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Abstract. Classroom teachers must engage in creative problem-solving and ped-
agogical reform To adapt to the digital age. To equip their pupils for the challenges
of the twenty-first century, educators must master the art of creating personalized
learning programs. This research looks at how primary school educators who par-
ticipate in Digital Didactical Design (3D) gain new perspectives on the design and
usage of digital technologies in their science lessons. The subject under investiga-
tion concerns the enhancement of elementary school educators’ familiarity with
digital tools through the usage of 3D. This article employs a systematic literature
review strategy, drawing on reviews of related material from a wide range of pub-
lications (books, journals, etc.). The findings suggest that 3D has the potential to
enhance meaningful learning experiences using a framework that invites educa-
tors to participate in the design process and then investigate, explore, and analyze
the designs as they are implemented in the classroom. In addition, elementary
school educators can use this study as a reference for planning lessons tailored to
their children’s specific requirements. The more detailed the strategy, the better
the results will be regarding knowledge acquisition. Instructors need to engage in
this activity to improve their skills as educators.

Keywords: digital didactical design · pedagogic competence · primary school ·
teacher’s performance

1 Introduction

The rate of new knowledge is increasing too fast for people to process it all [1]. Integrat-
ing digital solutions into regular life necessitates a digital transformation [2]. That has
repercussions in many fields, including economics, manufacturing, and medicine. Dig-
ital change can enhance and inspire novel answers to old problems [3]. This paradigm
shift caused by the rapid adoption of technology affected all sectors, including education
[4]. The entire educational infrastructure has gone digital. Even the method of collecting
information in classrooms has become computerized. The data we collect about schools,
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educators, and students is readily available. In addition, changes in technology affect
education. Tomeet the needs of their students, today’s educators must be technologically
literate [5]. Competency in the digital age is a necessity for today’s educators.

The teacher is ready to provide learning to students when the teacher masters tech-
nology, so mastery of technology is very important for a teacher to have [6]. Although
in its implementation, the teacher will encounter various challenges. Teachers must be
ready to accept all risks and continue to behave professionally [7]. When facing the
challenges of the 21st century, teachers must be able to improve their competence and
continue to dig up as much information as possible [8]. Teachers are expected to always
be up to date and not outdated. Because the teacher is one of the agents of change, the
teacher must make changes from within himself. Then the teacher can give it to the
students, so they have a proper provision of science and technology. Not only that, but
teachers must also equip students with character and personality education. Science and
technology alone are not enough to face the challenges of today’s 21st-century learning
[9, 10]. Therefore, teachers must have a lot of knowledge, think critically, be ready to
face all kinds of challenges, and be wise in dealing with problems [4].

However, there is an inequality in the form of a gap between hope and reality, namely
the demands of digitalization for teachers on the abilities of teachers themselves [11].
Conditions in the field are still very poor in terms of quality, professionalism, and quantity
[12]. The students facing teachers today are students born in the digital age [13]. They are
used to things related to the internet and have often played with smartphones. Especially
with a large number of social media and games that have now penetrated all circles,
making students proficient by themselves in using technology. However, some teachers
have not been able to use technology and information properly and wisely [14, 15]. For
example, some teachers are less proficient in using computer devices or smartphones.
That is caused by various factors, one of which is the lack of facilities and infrastructure
so that teachers are not used to using smartphones.

A review of several journal studies shows that teachers in Indonesia have difficulty
monitoring learningusing technology.TheWorldBank estimates that only 5%of primary
school teachers in Indonesia have teaching skills using digitalmedia that are good enough
to improve their student learning [16]. The teacher-based teaching approach is dominant
compared to the student-centered approach, with little meaningful student interaction
when online learning [17]. In addition, teacher development programs are generally of
low quality and do not result in improved teaching practices [18].

However, some teachers can already use computer devices but are not proficient
in using various learning applications [19]. Of course, the teacher needs to expand his
knowledge again, such as often attending training on digital teaching media or partici-
pating in various webinar activities organized by the Ministry of Education and Culture.
Information andComputerTechnology (ICT) training can improve teachers’ pedagogical
competence in teaching using ICT devices [20].

