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Abstract
Background: Online learning is developing rapidly, the market is expanding, and the user scale is gradually expanding. The lack of teacher-student interaction is one of the great challenges of online learning. Understanding the factors impacting teacher-student interaction can help students, and faculty overcome potential problems and create a better online interactive environment. However, to date, no systematic research has been outlined in this area. This article fills this gap by exploring the factors impacting teacher-student interactions in online learning. Purpose: Therefore, the purpose of this study was to identify and classify the factors that influence teacher-student interaction in online learning. Method: A systematic literature review is conducted on scientific publications in English or Chinese language. We used the databases of Scopus, PubMed, CNKI, ProQuest, Springer, and google scholar for journal articles published up to 2022. The selection process used the PRISMA guidelines; articles were included if all necessary data were reported and passed the quality assessment. Extracted articles were published between 2015 to 2022. Results: We selected a final sample of 33 articles from an initial pool of 180. The results showed that nearly two-thirds of participants are undergraduates. Also, 58% of the researchers used quantitative research to explore the factors that influence teacher-student interaction. In most studies, teacher-student interactions have a strong impact on different students’ positive outcomes, such as student satisfaction and motivation, academic achievement, and performance. Furthermore, we concluded four main factors that related to teacher-student interaction in online learning: a) Technology factors, b) Students’ individual characteristics, c) Teacher trait factors, and d) Course design factors. Conclusion: qualitative research methods are adopted in to explore the impacting factors are not sufficient. And many studies focus on undergraduate students, however, the perceptions of lecturers as well as teachers and students in primary and secondary schools were ignored. Future research efforts should focus on the perceptions of teachers and students in basic education and lecturers, investigating the factors associated with teacher-student interaction in online learning.
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1. INTRODUCTION
[bookmark: OLE_LINK16][bookmark: OLE_LINK29][bookmark: _Hlk103366646][bookmark: _Hlk102141181]Moore & Kearsley (2011) defined interaction in distance learning as "two-way communication among two or more persons for purposes of explaining and challenging perspectives." According to Moore(1989), interaction in online education consists of three types: interaction between students and students, the interaction between students and teachers, and interaction between students and subject content. The issue of online student-teacher interaction is receiving increasing attention from researchers, due to the rapid growth of online courses. There are many reasons that contribute to the rapid development of online courses. Firstly, there is the advancement of technology and the spread of the internet. For example, the 48th statistical report on the development of China's Internet shows that the total number of Internet users in China has reached 1.011 billion, and the Internet penetration rate has reached 71.6% (China Internet Network Information Center, 2021). Secondly, because of COVID-19, online learning is no more an option; it is a necessity. Online learning has become the main form of schooling forced by the COVID-19 pandemic. COVID-19 emerged in Wuhan, Hubei Province, China, in December 2019 and quickly evolved into a global pandemic (Pokhrel & Chhetri, 2021). This pandemic has forced the global shutdown of several activities, including educational activities, and this has led mass schools and universities to turn to online learning. As of mid-April 2020, United Nations Educational, Scientific and Cultural Organization, or UNESCO, reported that 1.5 billion children and young people in 195 countries are affected by school closures, from preschool to higher education (UNESCO, 2020a). At its peak, COVID-19 impacted over 1.6 billion learners of all ages - 94% of the world's student population (UNESCO, 2020b). As explained above, online learning has become an important way of learning.
