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ABSTRACT 
The shortage of high-quality teachers is one of the biggest educa-
tional problems faced by underdeveloped areas. With the devel-
opment of information and communication technologies (ICTs), 
China has begun a remote co-teaching intervention program using 
ICTs for rural classes, forming a unique “co-teaching classroom”. 
We conducted semi-structured interviews with nine remote urban 
teachers and twelve local rural teachers. We identifed the remote 
co-teaching classes’ standard practices and co-teachers’ collabora-
tive work process. We also found that remote teachers’ high-quality 
class directly impacted local teachers and students. Furthermore, 
interestingly, local teachers were also actively involved in making 
indirect impacts on their students by deeply coordinating with re-
mote teachers and adapting the resources ofered by the remote 
teachers. We conclude by summarizing and discussing the chal-
lenges faced by teachers, lessons learned from the current program, 
and related design implications to achieve a more adaptive and 
sustainable ICT4D program design. 
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1 INTRODUCTION 
Educational inequality has been a matter of signifcant concern 
globally [1, 9]. The irrational distribution of teacher quality across 
advantaged and disadvantaged students has been revealed as a typ-
ical example of educational inequality. Research has demonstrated 
that disadvantaged students, indicated by most disadvantage factors 
(e.g., low socioeconomic status and underrepresented minority), 
usually have low-quality teachers, measured by nearly every mea-
sure of teacher quality (e.g., experience, degree, and even value 
added) [9, 13, 20, 32, 40, 48]. 

Gaps in teacher quality between urban and rural areas in China 
have also attracted much attention [63]. To address the issue of 
unequal distribution of teacher quality, China launched a remote co-
teaching program as an information and communication technology 
used for development/education (ICT4D/E) program in 2013. In 
the program, remote teachers from urban settings typically live 
stream their classes and rural students watch and interact with 
the remote teachers via online learning software on the large-size 
screen in their classrooms. Simultaneously, a local teacher will be 
present in rural classrooms and assist when needed. These remote 
co-teaching programs are aimed at providing rural students with 
quality education and enabling rural students to interact with both 
local teachers and remote high-quality urban teachers [22, 61]. It 
has been nearly a decade since the frst remote co-teaching program 
was put into practice. To the best of the authors’ knowledge, there 
have not been any empirical studies investigating the current status 
of the programs in terms of involved teachers’ experiences and 
practices, perceived impacts, and concerns or challenges. 

Monitoring and evaluating ICT4E programs are signifcant as 
there can be unexpected problems with the initial design and ap-
plication of the programs that need to be addressed along the way. 
For example, for One Laptop per Child (OLPC), one of the largest 
ICT4E interventions, some feldwork evaluation revealed that the 
actual practice in Paraguay was usually not program-centric or 
education-oriented as the program designers hoped but instead 
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leisure-focused [4]. Therefore, one important take-away from pre-
vious ICT4E projects is to rigorously evaluate the benefts of the 
programs (e.g, through pilot projects [6]) before massive investment 
and large-scale implementation [62]. In addition, past literature has 
also pointed out some common areas for improvement in Chinese 
ICT4E projects, including 1) prioritizing hardware and construc-
tion over software and application and 2) implementing one-way 
information fow from urban (designers) to rural areas [47]. There-
fore, understanding the current practices, impact, and challenges 
of the remote co-teaching programs is important for improving 
current programs and designing future ICT4D/E programs. An eval-
uation framework this paper utilizes was proposed by [37] and 
the framework contains factors at school-, resource-, and teacher-
levels that might infuence the efects of ICT4E projects, especially 
school-based projects. 

In this paper, we explored both local and remote teachers’ ex-
perience with participating in diferent remote co-teaching pro-
grams. In-depth semi-structured interviews were conducted with 
each teacher participant, and the transcripts were analyzed follow-
ing the thematic analysis method. We found that remote teachers 
tended to assume more responsibilities before and during class (e.g., 
preparing lessons and lecturing) while local teachers engaged more 
after the co-teaching class. The patterns of practices also varied 
by diferent types of programs. In addition to the direct positive 
impact of remote teachers on local students and teachers, local 
teachers who took the initiative and adapted the input resources 
brought the indirect positive impact of the remote co-teaching 
system. Although we believe that overall the remote co-teaching 
program is a successful intervention using ICTs to improve rural 
education in China, there are still areas for improvement. Teachers 
faced challenges brought by unclear instruction from the programs, 
lack of resources and incentives, and the challenging nature of re-
mote collaboration. Thus, our main contributions are three folds: i) 
identifed the current practices of the large ICT4D/E interventions 
in China—remote co-teaching programs, ii) analyzed both direct 
impact brought from remote teachers and indirect impact from 
local teachers of the programs, and iii) revealed challenges of the 
programs and discussed design implications of a more adaptive and 
sustainable ICT4D/E program. 

2 RELATED WORK 
Three areas of research were reviewed. Firstly, we introduce past 
ICT4E/D projects aiming at reducing educational inequality. Sec-
ondly, we discuss the similarities and diferences between tradi-
tional co-teaching and current remote co-teaching. Last, since re-
mote co-teaching is a form of remote collaboration, we examine 
technology-mediated remote collaboration and its challenges. 

2.1 ICT4D/E Projects to Reduce Educational 
Inequality 

Educational inequalities and divides exist both across and within 
countries. For example, in China, with one of the largest urban and 
rural gap around the globe [64], cumulative education achievement 
gaps exist between urban and rural students [65]. Urban students’ 
scores in primary subjects (e.g., Mathematics and English) are signif-
icantly higher than the scores of rural students [65]. One important 

aspect of educational inequalities is the uneven distribution of 
teacher resources—underdeveloped areas are more likely to lack 
high-quality teachers than privileged areas [9, 63]. Gaps in teacher 
quality could lead to achievement diferences between advantaged 
and disadvantaged students [9, 65]. In China, urban teachers have 
attained higher levels of education and have higher professional 
ranks in urban schools [60]. 

One widely discussed solution to educational inequality is to use 
ICTs [48, 58]. For example, OLPC and Hole in the Wall are two iconic 
ICT4E projects [58]. The OLPC project intends to "empower the 
world’s poorest children through education" and the program pro-
vides easy-to-use laptops with designed content and software [41]. 
In the Hole in the Wall project, staged computer-equipped kiosks 
allowed children to learn and explore on their own [28]. These 
ICT4E projects have received few rigorous evaluations to measure 
their impacts [58]. Moreover, according to the existing evaluation 
of the OLPC project, the project yielded mixed results: the widely 
distributed laptops had a positive infuence on children’s cognitive 
skills, but did not improve children’s learning [18]. Furthermore, 
without structured guidance, children tended to use the laptops 
only for leisure activities [4]. Therefore, for future ICT4E projects, 
a careful analysis, planning, and evaluation before large-scale in-
vestment is necessary [62]. One way to systematically evaluate 
program eforts is to use a framework that summarizes the factors 
contributing to the success or failure of ICT4E programs. One of the 
most widely-used frameworks that targets school and teacher level 
factors infuencing ICT use was proposed by Mumtaz [37]. The 
framework calls attention to schools’ organization of time, support-
ive network for teachers to learn and refect, training opportunities 
for teachers, as well as teachers’ and schools’ beliefs about changes 
brought by ICTs. Using this framework [37], the lessons learned 
from the OLPC project highlighted the importance of incorporating 
pedagogical elements into the device-based approach [58], as well 
as providing adequate facilities and skill training for teachers and 
school staf. 

