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ABSTRACT

This systematic mapping study examines 115 studies on online teacher professional develop-
ment (OTPD) programs, including online-only and blended learning (BL) formats. Findings
reveal that most programs combine synchronous and asynchronous phases, emphasizing col-
laborative, action-oriented, and reflective learning approaches. Frequently used technologies
include discussion forums, videos, and learning management systems (LMS), while innova-
tive tools such as virtual reality (VR) and artificial intelligence (AI) are less commonly imple-
mented. Approximately half of the programs involve instructor guidance. These findings offer
valuable insights into the design and implementation of OTPD and underline the need for fur-
ther research into content-specific strategies and the effective use of emerging technologies.

KEYWORDS
online teacher professional development (OTPD), in-service teacher learning, educational
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1  INTRODUCTION

In an educational system constituted by complex structures of causes, conditions,
and effects, the professional competence of teachers is considered a central factor
influencing the quality of teaching. Adopting an agile and competent approach
to societal challenges and changes, characterized by numerous transformation
processes, is crucial for contemporary teaching-learning processes [33], [81]. In line
with the demand for high-quality education, numerous training programs for the
professional development (PD) of in-service teachers have been implemented so far.
However, many of these-mostly designed as short-term courses according to the
‘one-size-fits-all’ principle—prove to be unsuitable for ensuring an ongoing profes-
sionalization process [25]. Critiques frequently cite issues such as a lack of practical
relevance, superficial content, insufficient support for implementing learned
material, neglect of student learning, and the isolated nature of the interventions
(28], [31], [88].
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The need for PD courses that meet the daily demands and challenges as well as
the everyday professional lives of teachers and that consider their needs and wants
is flexible, providing in-service support that has catalyzed the development of online
teacher professional development (OTPD) [25], [42], [57]. Numerous concepts now
exist, and new initiatives are constantly being taken to advance the integration of
digital technologies into PD courses for teachers [11], [25]. New technologies, social
networks, and platforms provide teachers with quick and easy access to diverse
PD opportunities, most of which can be delivered anywhere and at any time [25].
OTPD can be used to reach a larger number of teachers who share similar inter-
ests and have congruent PD needs [109]. Furthermore, OTPD efforts can succeed
in addressing teachers’ individual interests and abilities in more concrete terms,
thereby achieving a high degree of personalization [31], [75], [76], [107].

In addition to formats that are conducted entirely online, blended learning (BL)
concepts have become established [6], [14]. Involving a combination of online and
face-to-face (f2f) sessions, the extent to which they are BL depends on the weighting,
as identified in the relevant literature. Given its high reputation in research, this
systematic mapping study follows the systematization of the Sloan Consortium (now
Online Learning Consortium), according to which the online portion of training
must be at least 30% and at most 79% to be defined as a BL concept. Accordingly,
any instead of all is considered an online-only format [2].!

2 NEED FOR CURRENT STUDY AND RESEARCH QUESTION

The research field of OTPD is receiving augmented attention, with a large
number of research papers, especially from the field of higher education [16], [82].
The development and importance of learning communities for PD of teachers are
also increasingly the focus of research (e.g., [55], [94], [98]). Nonetheless, few reviews
exist to date that have addressed the formal delivery landscape of OTPD courses
for practicing teachers [3], [11], [30], [92], [100]. Existing research provides valuable
guidance for the conceptualization, development, and design of OTPD courses but
underscores the need for further in-depth investigation: “The more understanding
there is of the characteristics of OTPD, the more online platforms and learning sup-
port tools can be based on research-informed practices” ([3], p. 19).

In the context of the highest relevance being attributed to teacher PD in general
terms for the quality of education together with the ever-growing number of
OTPD provisions on offer, an understanding of evidence-based design elements,
instructional methods, and support measures of those OTPD formats that have been
successfully implemented seems to be important [11], [26]. Since the development of
high-quality (online) PD formats opposed to being associated with numerous chal-
lenges, including issues of scalability, adaptability, sustainability, inclusivity, and
accessibility [27], evidence on current practices is even more important. Therefore,
the goal of this study is to draw conclusions about the design of current OTPD courses
for practicing teachers. In addition to the formats, the underlying methodological-
didactic approaches as well as the educational technologies used are of interest.
The central research question to be answered is thus:

! Given their high popularity and outstanding potential [70], BL concepts will also be
included in this analysis alongside online-only formats. Thus, OTPD in this study includes
both online-only formats and BL formats according to the described systematization.
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How are digital courses for the further training and development of in-service
teachers designed with regard to their formats delivered as well as their
media-didactic and media-technical design?

3 METHOD

This study employs a systematic mapping review to describe the research field
and identify relevant topics. Mapping reviews offer the potential to provide a gen-
eral overview of the research field as well as of the way previous research has been
conducted by categorizing existing literature according to certain bibliographic
characteristics, theoretical concepts or specific settings. This makes it possible to
identify research gaps and formulate recommendations for further research [32],
[79], [83].

The search strategy to identify relevant studies was developed iteratively with
support from the university research librarian. In the context of this study, the
following databases were searched for relevant, peer-reviewed literature:? Scopus,
Web of Science, and EBSCO Education Source.® The original search string consisted
of the following terms and was adapted according to the functional logics and the
special requirements of the databases (refer to Table 1): teacher, train, develop,
professional, learning, open, distance, mobile, digital, distribute, blended, and
hybrid. Initially, 5923 records were identified, and the search was completed in
June 2022.

Table 1. Search strings for databases (Scopus, Web of Science, EBSCO Education Source)

Scopus Last Search: | (TITLE-ABS-KEY ((teacher W/3 (train* OR develop* OR professional)))
05.06.2022 | AND TITLE-ABS-KEY ((learning W/3 (open OR distance OR mobile OR
digital* OR distribute* OR blended OR hybrid)))) AND PUBYEAR > 2011
AND (LIMIT-TO (LANGUAGE, “English))

Web of Science Last Search: | TOP (teacher Near/3 (train* OR develop* OR professional)) AND
08.06.2022 | TOP (learning Near/3 (open OR distance OR mobile OR digital* OR
distribute* OR blended OR hybrid)) AND PUBYEAR 2012-01-01 to

2022-06-08
EBSCO Last Search: | ((teacher N3 (train* OR develop* OR professional))) AND ((learning N3
Education Source | 10.06.2022 | (open OR distance OR mobile OR digital* OR distribute* OR blended
OR hybrid))))

The next step consisted of the selection and compilation of studies. The articles
chosen had to satisfy specific criteria shown in Table 2. The first search found a total
of 5923 studies across the three databases. After setting the time frame to the years
2012 to 2022 and reducing the search to English-language results, a total of 3708
studies remained that were eligible for screening by title and abstract. This was done
by the author.

2 Although the peer review process is controversial in the scientific community, only arti-
cles published in peer-reviewed journals will be considered in this review. Not least, these are
generally considered to be highly trustworthy and of exceptional quality, as they are subject
to a rigorous review process [21], [50].

3 Since the study was conducted by only one researcher and research was highly complex,
the search was limited to three central databases.
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Table 2. Selection criteria

Inclusion Criteria Exclusion Criteria
English Language Not English
Peer reviewed Not published in a peer-reviewed journal
Empirical study Not empirical or primary research
Published between 2012 and 2022 Published before 2012
Author(s) mentioned and full text available No author(s) mentioned and full text not available
Target audience: in-service teachers Other target audience
Formal OTPD setting Other setting

To manage the citations throughout the research project, different tools were
used in combination. The citation export from the databases was done in such a
way that it was compatible with Citavi. In this way, all citations could be systemati-
cally compiled. At the same time, 23 duplicates could already be removed with the
help of the Citavi function. The title and abstract screening resulted in the exclu-
sion of all articles that did not meet the selection criteria. If these did not provide
sufficient information, the article was moved to the next stage. Meanwhile, the
screening process revealed that 832 articles did not constitute empirical studies,
and 2575 articles did not meet the selection criteria. With this in mind, a total of 278
potentially relevant articles were transferred to EPPI Reviewer Web, a web-based
system for managing and analyzing systematic reviews. After transferring the data
to the EPPI software, two duplicates were found and further removed. This was
followed by the retrieval of the full texts of the selected articles using document
search by Citavi, EPP], and hand search. If some articles were not available in this
way, the authors were asked personally to make the article available. Although a
number of articles were obtained in this way, a total of six articles were not avail-
able and had to be excluded from the analysis. The full-text versions of the prelim-
inarily included articles were obtained and screened for eligibility based on the
same selection criteria. Thus, another 155 articles could be removed so that a total
of 115 articles were used for the final analysis.* The selection process for identify-
ing suitable studies is shown in detail in the PRISMAS® diagram (see Figure 1) [74].
The type of information to be extracted from the data material was determined
based on the research question formulated at the beginning. A qualitative content
analysis was performed, and Bonds’ [5] coding system was used as a resource in
combination with Bowers’ [10] tech typology to extract data using EPPI Reviewer
Web. Due to limited resources, it was not possible to have the coding carried out
by at least two independent authors. Nevertheless, in case of uncertainties regard-
ing certain codes (e.g., problems with the allocation of data material), these were
marked and discussed together with the supervisor. This procedure also resulted
in trustworthy codes [20].

