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Abstract
:
Technology-supported cross-cultural learning (TSCCL) is essential for effective intercultural communication, fostering global understanding, and facilitating collaboration in an interconnected world. Although previous studies and review articles have explored this field, a comprehensive analysis of trends and key findings in these reviews is lacking. This study aims to fill this gap by conducting a thorough examination of existing review studies. We employed a narrative synthesis approach consisting of three phases: preparation, organization, and abstraction. We selected and systematically reviewed thirty-one review articles published in twenty-five journals between 2003 and 2023. Our findings highlight key aspects of the reviewed articles, such as keywords, databases, selection criteria, theoretical foundations, content analysis, research questions, findings, and limitations related to technology-supported cross-cultural learning. We found that the researchers used various strategies for literature searches, including single, double, or multiple keywords depending on the study’s focus. The most commonly used keywords were telecollaboration, intercultural, communication, competence, language learning, and technology, indicating their significance in current research and practice. The number of papers reviewed varied across studies, as did the timeframe coverage, ranging from a few years to several decades. Researchers employed different databases, with Web of Science, ERIC, Scopus, and Google Scholar being the most popular choices. Inclusion and exclusion criteria were established to ensure methodological rigor and relevance. Theoretical foundations, such as the telecollaboration model and intercultural communicative competence model, were frequently employed. Open coding was the dominant content analysis approach used. Research questions were present in some studies but not explicitly stated in others. These findings shed light on the strategies and considerations used by researchers in conducting review studies on technology-supported cross-cultural learning, providing guidance for future research. The study presents a reference table encompassing all previously published reviews, which can be valuable for future scholars. By gaining insights from past studies and identifying unexplored research avenues, researchers can benefit from this report. Additionally, the implications and suggestions derived from this review study are valuable for educators and researchers in the TSCCL field. This review addresses gaps in the existing literature and contributes to advancing knowledge in the field of TSCCL.
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 1. Introduction
Cross-cultural learning is a phenomenon that emerges in our interconnected world, fueled by the availability of spaces and platforms for interaction [1,2,3,4,5,6]. According to Yamazaki and Kayes [7], this type of learning involves the interaction between individuals and different cultures, emphasizing the intricate relationship between culture, learning, and successful adaptation in cross-cultural environments. Çiftçi [8] and Talalakina [9] explained cross-cultural learning as a process encompassing the transmission of cultural nuances, fostering cross-cultural communication and open-mindedness, offering tools for effective communication in diverse contexts, and enabling the acquisition of cross-cultural knowledge through scenarios or models. Through activities, such as reading, simulations, watching videos (indirect communication), and interacting with individuals from different cultures (direct communication), learners can engage with cultural diversity and facilitate cross-cultural learning [10,11,12,13].
The capabilities of technology empower cross-cultural learning by overcoming existing obstacles, providing immersive experiences, customizing learning, and fostering global connections [14,15,16,17,18,19]. With the aid of technology, learners have the opportunity to delve into, comprehend, and appreciate diverse cultures, enhancing their cross-cultural competencies and preparing them for a globalized world [20,21,22,23]. For example, technology provides access to a vast array of resources, such as online libraries, digital databases, and educational platforms, which offer cross-cultural materials [8,11,24,25]. This addresses the challenge of limited resources, ensuring that learners can access a wide range of information, perspectives, and cultural content, regardless of their geographical location [5]. Immersive experiences facilitated by certain technologies, like virtual reality (VR) and augmented reality (AR), allow learners to explore different cultures, visit historical sites, engage in virtual exchanges, and participate in diverse cultural practices, all from within their learning environment [6,24,26,27,28,29]. These simulated encounters foster greater cultural understanding and empathy [18,30]. Furthermore, technology-driven platforms, such as online discussion forums, video conferencing, and collaborative workspaces, enable learners from diverse cultures to collaborate, communicate, and exchange ideas seamlessly [11,20,31,32,33,34]. By overcoming geographical barriers, these platforms facilitate real-time interactions, nurturing cross-cultural comprehension and promoting teamwork [35,36,37,38,39].
Technology-supported cross-cultural learning has garnered significant attention from educators and researchers [5,20,35,40,41]. Empirical studies e.g., [5,20] and review studies e.g., [11,22,23,38,42] have been conducted to summarize findings on cross-cultural learning supported by technology or on articles related to this field. For example, various types of review studies have been carried out in this area, including systematic reviews e.g., [43], critical reviews e.g., [38], scoping reviews e.g., [35], bibliometric analyses e.g., [44], and literature reviews with meta-analyses e.g., [45]. Interestingly, no study has examined existing review studies on technology-supported cross-cultural learning.
A review study serves as a comprehensive survey of existing research on a particular topic, offering an overarching perspective on the current state of knowledge and thought. These studies are often paralleled with primary research in terms of their commitment to systematic approaches, transparency in methodology, reliability of findings, and replicability of results. This ensures that review studies maintain a high standard of academic rigor, similar to that expected in original research. To provide a comprehensive understanding of the current state of research, a review of review studies is an appropriate approach for assessing whether the existing evidence is complete or incomplete [46]. Reviews of review studies involve systematically examining and summarizing a collection of review studies [26]. Currently, there is a lack of comprehensive guidance on best practices for conducting reviews of review studies [24]. Reviews of review studies are increasingly utilized to synthesize evidence from review studies, which can be challenging due to variations in findings and focuses across publications [47]. The primary purposes of reviews of review studies are twofold: (1) to identify the most robust evidence base by evaluating the quality of synthesized research, and (2) to summarize the existing evidence on a particular subject as reflected in available reviews [48].
The process of conducting a review of review studies involves the following [48]: (a) establishing a specific scope for the research, (b) strategically searching for the relevant synthesis literature, (c) taking into account the timeliness of the literature, (d) managing any overlap among the included reviews, (e) utilizing quality assessment tools to select appropriate reviews, and (f) devising effective strategies for synthesizing and reporting the substantial amount of collected data.
The present review of review studies was guided by the abovementioned steps. The present study aims to fill an existing gap in the literature concerning TSCCL by reviewing relevant review articles published within the past two decades. Its primary contribution lies in providing much-needed and timely information in the field of TSCCL. The findings of this study can benefit researchers and educators in the field, offering valuable guidance for conducting similar reviews of review studies and utilizing TSCCL effectively. In our study, we attempted to address the following research questions:
	(1)
	What are the trends and patterns in the selection and usage of keywords, databases, and selection criteria in research on technology-supported cross-cultural learning?

	(2)
	How do different theoretical foundations inform the conceptual frameworks and approaches used in studying technology-supported cross-cultural learning?

	(3)
	What insights and implications can be derived from content analysis of research articles on technology-supported cross-cultural learning, and how do they contribute to our understanding of the field?

	(4)
	What are the prevalent research questions that have been explored in the field of technology-supported cross-cultural learning?

	(5)
	What findings have emerged from existing studies on technology-supported cross-cultural learning?

	(6)
	What are the limitations and gaps in the existing studies on technology-supported cross-cultural learning, and how do they inform future research directions in this field?