The remote co-teaching program does not take a device-based 
approach. Instead, it uses ICTs as communication, collaboration, 
and online course delivery tools to bring quality education to rural 
areas. The program design accords with the current educational 
context of rural China. Most rural schools have been equipped 
with essential ICTs (e.g., projectors and computers) [63]. Therefore, 
current rural education needs efective ways to use these ICTs to 
reduce the urban-rural education gap in China. Given little empir-
ical research on efectiveness of the remote co-teaching program 
and the importance of monitoring and evaluation, we intended to 
investigate the impact of the current ICT4E program in China. 

2.2 Traditional Co-teaching and Remote 
Co-teaching 

The most widely accepted defnition of co-teaching is “two or more 
professionals delivering substantive instruction to a diverse, or 
blended, group of students in a single physical space” [15] (p. 2). The 
current remote co-teaching model meets the defnition. Although 
the remote teacher is not physically located in the local classroom, 
the two teachers can still collaboratively deliver the content to the 
same group of students in the class via online platforms. 
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Co-teaching has many variations as the actual practices need to 
be adjusted according to diferent students’, schools’ and teacher’ 
characteristics [15]. Four main application types of co-teaching ap-
proach are: 1) supportive teaching—one teacher is in the lead role, 
and the other provides support, 2) parallel teaching—co-teachers 
work with diferent student groups simultaneously in the same 
class, 3) complementary teaching—one teacher teaches the content 
while the other helps with access, and 4) team teaching—two teach-
ers equally shared all the responsibilities of teaching [56]. Although 
the types and practices of co-teaching may vary, co-teachers are 
encouraged to collaborate in all facets of the educational process to 
achieve the greatest impact [15]. Important elements of a successful 
co-teaching experience include shared goals, positive interdepen-
dence, monitoring of the progress, and enough systemic supports 
[56]. These elements can also be helpful when we evaluate the 
remote co-teaching classes. 

Due to the COVID-19 pandemic, recent work has discussed tra-
ditional co-teaching models in remote and hybrid school environ-
ments [7, 11]. These studies highlighted the role of technology 
to facilitate in-class small-group discussion and to promote vir-
tual collaboration between co-teachers [7, 11]. Nevertheless, the 
remote co-teaching program is diferent from the aforementioned 
co-teaching in an online environment in various ways. For exam-
ple, the students, either in local or remote contexts, are grouped 
together in class instead of joining separately via online software. 
Rural teachers and students are also present in the same classroom. 
Hence, ofine communication among students and between rural 
teachers and students is an important factor for the program. In ad-
dition, this remote co-teaching is the frst time for most co-teachers 
to collaborate. This situation is distinct from virtual co-teaching 
during COVID-19 where co-teachers have worked together be-
fore and transferred their work together to online collaboration. 
Therefore, the current study intends to enrich the body of research 
regarding co-teaching and look at how ICTs might uniquely change 
the process in the remote co-teaching programs. 

2.3 Remote Collaborative Work 
Despite the teaching skills that co-teachers should acquire, re-
searchers also concluded that collaboration skills were necessary 
for an efective and successful co-teaching [19, 49]. Such collabora-
tion does not only apply to the classroom setting, but also applies to 
all contemporary school endeavors [19]. Unlike the traditional co-
teaching collaboration, remote co-teaching collaboration releases 
the constraint that co-teachers should be physically co-located 
to each other. Computer-mediated communication technologies 
allow collaborators to work together even if they are geographi-
cally distributed around the globe [17, 26, 31]. With the increasing 
implementation of remote collaboration in work environments, 
researchers have studied factors infuencing performance and con-
ficts in remote collaboration. 

Some of the elements required for an efective co-locate collab-
oration are also mandatory for an efective remote collaboration, 
namely frequent communication, consensus, and power equality 
[17, 31, 49, 50]. Noticeably, it is more challenging to control these 
factors in a remote setting. Communication is a tunnel that conveys 
information and maintain relationships to support collaboration 

[2, 16, 50]. However, when collaborators incorporate efective tools 
for communication, the frequency and efciency in communication 
seem more signifcant for a successful remote collaboration. That 
is, when people have issues that need immediate actions, co-locate 
partners would respond promptly, but remote partners would possi-
bly not respond in time [39]. In addition, people communicate with 
each other to build trust, and further construct consensus [24, 43]. 
Consensus, also known as the common ground and mutual knowl-
edge, is critical for remote team collaboration [10, 29]. For instance, 
team members with various backgrounds and lack communication 
may fail to construct a consensus towards their understandings 
of the contextual information and the importance of a task. They 
would experience conficts on how they worked together to accom-
plish the tasks [17]. Compared with co-locate collaboration, people 
working remotely would become more difcult to construct trust 
and hence result in the impossibility of reaching consensus [43]. 
Moreover, co-workers may have conficts if power is distributed 
unequally within teams [50]. People fnd it difcult to collaborate 
if their seasoned partners hardly share responsibility for conduct-
ing the tasks [30]. Consequently, researchers reported that remote 
collaboration was less productive than co-located collaboration 
[39], and people encountered more unaddressed conficts in remote 
collaborative work [5, 26]. 

Extensive research has been conducted to study remote collab-
oration and communication in the HCI felds. Researchers have 
investigated the computer-mediated communication tools in teach-
ers’ perspectives focusing on the outside-the-classrooms communi-
cation between teachers and parents [21, 24]. But few have studied 
teachers’ collaboration and communication in the co-teaching set-
ting. In addition to the teachers’ collaboration and communication, 
researchers also examined and discussed remote collaboration and 
communication in a variety of topics. In general, the factors that 
were studied were either technology-oriented (i.e., verbal and non-
verbal cues [66], choice of communication channels [16], and novel 
designs of collaborative tools [10, 29], etc.), or related to collabora-
tors’ trait and characteristics (i.e., trust [43], leadership [33], and 
gender [2], etc.). We note that the existing fndings were limited to 
specifc domains and whether these fndings could be generalized to 
the co-teaching environment remains unclear. In this paper, we seek 
to fll the research gap to discover the challenges that co-teachers 
experienced in remote collaboration. 

3 METHOD 

3.1 Research Context 
3.1.1 Rural-urban Teacher Qality Gap in China. China has a clear 
urban-rural divide with a signifcant income inequality [51]. In 
2020, the ratio of average per capita disposable income in urban to 
rural China was 2.56 [38]. Hukou system, a household registration 
system in China, "has created a de jure rural-urban divide on top of 
the de facto rural-urban divide [53]." The system gives priority to 
urban households in most life opportunities, such as education, job, 
housing, and health care [53]. 

The resource and opportunity gaps between urban and rural 
China have led to one-way rural-urban mobility for teachers. At 
least 7.6% of teachers transfer out of rural schools each year [63]. 
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Such mobility of teachers has created a signifcantly unequal dis-
tribution of high-quality teachers with higher educational levels 
and senior professional grades across urban and rural China [63]. 
In addition to the diferences in teachers’ degree level, the quality 
of teacher training programs for Chinese urban and rural teachers 
also results in the diferences in teacher quality [65]. Urban teach-
ers usually graduate from selective universities, which only admit 
students who achieve a certain high level on the national college 
entrance exam [65]. In contrast, rural teachers do not undergo such 
a competitive and rigorous selection process and most rural teach-
ers do not have formal teacher training in the subject matter they 
teach [65]. Teacher quality has been supported by past research as 
an important factor infuencing student achievement [12, 45, 65]. 
Therefore, it is of great signifcance to address the shortage of qual-
ifed teachers in rural schools and gaps between urban and rural 
teachers in China. 