The development of information technology media is one of the main foundations
in the development of the 21st century [21, 22]. Information media is a mandatory thing
used in everyday life, one of which is the use of the internet. However, when information
comes very quickly, it is not uncommon for news on the internet to be duplicated and
replicated very unnaturally.Much of the information received by the public is not valid in
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truth, so the public is consumedby fake news [23].Of course, thismayhappen to teachers.
Teachers must improve their digital literacy to ensure the information received today is
true [24]. Likewise, students experience, because there is more and more information,
students have difficulty getting good news or according to their needs [25]. The more
information received, the easier it is for them to get carried away or even get lost in
the virtual world [26]. In this case, a teacher has an important role in facing various
challenges that will occur in the future related to technology and information [27].

The development of increasingly advanced technology has also brought changes in
the context of pedagogy, namely changes that encourage the birth of technology-based
teaching [28]. This condition encourages teachers to be sensitive to the development
of the times and develop and improve their pedagogic competencies [29]. Pedagogic
competence is the ability of teachers to manage to learn. One of the scopes of this
competence is the absolutemastery of teachers’models,methods, strategies, and learning
techniques and establishing them in the teaching and learning process. Teachers who
have pedagogical competence are expected to be able to design or design effective and
efficient learning [30].

Teachers must choose the right learning model to create effective, efficient, and
interesting learning. It is said to be effective if the learning design has a positive impact on
improving student learning outcomes, being able to solve problems, and answering needs
related to teaching and learning [13]. Furthermore, efficient learning is illustrated in the
implementation of completed learning by the planned time allocation. At least three tasks
must be carried out by teachers related to pedagogic competence, including planning
learning, implementing learningplans, and evaluating learning [31]. The learningprocess
is the most important part that teachers must carry out in schools. A student’s success in
understanding the context of the material being taught depends on how well the learning
process can be carried out properly. The learning process involves various activities
between the student, the teacher, and the learning environment, which is then controlled
in the learning plan. The more mature the teacher plans the lesson plan, the better the
learning process. Teachingwithout writing preparationwill result in ineffective learning.
That is based on the fact that the teacher does not think in detail about what will be done
and how to do it [32].

In this way, the teacher needs to develop a learning plan that views the learning
situation as a whole and real object. The thing that must be of concern to the teacher in
making a lesson plan is how to look at the various possible responses of students, both
didactic and pedagogical, to be anticipated in such a way [33]. The learning process can
create dynamics of didactic and pedagogical changes according to the capacities, needs,
and acceleration of the learning process experienced by students, especially if you look
at the stage of thinking development of elementary school students who are still in the
concrete operational stage. The learning process must be realistic, following the real
conditions experienced by students [34].

However, many educators still lack the necessary pedagogical ability. There is still
a constant need to develop and refine the abilities of educators to manage student learn-
ing, particularly in the areas of technology fluency and integration. Among elementary
schools in East Kalimantan, researchers found that teachers’ comprehension of learning
technology was still poor, making it difficult to use technology to enhance the teaching



540 R. Amelia et al.

and learning process. While on the job, many educators fail to update and expand their
expertise. To reinvigorate the educational process, educators must maintain cutting-edge
scientific and technological literacy [35].Unfortunately,many classroom instructors con-
tinue to use antiquated methods of instruction. As a result, educators must be provided
with opportunities for ongoing professional development, including but not limited to
courses, seminars, workshops, and technical advice and direction.

Teachers can no longer underestimate the importance of mastering technology. Until
2019, teachers can still make school learning patterns offline or offline. However, in
early 2020 with the Covid-19 outbreak, the government encouraged switching teaching
systems and strategies where teachers must master technology and carry out technology-
based learning (Day et al., 2021). That can be a challenge for teachers in the digital age
to understand the unique characteristics of students as a digital generation [36]. Teachers
must be able to align learning objectives with student development in this digital era. The
application of technology in learning also cannot be ignored, considering that students
today are the digital generation.

Furthermore, the development of ICT (Information andCommunicationTechnology)
can now be a great opportunity for teachers to improve good relations with parents so
that there can be harmony between education at school and at home. ICT in learning
has a role, namely helping to package teaching materials [37]. That is intended so that
the learning process can run more effectively. The use of technology in learning can
be realized by developing electronic-based learning media, utilizing social media in
teaching and learning activities, developing learning strategies, and combining online
and offline learning (blended learning).

