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Abstract—The purpose of this study was to determine and apply (1) the 
Augmented Reality (AR) development process; (2) AR model design; (3) appli-
cation of AR technology; and (4) the results of AR development that can be used 
as a support for learning methods in the Building Engineering Education Study 
Program for the implementation of the 2020 curriculum. Adequate teaching 
materials are needed so that prospective professional teachers can quickly learn 
learning materials using the latest learning facilities and meet the demands of 
21st-century learning. The main material that must be mastered by prospective 
professional teachers of the Construction and Housing Engineering Expertise 
Program include statics, building construction, construction drawings, and con-
struction management. The number of materials contained in each main material 
requires mapping of essential competencies that must be mastered by prospective 
professional teacher students as the basic material for learning the Construction 
and Housing Engineering Expertise Program. The essential competencies that 
have been identified are used as materials for developing 3D AR-based learn-
ing media that can be delivered online so that they can be accessed by students 
without being limited by the dimensions of space and time. The results of the 
development of learning media will make it easier for prospective professional 
teacher students to learn the main content.

Keywords—essential competencies, pre-teacher, construction, housing 
 engineering expertise program

1 Introduction

The development of science and technology in the business and industrial sectors, 
at work, and economic growth also has an impact on the implementation of vocational 
education to prepare workers to meet the recent competencies. The paradigm of imple-
menting vocational education that adheres to demand is a driver of economic growth. 
Therefore, vocational education graduates are always updated to respond to the existing 
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competencies in the market. Vocational education drives economic growth which in its 
development is aligned with industry needs [1], [2].

The fulfillment of competencies by the needs of the business world and industry 
carried out by educational institutions at the vocational level is largely determined by 
human resources and the adequacy of infrastructure that support the formation of grad-
uate competencies. Teacher and industrial instructors involved in learning activities 
in schools and industry are the critical factors of the formation of these competencies. 
Vocational schoolteachers have their characteristics in learning that they always have 
an orientation to prepare their students to work in an industry sector [3]. Besides this, 
teachers’ vocational education is also required to facility competent graduates follow-
ing the 21st-century demands [4].

Vocational teachers as elements of human resources in the construction and property 
technology expertise program are required to have professional abilities to convey 
knowledge and skills in the expertise competencies of sanitation and maintenance 
building construction, road construction, irrigation and bridges, construction, and prop-
erty business, and design building information and modeling [5]. To be professional 
in the four competencies in the pre-teacher education period, of course, requires hard 
work for lecturers and students. Related to this more, the pre-teacher vocational educa-
tion training framework has four dimensions that match the various skills teachers need 
to adapt their methods to a changing environment including digital culture, globaliza-
tion, and the emergence of a knowledge-based society [6], [7].

The use of information and communication technology in learning is growing rap-
idly Vocational High School teachers can take advantage of various forms of tech-
nology to support teaching in the field of construction that also leads to digitization, 
such as animation, simulation, Augmented Reality [8]–[10] and [11] as well as online 
learning platforms. For technology to be used effectively in learning, teachers need to 
have a good understanding of how to link learning technology with subject content and 
the learning strategies applied [11]–[13].

The problems raised by professional teachers of the Construction and Property 
Technology Expertise Program in learning at Vocational High School include: (1) the 
lack of availability of professional teachers by the expertise program; (2) there is a 
change in the orientation of student learning outcomes in the operational curriculum at 
the education unit level that has not been widely disseminated in SMK; (3) the lack of 
creativity and innovation of teachers using IT in learning in the 21st-century, (4) there 
is a change in the learning achievement of each vocational subject that has not been 
accompanied by training for teachers, and (5) there is no restructuring of learning facil-
ities following demands for learning outcomes and the existence of disruptive learning 
in the current era. As a solution to these problems, teaching materials are developed 
that are responsive to the demands of 21st-century teachers using AR technology in 
Pre-Teacher education in the field of Civil Engineering [11], [13].

The purpose of the research to be carried out is to find out and apply (1) the 
Augmented Reality (AR) development process; (2) AR model design; (3) applica-
tion of AR technology; and (4) the results of AR development that can be used as a 
support for learning methods in pre-teacher education in civil engineering education. 
The importance of research and development of AR 3D-based teaching materials for 
prospective students of civil engineering education professional teachers is to make it 
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easier for students to understand concepts and skills in a real form that is visualized in 
3D images so that learning outcomes are achieved well.