3.1.2 Types of Remote Co-teaching Program. The Remote co-teaching 
program, which is a relatively new Chinese ICT4E project, utilizes 
a co-teaching approach in the sense that it involves "bringing" a 
remote teacher from an urban setting into a rural classroom. While 
traditional remote learning is one student accessing live stream-
ing or pre-recorded sessions at his or her own place alone, the 
remote co-teaching projects have extended the audience to one or 
many classes of students as a group as well as their teachers. To 
summarize, four kinds of such remote co-teaching programs have 
existed: 1) class to class (C:C), as shown in Figure 1a, meaning the 
live streaming sessions or the pre-recorded videos of the urban 
classroom were directly transferred to the targeted rural classroom; 
2) class to multiple classes (C:MC), as shown in Figure 1b, referring 
to those of the urban classroom were transferred to many rural 
classrooms across the country; 3) one teacher to one classroom 
(1:C), as shown in Figure 1c, meaning a remote teacher teaches one 
rural classroom via online class software without remote students 
on the teacher’s end; and 4) one teacher to multiple classes (1:MC), 
as shown in Figure 1d, which is one teacher delivering the class to 
at least tens of classrooms all over the country. 

3.1.3 Organizations of Remote Co-teaching Programs. The four 
kinds of remote co-teaching programs were typically organized 
by diferent sectors: the city’s education bureau, top urban public 
schools, non-government organizations (NGOs), and after-school 
training institutions, respectively. The C:C programs were usually 
organized by the local city’s bureau of education. The education bu-
reau would partner rural schools with urban schools in the district, 
and thus, rural schools would receive remote co-teaching classes 
taught by the teachers from their counterpart support schools. The 
partnering urban schools usually select teachers with ample ex-
perience (e.g.,subject leader teachers) or those with the highest 
educational backgrounds (e.g., prestigious universities). C:MC pro-
grams were typically organized by top urban schools in China. 
These schools collaborated with several foundations to ofer such 
remote co-teaching programs as experimental ICT4E projects. They 
would ofer either live sessions or pre-recorded videos of those se-
lected teachers’ classes to rural schools which joined in the projects. 
Similar to the selection of the remote teachers in C:C programs, 
these top schools also selected experienced teachers or teachers 

with excellent educational backgrounds. Typically, tens or even hun-
dreds of rural schools would have access to these remote classes, 
either listening to live classes each day together or utilizing the 
recorded videos covering whole academic years’ classes. Some 
NGOs in China ofered the 1:C type of remote co-teaching pro-
grams. They would recruit and train college students as remote 
teachers to deliver online classes to rural students. Although these 
college students may not have extensive working experience, they 
all came from prestigious universities and received at least one 
semester of training before conducting co-teaching classes. There 
was usually one liaison in the local school who was responsible 
for applying to the NGOs for needed courses and arranging pairs 
of remote volunteer teachers and local assisting teachers. 1:MC 
programs were generally organized by after-school organizations. 
The classes were collaborated between one expert teacher teaching 
in the live streaming studio and many assisting teachers in diferent 
local classrooms in diferent cities. 

3.1.4 Frequencies and Courses of Remote Co-teaching Programs. In 
addition to hosting organizations, these remote co-teaching pro-
grams were also diferent in their frequencies and ofered courses. 
The C:MC program was most frequent as it covered mathematics 
classes for the whole academic year, which took place once each 
day. The 1:C and 1:MC programs were less frequent, and they would 
have weekly classes. The classes of the C:C program were the least 
frequent, with at most one class per month. Moreover, they did not 
happen on a regular schedule and usually came with short notice 
(e.g., at most one week in advance) for both urban and rural school 
teachers. In terms of courses, 1:C and 1:MC programs targeted both 
exam-orientated subjects (e.g., English and Mathematics) and ex-
tracurricular courses (e.g., Arts and Information Security). C:C and 
C:MC programs, however, only covered exam-orientated courses. 

3.1.5 Focus of the Current Study. As shown in Table 1, these re-
mote co-teaching programs varied in course delivery formats (Live 
Streaming and Pre-recorded) and the degree of adaptability of 
the teaching content for local students (High Adaptability: being 
diferent for diferent classrooms and Low Adaptability: being the 
same across all classrooms). However, according to our interviews, 
the number of low adaptability programs has decreased or switched 
to high adaptability ones due to their unsatisfying results. Thus, the 
focus of the current paper was on the practices, perceived benefts, 
and challenges that teachers in those high adaptability programs 
experienced. Therefore, most of interviewees were from the 1:C 
program, the C:C program, and the C:MC-recorded program. 

3.2 Interview Protocol 
In order to gain a deep understanding of teachers’ experience in 
remote co-teaching programs, the semi-structured interviews with 
further in-depth probing and detailed inquiry [46] were conducted 
remotely using video or audio calls in June, July, and August 2021. 

3.2.1 Recruitment. We recruited 21 participants mainly via a snow-
ball sampling method. We connected teachers who we already knew 
as members of such remote co-teaching programs or organizations 
via personal and professional networks to invite them to participate 
in our interviews or get referrals for qualifed participants. 
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(a) C:C co-teaching program (b) C:MC co-teaching program 

(c) 1:C co-teaching program (d) 1:MC co-teaching program 

Figure 1: Sketches for the four kinds of existing remote co-teaching programs 

Table 1: Categories of diferent remote co-teaching programs 

Delivery Format/Adaptability Degree Low Adaptability High Adaptability 
Live Streaming C:C-live & 1:MC 1:C & C:C 
Pre-recorded C:MC-recorded (original) C:MC-recorded (adapted) 
Notes Unsatisfying results and fewer samples Promising results and more samples 

Participants’ age ranged from 20 to 48 years old. The partici-
pants were seven male teachers and 14 female teachers. Their years 
of teaching experience ranged from 0.5 years to 28 years. Five of 
them are middle school teachers, and the others are primary school 
teachers. Their main teaching subjects cover Chinese, Mathematics, 
English, Arts, and Chemistry. Out of the 21 participants, 12 were 
local teachers from eight diferent schools in six diferent provinces 
of China. Nine were remote teachers from fve diferent schools in 

four provinces of China. These participants covered both sides of 
teachers from all the four main types of co-teaching programs men-
tioned in Section 3.1. Table 2 presents more detailed demographic 
information for each interviewee. 

3.2.2 Procedure. The participants were interviewed through video 
conferencing software. All the interviews were audio-recorded. The 
average length of the interviews was around one hour. The authors 
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Table 2: Demographic information for interviewees 

ID Gender Age Years of Teaching Grade(s) Subject(s) Type Program(s) 
T1 Male 48 28 8 Mathematics Local C:MC-Recorded 
T2 Female 35 9 8 Mathematics Local C:MC-Recorded 
T3 Male 43 20 3-6 English Local 1:C & C:C 
T4 Female 36 9 3/5/6 Art Local 1:C 
T5 Female 46 22 3 Chinese Local C:C 
T6 Female 37 14 5 Mathematics Local C:C 
T7 Female 37 15 2 Chinese Remote C:C 
T8 Female 41 12 4 Chinese Remote C:C 
T9 Female 39 19 1 Chinese Remote C:C 
T10 Female 42 18 2 Chinese Remote C:C 
T11 Female 37 14 9 Mathematics Remote C:MC-Live 
T12 Male 26 4 9-12 Chemistry Remote 1:MC 
T13 Female 32 8 8 Mathematics Local C:MC 
T14 Female 20 0.5 5 Reading and Writing Remote 1:C 
T15 Female 20 0.5 3 Art Remote 1:C 
T16 Female 20 0.5 4 English Remote 1:C 
T17 Male 42 20 3 Mathematics Local 1:C 
T18 Female 24 3 3 Chinese and English Local 1:C 
T19 Male 37 15 3 Chinese Local 1:C & 1:MC 
T20 Male 38 12 3 Chinese and English Local 1:C 
T21 Male 40 22 4 Chinese Local 1:C 

designed a checklist to help cover all issues concerning this current 
study (e.g., practices, teachers’ perceptions, and their concerns) 
during the semi-structured interview, as suggested by qualitative 
researchers in [3, 8]. The key questions of the interview included 
"Can you tell us the typical process of a remote co-teaching class, 
from things to do before the class begins until the class ends?", 
"What is the impact you think the remote co-teaching program 
has brought to your classroom, your students, and yourself?", "Did 
you have any concerns before the start of the remote co-teaching 
program? If so, were these concerns addressed during the course 
of the program?" and "Where do you think the current remote 
co-teaching program can be improved?" 

