test
analysis to test the significance of this difference are presented in Table 4.
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Table 4. Independent sample t-test analysis results related to taking statistics and probability
course

Variables Categories n X SD df t p
Take a statistics and probability 1 253 9.84 3.082
course 2 277 7.96 2537 489.328  7.699 .000
Total 530 8.86 2.961

Levene test (F): 10.332; p=.001

Table 4 shows that the variances of the scores obtained by the groups who took and did not
take statistics and probability courses were not homogeneous [F=10.332; p = .001, (p > .05)]. The
results of the independent samples t-test when the variances are not homogeneous show that the
mean scores of the groups who took and did not take statistics and probability courses differed
significantly [t (489.328)=7.699; p=0.000, (p < .05)]. According to the calculated eta-square value
(m? = .099), it may propose that taking statistics and probability course has a moderate effect on
the differentiation between PST’s SL levels. The results of the analysis conducted to determine
the SL levels of PST according to their grade levels are presented in Table 5.

Table 5. SL levels of PST at grade levels

Variables Categories n X SD
1st grade 122 7.86 2.642
Grade 2nd grade 161 7.95 2.507
3rd grade 130 10.25 3.051
4th grade 117 9.60 2.960
Total 530 8.86 2.961

Table 5 shows that PST at the 1st (x =7.86) and 2nd (X =7.95) levels had lower SL scores
than PST at the 3rd (x =10.25) and 4th (X =9.60) levels. One-way ANOVA results to test the
significance of the difference are presented in Table 6.

Table 6. One-way ANOVA results according to the grade levels of PST

Variables Cateqories n _ Source of Sum of df Sum of Difference
g Variance  Squares Squares P (scheffe)
Istgrade 122 7.86
g between 521 47 3 190.470 1-3
2nd grade 161 7.95 groups 1-4
Grade 24.63 0.000
3rdgrade 130 10.25 within 2-3
4066.97 526  7.732 2.4

4th grade 117 9.60 groups

Total 530 8.86 4638.38 529
Levene test (F): 2.548; p=.055

Table 6 shows that the variances of SLS scores of PST at all grade levels are homogeneous
(F=2.548; p > .05). One-way ANOVA results show that the mean scores of PST at all grade levels
differed significantly (F-526)=24.63; p < .05). Scheffe test showed that the significant difference
was between 1-3, 1-4, 2-3, 2-4 grade levels. According to the calculated eta-square value (n>=
.118), it can be said that the grade level has a moderate effect on the differentiation between PST’s
SL levels.
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Discussion

This study examined the relationship between statistics and probability courses and the SL
level of PST. The findings provide insights into the SL levels of PST about their course-taking
status and grade level. The results are interpreted in terms of both theoretical and empirical support.
The results show that SL differs according to grade level and course-taking status. In other words,
statistics and probability courses are related to SL. This result is consistent with the findings in the
literature that emphasize the importance of statistics and probability courses in SL and skill
development (Guven et al., 2021). The statistics and probability knowledge levels of PST who
have taken statistics and probability courses are higher than those who have not. Therefore,
integrating these courses into teacher education programs can be an effective strategy to strengthen
the basic skills of pre-service teachers. Basic concepts and skills in statistics and probability
courses affect the SL levels of PST. This training requires practice, a goal-oriented approach, and
learning. This coincides with the conceptual understanding emphasized by GAISE (Carver et al.,
2016). Therefore, PST can more effectively cope with the challenges they will encounter in their
future professional lives. The results are similar across different grade levels. For example, the
statistics and probability knowledge levels of 3rd and 4th grade PST are higher than the 1st and
2nd grade teacher candidates. This progress can be attributed to exposure to and interest in more
statistical concepts over time. Upper-grade levels provide students with the opportunity to
encounter and apply statistical concepts in a variety of contexts.

The importance of SL today is increasing as data-based decision-making and solving
complex problems become basic skills. Teachers can promote SL by developing students'
conceptual understanding and statistical thinking skills in this context. As previous research
emphasizes, knowledge and practice are important in developing SL (Badenes-Ribera et al., 2018;
Darling-Hammond et al., 2020). As pre-service teachers master statistical concepts and apply them
in different contexts, they may increase their SL levels. Therefore, to improve the SL of PSTs,
besides theoretical knowledge, opportunities to encounter concrete examples and apply them in
real life should be provided. This approach can help them to increase their literacy levels. In this
context, it should be remembered that this hands-on approach in education can more effectively
develop PSTs' statistical thinking skills and provide effective teaching.

Conclusion and Implication

This research shows that statistics and probability courses taken at the undergraduate level
are related to SL levels of PST. Findings reveal that these courses play a critical role in developing
PST's statistical thinking skills and that these skills further increase at higher grade levels. The
importance of this study emphasizes that statistics and probability courses should be included more
in the context of teacher education programs. Statistics and probability education can enable PST
to make data-based mathematics teaching decisions and transfer statistical thinking skills to
students. More focus on these areas by teacher education programs can increase the professional
competencies of future teachers. Additionally, this finding demonstrates how statistics and
probability courses not only improve the SL levels of PST, but also how teacher education
programs can contribute to developing these skills. The study results emphasize the importance of
reconsidering teacher education programs to increase the potential of PST to increase their SL
levels and be more successful in teaching mathematics. In this context, relevant stakeholders need
to shape education policies by considering these results. Changes made in this direction may
contribute to future teachers' ability to provide mathematics education more effectively.

181



Limitations and Suggestions

This study has several limitations. The data collected in this study are based on the participants'
statements and are limited by the scope of the measurement tool. The gender distribution in the
sample is unbalanced, with a higher representation of women (67.7%) compared to men (32.3%).
This skewed distribution could potentially reveal gender-related biases and limit the
generalizability of the results to a wider population. The results of the analyses show that statistics
and probability courses are related to PST’s SL. Therefore, longitudinal and experimental studies
are needed to analyze the relationship in more detail. In addition, researchers can conduct studies
to examine PST’s attitudes toward statistics and probability courses. Teacher education programs
can include more activities to increase PST’s conceptual understanding of statistics and probability
courses. It is also suggested to conduct new studies for curriculum development and educational
policies by revealing the factors affecting the development of SL skills. Comparative studies
related to statistical literacy can be conducted by including university students from different
undergraduate programs in the sample.
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