4 An overview of all included studies can be found in the support files.
S Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Preliminary searches, definition of
review scope, RQs and keywords

l

Records identified through initial search of 3 Removed after reducing
electronic databeses time span to 2012-2022
n=5923 n=1802
Search dates > Not English
05.06.2022 (Scopus) 08.06.2022 (Web of n=413
Science) 10.06.2022 (EBSCO)
Records screened for titles, abstracts and Duplicate records
keywords > excluded
n=3708 nw23
Not a journal article
n=2832
Others
Potential includes - Other target audience
n=278 - Not empirical
Not available - Other setting
n=6 n= 2575
Full papers retrieved and screened on full text Not relevant to research
n=272 focus, further duplicates
and non-independent
records excluded
n=161
Dublicates
Articles included, synthesised and quality n=2
scored in the final systematic review
n=115

Fig. 1. PRISMA diagram

4  RESULTS

Given the limited capacity of this study, the presentation of results is limited to
particularly striking results and is based on a selection of exemplary studies. If seri-
ous differences between BL and online-only formats could be identified, these will
be explained in a differentiated manner at the appropriate point. Otherwise, the
results for both formats are presented in summarized form.*

6 A detailed overview of the course characteristics is provided in the supplementary files
of this review.
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4.1 Format and structure of OTPD courses

In total, n = 66 OTPD courses were identified as online-only, while n = 47 was
categorized as BL formats.” Both types predominantly combined asynchronous
and synchronous phases, with exclusively synchronous or asynchronous courses
being rarely presented (e.g., [41], [91], [104]). Online-only formats were typically
designed to span several months or weeks (e.g., [7], [60]), although there were
occasional instances where courses extended over several years (e.g., [100]).
A similar trend towards longer durations was observed in BL formats (e.g., [18]).
However, there were a few rare examples where the courses lasted only a few
weeks (a maximum of four weeks), such as described by Michos and Hernandez-
Leo [71]. Short-term courses, typically lasting only a few days, were primarily
developed in response to the COVID-19 pandemic (e.g., [4], [45]), with all of these
courses focusing on PD related to distance learning. Ulmane-Ozolina et al. [99]
was the only study that explicitly determined the course duration based on the
prior knowledge of the participating teachers. Overall, the flexible duration of
in-service training or individual training phases was rarely reported, with only
n = 3 instances mentioned.

4.2 Teaching and learning methods

Innearly all OTPD courses, various forms of collaborative learning were employed
(n =92), ranging from group work and the establishment of learning communities
(e.g., [4], [29]) to the exchange of experiences, activities, and ideas through forums,
discussions, and peer teaching (e.g., [62], [95]). In particular, discursive exchange
among participants played a significant role in numerous courses, regardless of the
format (e.g., [47], [77], [108], [110]). While collaborative activities were the dominant
mode of engagement in some courses, such as those by Al-Balushi and Al-Abdali [1]
and Gynther [3], group work or collective exchange is used more as supplementary
elements in other training programs (e.g., [9], [43]).

A substantial proportion of OTPD programs emphasized active engagement with
the course content (n =90). Hands-on tasks, research activities, problem-based learn-
ing, and project-based learning were commonly utilized to encourage participants to
acquire knowledge and skills inductively. These activities often involved the devel-
opment of lesson plans, learning activities, or teaching materials, some of which
became the final product of the training (e.g., [12], [101]) and were occasionally used
as the basis for assessment (e.g., [40]). The application or testing of learned con-
tent was also a key feature in several training courses, typically enacted through
the participants’ own lessons or via role plays and scenarios (e.g., [66], [101]). With
one exception, role-playing was exclusively used in online-only training formats.
Some programs incorporated creative learning methods, such as storytelling ([79])
or learning games (e.g., [53], [58]).

Cognitive teaching-learning models were referenced in n = 86 instances. Notable
approachesincluded learning through examples, discovery learning via active exper-
imentation, and testing of content. For example, in the BL programs of Krasnova

7 Number related to the total number of programs in Bl and online format (N = 113).
The difference between the number of training programs and the total number of included
studies is due to the fact that in some studies the comparison of several formats was planned.
For comparative studies, each measure analyzed was designed as an individual program.
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and Shurygin [54] and Knie et al. [53], participants conducted practical experiments
designed to foster authentic engagement with the subject matter.

Activities aimed at encouraging critical thinking and reflection were predomi-
nant in the OTPD courses analyzed. These activities often focused on various aspects,
such as teachers’ own learning processes (e.g., [59], [65]), teaching practices (e.g.,
[84]), training content (e.g., [73]), the training process itself (e.g., [49]), or the learning
experiences of other participants (e.g., [62]). While group reflections, which were
less common in online-only formats, were used in BL courses to evaluate collectively
implemented projects (e.g., [93]), individual online-only formats placed greater
emphasis on reflection. In these cases, reflection was structurally integrated into
the course through mechanisms such as ‘reflective logs’ (e.g., [36]), which promoted
ongoing self-reflection throughout the training process.

Evidence of transmissive instructional strategies was found in n = 33 cases,
although these strategies rarely dominated the course design (e.g., [87]). Specifically,
in BL formats, transmissive strategies were more prevalent at the beginning of the
course, particularly during f2f sessions, where foundational knowledge was typi-
cally transferred (e.g., [46], [67]). In online-only courses, introductory instructional
videos were primarily used to convey basic knowledge (e.g., [45]) but were rarely
employed as the course progressed (e.g., [60], [47]).

A small number of courses (n =5) incorporated adaptive learning strategies. For
example, the online-only training in the MOOC format described by Gynther [39]
was based on an adaptive learning system, which offered a personalized curricu-
lum that tailored instructional interventions to the specific needs and characteris-
tics of the participants. This approach aimed to create optimal learning conditions
for each individual. Similarly, Gunawan et al. [37] employed an adaptive learning
system in their BL course, where participants first completed a digital test. The
results of this test were automatically evaluated, and the system generated recom-
mendations for the subsequent course content, activities, and forums. However,
unlike the previously mentioned examples, participants had the autonomy to
choose whether to follow the system’s suggestions or pursue a more individual-
ized learning path. In an effort to address the diverse needs, learning speeds, and
strategies of teachers, Chaipidech et al. [17] implemented a personalized learn-
ing system supported by Al in their OTPD course. This Al-driven approach was
designed to foster self-directed learning and more specifically cater to individual
learner needs.

4.3 Instruction

Evidence of guidance by at least one instructor® was available for around half of
all digital training courses analyzed (n = 61). The major roles of the instructor are
presented in Table 3 and included diagnosis (n = 40), support (n = 36), organization
(n = 28), and knowledge transfer (n = 20), as well as active participation (n = 6) and
motivation (n = 11), with the motivational role being described primarily for online-
only training.

8 For reasons of better readability, only the singular will be used in the following, and the
term “instructor” will be used.
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Table 3. Role of the instructor in OTPD programs analyzed (N =113)

Function and Tasks n

Diagnostic 40
Feedback

Performance assessment

Observation and analysis of learning processes
Observation and analysis of practice phases
Identification of learning difficulties

Support and advice 36
o Scaffolding

o Coaching/Mentoring
o Answering questions

Organization and management 28
e Planning and implementation

e Instructions

e Task coordination

e Organization of learning processes

Knowledge transfer 20
e Lectures
Motivation 11

e Participation in the course

e Working on tasks

e Practical application

e Formulating learning objectives

Active participatory role 6
e Discussions
o Working phases
o (Co-teaching

In Chaipidech et al. [17], OTPD was exclusively technology-driven, whereas in a
few other cases, technological tools were used atleast partially for course delivery. For
example, in Gynther [39] and Gunawan et al. [37], an adaptive system was employed
in combination with an instructor, with participants granted certain freedoms in
course design (e.g., choice of assignment format). In a few online-only programs,
the use of an instructor was completely omitted (n = 6). Although in Laurillard [56],
Terrazas-Arellanes et al. [96], Boltz et al. [4], and Senel et al. [90], participants also
worked independently without direct instructor guidance and were able to proceed
at their own pace, these programs nonetheless provided a structured framework for
action. The freedom to make decisions and the autonomy to act do not necessarily pre-
clude the presence and/or support of an instructor. For instance, in Gamrat et al. [35]
and Weinhandl et al. [105], participants were given choices regarding course content,
assessment formats, and/or assignments, but the instructor continued to monitor
the activities of the teachers and intervened in a supportive capacity as needed.
Similarly, in the courses of Lynch et al. [63] and Jocius et al. [47], teachers were able
to engage with OTPD at their own pace, but with guidance from an instructor.

A combination of instructor-led and self-directed learning was also present in
some BL courses (n = 13). Commonly, these formats combined guided f2f meet-
ings with independent online learning (e.g., [46], [80]). The mention of participants
being granted autonomy in selecting course content and/or tasks was rare, and in
most cases, this referred primarily to the content of the online sessions (e.g., [37],
[43], [53]).
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A distinctive feature was reported in the OTPD programs of Dahri et al. [23]
and Dahri et al. [24], where one teacher from the participating school districts was
first trained as a “guide teacher” and subsequently led the training and assisted
other teachers. Other experts were only available in the background and could be
contacted exclusively through the guide teachers.

4.4 Educational technology

0 10 20 30 40 50 60

Text_based tools 1
Multimodal production o]
Course platform 1

Assessment tools

Knowledge organisation/sharing e—————
Synchronous collaboration tools E————
Assistance tools e——
VR/AR  Fe—
Mobile learning  e—
Image-hased tools e——
Audio tools ==
Social networking tools Hm—
OER  Fe——
Games —
Printed materia] Me—

Website creation tools Em—
Al W=

Educational Technology Used

Digital storytelling
Robotics ™

B BL Fully Online

Fig. 2. Educational technology used across programs in online-only and BL formats (N = 113)

The types of technology used in the OTPD programs analyzed are presented in
Figure 2. It should be noted that many programs integrated multiple technologies.
Given the scope of the study, it is not feasible to discuss each technology separately.
Therefore, this section will focus on the most predominant or innovative tools, as well
as noteworthy findings in the context of online teacher professional development.