3.2.3 Data Analysis. The authors transcribed the interviews ver-
batim and reviewed the transcripts. An inductive thematic analysis 
approach was applied when analyzing the data, mainly following 
the step-by-step guided by [34]. Firstly, a line-by-line open coding 
of the 21 transcripts was conducted by three researchers. All the 
codes were reviewed together and agreements were achieved for 
each code. Next, as suggested by [34], the codes were reviewed 
and divided into themes and sub-themes to answer the research 
questions. The authors then discussed and refned the defnition 
and relationship of the relevant themes to the research questions 
while rereading the transcripts to confrm the meaning. 

3.3 Background Materials 
To better understand actual remote co-teaching classes and scaf-
fold the interview protocol design, we collected diferent forms 
of background material (e.g., videos and photos, site visit observa-
tion notes, and instant messaging chat history) before and during 

the interview process. The primary source of information was the 
classroom recordings of the remote co-teaching classes. Some were 
from open-source videos on the internet and others were provided 
by the interviewees or organizers of remote co-teaching programs. 
Furthermore, one author also conducted a site visit and observed a 
C:C math class and a 1:C art class in a rural school. The site visit 
occurred before the interview process and served the purpose of 
the author gaining familiarity with the class modes of remote co-
teaching and collecting background information. In addition, some 
interviewees also provided their chat history with the collaborating 
teacher to help authors know more about their remote communica-
tion. These materials serve as a complement to the interviews. 

4 RESULTS 
In this section, we present our results in three parts: 1) current prac-
tices of remote co-teaching classes, 2) the perceived positive impact 
of remote co-teaching programs, and 3) challenges encountered by 
teachers in the programs. 

4.1 Current Practices 
Diferent remote co-teaching programs have diferent focuses and 
regulations. Therefore, both remote and local teachers tended to 
assume various responsibilities before, during, and after classes (see 
the summary of these responsibilities in Figure 2. Moreover, the 
two parties also communicated diferently in diferent programs. 
Summarizing and comparing the practices of the involved parties 
in the remote co-teaching programs is of importance as it not only 
reveals how the programs work, but also points to the degree of 
cooperation in this unique remote collaborative work. 
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Figure 2: Local and remote teachers’ responsibilities — The color flled in the bars represents the proportion of work done by local and 
remote teachers. 

4.1.1 Before Class. Typically, teachers’ work before class is to set 
appropriate teaching goals and to prepare suitable content. A new 
preparation necessary with remote co-teaching is additional com-
munication between co-teachers. Although the detailed practices 
varied in diferent programs, remote teachers took responsibility 
for setting objectives and preparing lessons before co-teaching. Re-
mote teachers also initiated communication with local teachers to 
ask for relevant materials (e.g., student information) they needed. 
Local teachers would follow the plan made by remote teachers and 
provide the needed information because remote urban teachers 
were usually considered to be the expert teachers. 

In terms of setting teaching objectives, the majority of local 
teachers helped remote teachers set goals by sharing student infor-
mation. Generally, local teachers would share their student names 
and the seating plan through the instant messaging software upon 
the remote teachers’ request. For remote teachers, if they had stu-
dents on their end, they would set the goals primarily based on 
their own students (remote students). For example, T11, a remote 
school teacher, remarked “I could not prepare the class only for 
rural students and ignore my own students. Therefore, my lesson 
plan was still centered around my students." 

While this describes the majority, some local teachers took the 
initiative to provide more detailed student information and set clear 
expectations of the course (T18-T21). For example, T19 would mark 
shy students as well as advanced and underachieved students in 
the seating plan he sent to the remote teacher. “I circled out these 
students, so the remote teacher would know who needs more at-
tention." In addition, four teachers (T18-T21) would proactively 
communicate their goals of the course with their collaborating re-
mote teachers. T20 said, “Students have English tests so the textbook 
has to be covered. Thus, I told him [the remote teacher] to teach 
the vocabulary and I could teach the readings in the textbooks." 

Most lesson content preparation was accomplished by remote 
teachers. All remote teachers said that although the routine for 
preparation of co-teaching classes was similar to that of traditional 
classes, they prepared co-teaching classes more carefully. T8 said, 
“I would write down scripts of the class and then revise them over 
and over again." T11 would have her mentor review her class slides 
before each class. As stated by T1, a local teacher, and T9, a re-
mote teacher, some remote schools would even organize a group of 
teachers to help remote teachers prepare for classes. 
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For local teachers, only those in the C:MC-recorded program 
were responsible for lesson preparation. Moreover, according to T2, 
the amount of time spent on preparing a remote co-teaching class 
was two times longer than that of a regular class. Both T2 and T13 
suggested that they would watch the pre-recorded videos to mark 
the time points that they feel need to be paused to provide more 
explanations for their students. When they became familiar with 
the videos and picked up the remote teachers’ ways of explaining 
key concepts, they would only watch the video once and then revise 
the provided class slides during preparation. 

Communication between remote and local teachers showed 
the pattern that the remote teachers initiated and local teachers 
responded. For pairs of teachers who communicated with each other 
(mostly in the 1:C program), they used instant messaging and added 
each other to as a contact (T3-T4, T14-T21). As mentioned earlier, 
remote teachers would ask their collaborating local teachers for 
student information. Occasionally, remote teachers would send their 
lesson plans and class slides to the local teachers for suggestions 
(T16 & T18). Some remote teachers would confrm with the local 
teachers about the availability of resources. Local teachers would 
usually answer remote teachers’ inquiries and respond to their 
needs (e.g., by printing materials; T14, T16, T17-T21). 

4.1.2 During Class. The main tasks during class involved lecturing, 
interacting with students, and classroom management. In remote 
co-teaching classes, remote teachers were responsible for teaching 
content via online software and interacting with students, while 
the local teachers primarily helped manage local classrooms. 

Lecturing in a remote co-teaching class is approximately the 
same as in normal classes for remote teachers. They would in-
troduce topics, explain important concepts, and conduct diferent 
activities. The remote teacher’s class was live-streamed for rural stu-
dents. Due to the live streaming, T8 and T11 both reported certain 
diferences in lecturing. “I would be more clear about my instruction 
so that for rural students, it would still be like listening to a ‘real’ 
teacher, although I’m only ‘inside the screen,’" said T8. Similarly, 
T11 also mentioned that she would choose more demonstrative 
activities so that it is clear about what is happening both on her 
end and to the rural students on the other end. 

Most local teachers assisted certain classroom activities. For ex-
ample, T17 and T21 would help students with in-class exercises 
and divide students into small teams for group activities. Most local 
teachers said that they would never intervene during class because 
they believe it is disrespectful to remote teachers. One exception is 
that in T19’s school, local teachers were asked to intervene when-
ever they noticed students did not grasp the content. “If our teachers 
found many students not understanding a point introduced by the 
remote teacher, they [local teachers] would ask the remote teacher 
to repeat," said T19. Moreover, local teachers in T19’s school would 
also write down important points in the class, and use the notes to 
ask warm-up questions before the next class. 