We reviewed 31 review studies focused on technology-supported cross-cultural learning. The goal was to conduct a review of review studies that would facilitate a rapid mapping of findings to better understand the existing research landscape, identify gaps, highlight areas that require further investigation, and propose avenues for improvement [47]. This review study goes beyond the existing research in several significant ways. Notably, this review of review studies stands out as it is the first to specifically focus on the review of review studies in the context of TSCCL, making it unique and distinct from other studies. While our review of review studies did not examine empirical studies, its primary focus was on reviewing related review studies. Furthermore, our study has the potential to serve as a future guideline due to its relative ease of understanding and implementation, increasing the likelihood of its practical utilization [46]. 
As we delve into the intricacies of TSCCL, it is imperative to recognize its profound implications for sustainability. The interaction between individuals from diverse cultures, as facilitated by TSCCL, not only enriches global learning experiences but also cultivates a more socially and environmentally conscious global citizenry. In an era where sustainability challenges transcend national and cultural boundaries, the ability to understand, appreciate, and engage with diverse perspectives becomes crucial. This research, through its comprehensive review of the TSCCL literature, serves as a catalyst for advancing sustainable practices in education and communication. By equipping learners with the tools for effective communication and understanding in diverse contexts, TSCCL plays a pivotal role in fostering a global mindset that is essential for addressing the multifaceted challenges of sustainability. Our study, therefore, is not just an academic exercise; it is a significant step towards integrating sustainability into the fabric of cross-cultural education, leveraging technology to build bridges across cultural divides and pave the way for a more sustainable future.
 2. Methodology
The process of conducting a rigorous and systematic review of review studies, as outlined in the Best Practice Guidelines and Essential Methodological Steps to Conduct Rigorous and Systematic Meta-Reviews by Hennessy et al. [48], involves six essential steps, namely (1) clearly defining the scope of the review of review studies, (2) conducting a strategic search to identify the relevant synthesis literature, (3) considering the currency of the literature to ensure its relevance, (4) addressing any overlap among the included reviews, (5) selecting and applying appropriate quality assessment tools for the reviews, and (6) determining suitable approaches for synthesizing and reporting the substantial amount of data collected during the research process. Figure 1 illustrates the research methodology employed in this study.
 2.1. Scope of the Review of Review Studies
When embarking on a review of review studies, it is essential to establish the scope by addressing four key questions: (1) When is the literature suitable for a review of review studies? (2) What characteristics make a topic suitable for a review of review studies? (3) What strengths and weaknesses can be identified in previous reviews, if any? And (4) Does the research team possess the necessary capacity to conduct a review of review studies? The scope of a research review of studies can vary significantly depending on these factors. 
For this particular study, we conducted a search of articles in the Web of Science, Scopus, and Google Scholar databases in September, 2023. These databases are not merely recognized but are esteemed in the academic community for their unparalleled breadth and depth of coverage across a multitude of disciplines, including but not limited to linguistics, education, and communication. This is not just an opinion but a well-documented fact, as evidenced by authoritative studies, like those of Barbosa and Ferreira-Lopes [14] and Peng et al. [44]. These databases distinguish themselves not only by indexing an extensive array of reputable journals but also by providing exhaustive and meticulously curated access to scholarly literature, a claim substantiated by the meticulous research of Ivenz and Klimova [10] and Kolm et al. [33]. Given their proven track record of reliability and comprehensive coverage, it is no surprise that these databases are the go-to sources for researchers worldwide. They are not just resources but foundational tools for conducting robust literature reviews and underpinning scholarly research with credible, peer-reviewed information.
Our focus was to review studies that examined technology-supported cross-cultural learning and were published in the last twenty years (between 2003 and 2023). The review process involved two experienced researchers.
 2.2. Strategic Search of the Review of Review Studies
We specifically focused on review articles rather than empirical studies. The screening process involved reviewing the titles and abstracts of each article and applying inclusion and exclusion criteria based on various dimensions, as outlined in Table 1 [35,43]. To refine our search for articles, we employed a keyword strategy using Boolean operators, as outlined by Bozkurt et al. [49], specifically targeting review studies on TSCCL. Guided by key literature in the field of TSCCL and following best practices in research keyword selection, as outlined in recent studies [31,43,50], we meticulously formulated our search terms: (Review OR bibliometric analysis) AND (culture OR cross-cultural OR intercultural competence OR intercultural communication OR intercultural communicative competence OR intercultural exchange OR intercultural language learning) AND (computer-mediated communication OR telecollaboration OR online intercultural exchange OR teletandem OR educational technology OR technology). We carefully crafted our search terms to comprehensively cover the scope and intricacies of the subject matter. This meticulous selection aimed to encapsulate the core aspects of TSCCL, while also guaranteeing that our search was thorough, pinpointing studies that are directly relevant and significant to the field. Our searching approach yielded 391 articles from Google Scholar, 377 from Web of Science, and 365 from Scopus, totaling 1133 articles.
We then refined this pool by considering the publication date, which led to the exclusion of 300 articles, leaving 833. The next step was to assess these based on the source type and publication language, further narrowing down the sample to 52 articles. The final stage of our selection process involved a thorough review of the title and abstract of each article. This rigorous process ensured that we only included empirical studies directly relevant to our review, resulting in a final selection of 31 empirical studies on TSCCL.
 2.3. Timeliness of the Literature
Our focus was on review studies related to technology-supported cross-cultural learning published between 2003 and 2023. The issue of timeliness is significant in multiple aspects of our study. Firstly, we took into account the search dates of the included reviews and the publication dates of the primary studies analyzed in those reviews. Additionally, if there were no recent systematic reviews available in the specific area of interest, it may be necessary to conduct a new systematic review rather than a review of review studies. This ensures that the search is up to date and includes the most current evidence available.
 2.4. Included Review Studies
Applying the selection criteria, a total of 31 review articles were chosen for this study. These articles were published in 25 different international journals, namely AIMS Electronics and Electrical Engineering, CALICO Journal, Computer Assisted Language Learning, Computers in Human Behavior, Contemporary Educational Technology, Cross-Cultural Perspectives on Technology-Enhanced Language Learning, Culture & Language, Education and Information Technologies, Educational Research Review, Educational Review, Educational Technology & Society, English Language Teaching, Frontiers in Psychology, Interactive Learning Environments, International Journal of Intercultural Relations, International Journal of Society, Journal of Computer Assisted Learning, Journal of Educational Technology & Online Learning, Journal of Research on Technology in Education, Journal of Studies in International Education, Journal of Virtual Exchange, Open Research Online, ReCALL, Sustainability, and Universal Access in the Information Society.
 2.5. Choosing and Applying Review Quality Tools
To ensure the effectiveness of the review process, it is crucial for the review team members to have a good understanding of the synthesis literature and how it should be reported. In this study, we utilized a standardized tool, namely the Best Practice Guidelines and Essential Methodological Steps to Conduct Rigorous and Systematic Meta-Reviews [48]. This tool provided us with a recommended protocol and practical tips for conducting a review of review studies. It served as a valuable resource to guide our review process.
 2.6. Synthesis and Reporting
Before presenting the outcome findings, it is important in research to first include descriptive information about each of the included reviews and assess their quality [48]. In this study, we employed narrative synthesis as our synthesis option. This approach consists of three phases: (1) the preparation phase, where the reviewers select an appropriate and representative unit of analysis from the pool of included studies; (2) the organization phase, where open coding is used to create categories and abstract relevant information; (3) the abstraction phase, where the author systematically formulates a general description of the data by generating categories and grouping similar features together.
In the present study, during the preparation phase, the research team engaged in data immersion by thoroughly reading the 31 selected review studies multiple times. In the organization phase, content analysis of the chosen articles was conducted using the open coding approach [51]. To facilitate this process, several coding schemes were created, including keywords, number of reviewed papers, timeframe, databases used, selection criteria, theory used, content analysis applied, research questions, findings, and limitations. In the abstraction phase, the team manually identified 12 coding categories from each article, recorded the findings in a Microsoft Excel spreadsheet, and subsequently reported all the gathered findings in the results and discussion section of the study.
 3. Result and Discussion
 3.1. Keywords, Databases, and Selection Criteria
 3.1.1. Keywords, Number of Papers, and Timeframe
The results related to keywords, number of papers, and timeframe are reported in Appendix A. Only one study did not report the search string, key term, or keyword used to conduct a literature search [37] because it aimed to review the use of mainstream technology in social media in language teaching and learning from articles published in Computer Assisted Language Learning (CALL). Two studies applied a single keyword to search the literature, e.g., Manca and Ranierit [38] used “Facebook” as the only keyword in their study and identified 147 articles published between 2012 and 2015. Çiftçi and Savas [8] used “telecollaboration” as the only search string and found 17 articles from target journals. Two articles applied double keywords or used two keywords in their literature search, e.g., Zhao [45] reviewed nine articles published between 1997 and 2001 based on the criteria for inclusion in the review of review studies where articles were retrieved by using “computer-assisted language learning” and “second language” keywords. Piri and Riyahi [30] qualitatively synthesized 25 articles published from 2007 to 2017 and mainly used “cross-culture/al” and “interculture/al” keywords. The remaining articles (n = 25) included multiple keywords (i.e., more than two). Çiftçi [31] synthesized 26 studies published between 2004 and 2014. They found them using such keywords as intercultural learning, cross-cultural learning, intercultural competence, intercultural understanding, and intercultural exchange. The remaining search string (e.g., intercultural, cross-cultural, multicultural) was related to the substantive focus of the review. Some studies focused more on the technology used in the review (360-degree video, social networking, and virtual reality). 
The results show that the most frequent keywords are telecollaboration or telecollaborative, intercultural communication, intercultural competence, intercultural communicative competence, online intercultural exchange, virtual exchange, cross-cultural learning, virtual reality, language learning, and technology. The reason why these keywords are the most frequently used by the researchers is because of their importance and relevance in current research and practice within the fields of linguistics, education, and communication [8]. They reflect the ongoing efforts to enhance intercultural understanding, language learning, and the integration of technology in educational contexts [45]. This finding can help researchers and practitioners to determine what keywords can be used in a study based on the research topic [52]. 
The results show that scholars reviewed different numbers of articles in their studies. Peng et al. [44] reviewed the highest number of articles (n = 663), followed by Parmaxi and Zaphiris [53] (n = 163), Manca and Ranieri [38] (n = 147), and Barrot [54] (n = 96) and O’Dowd [55] (n = 96). The lowest number of articles was reviewed in Jiang et al. [11] (n = 5) and Ivenz and Klimova [10] (n = 8). According to the results, scholars had different timeframe coverage of reviewed articles; the longest one was in Lewis and O’Dowd [55] (n = 25) and in Akiyama and Cunningham [35] and Hein et al. [56] (n = 20), whereas the shortest one was in O’Dowd [55] and Parmaxi and Zaphiris [53] (n = 1). Our findings, however, do not show any correlation among our variables, i.e., the number of keywords, papers, and timeframe. For example, Peng et al. [44] used 3 keywords to retrieve 663 articles published within 18 years (i.e., between 2000 and 2018), and Lewis and O’Dowd [34] used 4 keywords to retrieve 76 articles published within 25 years (i.e., from 1990 to 2015). Zhao [45] used 2 keywords to retrieve 9 articles published within 5 years (i.e., from 1997 to 2001) and Barrot [54] used 44 keywords to retrieve 96 articles published within 12 years (i.e., between 2008 to 2019). This is contrary to notions proposed by researchers, such as that the longer the timeframe, the more papers can be found because the proportion of relevant papers will increase [57] or using many keywords when searching for articles may result in a minimal number of retrieved articles [58]. However, our findings suggest that the keyword or search string is contingent on the study’s topic, purpose, and scope. Another suggestion is to use a certain pattern, synonym, and certain formulations [23,54], which can help the researcher to find more related studies.
 3.1.2. Databases
Databases were reported in all 31 review studies (Appendix B). We found that the following databases were most frequently used in reviewed review studies: (1) Web of Science (n = 15) e.g., [8], (2) Education Resources Information Centre (ERIC) (n = 10) e.g., [31], (3) Scopus (n = 7) e.g., [54], and (4) Google Scholar (n = 5) e.g., [35]. Such databases as DOAJ, JSTOR, Baidu Scholar, SSCI, or ProQuest were only used once. It should be noted that the frequency of database use can vary based on various factors, including their scope, coverage, accessibility, and relevance to the research topics [26]. For example, databases, such as Web of Science, ERIC, and Scopus, are widely recognized for their extensive coverage across various disciplines, including linguistics, education, and communication [14,44]. These databases are known for indexing a large number of reputable journals and providing comprehensive access to scholarly literature [10,33]. As a result, researchers often turn to these databases as primary sources for their literature reviews and research. On the other hand, certain databases are specifically designed to cater to the needs of particular fields or sub-disciplines. For example, ERIC is a prominent database for education research, and LLBA [Linguistics and Language Behavior Abstracts) focuses specifically on linguistics and language-related studies [23,33]. Researchers in these fields are more likely to use these databases due to their specialized content and relevance to their research interests. The frequency of database use can also vary based on individual researcher preferences, institutional access, and the specific research objectives of each study. 
We also found that scholars employ multiple databases (i.e., from one to six) in their review studies. This is because researchers want to ensure comprehensive coverage of the relevant literature in their field. 
In our analysis, we expanded on previous studies by investigating the practical application of database retrieval. Through this investigation, we identified various methods used to utilize these databases in 31 review studies. Fortunately, there are numerous databases available (such as Web of Science, ERIC, Scopus, Google Scholar, etc.). It is advised to prioritize databases that specialize in academic sources and employ multiple databases to increase the likelihood of retrieving a greater number of articles for future research endeavors.
 3.1.3. Selection Criteria
The review studies implemented a variety of inclusion and/or exclusion criteria (see Appendix B). The number of inclusion criteria ranged from two to nine, and as for exclusion criteria, studies employed a range from zero (or unspecified) to nine exclusion criteria. The development of inclusion/exclusion criteria required careful consideration of several factors: (1) study rigor (n = 10) (e.g., inclusion of peer-reviewed studies), (2) publication types (n = 17) (e.g., inclusion of only Scopus- or Web of Science-indexed journal studies), (3) publication years (n = 21) (e.g., 2014 to 2020), (4) relevance to research questions (n = 17) (e.g., technology-enhanced intercultural learning), (5) participant characteristics (n = 8) (e.g., undergraduate students, secondary students, etc.), (6) contexts (n = 3) (e.g., higher education), (7) research design (n = 18) (e.g., empirical studies utilizing qualitative or quantitative research methods), and (8) language of publication (n = 19) (e.g., English). The establishment of these inclusion and exclusion criteria ensures methodological rigor, relevance, and focus in the review studies, enabling researchers to draw meaningful and reliable conclusions from the selected body of literature [43]. For example, by including only peer-reviewed studies obtained from Web of Science- or Scopus-indexed journals, researchers can maintain a certain level of quality and credibility in the literature they analyze [14]. Peer-reviewed studies undergo rigorous evaluation by experts in the field, enhancing the reliability and validity of the findings. Setting a specific range of publication years allows researchers to focus on the most recent relevant literature and capture the latest advancements and insights in the field. It also helps ensure that the review study remains up-to-date. Inclusion criteria based on relevance to research questions help maintain a tight focus on the specific aspects being investigated. This ensures that the selected studies contribute directly to addressing the research objectives and provide insights that are pertinent to the study’s purpose.
It is recommended that future review studies adhere to these commonly used inclusion and exclusion criteria. It is important to note that defining such criteria enhances the likelihood of generating reliable and reproducible results, minimizes potential harm to participants, and safeguards against the exploitation of vulnerable individuals.
 3.2. Theoretical Foundation
The theoretical foundations utilized in the 31 review articles can be found in Appendix B. The findings revealed the presence of 21 different theoretical foundations. The most frequently employed theoretical foundation was intercultural communicative competence (ICC) (n = 6) and telecollaboration for supporting cross-cultural learning (n = 5). Telecollaboration involves learners from different cultural contexts collaborating online to enhance linguistic, social, communicative, and intercultural skills. Wu [22] conducted a review on professional learning opportunities for teachers, while Akiyama and Cunningham [35] highlighted the use of telecollaboration for online intercultural exchange. Barbosa and Ferreira-Lopes (2021) [14] suggested the need for effective telecollaboration projects that support language and intercultural learning. Challenges and imperfections are inherent in such projects. Intercultural communicative competence (ICC) encompasses effective communication in diverse cultural contexts, emphasizing openness, skills, knowledge, and valuing others’ beliefs [59]. Developing each aspect of ICC or improving specific aspects is important, considering real-world variations [60].
Byram’s model was used twice, while the remaining theories were each used once (e.g., BehaveFIT framework, integration theory, bilingual–bicultural models, second language acquisition theory, sociocultural theory, constructivism theory, situated learning theory, etc.).
 3.3. Content Analysis
Appendix B provides the results related to the content analysis employed in the review studies. Content analysis is a research tool used to identify specific words, themes, or concepts within qualitative data. Open coding emerged as the most prevalent content analysis approach [51]. Fifteen studies utilized this coding method e.g., [31,43]. The remaining articles each employed one specific tool, e.g., a coding book e.g., [35], constructivist grounded theory approach (GT) e.g., [8], qualitative emergent approach e.g., [30], or thematic coding e.g., [22]. Figure 2 provides an overview of the tools utilized in the review studies.
Open coding, widely used in technology-supported cross-cultural learning review studies, enhances understanding of research questions and aids in organizing findings [43]. When employing this method, information segments are generated based on relevant categories [51]. The coding process involves reading articles, coding data, and grouping them into categories, thus organizing the results in a review study. Researchers often build upon previous coding schemes e.g., [61], and are encouraged to explore thematic coding to enrich the literature.
 3.4. Research Questions