Discussion forums were among the most frequently mentioned tools (n = 60).
In some programs, multiple forums were utilized. For example, Joubert et al. [48] distin-
guished between a general forum and group-specific forums. Discussion forums were
employed to stimulate collective exchange (e.g., [4]), facilitate communication with the
instructor (e.g., [86], [91]), or address issues in larger group settings (e.g., [12], [58]). In
some cases, discussion forums served as a space for individual or collaborative task
completion. In a few instances, participation in these forums was explicitly required
and considered mandatory for successful course completion (e.g., [89]).

Digital texts were used almost as frequently as discussion forums (n = 61). These
included task-oriented texts (e.g., case studies, as in [8]), sample lesson plans, articles (e.g.,
[103]), and theoretical texts (e.g., [89]). In online-only formats, digital texts also served an
additional function: conveying course-related information such as guides, course plans,
FAQs, and activity overviews (e.g., [13], [19]). In rare cases, participants were provided
with a digital version of the course materials or recorded presentations (e.g., [22]).
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Videos played a central role in the technologies utilized across the reviewed pro-
grams (n = 71), encompassing lectures, tutorials, demonstration videos, theoretical
videos, video presentations, and video podcasts. In some instances, teachers were
asked to record their lessons and demonstrate the application of the learning content,
making these recordings available online (e.g., [22], [69]). In Schreiber and Jansz [89],
participants were required to submit an introductory video at the beginning of the
OTPD program. Aside from videos created by teachers, BL formats typically used
videos as supplementary materials (e.g., [40]). Recorded lectures were found to be
less common, especially in BL formats, and were typically only used in situations
where it was not possible for a teacher to attend a f2f session ([108]).

The majority of the training courses (n = 73) integrated a digital platform to
coordinate, organize, and/or conduct OTPD as part of their design. Commonly used
learning management systems (LMS) included Blackboard, Moodle, Desire2Learn,
Canvas, Brightspace, Edmodo, Coursera, Spada Indonesia, Fronter, Neo LMS, and
Schoology. In some cases, LMS platforms were created specifically for the course
(e.g., [46]) or relied on the LMS platforms provided by universities participating
in the program. University-based LMS platforms were exclusively integrated into
online-only formats [13], [56], [102]. Two LMS platforms (Blackboard and a local
platform) were used solely by Huilcapi-Collantes et al. [44].

Various and often multiple assessment tools were utilized as part of the OTPD
courses analyzed (n = 51). In online-only formats, digital questionnaires and quiz-
zes were the most prevalent, while digital tests were less common and more fre-
quently found in BL formats. For example, in Kaul et al. [49] and in the BL course by
Situmorang et al. [101], the completion of a digital questionnaire at the beginning of
the training was a prerequisite for continued participation. A distinctive feature of
OTPD in the BL format was the use of digital questionnaires for course evaluation.
In these cases, completing a digital evaluation form was mandatory for successful
course completion, with the evaluation process being considered equivalent to an
exam. In some instances, digital questionnaires and quizzes were employed for
teachers’ self-assessment.

eAssessment was mentioned in several studies and was often associated with
tests, exams, and/or quizzes. In certain instances, an online testing system was used
for computerized assessments (e.g., [56], [63]), with several programs relying on
platform-integrated tools. In some courses, automated assessments conducted at the
beginning or during the training served as the basis for further recommendations
regarding course progression (e.g., [17], [37]). In rare cases, eAssessment was not pri-
marily linked to exam performance but rather to the provision of automated feed-
back during OTPD. This feedback was designed to support teacher self-assessment,
as seen in Gynther [39]. Similarly, in Sompong et al. [93], evaluation buttons allowed
both teachers and instructors to activate feedback for evaluation purposes.

A particularly uncommon form of assessing digital performance was digital
badging, which involves online certificates verified through blockchain technology
and containing metadata regarding participants’ performance [52]. Only two online-
only formats [35], [47] employed a digital badging system. In these cases, partici-
pants were awarded badges for completing assignments and were provided with
opportunities to track their learning progress. In the BL format course by Xie et al.
[106], badges were used as rewards for task completion, though these were supple-
mented by quizzes.

Overall, assistance tools for course navigation and structure were rarely integrated
into the training design (n =27) and were primarily employed in online-only courses.
These tools included not only guidance on course delivery but also recommendations

International Journal of Emerging Technologies in Learning (iJET) iJET | Vol. 20 No. 1(2025)


https://online-journals.org/index.php/i-jet

{JET | Vol. 20 No. 1(2025)

Research in Online Teacher Professional Development: A Systematic Mapping Review

for selecting appropriate learning activities or estimating the expected completion
time, which were often summarized in digital guides (e.g., [19], [54]). In addition to
digital guides, orientation videos or tutorials were also used sporadically (e.g., [60],
[68]). Gynther [39] utilized a recommendation system in their courses that developed
competency profiles and provided suggestions based on self-assessment.

Activity calendars were incorporated into certain training programs to offer
teachers an overview of upcoming course activities, as well as those that had already
been completed (e.g., [93]). In some cases, learning outcomes were also displayed, or
optional tasks were suggested (e.g., [56], [85], [95]). Tools designed to help teachers
track their learning progress were used on a limited basis: for instance, Brennan
et al. [12] employed a design notebook for this purpose, while dashboards were
used for similar functions in Dahri et al. [23] and Jocius et al. [47]. Self-assessment
checklists and grade lists were infrequently used and were restricted to online-only
formats (e.g., [68], [103]).

Tools for language selection [51], complexity analysis [22], or participant grouping
[108] were utilized infrequently. In instances where participants had questions or
needed additional information, some programs offered tools that allowed teachers
to seek assistance beyond directly contacting the instructor. Written forms such as
digital problem books, glossaries, or FAQs were employed for this purpose (e.g., [68]).
Rarely, teachers received support for classroom practice after completing the PD pro-
gram, such as lesson plan templates [54] or access to course journals and permanent
course materials [56].

Virtual reality (VR) was mentioned in n = 25 cases. Virtual worlds were utilized
only rarely and predominantly in online-only formats, with a strong emphasis
on the development of teachers’ digital competencies. A distinction can be made
between OTPD programs that took place entirely in virtual spaces and those in
which only partial activities were conducted within virtual worlds (e.g., virtual
excursions, as seen in [97]). In the studies by Mystakidis et al. [79] and Walkington
et al. [104], nearly all interactions occurred within a virtual space. Both studies also
incorporated augmented reality (AR) technology, which was mentioned in only one
other study within the sample, namely Sompong et al. [93]. In other cases, teachers
interacted with avatars in the context of games (e.g., [67]) or during task completion
(e.g., [15]). Simulations were particularly relevant in OTPD programs focused on sci-
ence or mathematics, where the content of the courses was often designed to foster
didactic competencies, such as lesson planning (e.g., [72], [101]).

Artificial intelligence (AI) was employed in n = 19 cases, primarily in connection
with performance evaluation. Another infrequent application of Al was in commu-
nication via chatbots (e.g., [101], [103]). A course based exclusively on Al was pre-
sented in Chaipidech et al. [17]. Although an intelligent tutoring system (ITS) was
used in the course discussed by Marocco et al. [66], the role of course instruction and
the potential involvement of an instructor were not elaborated further. In Gunter
and Reeves’s [38] training program, it was demonstrated that an instructor can still
lead a teacher training course despite the integration of Al. While the Al-based sys-
tem provided recommendations for course progression, these were reviewed and,
where necessary, supplemented by the instructor.

5  DISCUSSION

The analysis of 115 studies identified evidence-based design features that may be
relevant for the future design and development of digital teacher training programs,
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as well as for their evaluation. The findings indicate that BL formats dominate, albeit
to a limited extent, and that the formats differ only slightly in terms of their organi-
zational structure and media-pedagogical approach. The results reveal that current
online-only and BL teacher PD programs tend to span over longer periods. This not
only facilitates the distribution of learning content and reduces performance pres-
sure ([6]), but also allows sufficient time for reflection, testing, and discussion of the
material. This structure aligns with the demand for continuous PD tailored to indi-
vidual needs [26], [61]. However, it should be noted that most studies did not specify
the actual learning time required within the stated training period. Given the chal-
lenges and demands associated with integrating digital training into the everyday
work of teachers, such information would have been valuable.’

The results also show that, even in online-only formats, social presence is main-
tained through a combination of asynchronous and synchronous phases. Although
physical exchange is not possible in online-only formats, synchronous phases can
help ensure social presence, as well as foster motivation and engagement among
teachers. However, online-only formats carry the risk of anonymity and isolation,
which can sometimes lead to reduced participation or even dropout [34]. Creating
shared learning experiences, bridging physical distances, and providing opportu-
nities for networking beyond written communication are key requirements. The
diverse integration and use of discussion forums demonstrate that synchronous
learning opportunities (e.g., f2f sessions) are not a necessary criterion for establish-
ing and maintaining social presence. Discussion forums not only provide space for
collaborative work but also allow participants to share ideas with one another and
with the instructor [57]. Moderated and structured discussions, in particular, have
been shown to positively contribute to the teacher training process (e.g., [89]). The
role of the instructor in facilitating OTPD courses is of significant importance for the
implementation and ultimate success of training [30], [57]. This was also emphasized
in studies that relied on a mix of guided and self-directed learning in their train-
ing interventions (e.g., [80]) or that did not involve the presence of an instructor
[68], [78]. Digital tools such as tutorials, guides, etc., as described in some of the ana-
lyzed studies, appear to be an appropriate complement in this context. However,
it remains questionable whether such tools can fully replace an instructor, as the
content of the training session also likely plays a significant role. This is a limitation
of the present study, as it did not examine the content of the training programs. For
example, it is unclear whether a particular technology is suitable or unsuitable for
teaching certain content or how it can be applied in other disciplines that do not
currently use these specific tools. Future research should address these gaps in order
to develop a content-specific understanding of digital training design. The extent to
which guidance in digital training interventions can be provided exclusively or par-
tially by Al-driven systems, such as ITS, has been scarcely explored (e.g., [37], [17]).
Despite promising results, further studies are needed to determine whether Al-based
systems can replace instructors, offer more efficient alternatives, or be used in a
complementary and particularly effective manner [14].