In reality, the online learning system has not been able to be implemented evenly in
Indonesia. That is because there are still many areas in Indonesia that are classified as
isolated areas. This condition shows a considerable inequality between urban and rural
areas in Indonesia regarding using technology to support learning. Similar problems are
also experienced by teachers in elementary schools where online learning triggers many
obstacles and causes new problems. That encourages teachers to open themselves to
using technology in learning because the solution to online learning is to use technology
in teaching and learning activities. The study examines the Digital Didactical Design
(3D) paradigm in developing teacher pedagogical competencies.

2 Methodology of Research

This article employs the strategy of a systematic literature review. A systematic litera-
ture review is a method of research that seeks to provide a basis for resolving existing
problems by systematically identifying, analyzing, evaluating, and drawing conclusions
about the overall results of research on the topic at hand [38]. This research relies on
secondary sources for its data. Collecting secondary data does not necessitate original
fieldwork [39]. The goal is to study and compile data from the library’s shelves. Liter-
ature is chosen based on the following criteria: (1) it must be directly related to Digital
Didactical Design (3D) and academic competence; (2) it must be drawn from research
reports, national journals, international journals, relevant books, scientific articles, and
scientific data about the study of this article; (3) it must have been published within the
last ten years (2013–2022).
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Systematic literature reviews consist of the following phases: (a) planning, wherein
researchers must formulate the steps to be carried out and determine the research ques-
tion; (b) review, wherein researchers select and categorize literature, screen and deter-
mine relevant literature, and draw conclusions to the entire literature set; and (c) reporting
[40]. These results are used in the investigation of the targeted topics. Articles, journals,
proceedings, and conference papers that have already been published are the only ones
considered. This inquiry was formulated by the researcher to test the practicability of
the chosen literature. The following inclusion/exclusion criteria are used to generate the
questions:

a) QA1: Is there access to the full texts of papers presented at conferences and published
in journals?

b) QA2: Were articles utilized as references from the recent decade (2013–2022)?
c) QA3: Does the current literature explore and analyze the relationship between

pedagogical competency and Digital Didactical Design (3D)?
d) QA4: Is the literature presented in English?

3 Results of Research

In the preliminary stages of the search, 24.773 articles were found that did not meet the
inclusion criteria. In addition, the literature was collected after being subjected to many
filters in order to select just the most pertinent material. A total of 26 articles were found
to be relevant to the issue after searching Google Scholar, Scopus, and SAGE Journals
(Fig. 1).

The 21 different types of literature were selected according to the following criteria:
(1) journals and conferences that publish full papers; (2) a minimum publication limit
of the last ten years (2013–2022); (3) papers that address 3D and pedagogical compe-
tence; and (4) papers presented in English. Table 1 displays the outcomes of the quality
evaluation.

Fig. 1. Flow of information through the different phases of a systematic literature review



542 R. Amelia et al.

Table 1. List of Reviewed Articles

No. Article’s Code Year Quality Assessment The Results

QA1 QA2 QA3 QA4

1 Article 1 [41] 2021 Yes Yes Yes Yes Accepted

2 Article 2 [42] 2020 Yes Yes Yes Yes Accepted

3 Article 3 [43] 2021 Yes Yes Yes Yes Accepted

4 Article 4 [44] 2020 Yes Yes Yes Yes Accepted

5 Article 5 [45] 2014 Yes Yes Yes Yes Accepted

6 Article 6 [46] 2015 Yes Yes Yes Yes Accepted

7 Article 7 [47] 2017 Yes Yes Yes Yes Accepted

8 Article 8 [48] 2014 Yes Yes Yes Yes Accepted

9 Article 9 [49] 2014 Yes Yes Yes Yes Accepted

10 Article 10 [50] 2017 Yes Yes Yes Yes Accepted

11 Article 11 [51] 2020 Yes Yes Yes Yes Accepted

12 Article 12 [52] 2020 Yes Yes Yes Yes Accepted

13 Article 13 [53] 2018 Yes Yes Yes Yes Accepted

14 Article 14 [54] 2022 Yes Yes Yes Yes Accepted

15 Article 15 [13] 2021 Yes Yes Yes Yes Accepted

16 Article 16 [55] 2017 Yes Yes Yes Yes Accepted

17 Article 17 [56] 2019 Yes Yes Yes Yes Accepted

18 Article 18 [57] 2019 Yes Yes Yes Yes Accepted

19 Article19 [58] 2019 Yes Yes Yes Yes Accepted

20 Article 20 [59] 2017 Yes Yes Yes Yes Accepted

21 Article 21 [60] 2020 Yes Yes Yes Yes Accepted

22 Article 22 [61] 2019 Yes Yes Yes Yes Accepted

23 Article 23 [62] 2015 Yes Yes Yes Yes Accepted

24 Article 24 [63] 2020 Yes Yes Yes Yes Accepted

Information:

1. Yes (Y) for the type ofmaterial thatwas consulted andwas appropriate to the study. In-
depth discussions and analyses of digital change, pandemic pedagogy, online learning,
and a wealth of information all contributed to the data’s selection as the study’s major
source.

2. The second category, “Literature that isn’t used in research because it doesn’t relate
to the topic being studied and isn’t good enough in terms of the information it gives,”
is labelled with a “T,” meaning “not used.”
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4 Discussion

4.1 The Role of Teachers in Creating Learning Planning

The philosophy underlying didactic design is understanding the forms of educational
innovation and the efforts of researchers in creating educational innovations [48]. The
learning process generally learns about the phenomena of learning and teaching that
occur between teachers, students, and materials/knowledge. Activity in the learning
process is depicted in the following triangle (Fig. 2).

Teachers play an important role in the implementation of learning. In a didactic
triangle, the teacher is not only required to master the material related to the context of
the knowledge to be taught butmust understand the real conditions of the students [46]. In
addition, the teacher must create a didactic-pedagogical situation to encourage students
to learn optimally. In this part, the role of the teacher is to allow didactic transpositions,
including transforming knowledge that comes from theworld of research into knowledge
that teachers must compile in learning planning until the knowledge is taught to students
[50].

Two relationships occur in didactic situations, including the relationship between
the teacher and the learning material. The material is one of the content contained in
learning planning. The teacher should understand the material/ knowledge taught to
students. That is a benchmark for students in understanding the material to be taught.

4.2 Learning Planning Using Digital Didactical Design

Digital Didactical Design (3D) is a breakthrough as a learning innovation, especially
towards guidelines in compiling complete learning; essential things related to the learn-
ing process are contained in lesson design [55]. Digital didactical design in the devel-
opment of teaching materials goes through three stages: (a) Analysis of the didactic

Fig. 2. The didactic triangle with its three axes and aspects
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situation carried out by the teacher before learning, in the form of teacher thoughts
about predictions and anticipation of student responses that will arise at the time of
learning. (b) Didactic metapeda analysis was carried out during the learning process in
the form of the teacher’s ability related to learning events to view the components of a
modified didactic triangle [51]. Then, the teacher develops actions to create a didactic
and pedagogical situation that suits the needs of the students, identifies and analyzes stu-
dent responses as a result of didactic and pedagogical actions carried out, and performs
advanced didactic and pedagogical actions based on the results of the analysis of student
responses towards the achievement of learning targets. (c) Retrospective analysis, which
is an analysis that relates the results of the analysis of the hypothetical didactic situa-
tion with the results of metapedadictic analysis in the form of post-learning reflections.
Digital didactical design is one way to develop teachers’ pedagogical competence in
elementary schools [48].

Some simple steps thatmust be prepared by the teacher inmaking lesson design are as
follows: (a)Analyzing various knowledge about thematerial to be learned, (b)Compiling
a learning syllabus to be developed related to the basic competencies to be taught, (c)
Compiling learning objectives and learning instruments, (d) Compiling student learning
flows, (e) Making a set of teaching materials and student learning assignments, (f) Make
various predictions of student responses that arise during learning, (g) Anticipate various
predictions of student responses that arise, and (h) Develop digital didactic designs
(Fig. 3). The steps are explained in the image below:

Fig. 3. Flow in making lesson design/learning planning
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Fig. 4. Flow in Making Revision of Lesson Plans

The planning produced above is still hypothetical and must continue to be refined.
Teachers can apply the results of the design that has beenmade and analyze the suitability
of the responses that arise with the implementation of learning planning [55]. That is
so that teachers can perfect the learning plan to revise the design that has been applied
(Fig. 4).