Among the 31 reviewed articles (refer to Appendix C), eight studies did not specify their research questions e.g., [36,53,55], while the other 22 studies had them. The number of research questions in each study ranged from two to eight. The research questions can be categorized into several main themes. Telecollaboration: These research questions focus on the arrangements, participants, and changes in telecollaboration projects, as well as the impact of Web 2.0 tools on intercultural communicative competence and the use of social media as a language learning environment. For instance, Akiyama and Cunningham [35] investigated the typical arrangements of SCMC-based telecollaboration. Intercultural studies: The research questions in this theme explore the technologies, participants, contexts, and findings in intercultural studies, as well as the effects of virtual immersive learning environments on learning. Çiftçi [31] addressed the research question of what kinds of technologies were used in intercultural studies. Enhancing intercultural communicative competence: These research questions focus on activities to promote intercultural communicative competence and the competencies required for effective intercultural communication in higher education. For example, Ivenz and Klimova [10] investigated the types of activities that can enhance the development of intercultural communicative competence. Research methodologies: The research questions in this theme pertain to the analysis of specific research studies, methodologies, and outcomes, as well as the use of VR technology, social networking sites (SNS), and telecollaboration projects. Shadiev et al. [62] explored the methodology used in cross-cultural studies. The general topics theme encompasses two main areas of inquiry. Firstly, it explores the characteristics of scientific literature and research trends. Secondly, it investigates the use of technology in language learning and teacher training. For instance, Barrot [54] examined the following research question: What are the specific characteristics of scientific literature? By organizing the research questions into these themes, we can better understand the key areas of inquiry and the specific focus of each study.
A well-crafted research question maintains the reader’s interest and focuses on the specific topic, outlines the minor questions that need to be addressed, guides the selection of reading sources or data, and provides direction for future studies. The lack of explicit research questions in eight studies hampers readers’ understanding of the research’s focus. Therefore, it is recommended that future studies follow the example set by previous research and explicitly state their research ideas e.g., [22,31,43,54].
 3.5. Findings
The findings from the review studies are reported in Appendix C. The findings collectively highlight the positive impact of telecollaboration and online intercultural exchanges on language learning, intercultural competence development, and learner autonomy. Some patterns can be derived from the findings. Participants: 113 cultural groups from 25 countries participated, with the USA, Germany, and Spain being prominent. English was the most common first language, but other languages emerged after 2010. Projects: Monolingual and bilingual projects were common, while multilingual and lingua franca projects were less frequent. Project duration averaged 10.54 weeks. Modalities included text-based, video/audio chat, and audio-graphic. Interaction: The five formation types of interaction were 1 vs. 1, 1–2 vs. 1, small group, mid-size group, and class vs. class. Information exchange tasks were common, while language-focused tasks were less so. Some projects designated language usage, while others allowed choice. Technology: Web 2.0 tools (blogs, Facebook), discussion boards, videoconferencing (Skype, Zoom), wikis, blogging, and VR technologies (Second Life, OpenSimulator) were used. Asynchronous communication was more prevalent. Research: Studies were mostly from the USA, Spain, Brazil, China, and the UK. Evaluation methods included questionnaires, surveys, interviews, content analysis, and observation. Instruction: Designs included telecollaboration, PBL, collaborative learning using wikis, and online projects. Evaluation methods included questionnaires, content analysis, standardized questionnaires, and self-assessment. Focus: Studies focused on ICC and language development. Online exchanges fostered critical cultural awareness and positive attitudes. The importance of teacher education, collaboration, technical skills, and careful design was emphasized. Other findings: Other noteworthy findings included speech recognition technology in language learning, teacher education, virtual communities of practice, technical skills, and competencies. Scholars emphasized the necessity for special technical skills, competencies, and careful instructional design and implementation.
Based on the aforementioned findings and patterns, the following recommendations can be offered to educators and researchers in the field of technology-supported cross-cultural learning. Emphasize diversity in participants: Educators and researchers need to recognize the significance of including participants from various cultural backgrounds and language groups. Encouraging participation from underrepresented cultural groups and less commonly taught languages will promote diversity and inclusivity [11,40,61,62]. Explore different project set-ups: Educators and researchers need to move beyond traditional monolingual or bilingual models and consider multilingual and lingua franca projects. This provides learners with opportunities to engage in diverse language contexts, broadening their language skills and cultural understanding [34]. Incorporate various communication modalities: Educators and researchers need to incorporate a variety of communication modalities, such as video chat, audio chat, and text-based interactions. Utilizing different tools and platforms supporting these modalities will provide learners with rich and diverse communication experiences [31,33,43]. Design activities targeting intercultural competence development: Educators and researchers need to create activities and tasks explicitly aimed at fostering intercultural competence. They need to encourage critical reflections, explicit comparisons, and discussions about cultural differences to enhance learners’ intercultural awareness and competence [8,10,14,22,23,35,55]. Explore emerging technologies, like VR and AR: Educators and researchers need to investigate the potential of emerging technologies, such as VR, AR, and immersive environments, in facilitating telecollaborative interactions. They need to explore how these technologies can enhance language learning, intercultural understanding, and engagement in telecollaboration projects [6,39,56]. Stay informed about research trends and developments: Educators and researchers need to stay updated on the latest research trends and developments in telecollaboration and computer-mediated communication. Additionally, they need to keep themselves informed about emerging technologies, new methodologies, and innovative practices to ensure that telecollaboration projects are informed by current research findings [38,54]. By considering these suggestions, educators and researchers can enhance the effectiveness and impact of telecollaboration initiatives, contributing to the advancement of knowledge in this field.
 3.6. Limitations Reported in Reviewed Studies
The review studies identified limitations, which are listed in Appendix D. Two studies did not explicitly state any limitations. In total, there were 31 limitations categorized into the following themes: diversity and representation (n = 4), methodological limitations (n = 5), generalizability and scope (n = 3), small number of studies (n = 4), language limitations (n = 2), data sources and availability (n = 4), and other limitations (n = 9). Diversity and representation relate to lack of long-term and high-proficiency TC projects, insufficient research on LCTLs, and a shortage of multilingual and lingua franca projects. Methodological limitations include lack of methodological triangulation, limited inclusion of databases/journals/years, narrow focus on keywords, and multiple foci hindering the study’s specificity. For example, limited scope, limited databases, and limited keywords were reported by Barbosa and Ferreira-Lopes [14]. Limitations in generalizability and scope theme cover failure to examine generalizability, analysis confined to specific databases and subject categories, and the bibliometric nature limiting differentiation between formal and informal language learning contexts. A small number of studies relate to a limited number of reviewed studies, selection criteria focusing only on empirical studies, and a restricted scope of discussed themes. For example, Çiftçi [31] mentioned a small number of studies and limited criteria for selection. Language limitations include a restriction to English and German languages, missing findings in other languages, and limited coverage of relevant terms. Limitations related to data sources and availability are the limited databases used, scarcity of available studies, and inclusion/exclusion criteria restricting the study’s scope. For example, Avgousti [43] reported methodological limitations, a limited dataset, limited criteria, and a lack of specificity regarding ICC skills. Finally, other limitations cover such aspects as relatively limited study scope, inclusion of only open access articles, inadequate availability and quantity of projects, heterogeneous reported results limiting synthesis, review confined to specific databases/journals, exclusion of relevant sources, and lack of methodological diversity and empirical exploration in published studies.
Presenting the limitations of review studies serves as valuable insight for educators and researchers who plan to conduct technology-supported cross-cultural learning studies. Summarizing various limitations encountered in the reviewed studies and highlighting gaps and challenges in telecollaboration research, methodology, diversity, generalizability, and data sources is essential. Recognizing these limitations helps identify areas for improvement and future research directions.
 4. Conclusions, Recommendation, and Limitations
 4.1. Conclusions
In this review study, we examined 31 review articles on technology-supported cross-cultural learning published from 2003 to 2023. The review article was meticulously organized into comprehensive sections, encompassing key themes, such as keywords, number of published papers, article duration, databases utilized, selection criteria, theoretical frameworks, content analysis methodologies, research questions investigated, notable findings, and reported limitations.
Based on the findings related to these themes, several conclusions can be derived. In terms of keywords, the most frequently used keywords in the reviewed studies include telecollaboration, intercultural communication, intercultural competence, virtual exchange, and language learning. These keywords reflect the emphasis on enhancing intercultural understanding, language learning, and the integration of technology in educational contexts. With regard to the number of papers, scholars reviewed a varying number of articles in their studies, ranging from as low as 5 to as high as 663. The number of papers reviewed does not show a clear correlation with the number of keywords or the duration of the study. As for duration, the timeframe coverage of the reviewed articles varied among the studies, with the longest duration spanning 25 years and the shortest duration covering only 1 year. The duration of the study does not necessarily correlate with the number of papers found. Web of Science, ERIC, Scopus, and Google Scholar were the most frequently used databases in the reviewed studies. Researchers prioritized databases known for their extensive coverage and relevance to the research topics. Using multiple databases was common to ensure comprehensive coverage of the relevant literature. Selection criteria (i.e., inclusion and exclusion) were employed to ensure methodological rigor, relevance, and focus in the review studies. Criteria, such as study rigor, publication types, publication years, relevance to research questions, participant characteristics, research design, and language of publication were commonly used. Defining specific criteria helps generate reliable and reproducible results and maintains the focus of the review. Various theoretical foundations were utilized in the reviewed studies, with telecollaboration model and intercultural communicative competence model being the most frequently employed. Theoretical frameworks, such as Byram’s model, behavior frameworks, and sociocultural theory, were also used to guide the studies. In terms of content analysis, open coding was the most prevalent content analysis approach, followed by other methods, such as coding books and thematic coding. Content analysis helped identify specific words, themes, or concepts within the qualitative data and to organize the findings. With regard to research questions, while some studies did not specify their research questions, others had a range of two to eight research questions. The research questions covered themes, such as telecollaboration, intercultural studies, enhancing intercultural communicative competence, research methodologies, and general topics. Well-crafted research questions provide direction and focus for the study. In the findings section, most researchers reported results related to technology-supported cross-cultural learning, while others focused on the role of telecollaboration in supporting intercultural and language learning. In conclusion, the results suggest that researchers consider the relevance and importance of keywords, use appropriate databases, establish clear selection criteria, employ theoretical frameworks, utilize content analysis methods, and define focused research questions when conducting review studies. These practices enhance the quality, reliability, and comprehensiveness of the studies and contribute to the advancement of knowledge in the respective fields.
 4.2. Our Recommendations
Based on the findings, the following pedagogical suggestions can be given to educators and researchers in the field. First, based on the most frequently used keywords in the literature, such as telecollaboration, intercultural communication, intercultural competence, online intercultural exchange, virtual exchange, cross-cultural learning, virtual reality, language learning, and technology, educators and researchers can consider incorporating these keywords in their own studies to align with current research trends and enhance the relevance of their work. In addition, it is suggested that instead of relying on a single keyword, researchers can consider using multiple keywords or search strings to retrieve a broader range of relevant articles. This approach can help ensure comprehensive coverage of the literature and increase the chances of finding relevant studies. Second, researchers need to prioritize databases that specialize in academic sources and have extensive coverage across relevant disciplines, such as Web of Science, ERIC, Scopus, and Google Scholar. Additionally, utilizing multiple databases can further enhance the likelihood of retrieving a greater number of articles for comprehensive literature reviews. Third, researchers need to carefully develop and apply clear inclusion and exclusion criteria based on factors such as study rigor, publication types, publication years, relevance to research questions, participant characteristics, contexts, research design, and language of publication. These criteria help ensure methodological rigor, relevance, and focus in review studies, leading to meaningful and reliable conclusions. Fourth, researchers can consider incorporating theoretical foundations, such as the telecollaboration model, intercultural communicative competence model, Byram’s model, and other relevant theories in their studies. These theoretical frameworks provide a solid basis for understanding and analyzing the phenomena under investigation and contribute to the theoretical development of the field. Fifth, open coding, as the most prevalent content analysis approach, can be employed to identify specific words, themes, or concepts within qualitative data. Researchers can utilize this method to organize and analyze their findings, enhancing understanding of research questions and facilitating the synthesis of results. Six, researchers need to clearly define their research questions, ensuring they are specific, relevant, and aligned with the objectives of the study. The research questions can be categorized into themes, such as telecollaboration, intercultural studies, enhancing intercultural communicative competence, research methodologies, and general topics. This categorization can help researchers focus their investigations and provide a clear structure for their literature reviews. 
In terms of findings, pedagogical suggestions for educators and researchers in technology-supported cross-cultural learning include: (a) emphasizing diversity and representation by including participants from various cultural backgrounds and language groups to promote inclusivity and enrich the learning experience; (b) exploring different project set-ups beyond monolingual or bilingual models, incorporating multilingual and lingua franca projects to provide diverse language contexts and enhance language skills and cultural understanding; (c) incorporating various communication modalities, such as video chat, audio chat, and text-based interactions, utilizing different tools and platforms to offer learners rich and diverse communication experiences; (d) designing activities targeting intercultural competence development by creating tasks that foster critical reflections, explicit comparisons, and discussions about cultural differences, enhancing learners’ intercultural awareness and competence; (e) exploring emerging technologies, like virtual reality (VR) and augmented reality (AR), to investigate their potential in facilitating telecollaborative interactions and enhancing language learning, intercultural understanding, and engagement in projects; (f) staying informed about research trends and developments in telecollaboration and computer-mediated communication, keeping up-to-date with emerging technologies, new methodologies, and innovative practices to inform telecollaboration projects with current research findings. 
Our comprehensive analysis of technology-supported cross-cultural learning (TSCCL) not only contributes significantly to the field of intercultural communication and education but also aligns closely with the broader goals of sustainability. In today’s interconnected world, fostering global understanding and collaboration through TSCCL is vital for addressing complex global challenges that require collective action and diverse perspectives. By promoting effective intercultural communication and competence, our research supports the development of a more inclusive and sustainable global community. The insights gained from our review of literature in TSCCL, particularly in terms of identifying unexplored avenues and methodological rigor, provide a robust foundation for future research and educational practices. These practices are essential for cultivating a generation of learners who are not only technologically adept but also culturally competent and environmentally conscious. Thus, our study extends beyond the realm of education and communication, contributing to the sustainability discourse by enabling more effective and empathetic cross-cultural collaborations for a sustainable future.
Additionally, it is important to consider the limitations reported in the reviewed review studies. Educators and researchers should address these limitations and take them into account when planning and conducting technology-supported cross-cultural learning studies. For example, by (a) paying attention to methodological limitations—we need to consider using multiple research methods and triangulation to strengthen the validity of the findings, and include a wide range of databases, journals, and years in the literature review to ensure a comprehensive understanding of the field; (b) expanding the scope and generalizability—we need to strive to examine the generalizability of findings by including diverse databases and subject categories, and considering the differences between formal and informal language learning contexts in the analysis; (c) addressing language limitations—we need to look beyond the English and German languages and consider the inclusion of studies in other languages, as this will broaden the coverage and understanding of the field; (d) increasing the number of studies—we need to encourage more research in the field of technology-supported cross-cultural learning to increase the number of studies available for review, and expand the selection criteria to include both empirical and non-empirical studies; (e) improving data sources and availability—we need to explore a wider range of databases and sources to ensure a comprehensive review of the available literature, and consider open access articles as well as non-open access sources to capture a more diverse range of studies.
By considering these pedagogical suggestions, educators and researchers can conduct more rigorous and relevant studies, contribute to the advancement of knowledge in the field, and inform evidence-based practices in education and language teaching. By addressing the reported limitations, educators and researchers can enhance the effectiveness and impact of technology-supported cross-cultural learning initiatives, leading to improved language learning outcomes and intercultural competence development.
 4.3. Limitations of the Present Study and Future Works
Acknowledging the limitations of our review study is essential for a comprehensive understanding of its scope and impact. First, the guidelines we used for analyzing various aspects and categories had a somewhat limited explanatory range. Second, our study was based on a restricted selection of databases. Third, we focused exclusively on review studies published in journals, excluding other types of publications. Fourth, the pool of available studies specifically related to technology-supported cross-cultural learning was relatively small; we identified only 31 studies across 25 journals published in the timeframe from 2003 to 2023. 
Addressing these limitations in future research could significantly expand the comprehensiveness and depth of the field. Future studies could extend the search to a wider range of databases and include review studies from diverse sources, such as conference proceedings, thus enlarging the pool of relevant research. Additionally, implementing robust quality assurance measures for the selected review articles could enhance the reliability and value of the research findings. This comprehensive approach will not only provide a broader perspective but will also contribute to the enrichment of the field of technology-supported cross-cultural learning.
Future review studies in TSCCL could focus on several key areas. Firstly, an analysis of the evolution of research methodologies in TSCCL, identifying emerging research designs and data analysis techniques, should be considered. Secondly, the impact of recent technological advancements, such as artificial intelligence, blockchain, and augmented reality on TSCCL should be examined. Thirdly, integrating insights from diverse fields, like psychology, sociology, and communication studies to enrich TSCCL research is necessary. Finally, we should review how TSCCL is being incorporated into educational policies, curriculums, and instructional designs, highlighting the integration of cross-cultural learning in various educational settings. These areas promise to significantly contribute to the understanding and advancement of TSCCL practices and theories.
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Table A1.
Keywords, number of papers, timeframe, and duration.