Interaction is an important component of learning activities, and the interaction between students and teachers is an essential attribute of online learning. In the process of online learning, after sending the teaching content designed by the teacher, the teacher must actively help and guide the students to interact effectively with the teaching content (Hidinger, 2020; Jia, 2021; Tian et al., 2020). Some scholars pointed out that one of the key elements of effective teaching and quality online learning is to provide students with a means of exchanging ideas with teachers and among themselves (Glass & Sinha, 2018; Song & Park, 2021; Tao & Xu, 2022). With the rapid development of information technology, online learning provides new ideas to break through the limitations of traditional interaction modes in physical space. Online learning creates a virtual online learning space for teachers and students in different time and space conditions (M. Yang et al., 2019). Online courses are helpful for teachers and students to carry out one-to-one or one-to-many, synchronous or asynchronous interactions, and other ways, adding new forms and new content to the communication between teachers and students. Online interaction between teachers and students in colleges and universities is a manifestation of the trend, which not only helps to improve the teaching effect and quality of teachers but also helps to stimulate the initiative and enthusiasm of students in learning (Raza & Reddy, 2021). Some researchers also believe that online learning creates a knowledge-rich and interesting way for teachers and students to interact, which helps learners maintain their interest in learning and increase their participation in the course (Xu, 2021). A previous study showed that the higher the level of interaction with the teacher and other learners, the higher the satisfaction, the higher the engagement with the course content, and the better the results (Veletsianos, 2010). In other words, a lack of interaction may contribute to the failure of online education and student dropout (Purarjomandlangrudi, 2018). As explained above, there is no doubt that teacher-student interaction is of great importance in online teaching. 
Earlier studies have shown that the effectiveness of online courses is influenced by student-teacher interaction. Finding the factors that influence teacher-student interaction can help students and faculty overcome potential problems and to create a better online interactive environment. The authors found that there is no previous systematic review exploring the factors that influence teacher-student interaction in the current body of knowledge. In this sense, the goal of this study is to identify and classify the factors that influence teacher-student interaction in online learning.
2. METHODS
The selection criteria were based on PRISMA (2020) guidelines (Page et al., 2021). This title has already been registered on the International Platform of Registered Systematic Review and Meta-analysis Protocols, and the registration number is CRD42022330800. For this systematic search, we developed a search strategy to identify relevant literature. This search strategy was tailored to five databases: Scopus, PubMed, ProQuest, Springer, and China National Knowledge Infrastructure (CNKI), and the search terms were the following: TITLE-ABS-KEY ("teacher-student interaction*" OR "student-teacher interaction*" OR "professor-student interaction*") AND TITLE-ABS-KEY ("online learn*" OR "web-based" OR "internet" OR "e-learning" OR "distance" OR "virtual education" OR "computer" OR "technology"). In each database, a search was conducted by title-abs-key. And all searches spanned from database inception until April 21, 2022. In addition to that, all searches are limited to journal articles.
The research mainly focused on the mapping of existing literature on teacher-student interaction in the field of social science and computer science. The search span was from the years 2015-2022. All articles before 2015 were excluded from the search. There were 180 records extracted at this stage.
The study is based only on original research articles. To maintain the quality of the review, all duplications were checked thoroughly. Therefore, nine duplicate articles were deleted. Then abstracts of the articles were checked deeply for the analysis and purification of the articles to ensure the quality and relevance of academic literature included in the review process. The number of records after remained after screening based on title and abstracts was 50. A careful evaluation of each research paper was carried out at a later stage. The next exclusion criterion was to limit the papers published in the English or Chinese language. There were six articles in non-English or Chinese languages that were excluded from the study. Furthermore, three review articles were deleted. In addition, eight articles were missing associate factors. Finally, we selected 33 articles after assessing each article on therefore mentioned inclusion and exclusion criteria. In conclusion, in the data extraction phase, 33 articles were selected and the characteristics extracted were: a) the Article must be an original paper, b) the article must be in Chinese or English language and from the field of social sciences and computer sciences, c) extracted articles were published between 2015 to 2022. Figure 1 shows the literature inclusion and exclusion at every stage. Figure 1 Systematic review search and screening procedure


Study results (titles and/or abstracts) retrieved using the search strategy, as well as titles and/or abstracts of studies from other sources, will be independently screened by two review authors to identify studies that may meet the inclusion criteria described above. Data will be extracted independently by the two review authors, and discrepancies will be identified and resolved through discussion (with a third author if necessary).
3. RESULTS AND INTERPRETATIONS
3.1 Types of Participants and Research Methodology
[bookmark: _Hlk103420323]There are no restrictions on school grades in the literature review. In other words, these studies range from primary school to university. We have classified the participants of the reviewed research into eight main categories: graduate students, undergraduate and lecturers, primary school teachers and students, high school teachers and students, and middle school students. Figure 2  is a bar chart of these categories and the number of studies in each one. It can be implied that most of the studies have been conducted in universities, and most participants are undergraduate students. Lecturers are also an important part of the university classroom and play a critical role in enhancing the quality of higher education (Cochran-Smith, 2003; Goodwin & Kosnik, 2013; Ping et al., 2018). But little focus on lecturers.Figure 2 Research participants.