Additionally, the results show that the majority of OTPD courses analyzed focused
on action-oriented learning opportunities and were cautious about the deductive
acquisition of content. Especially in the context of fully online training courses,
it seems possible to encourage teachers to engage actively with the learning con-
tent using educational technologies. At the same time, the active exploration and
use of educational technologies (for the teachers’ own learning purposes) provide

° For instance, with regard to individual workload, it makes a difference whether a multi-
week training program requires 10 hours or 30 hours of learning time.
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opportunities to strengthen individual media literacy and reflect on the use of tech-
nologies in teaching practice and student learning. It can be assumed that new tools,
such as VR or game-based learning, are particularly suited for acquiring didactic
skills (e.g., [104]). Initial positive findings in this regard should be further validated
by future research.

6  CONCLUSION

The aim of this systematic mapping study was to apply systematic criteria to
describe the current landscape of research on OTPD and to highlight the predominant
formats currently offered, as well as how these are conceptualized and designed.
The 115 studies reviewed represent a combination of BL and online-only formats for
the professionalization of teachers across various subjects and school levels. Despite
their diversity, these studies allow for the identification of emerging trends in the
design and development processes of OTPD programs. Social teaching-learning
theories, as well as collaborative and action-oriented learning approaches, were
integral to many OTPD courses. Notably, only half of the studies referenced the
guidance of an instructor. Although a variety of tools and media were commonly
used, discussion forums and videos, along with LMS, were the most frequently men-
tioned. It was also evident that technologies were employed for a range of purposes
and to varying degrees. More innovative technologies, such as VR, AR, and Al, were
described less frequently, with Al primarily being linked to e-assessment.

To enhance the relevance of these findings for future program designs and con-
siderations for their optimization, as well as to address the ongoing research gap
regarding the effectiveness of OTPD courses, it is necessary to revisit the studies with
a focus on the content orientation of the training programs, their effectiveness, and
their evaluation. These aspects are central to the research focus of many of the stud-
ies analyzed. For instance, further investigation is needed to determine whether the
frequent use of discussion forums and videos is associated with positive outcomes
in terms of effectiveness and user perception and to explore the potential of less
frequently used, innovative tools in this context. It is well established that the effec-
tiveness of digital training cannot be attributed to the use of a specific technology
alone; rather, such an assessment must consider a range of other design elements
and contextual factors [30], [57], [64], [81]. Among the key factors is the content to
be conveyed in the training [26]. It is possible that certain technologies may be more
suitable for teaching specific competencies when combined with different teaching-
learning strategies. By analyzing the perceptions of both teachers and trainers,
further insights can be gained into the value of OTPD programs and their optimal
design [57].

7  REFERENCES

[1] S. M. Al-Balushi and N. S. Al-Abdali, “Using a moodle-based professional development
program to train science teachers to teach for creativity and its effectiveness on their
teaching practices,” Journal of Science Education and Technology, vol. 24, pp. 461-475,
2015. https://doi.org/10.1007/s10956-014-9530-8

[2] L E. Allen, J. Seaman, and R. Garrett, “Blending in: The extent and promise of blended
education in the United States,” Sloan-C, 2007. Available online at https:/files.eric.ed.gov/
fulltext/ED529930.pdf [Accessed 4 Mar. 2022].

International Journal of Emerging Technologies in Learning (iJET)


https://online-journals.org/index.php/i-jet
https://doi.org/10.1007/s10956-014-9530-8
https://files.eric.ed.gov/fulltext/ED529930.pdf
https://files.eric.ed.gov/fulltext/ED529930.pdf

Stavermann

(3]

(10]

(11]

(12]

(13]

[14]

[15]

[16]

(17]

(18]

P. Beach, E. Favret, and A. Minuk, “Online teacher professional development in Canada:
A review of the research,” Canadian Journal of Learning & Technology, vol. 47, no. 2,
pp. 1-23, 2021. https://doi.org/10.21432/cjlt27948

L. O. Boltz, A. Yadav, B. Dillman, and C. Robertson, “Transitioning to remote learning:
Lessons from supporting K-12 teachers through a MOOC,” British Journal of Educational
Technology, vol. 52, no. 4, pp. 1377-1393, 2021. https://doi.org/10.1111/bjet.13075

M. Bond, S. Bedenlier, V. I. Marin, and M. Handel, “Emergency remote teaching in higher
education: Mapping the first global online semester,” International Journal of Educational
Technology in Higher Education, vol. 18, 2021. https://doi.org/10.1186/s41239-021-00282-x
H. Borko, J. K. Jacobs, and K. Koellner, “Contemporary approaches to teacher profes-
sional development,” in International Encyclopedia of Education, P. Peterson, E. Baker, and
B. McGaw, Eds., 2010, pp. 548-556. https://dol.org/10.1016/B978-0-08-044894-7.00654-0
C. Bosch, A. Baker, and ]J. Baker, “Using open educational resources and technology-
enhanced learning for teacher professional development in Ugandan schools,” Education
and Self Development, vol. 14, no. 4, pp. 52-62, 2019. https://doi.org10.26907/esd14.4.05
R. Boulay, A. Parisky, and P. Leong, “Designing online resources in preparation for
authentic laboratory experiences,” International Journal of Design Education, vol. 6, no. 2,
pp. 57-66, 2013. https://doi.org/10.18848/2325-128X/CGP/v06102/38402

M. Boumadan, R. Soto-Varela, C. Poyatos-Dorado, and M. Ortiz-Padilla, “What factors
determine the value of an online teacher education experience from a teacher’s perspec-
tive?” Sustainability, vol. 12, no. 19, pp. 1-16, 2020. https://doi.org/10.3390/su12198064
M. Bower, “Deriving a typology of Web 2.0 learning technologies,” British Journal
of Educational Technology, vol. 47, no. 4, pp. 763-777, 2016. https://doi.org/10.1111/
bjet.12344

L. A. Bragg, C. Walsh, and M. Heyeres, “Successful design and delivery of online profes-
sional development for teachers: A systematic review of the literature,” Computers &
Education, vol. 166, p. 104158, 2021. https://doi.org/10.1016/j.compedu.2021.104158

K. Brennan, S. Blum-Smith, and M. M. Yurkofsky, “From checklists to heuristics: Designing
MOOCs to support teacher learning,” Teachers College Record, vol. 120, no. 9, pp. 1-48,
2018. https://doi.org/10.1177/016146811812000904

C. Brodahl and U. Wathne, “In-service teachers’ perceptions of the design and quality
of mathematics videos in their online learning,” Journal of the International Society for
Teacher Education, vol. 20, no. 2, pp. 67-78, 2016. Available online at https://files.eric.
ed.gov/fulltext/E]1177048.pdf [Accessed: 11 Jul. 2022].

M. Burns, “Distance education for teacher training: Modes, models, and methods,”
Education Development Center, 2011. Available online at https://www.edc.org/dis-
tance-education-teacher-training-modes-models-and-methods [Accessed: 12 Jul. 2022].
C. Bustamante and A. J. Moeller, “The convergence of content, pedagogy, and technology
in online professional development for teachers of German: An intrinsic case study,”
CALICO Journal, vol. 30, no. 1, 2013. https://doi.org/10.11139/cj.30.1.82-104

C. Carillo and M. Flores, “COVID-19 and teacher education: A literature review of online
teaching and learning practices,” European Journal of Teacher Education, vol. 43, no. 4,
pp. 466-487, 2020. https://doi.org/10.1080/02619768.2020.1821184

P. Chaipidech, N. Srisawasdi, T. Kajornmanee, and K. Chaipah, “A personalized learn-
ing system-supported professional training model for teachers’ TPACK development,”
Computers and Education: Artificial Intelligence, vol. 3, p. 100064, 2022. https://doi.
org/10.1016/j.caeai.2022.100064

R. M. Clary et al, “Optimizing online content instruction for effective hybrid teacher
professional development programs,” Journal of Science Teacher Education, vol. 28, no. 6,
pp. 507-521, 2017. https://doi.org/10.1002/tea.21985

International Journal of Emerging Technologies in Learning (iJET) iJET | Vol. 20 No. 1(2025)


https://online-journals.org/index.php/i-jet
https://doi.org/10.21432/cjlt27948
https://doi.org/10.1111/bjet.13075
https://doi.org/10.1186/s41239-021-00282-x
https://doi.org/10.1016/B978-0-08-044894-7.00654-0
https://doi.org10.26907/esd14.4.05
https://doi.org/10.18848/2325-128X/CGP/v06i02/38402
https://doi.org/10.3390/su12198064
https://doi.org/10.1111/bjet.12344
https://doi.org/10.1111/bjet.12344
https://doi.org/10.1016/j.compedu.2021.104158
https://doi.org/10.1177/016146811812000904
https://files.eric.ed.gov/fulltext/EJ1177048.pdf
https://files.eric.ed.gov/fulltext/EJ1177048.pdf
https://www.edc.org/distance-education-teacher-training-modes-models-and-methods
https://www.edc.org/distance-education-teacher-training-modes-models-and-methods
https://doi.org/10.11139/cj.30.1.82-104
https://doi.org/10.1080/02619768.2020.1821184
https://doi.org/10.1016/j.caeai.2022.100064
https://doi.org/10.1016/j.caeai.2022.100064
https://doi.org/10.1002/tea.21985