	 	Author(s)	Keywords 	No. of Keywords	No. of Papers	Timeframe	Duration (in Years)
	1	Akiyama and Cunningham (2018) [35]	Linguistics and language behavior abstracts; MLA international bibliography; communication mass media complete; and Google Scholar	4	55	1996 to 2016	20
	2	Avgousti (2018) [43]	Telecollaboration or telecollaborative; intercultural communication; intercultural competence; intercultural communicative competence or (online) intercultural exchange	6	57	2004 to 2015	11
	3	Barbosa and Ferreira-Lopes (2021) [14]	Telecollaboration or collaborative online international learning or virtual exchange or online intercultural exchange or global virtual teams or intercultural virtual collaboration or globally networked learning or e-tandem or teletandem	9	57	2008 to 2020	12
	4	Barrot (2021) [54]	ABS (facebook OR instagram OR kuaishou OR linkedin OR myspace OR pinterest OR qq OR reedit OR skype OR snapchat OR tiktok OR tumblr OR twitter OR wechat OR weibo OR whatsapp OR youtube) AND PUBYEAR > 1998 AND PUBYEAR < 2020 AND SRCID (21100870382 OR … 21100913591) AND (LIMIT-TO (DOCTYPE; ar) OR LIMIT-TO (DOCTYPE; re) OR LIMIT-TO (DOCTYPE; no) OR LIMIT-TO (DOCTYPE; cp) OR LIMIT-TO (DOCTYPE; sh) OR LIMIT-TO (DOCTYPE; ch) OR LIMIT-TO (DOCTYPE; dp) OR LIMIT-TO (DOCTYPE; Undefined)) AND (LIMIT-TO (LANGUAGE; English))	44	96	2008 to 2019	12
	5	Çiftçi and Savas (2018) [8]	Telecollaboration	1	17	2010 to 2015 	15
	6	Çiftçi (2016) [31]	Intercultural learning; cross-cultural learning; intercultural competence; intercultural understanding; intercultural exchange	5	26	2004 to 2014 	10
	7	Gallagher and Savage (2013) [36]	Online community; virtual community; social networking; cross-cultural; culture; multicultural	6	36	2000 to 2011	11
	8	Hein et al. (2021) [56]	Foreign language; mixed reality; learning; virtual reality; teaching; augmented reality; perspective; immers; learning; teaching; perspective; education; virtual exchange; intercult; attitude; change	16	54	2001 to 2020	20
	9	Istifci and Ucar (2021) [37]	Unspecified	NA 	23	2016 to 2020 	5
	10	Ivenz and Klimova (2022) [10]	Intercultural communicative competence and intercultural communication; activities/activity and development	5	8	2019 to 2022	3
	11	Jiang et al. (2021) [11]	Cultural competence; multiculturalism; multicultural education; professional development; international education; intercultural competence; intercultural competency; intercultural learning; intercultural teaching; international relations; innovation and technology	11	5	2007 to 2018	11
	12	Kolm et al. (2022) [33]	Competence; online education or distance education; international educational; and international collaborations	5	14	2001 to 2017	17
	13	Lewis and O’Dowd (2016) [34]	Telecollaboration and online intercultural exchange; e-tandem and virtual exchange 	4	76	1990 to 2015	25
	14	Manca and Ranierit (2016) [38]	Facebook	1	147	2012 to 2015	4
	15	O’Dowd (2016) [55]	Telecollaboration; online intercultural exchange; virtual exchange; collaborative online international learning (COIL); internet-mediated intercultural foreign language education; and e-tandem or teletandem; etwinning and epals	9	96	2016	1
	16	Parmaxi and Zaphiris (2016) [53]	CALICO; ReCALL; Language Learning and Technology; CALL	4	163	2009 to 2010	1
	17	Parmaxi (2020) [6]	Virtual reality-related keywords: (virtual environment or immersive environment or virtual reality learning environment or virtual reality environment or virtual world VR or VRLE or virtual classroom or virtual class); language learning-related keywords: (language learning or computer-assisted language learning or technology-enhanced language learning or language learning or language courses or language classroom	15	26	2015 to 2018	4
	18	Peng et al. (2020) [44]	Intercultural competence; intercultural communication competence; intercultural communicative competence	3	663	2000 to 2018	18
	19	Piri and Riyahi (2018) [30]	Cross-culture/al; interculture/al	2	25	2007 to 2017	10
	20	Shadiev and Dang (2022) [18]	Intercultural; cross-cultural; technology; virtual; collaborative; global; competence; skill; exchange; sensitivity; understanding; knowledge; online; learning in different combinations; e.g., intercultural online	15	28	2010 to 2021	11
	21	Shadiev and Liu (2022) [63]	Speech; voice; recognition; learning; instruction; and education	6	26	2014 to 2020	7
	22	Shadiev and Sintawati (2020) [50]	Cross-cultural; intercultural; learning; teaching; instruction; education; knowledge; understanding; attitude; competence; awareness; skills; technology in different combinations	13	25	2014 to 2019 	5
	23	Shadiev and Wang (2022) [61]	21st century skills; language learning; technology; creativity and innovation; critical thinking; problem solving; communication; collaboration; digital literacy; information literacy; media literacy; ICT literacy; flexibility and adaptability initiative and self-direction social and cross-cultural interaction; productivity and accountability; leadership and responsibility	17	34	2011 to 2022	10
	24	Shadiev and Yu (2022) [64]	Foreign; second; language; cross-cultural; intercultural; multicultural; trans culture; cross-culture; interculture; multiculture; culture; telecollaboration; learning; instruction; technology and computer.	16	53	2015 to 2020	5
	25	Shadiev et al. (2021a) [40]	Technology; cross-cultural; intercultural; cultural; culture; teaching; learning; understanding	8	23	2014 to 2019 	5
	26	Shadiev et al. (2021b) [62]	360-degree video or 360° video; and education or training or learning or teaching or instruction	7	52	2015 to 2020	5
	27	Solmaz (2018) [39]	Social networking sites and language learning; social networking sites and language teaching; social network sites and language learning; social network sites and language teaching	8	-	2011 to 2017 	7
	28	Wu (2021) [22]	Telecollaboration; virtual exchange; language teacher education; intercultural learning or intercultural communicative competence; telecollaborative competence; technology-based learning; and technology integration	8	36	2009 to 2019 	10
	29	Yi et al. (2023) [60]	Cross-cultural, learning, intercultural, culture, teaching, exchange, competence, technology, virtual reality, mobile devices, translation techniques, online, email, Skype, computer, and web 2.0 	16	37	2012-2021	10
	30	Zak (2021) [23]	VE learning outcomes: VE models (global learning experience; COIL; xculture; virtual teams; e-tandem; telecollaboration; online intercultural exchange; Soliya; international educational exchange); VE programmatic insights; telecollaboration + learning outcomes	10	27	2009 to 2019 	10
	31	Zhao (2003) [45]	Computer assisted language learning; second language	2	9	1997 to 2001	5
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Databases, criteria (inclusion and exclusion), theory, and content analysis.