Diverse research methodologies and instruments were used in the reviewed literature. Some researchers applied quantitative methods, which is an objective and systematic process whereby the researcher measures to obtain the data needed for the study. As Figure 3 shows, 58% of researchers use quantitative research, which is the largest methodology used. Some researchers chose a qualitative approach to identify participants' perspectives and provide deeper insights into the issues; this approach accounted for 33% of the total percentage. Other researchers chose a mixed research approach, meaning that both quantitative and qualitative methods were included in the same study, accounting for 9% of all reviewed studies. 
Figure 3 Frequency of research methodology.


[bookmark: OLE_LINK1]3.2 Teacher-Student Interactions’ Positive Outcomes in Online Learning 
[bookmark: OLE_LINK2]Exciting studies have shown that online teacher-student interaction has a strong impact on different students’ positive outcomes, such as student satisfaction and motivation (Sason & Kellerman, 2021; X. Wang et al., 2022a; Zheng et al., 2022), academic achievement, and performance (H.-L. Sun et al., 2022; J. C.-Y. Sun & Wu, 2016; Zheng et al., 2022). 
[bookmark: OLE_LINK3]Firstly, teacher-student interaction strongly impacts students’ online learning satisfaction. For example, X. Wang et al.(2022b) conducted a quantitative study of 93 undergraduates to explore the impact of teacher-student interaction on online course satisfaction. The findings showed that there is a positive relationship between the content of the interaction, the distance of the interaction, and student satisfaction. Another mixed-method study from Sason & Kellerman (2021) also showed similar results. They surveyed 591 undergraduates from different departments at a teacher's college. The findings suggest that any type of interaction that supports teaching can improve the learning process itself and help students complete the course satisfactorily. Secondly, regarding the impact of online teacher-student interaction on students' academic performance. This is evident in the case conducted by Sun & Wu (2016), who investigated 181 freshmen and set up experimental and control groups. By analyzing the data from the questionnaires and test scores, they found that interaction improved student performance. In another similar case in China, H.-L. Sun et al. (2022) investigated 398 undergraduate students studying at Chinese universities, and they found that the positive teacher-student interaction had a positive impact on students' learning outcomes. Further, a pilot study found that the 'always respond positively' group scored 84.7 on the final exam, and the 'no answer' group scored 81.9 on the final exam (J. Wang et al., 2017). This finding suggests that students who gave effective feedback scored significantly better on the final exams of their courses. Also, an online survey completed by 781 Primary school students in Hong Kong showed that only 57 percent of students were satisfied with their schools' online learning arrangements, with 49.6 percent believing that online learning is an effective mode of learning (Zheng et al., 2022). In addition, multiple analyses have shown that teacher-student interaction in online classrooms is positively associated with student satisfaction, perceived effectiveness, and online learning preferences (Zheng et al., 2022). Finally, a qualitative study of eight undergraduate students showed that effective teacher-student interaction would help to build a good teacher-student relationship (F. Yang et al., 2020). 
[bookmark: _Hlk103412588][bookmark: _Hlk103405049]As explained above, there is no doubt that teacher-student interactions play a key role in teaching and learning and have a positive outcome in online learning. However, these prior studies suffer from the fact all from the perspective of students, and most of them are undergraduate students. And most of these studies were conducted with quantitative studies to explore whether there is a link between the degree of interaction and a specific thing. 