{JET | Vol. 20 No. 1(2025)

(19]

[20]

(21]

(22]

(23]

[24]

(25]

(26]

[27]

(28]

(29]

[30]

(31]

(32]

(33]

Research in Online Teacher Professional Development: A Systematic Mapping Review

B. Compen, K. de Witte, and W. Schelfhout, “The impact of teacher engagement in
an interactive webinar series on the effectiveness of financial literacy education,”
British Journal of Educational Technology, vol. 52, no. 1, pp. 411-425, 2021. https://doi.
org/10.1111/bjet.13013

H. Cooper, Research Synthesis and Meta-Analysis: A Step-by-Step Approach. Thousand
Oaks, CA: SAGE Publications, 2017. https://doi.org/10.4135/9781071878644

J. Cowell Muennich, “Importance of peer review,” The Journal of School Nursing, vol. 30,
no. 6, pp. 394-395, 2014. https://doi.org/10.1177/1059840514557235

R. Correnti, L. C. Matsumura, M. Walsh, D. Zook-Howell, D. Bickel, and B. Yu, “Effects
of online content-focused coaching on discussion quality and reading achievement:
Building theory for how coaching develops teachers’ adaptive expertise,” Reading
Research Quarterly, vol. 56, no. 3, pp. 519-558, 2021. https://doi.org/10.1080/1475939X.
2019.1577748

N. A. Dahri, M. S. Vighio, J. D. Bather, and A. A. Arain, “Factors influencing the acceptance
of mobile collaborative learning for the continuous professional development of teach-
ers,” Sustainability, vol. 13, no. 23, p. 13222, 2021. https://doi.org/10.3390/su132313222
N. A. Dahri, M. S. Vighio, O. A. Alismaiel, and W. M. Al-Rahmi, “Assessing the impact
of mobile-based training on teachers’ achievement and usage attitude,” International
Journal of Interactive Mobile Technologies, vol. 16, no. 9, pp. 107-129, 2022. https://doi.
org/10.3991/ijim.v16i09.30519

C. Dede, L. Breit, D. J. Ketelhut, E. McCloskey, and P. Whitehouse, “An overview of cur-
rent findings from empirical research on online teacher professional development,”
Harvard Graduate School of Education, 2005. Available online at https://www.research-
gate.net/publication/277297031_Table_of Contents_Table_of Contents 2 [Accessed 21
May 2022].

C.Dede, D. Jass Ketelhut, P. Whitehouse, L. Breit, and E. M. McCloskey, “A research agenda
for online teacher professional development,” Journal of Teacher Education, vol. 60, no. 1,
pp. 8-19, 2009. https://doi.org/10.1177/0022487108327554

C. Dede, “Community for advancing discovery research in education,” The Importance of
Professional Development and Teacher Learning for Educational Improvement: Investments
by NSF’s DRK-12 Program, 2016. Available online at https://cadrek12.org/sites/default/
files/CADRE-PD-Dede.pdf [Accessed 10 May 2022].

C. Dede and A. Eisenkraft, “Online and blended teacher learning and professional devel-
opment,” in Teacher Learning in the Digital Age: Online Professional Development in STEM
Education, A. Dede, A. Eisenkraft, K. Frumin, and A. Hartley, Eds., Cambridge, Harvard
Education Press, 2016.

M. de Santo and A. de Meo, “E-training for the CLIL teacher: E-Tutoring and Cooperation
in a Moodle-based community of learning,” Journal of E-Learning & Knowledge Society,
vol. 12, no. 3, pp. 41-49, 2016. https://doi.org10.20368/1971-8829/1152

K. B. Dille and F. M. Rgkenes, “Teachers’ professional development in formal online com-
munities: A scoping review,” Teaching and Teacher Education, vol. 105, p. 103431, 2021.
https://doi.org/10.1016/j.tate.2021.103431

J. C. Elliott, “The evolution from traditional to online professional development:
A review,” Journal of Digital Learning in Teacher Education, vol. 33, no. 3, pp. 114-125,
2017. https://doi.org/10.1080/21532974.2017.1305304

EPPI-Centre, “Core keywording strategy: Data collection for a register of educational
research version 0.9.4.” London: EPPI-centre, social science research unit, 2001.
Available online at https://eppi.ioe.ac.uk/CMS/Portals/0/PDF%20reviews%?20and%20
summaries/EPPI_Keyword_strategy.pdf [Accessed 6 May 2022].

B. Fishman et al,, “Comparing the impact of online and face-to-face professional devel-
opment in the context of curriculum implementation,” Journal of Teacher Education,
vol. 64, no. 5, pp. 426-438, 2013. https://doi.org/10.1177/0022487113494413

International Journal of Emerging Technologies in Learning (iJET)


https://online-journals.org/index.php/i-jet
https://doi.org/10.1111/bjet.13013
https://doi.org/10.1111/bjet.13013
https://doi.org/10.4135/9781071878644
https://doi.org/10.1177/1059840514557235
https://doi.org/10.1080/1475939X.2019.1577748
https://doi.org/10.1080/1475939X.2019.1577748
https://doi.org/10.3390/su132313222
https://doi.org/10.3991/ijim.v16i09.30519
https://doi.org/10.3991/ijim.v16i09.30519
https://www.researchgate.net/publication/277297031_Table_of_Contents_Table_of_Contents_2
https://www.researchgate.net/publication/277297031_Table_of_Contents_Table_of_Contents_2
https://doi.org/10.1177/0022487108327554
https://cadrek12.org/sites/default/files/CADRE-PD-Dede.pdf
https://cadrek12.org/sites/default/files/CADRE-PD-Dede.pdf
https://doi.org/10.20368/1971-8829/1152
https://doi.org/10.1016/j.tate.2021.103431
https://doi.org/10.1080/21532974.2017.1305304
https://eppi.ioe.ac.uk/CMS/Portals/0/PDF reviews and summaries/EPPI_Keyword_strategy.pdf
https://eppi.ioe.ac.uk/CMS/Portals/0/PDF reviews and summaries/EPPI_Keyword_strategy.pdf
https://doi.org/10.1177/0022487113494413

Stavermann

(34]

[35]

(36]

[37]

[38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

K. Francis-Poscente and M. Jacobsen, “Synchronous online collaborative professional
development for elementary mathematics teachers,” International Review of Research
in Open & Distance Learning, vol. 14, no. 3, pp. 319-343, 2013. https://doi.org/10.19173/
irrodl.v14i3.1460

C. Gamrat, H. T. Zimmerman, J. Dudek, and K. Peck, “Digital badging within a teacher
professional development,” British Journal of Educational Technology, vol. 45, no. 6,
pp. 1136-1148, 2021. https://doi.org/10.1111/bjet.12200

]. Golding and N. Bretscher, “Developing pedagogies for a synchronous online course on
teaching pre-university mathematics,” Teaching Mathematics & its Applications, vol. 37,
no. 2, pp. 98-112, 2018. https://doi.org/10.1093/teamat/hry010

K. D. H. Gunawan, L. Liliasari, I. Kaniawati, and W. Setiawan, “Implementation of com-
petency enhancement program for science teachers assisted by artificial intelligence in
designing HOTS-based integrated science learning,” Jurnal Penelitian Dan Pempelajaran
IPA, vol. 7, no. 1, pp. 55-65, 2021. https://doi.org/10.30870/jppiv7il.8655

G. A. Gunter and J. L. Reeves, “Online professional development embedded with
mobile learning: An examination of teachers’ attitudes, engagement and dispositions,”
British Journal of Educational Technology, vol. 48, no. 6, pp. 1305-1317, 2017. https://doi.
org/10.1111/bjet.12490

K. Gynther, “Design framework for an adaptive MOOC enhanced by blended learning:
Supplementary training and personalized learning for teacher professional develop-
ment,” Electronic Journal of e-Learning, vol. 14, no. 1, pp. 15-30, 2016. Available online at
https://files.eric.ed.gov/fulltext/E]J1099385.pdf [Accessed 13 July 2022].

H. M. Haley, S. L. Steeley, and M. Salahshoor, “Connecting twenty-first century skills and
world language practices: A case study with teachers of critical need languages,” Theory
and Practice in Language Studies, vol. 3, no. 6, pp. 865-876, 2013. https://doi.org/10.4304/
tpls.3.6.865-876

M. F. Hanline, R. ., Hatoum, and J. Riggie, “Impact of online coursework for teachers of
students with severe disabilities: Utilization of knowledge and its relationship to teacher
perception of competence,” Research and Practice for Persons with Severe Disabilities,
vol. 37, no. 4, pp. 247-262, 2012. https://doi.org/10.2511/027494813805327269

R. Hartshorne, E. Baumgartner, R. Kaplan-Rakowski, C. Mouza, and R. E. Ferdig, “Special
issue editorial: Preservice and inservice professional development during the COVID-19
pandemic,” Journal of Technology and Teacher Education, vol. 28, no. 2, pp. 137-147, 2020.
Available online at https://www.researchgate.net/publication/341803479_Special_Issue_
Editorial Preservice_and_Inservice_Professional Development During the COVID-19_
Pandemic [Accessed 18 Nov. 2022].