	 	Author(s)	Databases	Inclusion Criteria	Exclusion Criteria	Theory	Content Analysis
	1	Akiyama and Cunningham (2018) [35]	LLBA; MLA International Bibliography; Communication Mass Media Complete; and Google Scholar	The publication date was set between January 1996 and March 2016; peer-reviewed journal articles or book chapters; only studies in English were included; studies reported both project details and substantial research findings on SCMC; studies took place between at least two geographically distant institutional groups; studies were included if the purpose of the exchange was language learning for at least one of the participating groups; the current review targeted university learners; included projects that involved at least two distinct SCMC sessions; studies were included if they used SCMC tool(s) as one of the main tools of communication.	Excluding duplicate study report; studies that solely used ACMC were excluded; review papers and position papers were excluded.	Telecollaboration	Coding book
	2	Avgousti (2018) [43]	ERIC; LLBA; PsycINFO; MLA; Linguistics Abstracts; and Scopus	The article should report data from 2004 onwards; be written in English; be conducted as part of a wider formal educational context; be learners of an L2 or a FL or attending intercultural communication classes; be published as an article in a journal or a book chapter; be assessed for their ICC skills but not necessarily exclusively; be empirical in nature; telecollaborative partnership should entail some form of Web 2.0 tool and application; one of the two participating teams should be interacting.	There is no use of Web 2.0 tools and applications; participants are not students in formal educational settings; there is interaction between teachers and students rather than peer-to-peer interaction; the study is published from 2004 onwards; study is not an article or a book chapter but part of conference proceedings, a dissertation or unpublished study, bibliography of books and articles, a commentary, a review, newsletter, editorial, an interview, book introductions, or any other type; students use several online tools to develop their ICC skills but there is no interaction with other students; students interact with other students through Web 2.0 tools in order to enhance their ICC skills; intercultural tasks are means of promoting cognitive or affective factors, but ICC is not assessed; no empirical intervention; the study is a synthesis, a meta-analysis, or a systematic review.	ICC	Open coding
	3	Barbosa and Ferreira-Lopes (2021) [14]	Web of Science; Scopus	Review the evolution of the telecollaboration and virtual exchange research field over the past12 years (2008–2020); retrieving studies from the Web of Science and Scopus.	Unspecified	Telecollaboration	Bibliometric analysis 
	4	Barrot (2021) [54]	Scopus	Scopus-indexed; language and linguistics journal; education and education-related computer science journal; published between 2008 and 2019; articles, reviews, notes, conference papers, short surveys, book chapters, books, and data papers, written in English.	Excluding some key studies from non-Scopus-indexed journals and contextualized in non-English-speaking regions; journals that are inactive (i.e., discontinued from Scopus coverage) were excluded; non-English language was also excluded.	Scientific mapping	Bibliometric analysis and qualitative analysis
	5	Çiftçi and Savas (2018) [8]	Web of Science	The period was set as 2010 and 2015; the review process solely focuses on language and intercultural learning; only empirical studies. 	Study excluded studies on tandem language learning; studies concentrated on developing multiliteracy skills were also not included in the review; a theoretical paper on the motivational dynamics of one individual was also rejected.	Telecollaboration	Constructivist grounded theory (GT) coding
	6	Çiftçi (2016) [31]	ERIC; Education Research Complete	Empirical study with both publication in peer-reviewed journal and publication between 2004 to 2014.	Unspecified	Byram’s model 	Open coding
	7	Gallagher and Savage (2013) [36]	Web of Science; Science Direct; Scopus; Google Scholar; SpringerLink and ACM digital library	The research is investigating some aspect of online communities, be it using online community data or investigating opinions of some aspect of online communities; the research is investigating data or opinion from two or more differing cultures; the cultures must be compared over some research topic or hypothesis.	Unspecified	Cross-cultural analysis 	Comparative cross-cultural analysis 
	8	Hein et al. (2021) [56]	IEEE Xplore; EBSCOhost; Web of Science; ACM digital library	Only peer-reviewed academic journals, conference papers, reports; and reviews that have been published since April 2001 to May 2020; articles written in English or German; empirical studies; article must address the learning of a second language; not explicitly search for intercultural learning; studies’ intervention had to include an immersive setting, e.g., AR, MR, VR, or a system described as immersive.	Excluding papers that had unfitting terms or did not fit the journal topic or population; excluding studies without qualitative, quantitative, or mixed-methods data collection; given the frequent overlap of these excluded target groups with unrelated terms related to “medical” these excluded studies were included in this category; excluding an exchange program and not about immersion through a technical medium; studies were excluded for having no intervention described as immersive or without a focus on second/foreign; another seven papers were excluded due to lack of soundness of the findings and inconsistencies in the results.	Behavior change (BehaveFIT framework)	Open coding
	9	Istifci and Ucar (2021) [37]	CALL journal	CALL journal was chosen; the last five volumes of CALL (i.e., Volumes 29; 30; 31; 32; 33) spanning over a period of 2016–2020 for articles investigating the use of social media by language learners and teachers as a tool for second or foreign language instruction.	Articles were read and the articles focusing on some other issues of language use on social media, the articles on the use of social media and applications designed only for language learning and review articles were excluded.	Integration theory	Open coding
	10	Ivenz and Klimova (2022) [10]	Scopus; Web of Science	The search focused on the experimental and peer-reviewed journal; articles written in English; articles that belonged to the open-access category; the implementation and evaluation of the ICC activities and methods.	Case studies, surveys, theoretical studies, reviews, conference proceedings, abstract papers, posters, presentations, scientific event programs, literature reviews, book reviews, editorials, and grey literature were excluded; articles that were not written in the English language and non-open access articles were excluded as well.	ICC	Open coding
	11	Jiang et al. (2021) [11]	Electronic databases; Google Scholar	Studies pertained to projects with an online element; projects were aimed at fostering teacher’s ICC.	Unspecified	ICC	Open coding
	12	Kolm et al. (2022) [33]	ERIC; Web of Science; PubMed 	Written in English or German; reporting original research with a focus on learners in higher education.	Excluding studies that did not describe competencies, instructional designs, and/or evaluation methods for IOC; excluding non-original research; excluding studies without a focus on learners in higher education; excluding languages not German or English; excluding no key questions answered.	International online collaboration (IOC)	Open coding
	13	Lewis and O’Dowd (2016) [34]	ERIC; LLBA	Report on telecollaborative exchange; be based on empirical research; report students’ learning outcomes related to the areas of autonomy; linguistic development; intercultural competence and digital literacies; be peer reviewed.	Discarding various high-quality publications on other forms of telecollaboration; excluding overview and thematic articles; excluding non-empirical findings.	Telecollaboration	The EPPI reviewing system (EPPI-Centre March; 2007)
	14	Manca and Ranierit (2016) [38]	ERIC; ERC; Web of Science; Scopus	Studies that specifically investigated Facebook as a technology-enhanced learning environment; studies that reported empirical findings; articles published in peer-reviewed English language academic journals; only empirical research. 	Excluding conference proceedings, unpublished manuscripts, research abstracts, and dissertation and position papers; studies that were more conceptual in nature or those with little evidentiary support were also ignored.	Grounded Theory approach	Qualitative content analysis 
	15	O’Dowd (2016) [55]	The Telecollaboration in Higher Education conference which took place in Trinity College Dublin; Ireland from 21 to 23 April 2016	Studies in telecollaboration in higher education conference in Dublin; the presentations reported using English or Spanish as a lingua franca for exchanges. 	Unspecified	Bilingual–bicultural models	Parallel cultural texts
	16	Parmaxi and Zaphiris (2016) [53]	CALL corpus (CALICO; ReCALL; Language Learning and Technology; CALL)	Development of the 2009–2010 CALL corpus; literature overview and initial coding scheme development; refinement of the initial coding scheme with the help of a focus group and construction of the CALL map version 1.0; refinement of the CALL map version 1.0 following a systematic approach of content analysis and development of the CALL map version 2.0; evaluation of the proposed structure and inclusiveness of all categories in the CALL map version 2.0 using a card-sorting technique; development of the CALL map version 3.0.	Unspecified	Culture-centered design (CCD) 	Initial coding scheme
	17	Parmaxi (2020) [6]	VR corpus journal 	Include empirical study; date from January 2015 to September 2018; belong to an academic venue and include an abstract.	Excluding articles reporting on non-empirical studies, literature reviews, editorials, or book/product reviews; excluding articles that were incorrectly selected in the search process (false positives).	Investigating unexamined questions	Information extracted (IE) 
	18	Peng et al. (2020) [44]	Web of Science	Database was selected as the Web of Science Core Collection—SSCI from 2000 to 2018; the document type was refined into article and language was refined into English; author, title, source, abstract, citation, and other information were extracted and saved into plain text.	Unspecified	ICC	CiteSpace 
	19	Piri and Riyahi (2018) [30]	CALL (CALICO; ReCALL; LLT; and CALL)	Empirical research; studies between 2007–2017.	Unspecified	ICC	Qualitative emergent approach
	20	Shadiev and Dang (2022) [18]	Web of Science	Published during 2010–2021; published in English; belong to education and educational research; focused on use of technology to promote intercultural learning in different learning contexts.	Excluding publications not published during 2010–2021; excluding publications not published in English; excluding publications not belonging to education and educational research; excluding publications not focused on the use of technology to promote intercultural learning in different learning contexts.	Various learning contexts	Open coding
	21	Shadiev and Liu (2022) [63]	Web of Science	Articles published from 2014 to 2020; published in the Social Sciences Citation Index (SSCI) journals; reporting research on applications of SRT to assist language learning; articles published as full texts and in English.	Unspecified	The hidden Markov modeling (HMM) approach	Open coding 
	22	Shadiev and Sintawati (2020) [50]	Web of Science	Published during 2014–2019; (2) focused on intercultural learning supported by technology; published in English; indexed by the Social Science Citation Index (SSCI). 	Unspecified	Byram’s model 	Open coding
	23	Shadiev and Wang (2022) [61]	Web of Science; peer-reviewed instructional materials online	Published during 2011–2022; published in English; focused on technology-supported language learning and 21st century skills.	Excluded articles from the study that did not focus on technology-supported language learning and 21st century skills; conference papers, books, and dissertations were excluded.	Second language acquisition theory; sociocultural theory; and constructivism theory. 	Open coding
	24	Shadiev and Yu (2022) [64]	Web of Science	Studies published SSCI journals; published between 2015 and 2020; studies on CALL with a focus on intercultural education; studies published in English; empirical studies.	Unspecified	Sociocultural theory	Open coding
	25	Shadiev et al. (2021a) [40]	Web of Science; ERIC; and Scopus	Published between 2014 and 2020; published in English; published as full texts; published in the social science citation index (SSCI); not a review study; focused on technology-supported cross-cultural learning.	Unspecified	Cross-cultural communication	Open coding
	26	Shadiev et al. (2021b) [62]	Web of Science; Superstar Discovery; Baidu Scholar	Articles were published in journals; non-duplicate articles and articles in English; published as full texts; articles that focus on 360-degree video and its applications to education; articles that correspond to peer-reviewed publications were excluded.	Excluding articles were not published in journals; excluding duplicate articles; excluding those not in English; excluding not published as full texts; excluding articles that did not focus on 360-degree video and its applications to education; excluding articles that do not correspond to peer-reviewed publications.	Situated learning theory	Open coding
	27	Solmaz (2018) [39]	ERIC; JSTOR; Web of Science; DOAJ; Science Direct; Google Scholar	The focus of the research had to be on the use of global or local mainstream social networking sites (SNSS) in the context of L2 teaching and learning; research had to be published in indexed and peer-reviewed international journals between 2011 and 2017.	Excluding studies featuring educational SNSS; excluding the SNSS which used other web resources (e.g., blogs, e-mails) as data sources; excluding book reviews and conference proceedings; excluding theoretical papers and attitudinal studies.	Social networking sites	Comprehensive descriptive approach
	28	Wu (2021) [22]	EBSCO; Academic Search Complete; Education Research Complete; ERIC; Professional Development Collection; Teacher Reference Centre	Report on telecollaboration projects involving teachers across geographical locations; based on empirical research; published in English; published in peer-reviewed journals, conference proceedings, or book chapters; conducted between 2009–2019; focused on teacher learning in telecollaboration	Studies were excluded if they involved language learners as the only participants (other than teachers as learners) or focused on the use of telecollaboration for student-level learning purposes (e.g., language learning).	Telecollaboration	Thematic coding
	29	Yi et al. (2023) [60]	Social Science Citation Index	Articles published in English; articles published between 2012 and 2021; articles published in SSCI journals; articles related to technology-enhanced intercultural learning.	Studies were excluded if they did not meet the inclusion criteria.	ICC	Open coding
	30	Zak (2021) [23]	ERIC; ProQuest; Google Scholar; the library at a U.S. Higher Education Institution	Only English language articles published in U.S. peer-reviewed journals, practitioner-based resources; book chapters; books and articles published between 2009 and 2019; conducted on VE programs; articles pertaining to both undergraduate and graduate students’ experience; articles about practitioner experience, program design/models, and curriculum of the VE program. 	Studies were excluded if they did not focus on higher education to stay consistent with the parameters of the study.	Integration theory	An integrative review coding
	31	Zhao (2003) [45]	ERIC	An empirical study or multiple studies; technology was more broadly conceived than just computers; the studies included for the final meta-analysis. 	Unspecified	Issues of effectiveness	Meta-analysis
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Research questions and findings.