[bookmark: _Hlk103246669]3.3 Factors Impacting Teacher-student Interaction in Online Learning
[bookmark: _Hlk103246613]The most important contribution of this literature review was categorizing factors that impact teacher-student interaction in online learning. According to the literature, developing and facilitating teacher-student interactions is crucial in online learning and there are different studies on this issue. There are several factors that contribute to improved teacher-student interaction in online learning: a) Technology factors, b) Students’ individual characteristics, c) Teacher trait factors, and d) course design factors. Figure 4 shows the four categories and specific factors that influence teacher-student interaction in online learning.Figure 4 Factors Impacting on Teacher-student Interaction in Online Learning

[bookmark: OLE_LINK4][bookmark: OLE_LINK10][bookmark: OLE_LINK6][bookmark: OLE_LINK11][bookmark: OLE_LINK31]First of all, some researchers applied specific technologies, such as social media, to increase interaction and create an interactive environment in their online courses (Chen & Chen, 2019; X. Li, 2019; Robles et al., 2019; J. Wang et al., 2017). For example, a survey of 166 law students in the north of Colombia showed that law students are highly satisfied with the use of WhatsApp chat groups and that the use of WhatsApp tools enhances student-teacher interaction (Robles et al., 2019). WeChat, a social networking software similar to WhatsApp, has also proven to be effective in facilitating interaction. The survey showed that 75% of students gave effective feedback on the use of WeChat to facilitate interaction (J. Wang et al., 2017). Because the frequent notifications via WeChat allow for regular contact with students, encourage feedback on the course, and promote student-student and student-teacher interaction. These researches indicated that the usability of social software was one of the factors to facilitates teacher-student interaction. Other studies use various interactive management systems, such as expression-response Analysis System (ERAS) and  Flanders Interaction Analysis System (FIAS) (Dwarakanath Vallam et al., 2021; Lytvynenko et al., 2022; F. Yang et al., 2020; Yavich & Gerkerova, 2019; X. Zhang & Wang, 2018). For example, some researchers believe that interactive systems should be improved to facilitate online interaction between teachers and students. For example, teachers use an expression-response Analysis System (ERAS) to capture students' spontaneous nonverbal behaviors (such as facial expressions, body language, etc.) in real-time, thus effectively improving teaching strategies and student learning (Hung et al., 2017). W. Zhang & He (2021) developed a framework for an interactive classroom teaching system. By designing the framework for the teaching system, teachers can conduct activities such as question and answer, attendance and evaluation during the online teaching and learning process in order to improve classroom interaction. The study (W. Zhang & He, 2021) pointed out that the classroom interaction function module is an important module of this interactive system. There are various types of interactive classroom activities, including sign-in, classroom tests, random roll calls, etc.  Another example of how to use the learning model to promote teacher-student interaction was conducted by Lytvynenko et al. (2022). They developed a learning model that provided dynamic interaction at each stage in the online course in Oxford. In addition, some researchers believe that developing an online discussion forum may contribute to facilitating student-teacher interaction (L. Wang & Chen, 2016). They highlighted the structure of the feature of the online discussion forum and pointed out that common features of forums are discussed below: private messages, attachments, emoticons, and poll.  In addition, Dwarakanath Vallam et al.(2021) and Yavich & Gerkerova (2019) suggested that using information-pedagogical model via telecommunication means is a good way to increase the frequency of teacher-student interaction. As discussed above, this section identifies social media, interactive systems and learning management systerm have an important impact on teacher-student interaction.  
[bookmark: OLE_LINK12][bookmark: _Hlk103191912]Secondly, previous studies have shown that students’ individual characteristics are important factors affecting online interaction between teachers and students. Firstly, students’ self-regulation affects the occurrence of teacher-student interaction. For example, a quantitative study that surveyed 591 undergraduate students found that undergraduate students with high levels of self-regulation are more likely to interact with the teacher and take more responsibility for whether or not the interaction occurs (Sason & Kellerman, 2021). Also, student leadership influences teacher-student interaction. For example, a researcher used the Interaction System to collect interaction data and found that a greater proportion of group leaders interacted with teachers (X. Wang et al., 2022b). Further, students’ previous technical competencies are the influencing factors of teacher-student interaction in online learning. For example, a pilot study from Hung et al. (2017) showed that secondary school students with high levels of information technology were more adaptive to online learning content and showed higher levels of expression of neutral and positive social interactions. However, students with low IT proficiency reported a higher frequency of negative social interactions due to increased cognitive load. Lastly, undergraduate students' learning motivation and attitudes affect teacher-student interaction. For example, in a survey of 546 undergraduate students, the researchers found that both intrinsic and extrinsic learning motivation had an impact on the satisfaction of teacher-student interaction in online classrooms (Wu & Yao, 2020). Intrinsic motivation B=0.239, P<0.001, the contribution rate of intrinsic motivation to multiple regression equation was 23.9%; Extrinsic motivation B=0.097, P<0.05, the contribution rate of extrinsic motivation to multiple regression equation was 9.7%. Compared with extrinsic motivation, intrinsic learning motivation has a greater impact on interaction satisfaction. This showed that students with higher learning motivation are more satisfied with the interaction between teachers and students in online course learning, and more students interact with teachers under the impetus of internal learning motivation. In summary, it has been shown from this section that students’ self-regulation, leadership, information literacy, and learning motivation and attitudes have an impact on teacher-student interaction in online learning.