J. E. Hinostroza, A. Ibieta, and C. Labbé, “Using information problem-solving activities to
teach: An exploratory study designed to improve teacher competencies related to inter-
net use in the classroom,” Technology, Pedagogy and Education, vol. 30, no. 2, pp. 235-255,
2021. https://doi.org/10.1080/1475939X.2021.1883105

C. Huilcapi-Collantes, A. H. Martin, and J. P. Hernandez-Ramos, “The effect of a blended
learning course of visual literacy for in-service teachers,” Journal of Information
Technology Education: Research, vol. 19, pp. 131-166, 2020. https://doi.org/10.28945/4533
M.Irfannuddin, A. B. Laeto, E. F. Zulissetiana, B. Santoso, A. M. Kurniati,and T. Hestiningsih,
“Virtual national workshop: Preparation of multimedia modules for physical education
teachers in accordance with COVID-19 prevention procedures,” Advances in Physiology
Education, vol. 45, no. 3, pp. 563-567, 2021. https://doi.org/10.1152/advan.00249.2020

A. Jimoyiannis, P. Tsiotakis, D. Roussinos, A. Siorenta, “Preparing teachers to integrate
web 2.0 in school practice: Toward a framework for pedagogy 2.0,” Australasian Journal
of Educational Technology, vol. 29, no. 2, 2013. https://doi.org/10.14742/ajet.157

International Journal of Emerging Technologies in Learning (iJET) iJET | Vol. 20 No. 1(2025)


https://online-journals.org/index.php/i-jet
https://doi.org/10.19173/irrodl.v14i3.1460
https://doi.org/10.19173/irrodl.v14i3.1460
https://doi.org/10.1111/bjet.12200
https://doi.org/10.1093/teamat/hry010
https://doi.org/10.30870/jppi.v7i1.8655
https://doi.org/10.1111/bjet.12490
https://doi.org/10.1111/bjet.12490
https://files.eric.ed.gov/fulltext/EJ1099385.pdf
https://doi.org/10.4304/tpls.3.6.865-876
https://doi.org/10.4304/tpls.3.6.865-876
https://doi.org/10.2511/027494813805327269
https://www.researchgate.net/publication/341803479_Special_Issue_Editorial_Preservice_and_Inservice_Professional_Development_During_the_COVID-19_Pandemic
https://www.researchgate.net/publication/341803479_Special_Issue_Editorial_Preservice_and_Inservice_Professional_Development_During_the_COVID-19_Pandemic
https://www.researchgate.net/publication/341803479_Special_Issue_Editorial_Preservice_and_Inservice_Professional_Development_During_the_COVID-19_Pandemic
https://doi.org/10.1080/1475939X.2021.1883105
https://doi.org/10.28945/4533
https://doi.org/10.1152/advan.00249.2020
https://doi.org/10.14742/ajet.157

{JET | Vol. 20 No. 1(2025)

[47]

(48]

[49]

[50]

(51]

[52]

(53]

(54]

[55]

(56]

(57]

(58]

[59]

(601

[61]

Research in Online Teacher Professional Development: A Systematic Mapping Review

R. Jocius et al., “Building a virtual community of practice: Teacher learning for computa-
tional thinking infusion,” TechTrends, vol. 66, pp. 547-559, 2022. https://doi.org/10.1007/
$11528-022-00729-6

J. Joubert, R. Callaghan, and ]. Engelbrecht, “Lesson study in a blended approach to
support isolated teachers in teaching with technology,” ZDM — Mathematics Education,
vol. 52, pp. 907-925, 2020. https://doi.org/10.1007/s11858-020-01161-x

M. Kaul, M. Aksela, and X. Wu, “Dynamics of the community of inquiry (CoI) within a
massive open online course (MOOC) for in-service teachers in environmental educa-
tion,” Education Sciences, vol. 8, no. 2, p. 40, 2018. https://doi.org/10.3390/educsci8020040
]. Kelly, T. Sadeghieh, and K. Adeli, “Peer review in scientific publications: Benefits, criti-
cisms, & a survival Guide,” The Journal of the International Federation of Clinical Chemistry
and Laboratory Medicine, vol. 25, no. 3, pp. 227-243, 2014. Available online at https://
pubmed.ncbi.nlm.nih.gov/27683470/ [Accessed 5 Mar. 2023].

E. Kennedy and D. Laurillard, “The potential of MOOCs for large-scale teacher profes-
sional development in contexts of mass displacement,” London Review of Education,
vol. 17, no. 2, pp. 141-158, 2019. https://doi.org/10.18546/L.RE.17.2.04

S. Khan, “What are digital badges? How it improves classroom learning?” Ed Tech
Review, 2022. Available online at https://www.edtechreview.in/trends-insights/insights/
what-are-digital-badges-how-it-improves-classroom-learning/ [Accessed 7 Mar. 2023].
L. Knie, B. Standl, and S. Schwarzer, “First experiences of integrating computational
thinking into a blended learning in-service training program for STEM teachers,”
Computer Applications in Engineering Education, vol. 30, pp. 1423-1439, 2022. https://doi.
org/10.1002/cae.22529

L. Krasnova and V. Shurygin, “Blended learning of physics in the context of the profes-
sional development. of teachers,” International Journal of Emerging Technologies, vol. 14,
no. 23, pp. 17-32, 2019. https://doi.org/10.3991/ijetv14i23.11084

A. Lantz-Andersson, M. Lundin, and N. Selwyn, “Twenty years of online teacher com-
munities: A systematic review of formally-organized and informally-developed profes-
sional learning groups,” Teaching & Teacher Education, vol. 75, pp. 302-315, 2018. https://
doi.org/10.1016/j.tate.2018.07.008

D. Laurillard, “The educational problem that MOOCs could solve: Professional develop-
ment for teachers of disadvantaged students,” Research in Learning Technology, vol. 24,
no. 1, p. 29369, 2016. https://doi.org/10.3402/rlt.v24.29369

C. D. Lay, B. Allman, R. M. Cutri, and R. Kimmons, “Examining a decade of research in
online teacher. Professional development,” Frontiers in Education, vol. 5, 2020. https://
doi.org/10.3389/feduc.2020.573129

F. Lazarinis, C. V. Karachristos, E. C. Stavropoulos, and V. S. Verykios, “A blended learn-
ing course for playfully teaching programming concepts to school teachers,” Education
and Information Technologies, vol. 24, pp. 1237-1249, 2019. https://doi.org/10.1007/
$10639-018-9823-2

H.]. Lee, “Conceptual framework of blended professional development for mathematics
teachers,” Journal of Asynchronous Learning Networks, vol. 17, no. 4, pp. 81-92, 2013.
https://doi.org/10.24059/0lj.v17i4.353

]J. H. Lee and H. Kim, “Implementation of SMART teaching 3.0: Mobile-based self-directed
EFL teacher professional development,” Journal of Asia TEFL, vol. 13, no. 4, pp. 331-346,
2016. https://doi.org/10.18823/asiatefl.2016.13.4.6.331

FE Lipowsky and D. Rzejak, “Designing effective in-service training for teachers,”
A practice-oriented and research-based guide, Bertelsmann Stiftung, Eds., 2021. https://
doi.org/10.11586/2020080

International Journal of Emerging Technologies in Learning (iJET)


https://online-journals.org/index.php/i-jet
https://doi.org/10.1007/s11528-022-00729-6
https://doi.org/10.1007/s11528-022-00729-6
https://doi.org/10.1007/s11858-020-01161-x
https://doi.org/10.3390/educsci8020040
https://pubmed.ncbi.nlm.nih.gov/27683470/
https://pubmed.ncbi.nlm.nih.gov/27683470/
https://doi.org/10.18546/LRE.17.2.04
https://www.edtechreview.in/trends-insights/insights/what-are-digital-badges-how-it-improves-classroom-learning/
https://www.edtechreview.in/trends-insights/insights/what-are-digital-badges-how-it-improves-classroom-learning/
https://doi.org/10.1002/cae.22529
https://doi.org/10.1002/cae.22529
https://doi.org/10.3991/ijet.v14i23.11084
https://doi.org/10.1016/j.tate.2018.07.008
https://doi.org/10.1016/j.tate.2018.07.008
https://doi.org/10.3402/rlt.v24.29369
https://doi.org/10.3389/feduc.2020.573129
https://doi.org/10.3389/feduc.2020.573129
https://doi.org/10.1007/s10639-018-9823-2
https://doi.org/10.1007/s10639-018-9823-2
https://doi.org/10.24059/olj.v17i4.353
https://doi.org/10.18823/asiatefl.2016.13.4.6.331
https://doi.org/10.11586/2020080
https://doi.org/10.11586/2020080

Stavermann

(62]

(63]

(64]

(65]

(66]

(67]

(68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

J. Luebeck, M. Roscoe, G. Cobbs, K. Diemert, and L. Scott, “Re-envisioning professional
learning in mathematics: Teachers’ performance, perceptions, and practices in blended
professional development,” Journal of Technology & Teacher Education, vol. 25, no. 3,
pp. 273-299, 2017. Available online at https://eric.ed.gov/?id=E]J1156212 [Accessed: 16
June 2022].

J. Lynch, B. J. Irby, F. Tong, R. Lara-Alecio, Z. Zhou, and E. Singer, “Massive open online
professional individualized learning: Building teachers’ instructional capacity for
English learners,” TESL-E], vol. 25, no. 2, 2021. Available online at https://tesl-ej.org/
wordpress/issues/volume25/ej98a/ej98a10/ [Accessed 18 June 2022].