While most local teachers were not involved in lecturing, it 
was not the case for local teachers in the C:MC-recorded program. 
These teachers would only use around 10 minute video to introduce 
important concepts, during which they would pause to provide 
further explanation or guidance (see class pictures in Figure 3). For 

the rest of time, they would utilize the revised class slides, which 
were originally provided by the urban school, to deliver lessons. 

Interaction with students showed diferent patterns between 
remote and local teachers. Generally, remote teachers directly in-
teracted with students. In 1:C programs, remote teachers would 
interact with students using the online platform. They asked rural 
students questions, gave them feedback, and arranged diferent ac-
tivities. These remote teachers would call students by their names 
using the seating plan sent by the local teachers. By contrast, re-
mote teachers in the C:C program called students according to 
where they sat and tended to only ask students who had their 
hands raised. These teachers interacted with students via a hanging 
TV that displayed rural students as shown in Figure 4. Moreover, as 
these teachers had students physically in the same classroom, they 
primarily focused on their own students but would try to "switch 
to the rural school’s scenario from time to time," said T7. 

Local teachers would observe and monitor their students when 
local teachers lectured. T1, a local teacher in the C:MC-recorded 
program, mentioned that when playing the videos of remote teach-
ers’ lectures, local teachers could observe students and thus know 
better about whether students understand the content. Moreover, 
asked by the organizations, local teachers in 1:MC programs took 
pictures of class activities and student work as documentation for 
the class. Figure 5 are pictures of 1:C classes taken by a local teacher. 

Most responsibility of classroom management fell on local 
teachers during remote co-teaching classes. Local teachers would 
remind students to mind their behavior before class and correct 
misbehavior during class. As mentioned before, local teachers did 
not want to disturb the class. Therefore, even when correcting 
students’ behavior, local teachers would avoid using their words 
but instead remind students with eye contact (T4, T17, T18). 

4.1.3 Afer Class. For teachers’ responsibilities after class, we iden-
tifed three major categories: lesson refection, designing homework, 
and relationship building. 

Lesson refection was usually performed by the lecturers— 
remote teachers. For remote teachers in the C:MC program, their 
schools would arrange a team of teachers to observe and refect 
the class together. For example, T9 mentioned that other teachers 
would help point out areas for improvement, such as paying atten-
tion to rural students’ reactions. Some remote teachers in the 1:C 
program would review recordings of their classes. "I would focus 
on whether I asked questions clearly and how students reacted," 
said T14. Remote teachers in the 1:C program would ask for the 
local teachers’ feedback. When requested by the remote teachers, 
local teachers would provide their observations and comments. 

Homework was designed diferently in diferent programs. In 
the 1:C program, remote teachers usually assigned homework. Lo-
cal teachers would help take pictures of fnished work and send to 
the remote teachers. Then, the remote teachers would correct stu-
dent work and give feedback during the next class. In the C:C and 
C:MC programs, in most cases, the local teachers were responsible 
for assigning and correcting assignments. T2, a local teacher in the 
C:MC-recorded program, said she sometimes assigned the unfn-
ished parts of the remote teachers’ lecture recordings as homework. 
Only one teacher in the C:C program mentioned that she assigned 
homework to both groups of students, but the homework would 
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Figure 3: Photos of a C:MC class taken in the local classroom —(a) The local teacher plays the pre-recorded video of the remote teacher’s 
class and he is watching it with the students. (b) The local teacher pauses the video and is asking a student about some questions. 

Figure 4: A photo of a C:C class taken in the remote classroom — This is a C:C remote co-teaching class of elementary mathematics. 
The remote teacher is checking with the local students (whose videos are displayed on the TV) whether they can see the number on the 
blackboard. 

be "open-ended.". "After normal classes, I would assign exercises 
in the exercise book. But in remote co-teaching classes, I would 
assign some open-ended work that students would be more willing 
to fnish even if they were unsupervised by me," said T7. 

Relationship building included strengthening student-teacher 
relationships, relationships between local and remote teachers, and 
home-school relationships. For local teachers, they would try to 
know their collaborating teachers and share remote co-teaching 
classes with parents. Local teachers became familiar with remote 
teachers through participating in the same ofine activities or fol-
lowing their social media. T1 and T2 would join in professional 
development programs organized by the urban schools and thus met 
with the remote teachers. Both T1 and T19 mentioned they invited 

the remote teachers to the local schools to deliver demonstrative 
lessons and participate in school activities. Moreover, T18 would 
look at the remote teacher’s posts on social media and congratulate 
her on her personal achievements. For enhancing relationships with 
parents, T20 mentioned that teachers in his school shared pictures 
of remote co-teaching classes with parents. 

From the remote teacher side, they built relationships with stu-
dents and collaborating teachers. Some remote teachers would 
purchase prizes for students and deliver them to local teachers (T17, 
T18, T20). Moreover, some remote teachers would also read their 
collaborating teachers’ posts in social media and form an impres-
sion of the local teachers. As mentioned by T16, “The teacher’s posts 
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Figure 5: Photos of 1:C classes (taken by local teachers) — (a) The remote teacher is lecturing and the local students can see the teacher as 
well as themselves on the screen. (b) The local students can see the class slides and the remote teacher on the screen. One student is answering 
questions. (c) One student is standing near the camera to show her work to the remote teacher. 

were mostly about students. I thought this teacher was wonderful, 
and we did go along well." 

4.2 Positive Impacts 
The positive impacts brought by the remote co-teaching programs 
are two-fold. First, remote teachers directly impacted local students 
and local teachers by providing high-quality class and teacher train-
ing. Second, some local teachers indirectly impacted the infuences 
of remote teachers on local students through the collaboration with 
remote teachers. 

4.2.1 Remote Teachers’ Direct Impacts. The remote co-teaching 
classes positively impacted students’ learning performances and 
teachers’ teaching skills. As the co-teaching programs designed 
initially, the most direct impacts on local teachers and local students 
came from the remote teachers, as shown in Figure 6. 

Figure 6: Positive impacts from teachers—Solid lines represent 
the direct relationships; the dotted line represents the indirect rela-
tionship from local teachers as a moderator; and dashed lines rep-
resent the indirect relationships from local teachers as a mediator. 

The direct infuence on local students included improvements 
in academic performance and enhanced motivation in class. 
Multiple local teachers (T1, T2, T18, T20) agreed that local students 

participating in the programs had broadened their horizons and 
achieved higher grades. For example, T20 said, 

“After the semester taught by the remote teacher, this 
class’ [English] fnal grades ranked the third in our 
town. It was a great achievement! However, this se-
mester we did not get English remote teachers. Stu-
dents’ grades were not as good as the last semester.” 

We believed remote teachers’ higher-quality lessons contributed to 
students’ improvements. The quality of classes that local teachers 
could deliver was limited. Both T18 and T20, who taught in under-
developed areas, admitted that they were responsible for multiple 
courses, including which they were not professional at. 

In addition, local students were reported to be more active and 
motivated because of co-teaching classes. When local teachers 
turned on the co-teaching software prior to the classes during the 
break, the students would excitedly greet the remote teachers. Dur-
ing classes, some local students would consider in-class activities 
as competitions with the remote students, and would actively raise 
hands to answer questions. Nevertheless, some local teachers (T2, 
T5, T16) reported that students’ high level engagement inspired by 
remote teachers would only temporarily infuence normal classes 
taught by local teachers. T5 described, “In co-teaching classes, stu-
dents were more motivated to answer questions. Students would 
still be that active for maybe two classes after the co-teaching class. 
Their level of engagement would gradually decrease.” 