By following the flow in the picture above, teachers can make learning plans by
the conditions and needs of students so that the resulting learning will be meaningful
(meaningful learning).

4.3 The Position Digital Didactical Design to Develop Pedagogic Competence

Education in the digital age emphasizes broader interaction, especially through infor-
mation and communication technologies. The involvement of this technology allows
the use of video tutorials, games on the internet, online quizzes, and various forms of
interaction through cyber networks. It is important to define the pedagogical challenges
of such technological involvement [58]. The first step teachers can take to examine what
is needed for learning is by reviewing the learning theory that has existed so far to
build a pedagogical framework that can answer the existing challenges. The collabo-
ration between pedagogy and technology means developing conventional pedagogy to
increase the involvement and activeness of previously limited students [52]. For exam-
ple, students can now take over the role through digital learning resources if previously
the teacher ended the learning and provided a summary of the material. They can con-
tribute actively by summarizing and attaching links from digital sources, adding to the
rich references [64].

Technology development is constantly changing priorities about what needs to be
studied. For example, some new literacy is now very important such as making videos,
animations, and websites. Memorizing knowledge is no longer important because the
website presents all sorts of information [60]. Priorities shift to cultivating the ability



546 R. Amelia et al.

to find information, know when that information is needed, and evaluate the informa-
tion found. Some aspects of change due to the industrial revolution 4.0 by taking the
case in the United States: The state is getting farther and farther away from responsi-
bility for children’s education. Meanwhile, for adolescents and adults, education is the
responsibility of each individual. Content focuses more on generic skills, such as prob-
lem solving and communication in various media, resource discovery, and how to study
those resources. Pedagogy is developing towards dependence on interaction [53].

Sometimes such interactions involve technologies such as video tutorials, games on
the internet, or interaction with other people through a computer network. Assessments
are conducted after students have made progress through a computer-based learning
environment to measure their success in achieving learning goals [43]. The learning
location is no longer just centralized in schools but includes various places such as
homes, offices, and learning centers, where students can access learning materials via
the web. A culture with peers may weaken, and children struggle to do their tasks with
parents and peers or even be isolated from others in the computer network. A shift in
relationship patterns in learning is already happening. If students learned from adults
in the past, nowadays, students learn from various parties/sources through computer
networks. They are faced with a system that is responsive to what they do but lacks an
understanding of individual students [65].

Some of the above changes in the field of education are relevant for most societies
in different parts of the world today. The paradigm shift in managing education is the
focus of various parties. Conventional pedagogy needs to be adjusted to align with
the dynamics that occur [56]. The education considered appropriate is internet-based
education and the digital world accompanied by character education. Education is not
only about developing students’ thinking potential but also about forming attitudes,
behaviors, andpersonalities [61]. The use of digitalmedia affects education characterized
by digitization and computerization in the early stages, that is, students who have been
using digital technology from an early age. Thus, the thinking paradigm and personality
of learners are also influenced by changes due to industry 4.0 [56].

Finding a single, effective approach to education thatworks across disciplines, demo-
graphics, and learning goals is a never-ending quest, and the debate about technology in
the classroom is illustrative of this [66]. Along with this comes the idea that the newest
interactive media will be the “silver bullet” to end all of education’s woes. Learning, one
must concede, takes many forms, both among individuals and daily. That focus may then
move to creating instructionalmedia as an optional replacement for traditional classroom
instruction. There is always an outpouring of novel approaches to education when new
tools become available [13]. Finding the optimal strategy requires first comprehending
the requirements of both students and educators.

In a perfect world, teachers would choose to use technology in the classroom because
they genuinely care about its impact on their student’s education. For instance, learners
can select their unique learning route thanks to digitally designed curricula that allow
for such customization. Learning strategies for groups where members work together
to build their understanding of a topic [62]. Educators can also gather data bolstering
analytical learning through digital pedagogical design [42].
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Technology allows students and teachers to network with professionals in other
fields, expanding the reach of learning communities [51]. Teachers can help students
learn more effectively by utilizing simulation and gamification. In addition, it can offer
insightful commentary on development. Technology can provide suggestions for future
studies. Through a social networking system, kids can get help from their peers with
the help of technology. That exemplifies the myriad practical benefits teachers may reap
from using technology in their courses.