M. Mailizar, M. Hidayat, and A. Al-Manthari, “Examining the impact of mathematics
teachers” TPACK on their acceptance of online professional development,” Journal of
Digital Learning in Teacher Education, vol. 37, no. 3, pp. 196-212, 2021. https://doi.org/
10.1080/21532974.2021.1934613

D. Marchak, I. Shvarts-Serebro, and R. Blonder, “Teaching chemistry by a creative
approach: Adapting a teachers’ course for active remote learning,” Journal of Chemical
Education, vol. 98, no. 9, pp. 2809-2819, 2021. https://doi.org/10.1021/acs.jchemed.
0c01341

D. Marocco et al., “Attain cultural integration through teachers’ conflict resolution skills
development: The ACCORD project,” Qwerty, vol. 14, no. 2, pp. 11-30, 2019. https://doi.
org/10.30557/QW000015

S.Martinez, F. Guifiez, R. Zamora, S. Bustos, and B. Rodriguez, “On the instructional model
of a blended learning program for developing mathematical knowledge for teaching,”
ZDM — Mathematics Education, vol. 52, no. 5, pp. 877-891, 2020. https://doi.org/10.1007/
$11858-020-01152-y

A. Mavroudi and D. Tsagari, “Profiling of English language teachers as trainees in an
online course and ensuing implications,” Computers and Education, vol. 126, pp. 1-12,
2018. https://doi.org/10.1016/j.compedu.2018.06.029

T. J. McConnell, J. M. Parker, J. Eberhardt, M. J. Koehler, and M. A. Lundeberg, “Virtual
professional learning communities: Teachers’ perceptions of virtual versus face-to-
face professional development,” Journal of Science Education and Technology, vol. 22,
pp. 267-277, 2013. https://doi.org/10.1007/s10956-012-9391-y

B. Means, Y. Toyama, R. Murphy, and M. Baki, “The effectiveness of online and blended
learning: A meta-analysis of the empirical literature,” Teachers College Record, vol. 115,
no. 3, pp. 1-47, 2013. https://doi.org/10.1177/016146811311500307

K. Michos and D. Hernandez-Leo, “CIDA: A collective inquiry framework to study and
support teachers as designers in technological environments,” Computers and Education,
vol. 143, p. 103679, 2020. https://doi.org/10.1016/j.compedu.2019.103679

A. Milewski, P. Herbst, E. Bardelli, and C. Hetrick, “The role of simulations for supporting
professional growth: Teachers’ engagement in virtual professional experimentation,”
Journal of Technology & Teacher Education, vol. 26, no. 1, pp. 103-126, 2018. Available
online at https://ebardelli.com/publication/milewski-2018/milewski-2018.pdf [Accessed
18 June 2021].

P. Moen and K. Walters, “Written speech: A barrier to knowledge building in blended
learning teacher professional development,” International Journal of Online Pedagogy and
Course Design, vol. 8, no. 4, pp. 38-49, 2018. https://doi.org/10.4018/IJOPCD.2018100103
D. Moher, A. Liberati, J. Tetzlaff, D. G. Altman, and The PRISMA Group, “Preferred report-
ing items for systematic reviews and meta-analyses: The PRISMA statement,” Open
Medicine, vol. 6, no. 7, pp. 123-130, 2009. https://doi.org/10.1371/journal.pmed.1000097
A. J. Mrazek et al, “The future of mindfulness training is digital, and the future is
now,” Current Opinion in Psychology, vol. 28, pp. 81-86, 2019. https://doi.org/10.1016/
j.copsyc.2018.11.012

International Journal of Emerging Technologies in Learning (iJET) iJET | Vol. 20 No. 1(2025)


https://online-journals.org/index.php/i-jet
https://eric.ed.gov/?id=EJ1156212
https://tesl-ej.org/wordpress/issues/volume25/ej98a/ej98a10/
https://tesl-ej.org/wordpress/issues/volume25/ej98a/ej98a10/
https://doi.org/10.1080/21532974.2021.1934613
https://doi.org/10.1080/21532974.2021.1934613
https://doi.org/10.1021/acs.jchemed.0c01341
https://doi.org/10.1021/acs.jchemed.0c01341
https://doi.org/10.30557/QW000015
https://doi.org/10.30557/QW000015
https://doi.org/10.1007/s11858-020-01152-y
https://doi.org/10.1007/s11858-020-01152-y
https://doi.org/10.1016/j.compedu.2018.06.029
https://doi.org/10.1007/s10956-012-9391-y
https://doi.org/10.1177/016146811311500307
https://doi.org/10.1016/j.compedu.2019.103679
https://ebardelli.com/publication/milewski-2018/milewski-2018.pdf
https://doi.org/10.4018/IJOPCD.2018100103
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1016/j.copsyc.2018.11.012
https://doi.org/10.1016/j.copsyc.2018.11.012

{JET | Vol. 20 No. 1(2025)

[76]

[77]

(78]

[79]

[80]

(81]

(82]

(83]

(84]

(85]

[86]

(87]

[88]

[89]

(90]

Research in Online Teacher Professional Development: A Systematic Mapping Review

J. Mswazie and S. Blignaut, “Developing teacher competencies through the open and
distance learning approach in Zimbabwe,” South African Journal of Higher Education,
vol. 3, pp. 65-80, 2019. https://doi.org/10.20853/33-3-3378

Y. Murai and H. Muramatsu, “Application of creative learning principles within blended
teacher professional development on integration of computer programming educa-
tion into elementary and middle school classrooms,” Information and Learning Science,
vol. 121, nos. 7-8, pp. 665-675, 2020. https://doi.org/10.1108/ILS-04-2020-0122

S. Mystakidis, M. Fragkaki, and G. Filippousis, “Ready teacher one: Virtual and aug-
mented reality online professional development for k-12 school teachers,” Computers,
vol. 10, no. 10, p. 134, 2021. https://doi.org/10.3390/computers10100134

S. Mystakidis, A. Christopoulos, and N. Pellas, “A systematic mapping review of aug-
mented reality applications to supporting STEM learning in higher education,” Education
and Information Technologies, vol. 27, pp. 1883-1927, 2022. https://doi.org/10.1007/
$10639-021-10682-1

M. C. Ndlovu and I. Mostert, “Teacher perceptions of moodle and throughput in a
blended learning programme for in-service secondary school mathematics teachers,”
Africa Education Review, vol. 15, no. 2, pp. 131-151, 2017. https://doi.org/10.1080/
18146627.2016.1241667

V. D. Opfer and D. Pedder, “Conceptualizing teacher professional learning,” Review
of Educational Research, vol. 81, no. 3, pp. 376-407, 2011. https://doi.org/10.3102/
0034654311413609

T. Perry, M. Findon, and P. Cordingley, “Remote and blended teacher education:
A rapid review,” Education Sciences, vol. 11, no. 8, p. 453, 2021. https://doi.org/10.3390/
educsci11080453

K. Petersen, S. Vakkalanka, and L. Kuzniarz, “Guidelines for conducting systematic map-
ping studies in software engineering: An update,” Information and Software Technology,
vol. 64, pp. 1-18, 2015. https://doi.org/10.1016/j.infsof.2015.03.007

L. Pombo, V. Carlos, and M. ]. Loureiro, “Edulabs for the integration of technologies
in basic education — monitoring the agire project,” International Journal of Research in
Education and Science, vol. 2, no. 1, pp. 16-29, 2016. https://doi.org/10.21890/ijres.56518
J. Riel and K. A. Lawless, “Enhancing student affect from multi-classroom simulation
games via teacher professional development: Supporting game implementation with
the ROPD model,” International Journal of Gaming and Computer-Mediated Simulations,
vol. 13, no. 1, pp. 34-54, 2021. https://doi.org/10.4018/IJGCMS.20210101.0a3

M. Russell, R. Carey, G. Kleiman, and J. D. Venable, “Face-to-face and online professional
development for mathematics teachers: A comparative study,” Online Learning Journal,
vol. 13, no. 2, pp. 71-87, 2019. https://doi.org/10.24059/0lj.v13i2.1669

E. Sahin-Topalcengiz and B. Yildirim, “Teachers’ opinions about distance web 2.0 Tools
training and teachers’ in-class web 2.0 Practices,” Journal of Turkish Science Education,
vol. 17, no. 4, pp. 561-577, 2020. https://doi.org/10.36681/tused.2020.45

M. S. Schlager and J. Fusco, “Teacher professional development, technology, and com-
munities of practice: Are putting the cart before the horse?” in Designing for Virtual
Communities in the Service of Learning, S. Barab, R. Kling, and J. H. Gray, Eds., Cambridge
University Press, 2004, pp. 120-153. https://doi.org/10.1017/CBO9780511805080.009

B. R. Schreiber and M. Jansz, “Reducing distance through online international collabo-
ration,” ELT Journal: English Language Teaching Journal, vol. 74, no. 1, pp. 63-72, 2020.
https://doi.org/10.1093/elt/ccz045

S. Senel, S. Glinaydin, and B. Pekdag, “Designing web-based ‘measurement and evalua-
tion.” Learning modules for teachers’ needs,” Bartin Universitesi Egitim Fakiiltesi Dergisi,
vol. 10, no. 2, pp. 293-308, 2021. https://doi.org/10.14686/buefad.839841

International Journal of Emerging Technologies in Learning (iJET)


https://online-journals.org/index.php/i-jet
https://doi.org/10.20853/33-3-3378
https://doi.org/10.1108/ILS-04-2020-0122
https://doi.org/10.3390/computers10100134
https://doi.org/10.1007/s10639-021-10682-1
https://doi.org/10.1007/s10639-021-10682-1
https://doi.org/10.1080/18146627.2016.1241667
https://doi.org/10.1080/18146627.2016.1241667
https://doi.org/10.3102/0034654311413609
https://doi.org/10.3102/0034654311413609
https://doi.org/10.3390/educsci11080453
https://doi.org/10.3390/educsci11080453
https://doi.org/10.1016/j.infsof.2015.03.007
https://doi.org/10.21890/ijres.56518
https://doi.org/10.4018/IJGCMS.20210101.oa3
https://doi.org/10.24059/olj.v13i2.1669
https://doi.org/10.36681/tused.2020.45
https://doi.org/10.1017/CBO9780511805080.009
https://doi.org/10.1093/elt/ccz045
https://doi.org/10.14686/buefad.839841

Stavermann

[91]

[100]

[101]

[102]

[103]

[104]

L. A. Simpson, S. Qui, K. Ke, and Q. Q. Tao, “Distance learning: A viable option for profes-
sional development for teachers of students with autism spectrum disorder in China,”
Journal of the International Association of Special Education, vol. 16, no. 1, pp. 109-122,
2016. Available online at https://eric.ed.gov/?id=E]J1153785 [Accessed 3 July 2022].