The direct infuence on local teachers was mainly brought by 
the accesses to high-quality training. The local teachers used 
the remote teachers’ instruction as training materials for improv-
ing their own teaching skills. As the local teachers continuously 
participated in the co-teaching programs, they would intentionally 
or unintentionally mimic the remote teachers’ teaching strategies 
(e.g., use of animations and attractive contents to raise students’ 
interests) and teaching styles (e.g., use of languages). The outcomes 
of the local teachers’ learning from the remote teachers were out-
standing (T1, T2, T4, T13, T18, T19). For example, T1 remarked that 
the gap between grades of the two classes with and without remote 
teachers became smaller as she began to adopt the remote teach-
ers’ teaching styles. Moreover, T4 indicated that she learned poster 
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painting from the remote teachers’ classes. She later applied what 
she learned in her classes. Local teachers preferred the co-teaching 
programs to the traditional training sessions because co-teaching 
resources were long-term while the traditional training sessions 
were short-term (T1, T2, T13). 

4.2.2 Local Teachers’ Indirect Impacts. When the co-teaching pro-
grams just started, the remote teachers were intended to be the only 
stakeholder that impacted the classes without additional support 
from or collaboration with the local teachers. However, after years 
of practices, the schools discovered that the co-teaching outcomes 
were not as good as expected if the local teachers remained invisible. 
The classes were not always successful and the students’ grades 
were not satisfying. Therefore, local teachers began to indirectly 
impact the co-teaching classes as a moderator and a mediator, as 
shown in Figure 6. 

Local teachers served as a moderator in helping remote teachers 
prepare customized classes for local students to improve class 
quality. We noted that the remote teachers sometimes could not 
prepare classes that were suitable for the local students. For in-
stance, the class contents possibly required prerequisite knowledge 
that the students did not fully understand, and thus, it would be 
more difcult for students to catch up in classes. The local teach-
ers would then provide feedback for the remote teachers to help 
remote teachers know where to improve in the future (T5, T14, 
T17-T20). Moreover, local teachers would also report the parts in 
class that students felt bored to the remote teachers. For example, 
T17 said, “In my feedback to the remote teachers, I told them about 
the students’ interests...I also took pictures of the students for the 
remote teachers, showing them students’ positive reactions to the 
classes and when they have no interests.” 

In addition, local teachers collaborated with remote teachers to 
designing customized classes. Local teachers were more familiar 
with the local schools’ resources and their suggestions on the class 
designs could better allocate their resources, which had also shown 
great outcomes (T19). For instance, T19 said, 

“We did not know how to design Painting classes in 
the past...I told the remote teachers our school had 
plentiful rock resources so they taught students how 
to draw on rocks. Now rocks with students’ drawings 
are everywhere in our campus. Students were very 
happy to let everyone see and appreciate their work.” 

Local teachers also indirectly impacted the local student-remote 
teacher relationship as a mediator by clarifying key contents 
in lessons. Infuenced by the classes taught by remote teachers, 
local teachers could further impact local students and make the co-
teaching classes more efective. Unlike 1:C and C:C classes, C:MC 
classes were still instructed mainly by the local teachers. The local 
teachers found that students may not fully understand the contents 
if they played the recorded videos for the entire class because the 
remote teachers’ pace was too fast. Therefore, some teachers (T2, 
T13) decided to modify the lecture slides to better adapt to the local 
students’ backgrounds and use only part of the recorded videos in 
classes. In addition, the remote teachers’ classes sometimes skipped 
prerequisite knowledge that remote students understood but local 
students did not acquire. The local teachers (T1, T2, T13) would 
pause the video and teach the contents by themselves. 

Local teacher could monitor and check whether the local students 
got distracted while remote teachers were instructing. For instance, 
some local teachers (T2, T6, T13) would focus on assisting the 
distracted students individually during in-class activities. Another 
local teacher (T19) would directly interrupt the remote teachers’ 
class and explain the key points again to the students, as described 
in section 4.1.2. If the students still had any unresolved questions 
after class, the local teachers would explain again in their regular 
classes. T5 mentioned, “I asked students whether they had any 
questions after the [co-teaching] classes. I would explain those 
unclear points again to the students.” 

4.3 Challenges 
Despite the aforementioned benefts, some aspects of the implemen-
tations and outcomes of the programs did not meet the designers’ 
expectations yet. For one, the frequency of remote co-teaching 
classes was rather low in some programs (T3, T5-T10). For instance, 
after two years of the C:C program, all the C:C teachers interviewed 
(T3, T5-T10) claimed that they had experienced fewer than four 
co-teaching classes. Besides, their whole schools usually scheduled 
only two to three co-teaching classes per semester for each exam-
oriented courses. For another, some remote co-teaching classes’ 
efects on students’ performance are mixed. A few local teachers 
(T5, T13) found local students’ test performances either did not 
change or even dropped after adopting the C:MC and 1:C programs. 

We believed these unmet goals were due to the following chal-
lenges: lack of instruction, training, and rewards for participant 
teachers from the systems and schools and inefective remote com-
munication between co-teachers. 

4.3.1 Lack of Instruction. Few organizations had regulations for 
co-teaching classes (T14-T16). Without such instruction, local and 
remote teachers were often confused about their roles in the co-
teaching program. Some teachers (T3, T5-T10) did not even know 
who the teacher on the other side would be before classes. T4 
explained, 

“My school did not tell me what to do. I was only told 
that there would be a weekly online class. I should 
collaborate with the [remote] teacher and be in the 
classroom during class. My school did not ask me to 
communicate with the [remote] teacher, and there 
were no requirements on the course contents at all.” 

In addition, many local teachers (T3, T5, T6) did not connect local 
students with remote teachers well. Local students did not know 
remote teachers and may get nervous in class. T6 explained, “Some 
[local] students from low-income families were self-abased. They 
rarely raised their hands in class. They became even less active in co-
teaching classes because they were not familiar with the [remote] 
teachers.” Furthermore, remote teachers (T7-T12) did not know 
backgrounds of local students, which would make it more difcult 
for the teachers to deliver classes. For instance, T10 commented, 
“I did not know how well the [local] students’ studied. I worried 
that the [local] students would have difculties understanding the 
materials if I taught too fast.” 

Besides, we noted that some schools rarely planned the co-
teaching classes ahead. Teachers (T3, T5-T10) were usually unaware 
of the plan until one week before the scheduled class. “We were only 
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notifed about the time [to participate in the co-teaching class]. We 
just brought students to the classroom then,” T6 said, “our school 
might have already contacted the remote school and have scheduled 
everything but I was only aware of when it would happen.” 

4.3.2 Lack of Training. Generally, schools did not provide training 
to help teachers better deliver a co-teaching class, such as that of 
interacting with remote students and of using co-teaching software. 
Therefore, remote teachers (T7-T12) prepared the lessons using the 
same strategies they used for a regular class and felt that they could 
not engage local students as efectively. 

Although remote teachers in the I:C program received certain 
pre-service training, some of their collaborating local teachers (T3, 
T4, T20, T21) still feel these remote teachers lacked teaching experi-
ence. The insufcient teaching experience and the nature of online 
classes weakened these remote teachers’ control over the class. In 
addition, the remote teachers were less skilled at preparing the 
class contents according to students’ backgrounds, interests, and 
age characteristics. For instance, T4 explained, “when the remote 
teacher taught students to draw bridges, she talked a lot about the 
theories, which the third graders were defnitely not interested in.” 

In addition, training for technical skills was also necessary be-
cause teachers reported they had trouble using video and audio 
systems in classrooms (T3-T13, T17-T21). However, neither local 
nor the remote schools equipped teachers with skills to use or 
trouble-shoot the systems. Almost all the teachers (T3-T13, T17-
T21) indicated that they were not familiar with the online platforms 
and they always required assistance from technicians to turn the 
software on and trouble-shoot when needed, which led to teachers’ 
lower self-efcacy in delivering co-teaching classes. 