[bookmark: OLE_LINK5]Thirdly, teacher trait factors were considered, which had an impact on teacher-student interactions. Firstly, there is a link between the teaching styles and the interaction between teacher and student. The teaching style is formed by teachers in their long-term teaching activities and it is a reflection of the individual teacher's stable teaching qualities and teaching style (Kesevan & Kesevan, 2022). A quantitative study examined which teaching styles undergraduates most liked to interact with (Wu & Yao, 2020). The results showed that half of the respondents preferred a humorous teaching style, meaning that students were more willing to interact with teachers when they created a relaxed and humorous atmosphere in the online classroom, and the higher the satisfaction level of teacher-student interaction. Further, compliment responses are helpful for teacher-student interaction. For example, a qualitative study explored compliment responses in an online course from the perspectives of English teachers and EFL learners, and both teachers and students mentioned in their interviews that they considered compliment exchanges to be an essential part of academic communication (F. Yang et al., 2020). And several students mentioned that they developed "stronger interpersonal bonds" with their teachers when they were able to respond with appropriate compliments online. In summary, it has been shown from this section that teaching styles and compliment responses are strongly connected to teacher-student interaction in online learning.
[bookmark: _Hlk103198464]Finally, course design factors had an impact on teacher-student interaction in online learning. Firstly, the design of interactive content for teaching and learning. A study was conducted with a qualitative method to explore high school teachers' perception of teachers' role in virtual education (J. Zhang et al., 2021). The results showed that both teacher-student and peer interactions are limited, and they suggested that teachers should highlight online course design to consciously increase the amount and frequency of content-based interactions with students. Similarly, another study has shown that well-designed interactive content in online courses can be effective in increasing international students' satisfaction with online courses (X. Wang et al., 2022b). Secondly, some studies found that clarity of design significantly influenced students’ online interaction in asynchronous online learning (Deng & Huang, 2017; N. Li, 2020). For example, researchers described that clearly designed tasks are the basis for online activities, and clear activities help students to engage and interact (Zhuo & Guofeng, 2021). Another study (Robles et al., 2019) on enhancing online learners’ communication skills found that using synchronous electronic chats combined with task-based instruction enhances learners' communication skills. It is also pointed out that students benefit more from task-based online activities among students. In summary, it has been shown from this section that interactive content, clarifying design, and task-based activity are important factors to formulate teacher-student interaction.
4. CONCLUSION 
In this systematic review, we screened 180 journal articles and selected 33 articles that contained associate factors impacting teacher-student interactions in online learning. The review identified four main factors impacting teacher-student interactions, technology factors, students’ individual characteristics, teacher trait factors, and course design factors. According to the findings of this review, most of the research was conducted in university classrooms and measured relevant factors primarily from undergraduate students’ perspectives. Lecturers are also an important part of the university classroom and play a critical role in enhancing the quality of higher education (Cochran-Smith, 2003; Goodwin & Kosnik, 2013; Ping et al., 2018). At the same time, little focus is on lecturers’ perceptions. Also, the views of teachers and students in primary and secondary schools were ignored, too. Secondly, qualitative research methods adopted in to explore the impacting factors are not sufficient. Most studies utilized a quantitative method to measure and identify whether there is a link between the degree of teacher-student interaction and a specific thing. Further investigations should be carried out to identify the perceptions of teachers and students in basic education and lecturers in university.
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