M. Situmorang, S. Gultom, A. Mansyur, S. Gultom, Restu,and W. Ritonga, “Implementation
of learning innovations to improve teacher competence in professional certificate
programs for in-service teachers,” International Journal of Instruction, vol. 15, no. 2,
pp. 675-696, 2022. https://doi.org/10.29333/iji.2022.15237a

S. P. Siyamta and W. K. Saidi Ulfa, “The influence of learning strategy and self-
regulated learning on the ability of vocational high school teachers to administer the
concept of a network operating system,” International Journal of Innovation, Creativity
and Change, vol. 12, no. 3, pp. 453-466, 2020. Available online at https://ijicc.net/images/
vol12/iss3/12345_Setyosari_2020_E_R.pdf [Accessed 4 July 2022].

E. K Snell, A. H. Hindman, and B. A. Wasik, “A review of research on technology-
mediated language and literacy professional development models,” Journal of Early
Childhood Teacher Education, vol. 40, pp. 205-220, 2019. https://doi.org/10.1080/
10901027.2018.1539794

N. Sompong, N. Rampai, and Y. Pipatjumroenkul, “Elearning courseware development
with project-based blended learning for enhancing teachers’ ICT skills,” Turkish Online
Journal of Educational Technology, November/Special Issue, pp. 846-851, 2016.

M. Stimer, “Online learning communities in teachers’ professional development: A sys-
tematic review,” Anadolu Journal of Educational Sciences International, vol. 11, no. 2,
pp. 572-587, 2021. https://doi.org/10.18039/ajesi.853801

A. S. Syamsuri, U. A. Chaeruman, and Ishaq, “The competence of Indonesian language
and literature teachers through network learning in two teacher professional educa-
tion modes,” International Journal of Advanced Science and Technology, vol. 29, no. 4,
pp. 1783-1794, 2020. Available online at http://sersc.org/journals/index.php/IJAST/
article/view/6983 [Accessed 10 July 2022].

E. E. Terrazas-Arellanes, L. A. Strycker, and E. D. Walden, “Web-based professional
development model to enhance teaching of strategies for online academic research
in middle school,” Journal of Research on Technology in Education, vol. 51, no. 2,
pp. 118-134, 2019. https://doi.org/10.1080/15391523.2018.1564637

O. M. Topuzov, M. V. Grynova, A. V. Barbinova, O. V. Kharchenko, and N. V. Kononets,
“The model of professional development of natural science teachers of rural schools
in the conditions of distance of educational process,” Information Technologies and
Learning Tools, vol. 85, no. 5, pp. 344-359, 2021. https://doi.org/10.33407/itltv85i5.4601
C. Tyagi and P. K. Misra, “Continuing professional development of teacher educators:
Challenges and initiatives,” Shanlax International Journal of Education, vol. 9, no. 2,
p. 117, 2021. https://doi.org/10.34293/education.v9i2.3634

L. Ulmane-Ozolina, A. Jansone, I. Magazeina, and D. Barute, “Technology enhanced
learning in teachers’ professional development,” Periodicals of Engineering and Natural
Sciences, vol. 7, no. 1, pp. 216-221, 2019. https://doi.org/10.21533/pen.v7i1.400

S. van der Linden, J. van der Meij, and S. McKenney, “Teacher video coaching, from
design features to studentimpacts: A systematic literature review,” Review of Educational
Research, vol. 92, no. 1, pp. 114-165, 2021. https://doi.org/10.3102/00346543211046984
E. V. Vezetiu, L. O. Petrishchev, V. G. Shubovich, O. O. Varnavskaya, and M. M. Kutepov,
“Digital technologies in the organization of the educational process in the teachers’
training system,” Revista de la Universidad del Zulia, vol. 11, no. 31, pp. 450-460, 2020.
https://doi.org/10.46925//rdluz.31.28

M. Vinagre, “Developing teachers’ telecollaborative competencies in online experiential
learning,” System, vol. 64, pp. 34-45, 2017. https://doi.org/10.1016/j.system.2016.12.002

International Journal of Emerging Technologies in Learning (iJET) iJET | Vol. 20 No. 1(2025)


https://online-journals.org/index.php/i-jet
https://eric.ed.gov/?id=EJ1153785
https://doi.org/10.29333/iji.2022.15237a
https://ijicc.net/images/vol12/iss3/12345_Setyosari_2020_E_R.pdf
https://ijicc.net/images/vol12/iss3/12345_Setyosari_2020_E_R.pdf
https://doi.org/10.1080/10901027.2018.1539794
https://doi.org/10.1080/10901027.2018.1539794
https://doi.org/10.18039/ajesi.853801
http://sersc.org/journals/index.php/IJAST/article/view/6983
http://sersc.org/journals/index.php/IJAST/article/view/6983
https://doi.org/10.1080/15391523.2018.1564637
https://doi.org/10.33407/itlt.v85i5.4601
https://doi.org/10.34293/education.v9i2.3634
https://doi.org/10.21533/pen.v7i1.400
https://doi.org/10.3102/00346543211046984
https://doi.org/10.46925/rdluz.31.28
https://doi.org/10.1016/j.system.2016.12.002

{JET | Vol. 20 No. 1(2025)

[105]

[106]

[107]

[108]

[109]

[110]

Research in Online Teacher Professional Development: A Systematic Mapping Review

P. Vu, V. Cao, L. Vu, and J. Cepero, “Factors driving learner success in online profes-
sional development,” International Review of Research in Open & Distance Learning,
vol. 15, no. 3, 2014. https://doi.org/10.19173/irrodl.v15i3.1714

C. Walkington, J. Gravell, and H. Wen, “Using virtual reality during remote learning
to change the way teachers think about geometry, collaboration, and technology,”
Contemporary Issues in Technology & Teacher Education, vol. 21, no. 4, 2021. Available
online at https://www.researchgate.net/publication/372195262_Using_Virtual Reality_
During_Remote_Learning_to_Change_the_Way_Teachers_Think_About_Geometry_
Collaboration_and_Technology [Accessed 23 June 2022].

R. Weinhandl, Z. Lavicza, and T. Houghton, “Designing online learning environments
for flipped approaches in professional mathematics teacher development,” journal
of Information Technology Education: Research, vol. 19, pp. 315-337, 2020. https://doi.
org/10.28945/4573

K. Xie, M. K. Kim, S. L. Cheng, and N. C. Luthy, “Teacher professional development
through digital content evaluation,” Educational Technology Research and Development,
vol. 65, pp. 1167-1103, 2017. https://doi.org/10.1007/s11423-017-9519-0

0. Zawacki-Richter and C. Latchem, “Exploring four decades of research,” Computers &
Education, vol. 122, pp. 136-152, 2018. https://doi.org/10.1016/j.compedu.2018.04.001
N. Zhou, H. Nguyen, C. Fischer, D. Richardson, and M. Warschauer, “High school
teachers’ self-efficacy. In teaching computer science,” ACM Transactions on Computing
Education, vol. 20, no. 3, 2020. https://doi.org/10.1145/3410631

AUTHOR

Kristin Stavermann is with the Carl von Ossietzky University of Oldenburg,
Oldenburg, Germany (E-mail: kristin.stavermann1@uni-oldenburg.de).

International Journal of Emerging Technologies in Learning (iJET)


https://online-journals.org/index.php/i-jet
https://doi.org/10.19173/irrodl.v15i3.1714
https://www.researchgate.net/publication/372195262_Using_Virtual_Reality_During_Remote_Learning_to_Change_the_Way_Teachers_Think_About_Geometry_Collaboration_and_Technology
https://www.researchgate.net/publication/372195262_Using_Virtual_Reality_During_Remote_Learning_to_Change_the_Way_Teachers_Think_About_Geometry_Collaboration_and_Technology
https://www.researchgate.net/publication/372195262_Using_Virtual_Reality_During_Remote_Learning_to_Change_the_Way_Teachers_Think_About_Geometry_Collaboration_and_Technology
https://doi.org/10.28945/4573
https://doi.org/10.28945/4573
https://doi.org/10.1007/s11423-017-9519-0
https://doi.org/10.1016/j.compedu.2018.04.001
https://doi.org/10.1145/3410631
mailto:kristin.stavermann1@uni-oldenburg.de