4.3.3 Lack of Rewards and Stimulation. As described in section 
4.1, some teachers, including remote teachers of the C:C program 
and local teachers of the C:MC program, had higher workload than 
usual when participating in the co-teaching programs (T1, T2, T7-
T10, T13). Nevertheless, schools did not provide equivalent rewards 
or stimulation for teachers’ extra workload, which might be one of 
the reasons that teachers were not motivated to participate in co-
teaching classes. Some teachers (T5, T6, T8, T17, T18) indicated that 
they received no additional rewards for delivering the co-teaching 
classes. Others (T7, T9-T11, T13-T16, T19, T20) explained that their 
participation in the program was related to their annual assessment. 
T20 explained, 

“There was no way to receive extra points [for assess-
ment], but our points could got deducted. Our princi-
pal said if there were no such [co-teaching] programs, 
we should teach the classes by ourselves. With the 
programs, we had fewer classes to teach. Why would 
we get additional points? But if we do not make use 
of the programs, there would be points deducted.” 

4.3.4 Unequal Relationships. In the co-teaching programs, local 
teachers usually perceived themselves in a lower social and aca-
demic position than the remote teachers. Since the co-teachers 
hardly knew each other before the classes, they would rely on their 
pre-existing perception of the local/remote teachers and their rela-
tionships could become unequal. The 1:C and C:C remote teachers 
called themselves as the “main instructor,” and they called local 

teachers “teaching assistants” instead. Multiple teachers (T1, T3, 
T5, T7, T10-T12) mentioned they believed local teachers were less 
skilled in teaching than remote teachers. Therefore, remote teachers 
rarely relied on local teachers’ inputs while preparing and deliver-
ing classes. For example, T10 said, “The local teachers were aging 
in general and were not familiar with advanced teaching techs. So I 
took care of all the things, like preparing class contents and slides.” 

Such unequal relationships could cause misunderstandings and 
conficts. Local teachers (T4, T17, T18) feel uncomfortable to send 
requests to remote teachers. For instance, T4 mentioned the remote 
teacher once taught a class similar to a previous normal class but 
T4 did not tell the remote teacher to change the content. “I did not 
tell [the remote teacher] because I respected her. She must have put 
lots of eforts while preparing for the class,” said T4. In addition, T4 
always gave the remote teachers full scores in course evaluation 
system, given that she “respected" the remote teachers. Moreover, 
T4 repeatedly mentioned because the co-teaching classes took half 
of her classes but did not cover any textbook-related content, she 
could not complete her teaching goals. Nevertheless, she apparently 
never conveyed her concern to the corresponding remote teacher 
(T15) because T15 was not aware of this issue. “The local teacher 
did not have much requirement for our co-teaching classes. Since 
their regular classes were generally about the textbook contents, 
I thought it would be better to teach the students other materials 
not related to their textbooks,” said T15. 

4.3.5 High Remote Communication Cost. We found that co-teachers 
experienced high communication costs during remote collaboration. 
Current communication between co-teachers was limited and inef-
fcient. Co-teachers mainly communicated with each other through 
WeChat, a widely-used instant messaging software in China. It 
could take teachers a long time to wait for responses, which further 
negatively impacted co-teachers’ collaboration (T4, T15, T17). T17 
explained, “I did not check my phone very often, so I would not see 
the messages in WeChat. When I saw the messages, it could have 
already been too late to reply. . .Maybe because I replied too slow, 
the remote teacher misunderstood me and we gradually talked less.” 

As a result of the high communication costs, many teachers (T3-
T13) were not motivated to contact their collaborating co-teachers 
out of class. T7 said she was not sure whether the co-teaching class 
was successful because she did not receive any feedback from the 
local teachers about the students’ learning outcomes. “ However, 
even if she thought feedback was important, T7 was not willing to 
initiate conversation and ask for feedback from the local teacher. 

5 DISCUSSION 

5.1 ICT Programs to Reduce Educational 
Inequality 

In general, based on participating teachers’ experience, the remote 
co-teaching program in China created a feasible way to use ICTs for 
educational interventions. We propose two main explanations on 
why the remote co-teaching program might work and summarize 
the takeaways for future ICT4E program design. 

Firstly, the remote co-teaching program does not rely on the tradi-
tional device-based approach but instead allows shifts in pedagogy. 
The current approach fts with rural Chinese educational contexts 
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as there are already enough educational technology devices in most 
rural classrooms and what they lack instead is high-quality educa-
tion resources [63]. Using online platforms to deliver high-quality 
classes, the remote co-teaching classes overcame the major weak-
nesses of rural education: a shortage of professional teachers and a 
well-designed curriculum. More specifcally, providing high-quality 
classes in exam-orientated subjects (e.g., Mathematics in C:MC pro-
grams) or those that can not be delivered by rural teachers (e.g., Arts 
and Music in 1:C programs) aligns with the rural schools’ needs. 
According to the factors infuencing the efects of ICT4E programs 
listed in [37], in this case, the rural schools hold the belief that 
the changes brought by ICTs are necessary, and thus, the schools 
would actively participate in the programs. This approach might 
shed light on importance of using ICTs to directly intervene school 
curriculum in underdeveloped areas. 

Nevertheless, most of previous ICT4E programs primarily fo-
cused on hardware or devices rather than the pedagogical elements 
[58]. For example, 85% of funds of a Chinese ICT4E program would 
go into hardware, while there is no fund for teachers’ training 
[47]. Moreover, the two iconic ICT4E programs—OLPC and Hole 
in the Wall—also focused on providing facilities. Although this 
approach could be benefcial by itself as designed by the two pro-
grams, incorporating pedagogical elements and targeting schools’ 
and teachers’ needs as mentioned in [37] might bring more positive 
results. Therefore, future ICT4E program might consider directly 
addressing the distortions in curriculum and pedagogy with the 
help of ICT utilization, implementation, or design. 

Secondly, the remote co-teaching program “spans more than one 
subsector" [58] (p. 8) and provides support for both rural teachers 
and students. Past research suggests that when more than one driver 
out of the three drivers of changes in education quality (resources, 
incentives, and community participation) were combined in the 
intervention programs, they are more likely to be efective [35]. 
Other exemplary ICT4E projects that targeted two stakeholders and 
yielded positive results are: 1) the Bridges to the Future Initiative in 
India that intended to promote literacy in both young children and 
adults [42], and 2) the Kenya Primary Math and Reading program 
that provided both student learning materials and teacher training 
[59]. Consequently, another takeaway for the design of future ICT4E 
programs is to integrate various drivers that bring change in the 
quality of education. 

5.2 Towards a More Adaptive and Sustainable 
ICT4E Program 

If intervention programs are adaptive and sustainable, they can 
efect changes (e.g., closing educational gaps) even after the pro-
grams ended. The current remote co-teaching program has already 
been viewed by many teachers as continuous and stable resources 
leading to long-time positive impact. Meanwhile, the program still 
has potential to be improved towards a more efective intervention. 

To achieve a successful ICT4E program, end users’ characteris-
tics need to be understood adequately and thoroughly [58]. One 
problem with the C:MC program might be the expert remote teach-
ers’ class videos were not tailored to local students. The content 
might be out of local students’ zone of proximal development and 
thus, students could not learn efectively [57]. However, with local 

teachers’ explanation, the content became understandable for local 
students. The efective adaption performed by the local teachers 
highlights the importance of understanding local students’ needs 
and the positive infuence that local teachers can make in interven-
tions. 