The International Society for Technology in Education (ISTE) identifies seven core
competencies for students to succeed in today’s interconnected digital world. (1) students
who are given the tools to become proficient in the use of technology so that they
can take an active role in setting their own learning goals, achieving those goals, and
demonstrating their competence; (2) students who are responsible, law-abiding, and
ethical users of digital technologies in their personal and professional lives. Innovative
design that employs multiple technologies in the design process to identify and solve
problems in novel, useful, or imaginative ways; computational strategies capable of
developing and using strategies to understand and solve problems by harnessing the
power of computers; and (3) building critical knowledge, inwhich students curate various
digital resources to build knowledge, generate creative artifacts, and create meaningful
learning experiences for themselves and others [62].

The philosophy of digital didactical design can form the basis for using technology in
education [47]. Digital didactical design refers to actively participating in and reflecting
on digitally-facilitated educational activities. Specifically, the digital didactical design
(a) aims to improve critical understanding of the digital environment, (b) aims to foster
creativity, play, and problem-solving, (c) encourages public participation, collaboration,
and engagement, and (d) unites theory and practice, making, and thinking [44]. The
digital didactical design focuses on how teachers may facilitate students’ growth in cog-
nitive and emotional domains through the strategic use of digital tools. Students observe
and recreate the world around them using technology and student-centered learning to
create a stimulating, inquisitive learning environment. So it’s not just information being
built but also critical thinking, inquisitiveness, empathy, and a desire to find workable
answers to real-world problems [48].

Some axiomatic shifts from traditional pedagogy may be found in the digital didac-
tical design, which shares more in common with the constructivist approach [45]. The
digital pedagogical framework also incorporates lessons on using digital tools in the
classroom. Digital pedagogical layouts should prioritize the collaborative construction
of knowledge [63]. Planning for less content-heavy learning than problem-solving-based
is incorporated into the digital didactical design. Taking this tack can make it seem like
information is an obstacle rather than a benefit. Higher-order thinking can be encouraged,
and pupils can go from rote memorization to conceptual understanding [54].

As an in-service project, designing digital technologies is a great way for elementary
school teachers to expand their tech savvy [46]. Participation by educators in the design
of digital technologies that address their own and their students’ learning goals has been
shown to increase their familiarity with and enthusiasm for incorporating such tools into
classroom instruction [63]. The development and implementation of high-quality digital
technologies to support instructors’ competency and students’ learning can benefit from
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teachers’ participation in participatory design. Students can learn analytical thinking,
metacognition, and reflection by creating, revising, and distributing their work online
[57].

Web 2.0 tools for social networking, including blogs, wikis, iPhones, and iPads,
may also be included in digital pedagogy. In this sense, using technology in educational
settings promotes global citizenship [41]. To effectively use technology in the classroom,
educators must have the knowledge and experience to create new tools and assess their
effectiveness. Several studies have looked into how teachers use digital pedagogy to teach
literacy in the classroom. For instance, Bergström and Mrell-Olsson found that using an
approach based on language experience, such as digital storytelling using PowerPoint
presentations narrated by the author, increased reading motivation among students [62].

5 Conclusion

The shift in perspectives andways of life in the digital age has also shifted the importance
of learning through education and how to approach it effectively. Integrating technology
into education is an urgent matter that needs to be implemented properly. That needs
to be done to answer the need for education by the ongoing technological disruption.
Digitalization in various sectors places today’s young generation as digital learners
who need different learning approaches to meet their expectations and needs in seizing
opportunities and facing challenges in the future.

Teachers must carry out innovation and reform of learning. In facing the challenges
of the 21st century, teachers must find the right formula to apply to students; this formula
has to do with how students acquire knowledge in the learning process. Developing a
lesson plan using digital didactical design (3D) is a new formula so that students get
the knowledge they need because student success in the learning process is inseparable
from the role of the teacher in preparing the lesson plan. In addition to the teacher as a
learning facilitator, the teacher also acts as a learning architect in charge of compiling a
lesson plan. The more detailed the plan is made, the success of learning will be achieved.
This is what teachers need to do to improve their skills in the field of digital pedagogies
in the context of digital didactical design. The goal is to create a generation of young
people who are critical, adaptable, and socially intelligent so they can meet the needs of
the industrial era. 4.0.
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