	 	Author(s)	Research Question(s)	Findings
	1	Akiyama and Cunningham (2018) [35]	What are the typical arrangements of SCMC-based telecollaboration (e.g., participants, project set-ups, and interaction set-ups)? How have SCMC-based telecollaboration projects changed over the last two decades?	Participant characteristics: The most frequently reported configurations involved 2 groups of FL learners and 113 cultural groups from 25 unique countries. The USA participated most often, followed by Germany and Spain; about one-third of the cultural groups spoke English as their L1; projects featuring participants who speak languages other than major European languages started to appear after 2010; only 1 less commonly taught language (LCTL) (i.e., languages other than English, Spanish, German, and French) was featured in the top 5; of the 55 study reports, 30 reported participants’ FL proficiency level using proficiency bands based on established frameworks, such as Common European Framework of Reference, 7 studies reported the course levels, and 11 studies reported both proficiency and course levels. There were two studies without any reference or courses.
Project set-ups: Most of the projects were either monolingual or bilingual in contrast to the paucity of multilingual and lingua franca projects; it was found that the average duration of a project was about 10.54 weeks with an SD of 4.19 weeks. The longest project lasted for 26 weeks, and the project with the shortest duration lasted for 4 weeks; many projects were text-based (k = 23) or combined text chat with video interaction (k = 12). There were also projects that did not use any written modality: video chat only (k = 12), audio chat (k = 2), audio-graphic (k = 2), and both audio and video chat (k = 1); concurrent use of ACMC tools: 62% of ACMC was via email, 16% was via blogs, 14% was via wikis or websites, and 11% was via discussion forums. Only one study used the social networking site Facebook alongside SCMC.
Interaction set-ups: We identified five types of interaction formation when participants engage in SCMC: (1) 1 vs. 1 (i.e., dyads), (2) 1–2 vs. 1, (3) small group, (4) mid-size group, and (5) class vs. class; many of the projects used information exchange tasks, and language-focused tasks were the least common, while many projects (k = 23) designated when to use which language for how long (e.g., tandem model). Ten studies adopted the bilingual mode, allowing participants to use a language of their choice.
	2	Avgousti (2018) [43]	What empirical research has been undertaken on the impact of Web 2.0 tools and applications on the intercultural communicative competence of learners of a second or foreign language? How do online intercultural exchanges with Web 2.0 tools and applications affect the development of intercultural communicative competence of learners of a second or foreign language?	The intercultural competences which might have been developed throughout the exchanges, and the role that the tools and their modalities might have had in the development of L2 or FL learners’ ICC; some researchers found that the use of critical reflections, explicit comparisons, and questions served as indicators of learning; tools and multimodality, however, affected their ICC skills to a greater extent; the study tends to use the words countries and cultures interchangeably and ignores the multiplicity of several cultures within a nation; challenges encountered included equal participation in tasks, negative attitudes, cultures-of-use’ of the tools used, lack of challenging others’ views, lack of critical reflection and higher-order thinking, absence of and intercultural awareness or competence.
	3	Barbosa and Ferreira-Lopes (2021) [14]	Unspecified	254 articles were retrieved; many of the studies were published by affiliated authors from USA universities, while other countries with relevant number are Spain, Brazil, China, and the United Kingdom; journal co-citation shows that the top leading journals in terms of co-citations are the USA, Spain, China, the Netherlands, and the UK, etc. In terms of citations, the most prominent authors are Robert O’Dowd from Universidad de León, in Spain; the research streams that comprise a larger number of studies are language development, intercultural communication, and teacher education; the most frequents word is telecollaboration; the analysis of keywords highlighted the use of two main terms: intercultural competence and learner autonomy; the most used technological sources are blogs, Facebook, social media, digital storytelling, wikis, and Skype.
	4	Barrot (2021) [54]	What are the characteristics of the scientific literature in terms of context, research design, target language, social media use, and orientation of results? What is the research productivity and growth trajectory of scientific literature on social media as a language learning environment in the past 12 years? How is the scientific literature distributed in terms of geographical location and publication venues? How did the topical foci develop over the past decade?	The characteristics of the selected studies in terms of the target language, context, research design, and social media use; research productivity and trajectory; the research productivity in this field between 2008 and 2019 totals 396 documents from 160 source titles; geographically, nearly half of all documents were published by Asian-affiliated scholars. For North America, Europe, Australia, and Oceania, etc., the topical foci have expanded to all social media platforms, but the most consistently explored are Facebook, Skype, YouTube, and Twitter.
	5	Çiftçi and Savas (2018) [8]	What are the focal research points of telecollaborative projects in terms of language and intercultural learning? What type of participants and contexts are involved in telecollaborative projects? What types of technologies are used in telecollaborative projects? What are the major observable patterns and emerging issues in terms of language and intercultural learning through telecollaboration?	Videoconferencing, email exchanges, learning management systems, and blogs were the most frequently used tools among the studies. In at least two different country contexts, language and intercultural learning were the focal point; the synthesis revealed a prevalence of positive telecollaborative experiences; telecollaboration yielded a strong positive impact on the language learning processes and enabled people to develop their ICC on different levels; telecollaborative projects overall succeeded in fostering existing intercultural and language skills
	6	Çiftçi (2016) [31]	What kinds of technologies were used in intercultural studies? What type of participants and contexts were involved? How long did the studies take place over? What were the major findings in terms of intercultural learning? How effective were digital technologies to promote intercultural learning? Are there any potential gaps and suggestions for further research directions?	Online discussion boards were the most frequently used ones in the studies, and studies were conducted with participants from at least two different countries or cultures; analyses revealed that most of the participants completed intercultural projects with satisfactory feelings; myriad intercultural opportunities were provided by the studies in terms of learning target culture; intercultural communication through technology triggered learners to develop interculturally; computer-based digital tools enabled people to communicate with people from other cultures without visiting each other; most of the studies in the literature were designed around language learning or teaching; training before the intercultural experience also needs to be designed and implemented carefully; most of the studies took around one semester to be completed.
	7	Gallagher and Savage (2013) [36]	Unspecified	Comparative cross-cultural analysis focus on comparative cultures and comparative communities; there were five common research methodologies used, namely surveying, content analysis, mixed methods, qualitative interviewing, and ethnography. Sampling methods included convenience, maximum variation, snowball, probability, judgment, and random sampling; intra-comparative studies compared different cultures within a single online community
	8	Hein et al. (2021) [56]	How are virtual, fully immersive learning environments used for foreign language learning? Which characteristics of immersive technology support foreign language learning? Can virtual, fully immersive learning environments increase motivation and success in learning a foreign language? Can they change participants’ attitudes through intercultural encounters? How are they used for teacher training?	Investigation forms included blended learning (BL), experiment (between-design), experiment (within-design), and solely qualitative studies, such as semi-structured interviews; the studies used the AR medium (50%). The next largest share is taken by studies with MUVE’s (24%), 13% of the studies showed the 360 contents via an HMD or using Smart Spaces, only 13% of the studies used fully immersive VR applications, and still, none of these studies defined immersion according to the designated definition; most studies compared the findings over time (31%), particularly in blended learning studies or studies with at least two measurement points: learning achievements (examined in 31 studies) and qualitative and subjectively observed measures (examined in 35 studies) accounted for the largest proportions; teachers often found the systems used very motivating and enjoyable.
	9	Istifci and Ucar (2021) [37]	Unspecified	Studies investigating social networking mostly found Facebook, Facebook and Twitter, Twitter, WeChat, and Papa; videoconferencing tools, like Skype or Zoom, can be utilized in language teaching and learning for various purposes; wikis have attracted the attention of researchers, teachers, and learners who would like to find new ways to enhance L2 development; for blogging, researchers have investigated the topic in relation to language teaching and learning, focusing on its potential contributions to the writing and speaking skills of learners; the forum NaverCafe can be used in the vocabulary teaching part of an EFL reading class at a South Korean university.
	10	Ivenz and Klimova (2022) [10]	What kind of activities can enhance the development of intercultural communicative competence? Which of the presented activities are stimulating for students of foreign languages, and why?	Two research studies focus solely only on one activity aimed at the development of the ICC of the students (telecollaboration, scavenger hunt); the number of participants in the samples ranges from twenty students to forty-two students in one study; students who participated in these studies were university students; the classes were either classes for English for specific purposes (ESP) or general English (GE) classes; the outcome knowledge was checked by the researchers by observing the lessons, using questionnaires, surveys, interviews, and teacher notes and journals.
	11	Jiang et al. (2021) [11]	They pertained to projects with an online element; they said projects were aimed at fostering teacher’s ICC.	Teachers are encouraged to construct active collaborative learning, share knowledge and experience, negotiate contradictory views, apply and transfer knowledge, think critically, and solve problems in a shared virtual CoP; compared with traditional modes of face-to-face intercultural training, like workshops, seminars, or conferences, online training has more advantages in terms of flexibility pace, location boundaries, affordability, and anonymity.
	12	Kolm et al. (2022) [33]	What competencies do students in higher education need to develop during their studies to achieve effective IOC? Which instructional designs are used in higher education to promote the development of IOCCs? how can IOCCs and their development be evaluated?	The competence domains emerging from the literature: ICT mostly used Web 2.0 tools, and Byram’s model of intercultural communication is widely used; characteristics, such as openness and perspective-taking, etc., were found to be supportive in communication; self-management and organization, such as planning tasks thoroughly in advance and meeting deadlines, was explored; collaboration, part of collaboration competencies, including intercultural, communication, and self-management competencies, was explored; domain-specific knowledge, including job expertise and technical knowledge, was mandatory for collaboration to achieve shared goals and substantive knowledge in the form of domain-specific competencies to interact in a globally interdependent world.
Instructional designs used to promote IOCCs: Telecollaboration, reviewing articles, critically analyzing examples from online exchanges, and collaboratively designing guidelines and assessment tools to organize a telecollaborative project; PBL, collaborative learning using wikis and online projects.
Evaluation methods for IOCCs: Evaluating ICT competencies used self-developed questionnaires, which were self-developed and non-standardized, and which measured self-perceived competence using the computer, pre- and postsurvey, on perceived comfort and perceived knowledge for using technology tools, with a questionnaire based on proficiency in technical experimentation; for evaluating intercultural and cultural competencies, they applied content analysis to online forums, interviews, and reports, using Byram model for content analysis, a modified coding scheme for individual and social accountability, cognitive and organizational behaviors, and standardized questionnaires; they self-assessed team processes, communication modes, outcomes, and learning, but did not provide an in-depth description of the questionnaire.
	13	Lewis and O’Dowd (2016) [34]	Unspecified	The most-used technologies were asynchronous; one of the primaries aims of online exchange has been second language learning; cultural misunderstanding, miscommunication, and conflict appear early in the literature; there is some evidence that working together in online environments can help learners to become more autonomous with digital literacy.
	14	Manca and Ranierit (2016) [38]	Unspecified	Demographics of the studies were coded as studies on the formal use of Facebook in formal learning settings, on informal use in formal learning settings, and use in informal learning settings; Facebook was the most used, while the group, pages, or apps (N = 5) were much less frequently used and were adopted to conduct discussion and peer learning or to share resources. Facebook as a learning tool’s popularity was due to the familiarity of Facebook among students and pedagogical reasons (3). Facebook affordances: all three affordances were found to significantly increase along the continuum of formality/informality.
	15	O’Dowd (2016) [55]	Unspecified	There is increasing diversity in the way telecollaboration is being integrated; telecollaborative practice have traditionally involved language learners; critical telecollaboration attempts to refocus online intercultural exchange; cross-disciplinary telecollaborative initiatives which engage students; many educators are integrating online intercultural collaboration with other forms of instruction and study programs; there has been a growing demand among practitioners to establish a framework; more than 15 presentations looked explicitly at the role of videoconferencing in telecollaborative interaction.
	16	Parmaxi and Zaphiris (2016) [53]	Unspecified	Research in this group focused on the effects of SCMC on learners’ cognitive and affective development in a second language (L2); researchers in asynchronous CMC (ACMC) seek to identify and evaluate the affordances of various ACMC modes in L2 development; research in mixed CMC has a comparative aspect in the sense that it sets the affordances of SCMC vis a vis the affordances of ACMC and face-to-face interaction. 
	17	Parmaxi (2020) [6]	Map the use of VR technologies, the language learning settings, and the duration of educationalactivities; find potential benefits from using VR as an educational tool in the language classroom; suggest future research directions regarding the educational use of VR based on the reviewedliterature.	The VR technologies majority employed Second Life, OpenSimulator, or customized virtual environments, other studies employed a platform based on the cloud, a hybrid virtual environment, or Google Street View virtual environment for exploring cultural learning; the majority of the studies included university students, primary school students, and vocational training, secondary school students, and early childhood education; languages had English as their target language; the majority of the manuscripts employed VR for approximately 1–10 tasks or sessions; the VR corpus has demonstrated that the majority of studies benefit from using VR, boost students’ learning, and reform the learning and teaching experience; future directions can be suggested, such as real-life task design, alignment of VR features with learners’ strategies, cognitive processes and practices, cross-discipline research, large-scale studies, intercultural enhancement, experimental studies, twenty-first century skills, design principles for accessible and effective virtual worlds, kinesthetics VR, innovation in all levels of education, affordable VR, and fully immersive virtual experiences.
	18	Peng et al. (2020) [44]	(1) What is the temporal distribution of published papers on ICC research? What are the major publication countries (regions) and institutions in the field of ICC research? What are the highly cited journals in the field of ICC research? Who are the highly cited authors in the field of ICC research? What are the highly cited references in the field of ICC research? What are the research hotspots in the field of ICC research?	The number of published articles shows an ostensible upward trend in terms of temporal distribution since 2007; the first five highly cited countries are the USA, China, Australia, Spain, and the UK; The International Journal of Intercultural Relations (IJIR) is found to be the most highly cited journal within the past twenty years; the first five most highly cited authors are Michael Byram, Darla Deardorff, Claire Kramsch, Mitchell Hammer, and Milton Bennett; “Conceptualizing Intercultural Competence” is the most highly cited article; blog entries, medical student, academic expatriate, and global management competencies are found to be the top four ICC research hotspots.
	19	Piri and Riyahi (2018) [30]	Unspecified	Positive attitudes toward using digital tools in intercultural language learning; the development of critical cultural awareness and intercultural communicative competence; opportunities for improving all aspects of language learning; textbooks are still the predominant learning resource; a necessity felt for special technical skills and competencies.
	20	Shadiev and Dang (2022) [18]	What is the research focus in reviewed studies? On what theoretical foundation reviewed studies were built? What technologies were used in reviewed studies? What were the learning contexts in reviewed studies and what was their connection to intercultural learning? What were the countries, languages, and participants in reviewed studies? What learning activities were designed in reviewed studies? What data were collected by researchers in reviewed studies? What findings were reported in reviewed studies?	Most studies focused on intercultural competence which includes multiple subdimensions; the most frequently used theories were Deardorf’s Process Model of ICC and Vygotsky’s sociocultural theory; Skype was the most frequently used technology; teacher education was the most studied field; China and the USA were the countries most involved in cross-cultural activities, all studies used English for communication, the academic level of most participants was undergraduate level, the number of participants in most activities was less than 50; cooperation, synchronous communication, and production were the most used activity; all studies used qualitative research methods; meanwhile, there were twelve studies that used mixed research methods; intercultural activities were proved to promote students’ intercultural competence, though not all subdimensions improved.