In addition, the low frequency of the C:C program might result 
from the missing shared vision and insufcient incentives to engage 
in the program. According to the Managing Complex Change Model, 
vision and incentives are elements required for efective change [55]. 
According to the model, when the vision is missing, people will be 
confused; moreover, when incentives are not enough, people tend 
to resist the change [55]. Indeed, most remote teachers in the C:C 
program considered co-teaching classes as demonstrative classes, 
and they did not receive any incentives for the long preparation 
time. As a result, they tended to feel confused about why they 
needed to collaborate with local teachers and resist a more frequent 
and regular-basis co-teaching class schedule. Therefore, one way to 
improve the program is to share the vision with all the stakeholders 
and provide rational incentives for teachers. 

One promising impact of the program we noticed that might 
lead to sustainable infuence is the change of teachers’ educational 
beliefs. Teachers’ belief about how the class should be taught is 
also an important teacher-level factor determining the success of 
ICT4E program identifed in [37]. For instance, some local teachers 
remarked that they “adopted a whole-child perspective instead of 
only focusing on student academic performance" (T18 & T19) and 
“became more willing to encourage students and prioritize their 
mental well-being" (T20 & T21). For remote teachers, T10 and T16 
mentioned that they became to care more about rural education. 
Past research supports such changes in beliefs and attitudes among 
teachers are associated with higher possibilities of uptaking changes 
in practices [14, 23]. We believe that the changes in teachers’ beliefs 
brought by the remote co-teaching program have the potential to 
make the program more adaptive and sustainable. 

5.3 Efcient Remote Collaborative Work 
Consistent with fndings of previous remote collaboration stud-
ies, the co-teachers experienced high remote communication costs 
during collaborations, resulting in decreased communication moti-
vation and inefective collaboration. Studies indicated that collabo-
ration was a time-consuming process, and the collaboration could 
be unproductive if the task required quick responses and actions 
[50]. Such communication challenge was much severe in a remote 
collaboration setting given that parties working remotely usually 
lacked an interactive and continuous communication [25]. 

It is interesting to note, some teachers reported to have successful 
collaborations with their co-teachers. We found these efective col-
laborations benefted from frequent and efective communication 
between co-teachers. Some teachers developed their own strategies 
to build relationships with their co-teachers. For instance, some 
teachers (T1, T15) used emojis instead of plain texts when commu-
nicating, which was in line with what was suggested by [66]. We 
suggest future remote co-workers could learn from these success-
ful collaborations to overcome the challenges in communication, 
for instance, by constructing detailed plans for communication 
schedules. 
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Besides, using the framework by [37], we found there is a need for 
providing a supportive network that ofers technical skill training, 
refection and sharing sessions, assistance in remote collaboration 
for teachers. Our fndings demonstrated that insufcient support 
from the organizations and schools to the teachers, including the 
instructions and training, rewards and stimulation, and equal rela-
tionship building, were signifcant challenges that prevented the re-
mote co-teaching programs from being more successful. We believe 
that as the schools and related organizations pay more attention 
to the co-teaching programs and programs become more mature, 
these challenges could be resolved. 

5.4 Design Implications 
We found the remote co-teaching program, especially the pre-
recorded videos used in the C:MC program, could be more adapted 
into local contexts. Therefore, we suggest future technologies sup-
porting remote co-teaching could utilize intelligent tutoring sys-
tems (ITSs) to promote adaptive instruction and learning, such as 
[44, 54]. The recorded videos of remote teachers’ classes can be 
integrated as modular video clips so that local teachers can select 
to play any video clips based on their needs. The advanced ITSs can 
also allow local teachers to inform the remote teachers about the lo-
cal students’ needs. The usability of the ITSs should also be further 
improved for reduced learning costs. Besides, with fast development 
of artifcial intelligence technology, we can imagine an AI teacher 
that could integrate teaching styles, strategies, course contents, and 
communication styles of human teachers in the future. 

Our results also indicated that participating teachers sufered 
from high communication costs to maintain relationships with 
co-teachers. Moreover, teachers mostly used instant messaging 
software to communicate outside classrooms and the video con-
ferencing groupware inside classrooms. However, such communi-
cation was mostly work-related and remote teachers could hardly 
construct emotional bonds with the local students and teachers. 
Asynchronous communication tools, such as Discord and Slack, 
could be adopted to enable more fexibility in teachers’ communi-
cation. Local teachers could share news, grades, fun activities of 
students, and their own thoughts with the remote teachers in a 
private session, where instant responses are not expected. Remote 
teachers could know more about the local students and would de-
velop common ground with the local teachers that would further 
enhance communication and collaboration qualities. 

In addition, augmented and alternative communication (AAC) 
technologies could be investigated and adopted in the co-teaching 
programs to enhance communication and induce participation in 
remote collaborations [27, 36, 52]. Replacing complicated sentences 
with symbols and non-verbal cues allows teachers to quickly ex-
press their ideas and dramatically reduces their communication 
costs [66]. These tools can mediate the geographical distance be-
tween co-teachers and share each other’s awareness on the collab-
orative work. In addition, since co-teachers were sometimes not 
aware of what tasks they should collaborate on, future co-teaching 
tools can specify a list of tasks required for co-teachers. 

5.5 Limitation and Future Work 
Firstly, we acknowledge this study is an initial investigation of the 
remote co-teaching programs with a small sample size recruited 
from snowball sampling. More generalizable evidence need to be 
collected. Secondly, we note that the indirect impacts from local 
teachers can be categorized as a moderating efect (the dotted line 
in Figure 6) that enhanced the positive infuences of remote teach-
ers on the local students, and a mediating efect (the dashed line in 
Figure 6) that mediated the high-quality classes from remote teach-
ers and delivered to the local students with clearer explanations. 
However, quantitative data from follow-up surveys is necessary 
to further confrm the robustness of the proposed moderating and 
mediating efects. 

For future studies, we suggest researchers to more focus on one 
of the co-teaching programs and examine the strengths, drawbacks, 
and collaboration of the co-teaching programs more specifcally. In 
addition, researchers can conduct controlled experiments to draw 
a more rigorous conclusion about the impacts of the co-teaching 
programs on local students’ learning and development. 

6 CONCLUSION 
In this paper, we presented a qualitative study examining an ICT4E 
program—a remote co-teaching program in China. We interviewed 
21 teachers who had experience in one of the four existing co-
teaching programs, namely C:C, C:MC, 1:C, and 1:MC. To the best 
of the authors’ knowledge, this study is the frst investigation of 
the remote co-teaching programs in China. We found that both 
local and remote teachers involved in these programs were respon-
sible for some tasks during the whole educational process (e.g., 
before, during, and after classes). In addition, we noted that remote 
teachers had direct positive impacts on both the local students and 
local teachers, while local teachers indirectly infuenced relation-
ships between local students and remote teachers. Furthermore, 
though the co-teaching programs have been implemented in some 
rural and urban areas in China for years, challenges that preclude 
in-depth collaboration between co-teachers still persist. The chal-
lenges included lack of instructions, training, and rewards from 
the system side as well as unequal relationships and high-quality 
community cost from the remote collaboration side. The results 
of the study shed new light on guidelines of designing efective 
ICT4D/E projects. The fnding of this research also provide insights 
of designing technologies that better support adaption and remote 
collaboration. We expect this work to contribute to the ICT4D/E 
research community by providing lessons and inspirations from 
a relatively long-lasting ICT4E program in China. Our study also 
contributes to the wider HCI community that the factors identifed 
as enhancing or hindering an efective remote collaboration in the 
remote co-teaching feld could also be applied to more generalized 
HCI felds. 
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