	21	Shadiev and Liu (2022) [63]	What were the domains and skills in the reviewed articles? What technology did scholars use and what were their applications? Who were the research participants and what was the duration of the interventions in the reviewed articles? What measures did scholars use in the reviewed articles? What results were reported of the reviewed articles? What were the reported advantages and disadvantages of the reviewed studies?	The domain included language learning, cross-cultural learning, and distance learning; scholars used Dragon Naturally Speaking, Google Speech Recognition, Windows Speech Recognition, an automatic speech recognition (ASR)-based CALL system, partial and synchronized captioning (PSC), and Julius; participants were from college, elementary school, junior high school, and preschool. Durations: less than one hour, less than one day, less than one week, less than one month, more than one month, or not specified at all; measures are a questionnaire, pre-/posttest, interviews, content of reflective notes, created texts, and think-aloud protocols, learning logs, EEG recordings, fieldwork methods, eye tracking, task analysis, language learning logs, and usability reviews; the results can be divided into five areas: (1) gains in proficiency—there were changes in certain language skills after the intervention; (2) perceptions—students’ perceptions of the intervention; (3) questions, suggestions, or approaches—some questions were raised after the intervention and suggestions or approaches were proposed; (4) system design—results concerned the system design; (5) learning logs—records of system usage for language learning; there were advantages of using speech recognition technology, such as improving affective factors, enhancing language skills, promoting interaction, creating a self-paced learning environment, and improving autonomy, increasing learning involvement, self-monitoring errors, enhancing intercultural sensitivity, supporting learner differences, reducing task completion time, and developing awareness of intelligibility. Some disadvantages were also reported: the low accuracy rate of the system, its insufficiency (i.e., SRT lacked some useful features to support learning efficiently), the system placing a burden on some students, and it being time-consuming to use.
	22	Shadiev and Sintawati (2020) [50]	What kind of technologies were used in intercultural studies? What methods, cultures, languages, and participants were involved? What kind of learning activities were designed in intercultural studies? What problems associated with intercultural learning implementation were reported in the reviewed studies?	The most frequently used technologies were videoconferencing and email; mixed research methods were prevalent in reviewed studies; the US and China were the most frequently involved countries, English was the most frequently used language, and most participants were undergraduates and secondary school students; the main learning activities were self-introduction, culture introduction, and interaction; the two most important dimensions of intercultural learning were knowledge and critical cultural awareness; there were problems related to methodology, learning process, and technology identified in the reviewed studies.
	23	Shadiev and Wang (2022) [61]	What language skills and 21st century skills did the researchers focus on in the reviewed studies? What theories were used as a foundation in reviewed studies? What technologies were used to promote language skills and 21st century skills? What learning activities were used in the reviewed studies? What were the methodological characteristics of the reviewed studies? What research findings were obtained in the reviewed studies?	Reviewed studies had focused most frequently on such language skills as speaking and writing and on such 21st century skills, such as communication and collaboration; the social constructivism theory was often used; Facebook, Google Docs, and Moodle were popular technologies in reviewed studies to facilitate language and 21st century skills; the following five types of learning activities were used to support learners’ language learning and 21st century skills: (1) collaborative task-based language learning activities; (2) language learning activities based on online communication; (3) creative work-based language learning activities; (4) adaptive language learning activities based on learning platforms; (5) language learning activities based on multimedia learning materials; most of the studies had a sample size of 11–30, the most common study period was 3–6 months, the data collection method often used by researchers was questionnaires, the most common method to collect quantitative data was tests, and the most common method to collect qualitative data was interviews.
	24	Shadiev and Yu (2022) [64]	What was the theoretical foundation of the reviewed studies? What technologies were used by participants in the reviewed studies? What languages and cultures were involved in the reviewed studies? What methodologies were applied by scholars to the reviewed studies? What results were reported in the reviewed studies?	Mixed research methods were prevalent in reviewed studies; the US and China were the most frequently involved countries; English was the most frequently used language; most participants were undergraduates and secondary school students.
	25	Shadiev et al. (2021a) [40]	What theoretical foundation was used in the cross-cultural studies under consideration? What curricula did the cross-cultural studies use? What technologies were applied in the cross-cultural studies? What methodology was used in the cross-cultural studies? What were their main findings? 	Reviewed studies built their research frameworks mostly based on Byram’s model and the cultural convergence theory; studies could be categorized in terms of the curricula focus into (a) cross-cultural learning, (b) linguistic skills, and (c) pre-service teacher training; the most frequently used technologies to support cross-cultural learning were Skype, e-mail, and blogs; most of the reviewed studies comprised a combination of both qualitative and quantitative data; most of the reviewed studies reported the role of technology in cross-cultural learning and how technologies can support FL/SL learning and pre-service teacher training; the reviewed studies pointed out several issues encountered during the cross-cultural learning process and suggested corresponding solutions.
	26	Shadiev et al. (2021b) [62]	What 360-degree video tools were used in the field of education? What were the theoretical bases of the reviewed studies? What methodologies were applied to the reviewed studies? What results were reported in the reviewed studies?	The most frequently used tools (i.e., cameras) to create 360-degree videos were GoPro and Samsung, scholars also used Insta 360, LG 360 CA, Ricoh Theta V, and 360fly 4k cameras in the reviewed studies; the theories were grouped into cognitive theory, social learning theory, behavioral theory, situated learning theory, and affective learning theory; the most popular domains were medicine and healthcare, language, culture, science, and teacher education; there were twelve studies with less than thirty participants involved. Participants watched 360-degree videos; 360-degree videos were created by professionals; 360-degree videos were created by participants; 360-degree videos were obtained from other sources and 360-degree videos were obtained from unspecified sources; durations were less than 30 min, between 30 and 60 min, between 1 and 6 h (n = 9), between 1 day and 1 week (n = 2), between 1 week and 1 month, and more than 1 month; scholars used questionnaires, tests, interviews, surveys, student reflection, teacher evaluations, and peer evaluations; scholars reported about improved learning outcomes, positive attitudes toward 360-degree video, user experience, behavioral changes, and motivation.
	27	Solmaz (2018) [39]	What are the emerging themes and issues addressed in the previous scholarship of SNS use in L2TL settings? What are the pedagogical considerations for SNS integration into L2TL?	The value of SNSs as a general resource to create new avenues for practicing a multitude of language areas and literacies is dominantly present in the literature; SNSs were shown to create spaces for learners to be exposed to authentic input in an informal context with opportunities for authentic output; previous studies suggest that SNSs may play a role in assisting L2 learners in developing intercultural competence and socio-pragmatic skills in socio-interactive online environments; a high level of interaction in social networking spaces naturally resulted in the exploration of online communities in the L2TL context; identity performance and self-presentation are often experienced in SNSs, mostly because such virtual worlds enable learners to experiment with multiple identities more safely as they do not occur in a monolithic real world.
	28	Wu (2021) [22]	What are the commonly reported learning outcomes of telecollaboration projects that take place for the purpose of language teachers’ professional development? What are the key themes in terms of the types of new teaching competences for language teachers to develop, new roles of project instructors, teacher perceptions of telecollaborative learning, and their preparedness for transferring the new competences to language classrooms?	Scholars of the examined studies have increasingly applied telecollaboration to prepare teachers for new competences. Researchers have conceptualized telecollaboration as experiential learning when designing tasks to boost teachers’ development; a majority of scholars in the 36 studies intentionally engaged teachers in experiential learning of telecollaboration; a task design mediator takes on multiple roles, including the role of a co-designer needed to connect participating institutions and to co-design telecollaborative tasks and a curriculum in the planning stage; after participating in telecollaboration projects, teachers demonstrated a variety of changes in their attitudes, beliefs, and perceptions; many scholars of the 36 studies stressed that it is as significant to prepare teachers for such issues as to teach them how to design and implement tasks relevant to intercultural learning, technology integration, and telecollaboration integration.
	29	Yi et al. (2023) [60]	What is the relationship between participants and technology? What is the relationship between participants and the reported main findings? What is the relationship between the instruments and main findings? What is the relationship between study types and the main findings? Does technology have an impact on intercultural learning?	(1) Moderate evidence showed a higher frequency of the technology usage in higher education or above; strong evidence revealed that technology was applied more frequently in studies with large samples than in those with small samples; (2) moderate evidence demonstrated that most of the main findings were obtained from studies related to higher education or above; (3) moderate evidence illustrated that the main finding was intercultural learning outcome, and it was frequently obtained using various measuring instruments; (4) there was moderate evidence that mixed research was prevalent in the reviewed studies, and most of the main findings were obtained through mixed research; (5) strong evidence showed that computer vision technologies had the most significant impacts on participants’ intercultural learning. In addition, the following five relationships were identified: participants and technology, participants and main findings, instruments and main findings, types and main findings, and impacts of technology on intercultural learning.
	30	Zak (2021) [23]	What are some of the VE models discussed in the literature? What are the major learning outcomes of VE? What are the programmatic insights (trends, challenges, limitations) addressed in the literature?	VE has been most often used with the intention of language learning and developing international cultural competencies; one of the best known models of VE is COIL. The Center for COIL assists in facilitating online learning and building relationships with international partners; VE programs are noting varying learning outcomes, such as language learning, peacebuilding, and international cultural competency development. The scholarship on VE mostly consists of case studies sharing analysis of programmatic features, including planning, curricular, and pedagogical visions; several scholars offer implementation guidance, including a typology of implementation models and an evaluation process of a pedagogical intervention.
	31	Zhao (2003) [45]	How and in what ways is technology are effective in improving language learning?	Overviews of the literature were published in 1998 and 1999, and contain 10 feature articles; uses and effectiveness of technologies in language education is categorized into four groups: access to materials, communication opportunities, feedback, and learner motivation; assessing the overall effectiveness uses a preliminary meta-analysis.
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	 	Author(s)	Limitation(s)
	1	Akiyama and Cunningham (2018) [35]	First, there is a lack of TC projects that go beyond one semester and that feature participants whose proficiency is higher than intermediate; we need more research on TC projects that involve LCTLs; there is a paucity of multilingual and lingua franca projects; we cannot emphasize enough how important it is for TC researchers to report as many details as possible about their TC projects; finally, it is important to remember that this synthesis does not represent the entirety of SCMC-based TC, because of the 55 projects included in the synthesis.
	2	Avgousti (2018) [43]	With regard to methodological limitations, methodological triangulation is suggested; limited in including a different set of databases and journals; limited in year of publication or omitting any other inclusion and exclusion criteria to extend the scope of the study; limited in focus on a different set of keywords which might uncover a different set of empirical studies; multi focus on two aspects, such as ICC and language skill, which means that the study is not specifically concerned with ICC skills.
	3	Barbosa and Ferreira-Lopes (2021) [14]	Although Europe and Asia also have significant presence, there is much space to improve co-authorship in the near future. From the intercultural perspective, telecollaborative exchanges could also be much more enriched with an increased involvement of other cultural clusters; the different methodologies to identify keyword clusters and trend topics can be used in future studies.
	4	Barrot (2021) [54]	The study did not examine the generalizability of the findings of the selected studies; the analysis was delimited to papers retrieved from the Scopus database within the three subject categories; the bibliometric nature of this study restricted me from differentiating between studies on formal and informal language learning contexts.
	5	Çiftçi and Savas (2018) [8]	The main limitations of this synthesis paper concern potential future meta-syntheses or meta-analyses, and the study at hand had a limited scope and time. 
	6	Çiftçi (2016) [31]	Small number of studies; limited criteria of selection only focused on an empirical study. 
	7	Gallagher and Savage (2013) [36]	Small number of studies reviewed; limited scope of themes discussed.
	8	Hein et al. (2021) [56]	Small number papers reviewed that should improve in the future. 
	9	Istifci and Ucar (2021) [37]	The scope of this study is relatively limited.
	10	Ivenz and Klimova (2022) [10]	The main limitation of this review study is that only open access articles were included.
	11	Jiang et al. (2021) [11]	This article has illustrated the impetus for teachers’ ICC learning and training to occupy a prominent niche in the school agenda; while the availability and quantity of such projects is lacking, this is but one area to be considered.
	12	Kolm et al. (2022) [33]	First, reported results were heterogeneous and synthesis is possible only to a limited degree; second, we limited studies to the English and German language and, therefore, might have missed relevant findings of studies in other languages.
	13	Lewis and O’Dowd (2016) [34]	A small number of authors have produced evidence that telecollaborative exchanges can foster the development of learner autonomy and that immersive environments may offer particularly favorable conditions.
	14	Manca and Ranierit (2016) [38]	The review was performed on several databases and within a few educational-related journals; although the latter would be an optimal integrative method to take stock of this trend of research, the available studies in each of the three domains (formal use in informal learning settings, informal use in formal learning settings, and use in informal learning settings) are too heterogeneous to justify a quantitative meta-analysis.
	15	O’Dowd (2016) [55]	Lack of space has meant it was impossible to look at the many different research methods which were reported at the Dublin conference.
	16	Parmaxi and Zaphiris (2016) [53]	The decision to limit the corpus to four journals meant that some manuscripts that relate to CMC in language learning and teaching were not included; the results are limited to this particular corpus; however, the results may also reflect both present and future trends in the field.
	17	Parmaxi (2020) [6]	Small number of studies reviewed.
	18	Peng et al. (2020) [44]	On the one hand, in the process of data collection, the keywords we chose were limited which could not cover all the other different terms, like cross-cultural competence, global competence, and cross-cultural adaptation, etc.
	19	Piri and Riyahi (2018) [30]	Limited databases; limited number of studies.
	20	Shadiev and Dang (2022) [18]	This study only used the searched papers in the Web of Science database; this study only includes eight fields, which is too few for all disciplines. In the future, scholars may address these issues.
	21	Shadiev and Liu (2022) [63]	Unspecified
	22	Shadiev and Sintawati (2020) [50]	Only twenty-five research articles were reviewed, and some important studies on intercultural learning supported by technology were omitted.
	23	Shadiev and Wang (2022) [61]	Articles reviewed in this study were sourced from PRIMO and Web of Science databases, and some conference papers, books and dissertations were excluded.
	24	Shadiev and Yu (2022) [64]	The search for research articles was limited to SSCI journals only; another limitation is that 18 reviewed studies included no information related to theoretical foundations.
	25	Shadiev et al. (2021a) [40]	Small number of articles, where only the top nineteen SSCI journals excluded conference papers, book reviews, dissertations, etc. 
	26	Shadiev et al. (2021b) [62]	Specific databased and inclusion/exclusion criteria used in our study were limited; we only focused on exploring such aspects as tools, theory, methodologies, and results; performing a meta-analysis in order to statistically test the effectiveness of applications of 360-degree videos on learning outcomes is another promising research direction.
	27	Solmaz (2018) [39]	 
	28	Wu (2021) [22]	Small number of studies reviewed; limited scope of themes discussed.
	29	Yi et al. (2023) [60]	Conference papers, book reviews, etc., were excluded from this study; there were not quality assessment tools for evaluating educational research articles; the researchers did not use a meta-analysis because there were few intercultural learning studies.
	30	Zak (2021) [23]	Lack of methodological diversity in the published studies—most are qualitative, and many use the case study methodology; insignificant empirical exploration of the faculty/facilitator experience in planning and executing VE programs.
	31	Zhao (2003) [45]	The limited number of available studies.
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Figure 1.
The stages of a review of review studies [48].
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Figure 2.
The content analysis involved in the review studies.
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Table 1.
Inclusion and Exclusion Criteria.
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	Dimensions	Inclusion	Exclusion
	Publication year	Publication between 2003–2023	Publication before 2003
	Source type	Peer-reviewed journal articles	Non-peer-reviewed journal
	Language	Only English-language articles	Non-English articles
	Context 	Only review studies focused on TSCCL	Not related to a review of TSCCL




		Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.




© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).





Share and Cite


























MDPI and ACS Style


Shadiev, R.; Sintawati, W.; Kerimbayev, N.; Altinay, F.
Systematic Review (2003–2023): Exploring Technology-Supported Cross-Cultural Learning through Review Studies. Sustainability 2024, 16, 755.
https://doi.org/10.3390/su16020755



AMA Style


Shadiev R, Sintawati W, Kerimbayev N, Altinay F.
Systematic Review (2003–2023): Exploring Technology-Supported Cross-Cultural Learning through Review Studies. Sustainability. 2024; 16(2):755.
https://doi.org/10.3390/su16020755


Chicago/Turabian Style


Shadiev, Rustam, Wayan Sintawati, Nurassyl Kerimbayev, and Fahriye Altinay.
2024. "Systematic Review (2003–2023): Exploring Technology-Supported Cross-Cultural Learning through Review Studies" Sustainability 16, no. 2: 755.
https://doi.org/10.3390/su16020755







Note that from the first issue of 2016, this journal uses article numbers instead of page numbers. See further details here.


Article Metrics



No



No







Article Access Statistics



For more information on the journal statistics, click here.

Multiple requests from the same IP address are counted as one view.



















Zoom
|
 Orient 
|
 As Lines 
|
 As Sticks 
|
 As Cartoon 
|
 As Surface 
|
Previous Scene
|
Next Scene














Cite


























Export citation file:
BibTeX |
EndNote |
RIS






MDPI and ACS Style


Shadiev, R.; Sintawati, W.; Kerimbayev, N.; Altinay, F.
Systematic Review (2003–2023): Exploring Technology-Supported Cross-Cultural Learning through Review Studies. Sustainability 2024, 16, 755.
https://doi.org/10.3390/su16020755



AMA Style


Shadiev R, Sintawati W, Kerimbayev N, Altinay F.
Systematic Review (2003–2023): Exploring Technology-Supported Cross-Cultural Learning through Review Studies. Sustainability. 2024; 16(2):755.
https://doi.org/10.3390/su16020755


Chicago/Turabian Style


Shadiev, Rustam, Wayan Sintawati, Nurassyl Kerimbayev, and Fahriye Altinay.
2024. "Systematic Review (2003–2023): Exploring Technology-Supported Cross-Cultural Learning through Review Studies" Sustainability 16, no. 2: 755.
https://doi.org/10.3390/su16020755







Note that from the first issue of 2016, this journal uses article numbers instead of page numbers. See further details here.







clear















Sustainability,
EISSN 2071-1050,
Published by MDPI



RSS


Content Alert








Further Information



Article Processing Charges


Pay an Invoice


Open Access Policy


Contact MDPI


Jobs at MDPI





Guidelines



For Authors


For Reviewers


For Editors


For Librarians


For Publishers


For Societies


For Conference Organizers





MDPI Initiatives



Sciforum


MDPI Books


Preprints.org


Scilit


SciProfiles


Encyclopedia


JAMS


Proceedings Series





Follow MDPI



LinkedIn


Facebook


Twitter








Subscribe to receive issue release notifications and newsletters from MDPI journals


Acoustics
Acta Microbiologica Hellenica
Actuators
Administrative Sciences
Adolescents
Advances in Respiratory Medicine
Aerobiology
Aerospace
Agriculture
AgriEngineering
Agrochemicals
Agronomy
AI
Air
Algorithms
Allergies
Alloys
Analytica
Analytics
Anatomia
Anesthesia Research
Animals
Antibiotics
Antibodies
Antioxidants
Applied Biosciences
Applied Mechanics
Applied Microbiology
Applied Nano
Applied Sciences
Applied System Innovation
AppliedChem
AppliedMath
Aquaculture Journal
Architecture
Arthropoda
Arts
Astronomy
Atmosphere
Atoms
Audiology Research
Automation
Axioms
Bacteria
Batteries
Behavioral Sciences
Beverages
Big Data and Cognitive Computing
BioChem
Bioengineering
Biologics
Biology
Biology and Life Sciences Forum
Biomass
Biomechanics
BioMed
Biomedicines
BioMedInformatics
Biomimetics
Biomolecules
Biophysica
Biosensors
BioTech
Birds
Blockchains
Brain Sciences
Buildings
Businesses
C
Cancers
Cardiogenetics
Catalysts
Cells
Ceramics
Challenges
ChemEngineering
Chemistry
Chemistry Proceedings
Chemosensors
Children
Chips
CivilEng
Clean Technologies
Climate
Clinical and Translational Neuroscience
Clinics and Practice
Clocks & Sleep
Coasts
Coatings
Colloids and Interfaces
Colorants
Commodities
Complications
Compounds
Computation
Computer Sciences & Mathematics Forum
Computers
Condensed Matter
Conservation
Construction Materials
Corrosion and Materials Degradation
Cosmetics
COVID
Crops
Cryptography
Crystals
Current Issues in Molecular Biology
Current Oncology
Dairy
Data
Dentistry Journal
Dermato
Dermatopathology
Designs
Diabetology
Diagnostics
Dietetics
Digital
Disabilities
Diseases
Diversity
DNA
Drones
Drugs and Drug Candidates
Dynamics
Earth
Ecologies
Econometrics
Economies
Education Sciences
Electricity
Electrochem
Electronic Materials
Electronics
Emergency Care and Medicine
Encyclopedia
Endocrines
Energies
Eng
Engineering Proceedings
Entropy
Environmental Sciences Proceedings
Environments
Epidemiologia
Epigenomes
European Burn Journal
European Journal of Investigation in Health, Psychology and Education
Fermentation
Fibers
FinTech
Fire
Fishes
Fluids
Foods
Forecasting
Forensic Sciences
Forests
Fossil Studies
Foundations
Fractal and Fractional
Fuels
Future
Future Internet
Future Pharmacology
Future Transportation
Galaxies
Games
Gases
Gastroenterology Insights
Gastrointestinal Disorders
Gastronomy
Gels
Genealogy
Genes
Geographies
GeoHazards
Geomatics
Geosciences
Geotechnics
Geriatrics
Gout, Urate, and Crystal Deposition Disease
Grasses
Hardware
Healthcare
Hearts
Hemato
Hematology Reports
Heritage
Histories
Horticulturae
Hospitals
Humanities
Humans
Hydrobiology
Hydrogen
Hydrology
Hygiene
Immuno
Infectious Disease Reports
Informatics
Information
Infrastructures
Inorganics
Insects
Instruments
International Journal of Environmental Research and Public Health
International Journal of Financial Studies
International Journal of Molecular Sciences
International Journal of Neonatal Screening
International Journal of Plant Biology
International Journal of Translational Medicine
International Journal of Turbomachinery, Propulsion and Power
International Medical Education
Inventions
IoT
ISPRS International Journal of Geo-Information
J
Journal of Ageing and Longevity
Journal of Cardiovascular Development and Disease
Journal of Clinical & Translational Ophthalmology
Journal of Clinical Medicine
Journal of Composites Science
Journal of Cybersecurity and Privacy
Journal of Developmental Biology
Journal of Experimental and Theoretical Analyses
Journal of Functional Biomaterials
Journal of Functional Morphology and Kinesiology
Journal of Fungi
Journal of Imaging
Journal of Intelligence
Journal of Low Power Electronics and Applications
Journal of Manufacturing and Materials Processing
Journal of Marine Science and Engineering
Journal of Market Access & Health Policy
Journal of Molecular Pathology
Journal of Nanotheranostics
Journal of Nuclear Engineering
Journal of Otorhinolaryngology, Hearing and Balance Medicine
Journal of Personalized Medicine
Journal of Pharmaceutical and BioTech Industry
Journal of Respiration
Journal of Risk and Financial Management
Journal of Sensor and Actuator Networks
Journal of Theoretical and Applied Electronic Commerce Research
Journal of Vascular Diseases
Journal of Xenobiotics
Journal of Zoological and Botanical Gardens
Journalism and Media
Kidney and Dialysis
Kinases and Phosphatases
Knowledge
Laboratories
Land
Languages
Laws
Life
Limnological Review
Lipidology
Liquids
Literature
Livers
Logics
Logistics
Lubricants
Lymphatics
Machine Learning and Knowledge Extraction
Machines
Macromol
Magnetism
Magnetochemistry
Marine Drugs
Materials
Materials Proceedings
Mathematical and Computational Applications
Mathematics
Medical Sciences
Medical Sciences Forum
Medicina
Medicines
Membranes
Merits
Metabolites
Metals
Meteorology
Methane
Methods and Protocols
Metrology
Micro
Microbiology Research
Micromachines
Microorganisms
Microplastics
Minerals
Mining
Modelling
Molbank
Molecules
Multimodal Technologies and Interaction
Muscles
Nanoenergy Advances
Nanomanufacturing
Nanomaterials
NDT
Network
Neuroglia
Neurology International
NeuroSci
Nitrogen
Non-Coding RNA
Nursing Reports
Nutraceuticals
Nutrients
Obesities
Oceans
Onco
Optics
Oral
Organics
Organoids
Osteology
Oxygen
Parasitologia
Particles
Pathogens
Pathophysiology
Pediatric Reports
Pharmaceuticals
Pharmaceutics
Pharmacoepidemiology
Pharmacy
Philosophies
Photochem
Photonics
Phycology
Physchem
Physical Sciences Forum
Physics
Physiologia
Plants
Plasma
Platforms
Pollutants
Polymers
Polysaccharides
Poultry
Powders
Proceedings
Processes
Prosthesis
Proteomes
Psych
Psychiatry International
Psychoactives
Publications
Quantum Beam Science
Quantum Reports
Quaternary
Radiation
Reactions
Real Estate
Receptors
Recycling
Religions
Remote Sensing
Reports
Reproductive Medicine
Resources
Rheumato
Risks
Robotics
Ruminants
Safety
Sci
Scientia Pharmaceutica
Sclerosis
Seeds
Sensors
Separations
Sexes
Signals
Sinusitis
Smart Cities
Social Sciences
Société Internationale d’Urologie Journal
Societies
Software
Soil Systems
Solar
Solids
Spectroscopy Journal
Sports
Standards
Stats
Stresses
Surfaces
Surgeries
Surgical Techniques Development
Sustainability
Sustainable Chemistry
Symmetry
SynBio
Systems
Targets
Taxonomy
Technologies
Telecom
Textiles
Thalassemia Reports
Thermo
Tomography
Tourism and Hospitality
Toxics
Toxins
Transplantology
Trauma Care
Trends in Higher Education
Tropical Medicine and Infectious Disease
Universe
Urban Science
Uro
Vaccines
Vehicles
Venereology
Veterinary Sciences
Vibration
Virtual Worlds
Viruses
Vision
Waste
Water
Wind
Women
World
World Electric Vehicle Journal
Youth
Zoonotic Diseases



Subscribe











© 1996-2024 MDPI (Basel, Switzerland) unless otherwise stated




Disclaimer


Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely
those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or
the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas,
methods, instructions or products referred to in the content.



Terms and Conditions


Privacy Policy











We use cookies on our website to ensure you get the best experience.

Read more about our cookies here.



Accept








Share Link






































Copy





clear






Share








https://www.mdpi.com/2639714
































































































































































































































































































































clear



Back to TopTop









