2 Method

The method used in this study is classified as Research and Development (R & 
D) by adopting the ADDIE method whose stages include: (1) Analysis, (2) Design, 
(3) Development, (4) Implementation, and (5) Evaluation [14]. The adoption and mod-
ification of the development method are carried out at the analysis stage which includes 
an analysis of the essential competencies of learning materials in the field of civil engi-
neering and an analysis of the needs for developing learning media by the demands of 
learning in the XXI century. The method of developing teaching materials at the analy-
sis stage is a key stage in developing this learning media. The results of the initial stage 
are designed, developed, implemented, and evaluated to obtain learning media that are 
by the learning needs of pre-teacher education in the future. The stages of development 
are presented in Figure 1 below.

Fig. 1. Modification of ADDIE model development

Development of learning media content for pre-teacher civil engineering education 
based on essential competencies that have been formulated in one theme and inte-
grated into 21st-century teaching and learning with the following stages: 1) focusing 
on 21st-century skills, content knowledge, and expertise; 2) Building understanding 
across and between core courses and interdisciplinary themes; 3) Emphasizing the 
understanding of in-depth knowledge material; 4) Engage students with relevant data, 
tools, and real-world work into on-campus learning; and 5) It is possible to conduct an 
assessment of learning completeness with several measures [15], [16].

Learning content that has been packaged in one theme is an integration of several 
study materials from the description of essential competencies used as the basis for 
developing 3D Augmented Reality-based learning media. The development of digital 
learning media in pre-teacher education aims to produce prospective teacher graduates 
who can utilize the latest information technology in carrying out teaching tasks in the 
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future [17]–[19]. Digitization in learning in civil engineering vocational schools is part 
of the innovation and creativity of each teacher. Augmented Reality (AR) is a tech-
nology that combines visual images with the real world, where visual images will be 
displayed with the help of certain devices [20].

3 Results and discussion

3.1 Civil engineering essential competency

The analysis of teaching materials in the curriculum developed by pre-teacher edu-
cation providers in the field of civil engineering is the initial stage in carrying out 
development as an effort to obtain essential competencies [3], [4]. The orientation of 
the development of teaching materials on the achievement of graduates and techno-
logical developments as well as meeting the demands of the skills of educators in the 
21st-century era. The minimum technical ability in the field of civil engineering is a 
prerequisite for prospective pre-graduate education graduates [21], [22]. Referring to 
the civil engineering body of knowledge for the 21st-century, a person to enter as a 
civil engineering practitioner at a professional level in the 21st-century must be able to 
achieve in the following three groups: foundational outcomes, technical outcomes, and 
professional outcomes [4], [15]. There are 24 study materials spread across the three 
groups that are developed into several learning outcomes for the subject. Determination 
of study materials is based on the needs of graduate users and is the direction of essen-
tial technical competencies which include: 1) statics; 2) building construction; 3) water 
structure construction, 4) road and bridge construction, 5) construction design and 
6) project management are the minimum essential technical competencies that must be 
mastered by graduates of pre-teacher education in civil engineering.

The pre-teacher education curriculum is developed not only to meet technical 
competencies, but also the learning needs of the 21st century and the industrial 
revolution 4.0. Synergy with the achievements of pre-teacher education graduates for 
civil engineering vocational schools, vocational professional teachers in the teaching 
and learning process must take advantage of ICT [23]). The use of ICT in the teach-
ing and learning process by vocational schoolteachers is mostly used to convey the 
substance of the material to students so that it is easier to understand and access any-
time and anywhere [24]–[26]. The results also show that there is a positive relationship 
between the skills of teachers and learners in the 21st-century era [27].

3.2 Civil engineering essential competency

The implementation of digital technology into the construction industry in the 
21st-century era is an unavoidable demand for the world of construction work. Digital 
construction is based on the use of information and communication technologies for a 
more efficient and high-quality execution of construction and installation works [11], 
[21]. Human resources as actors of construction work through vocational education in 
vocational schools and teachers as transformation agents need to be prepared to be able 
to meet the demands of digitalization.
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Data analysis revealed that TVE teachers perceived the use of technology in 
teaching in four qualitatively different ways: (a) increased teacher knowledge, (b) ease 
of communication, (c) effective teaching, and (d) flexible teaching. Some of the find-
ings are in line with existing phenomenographic studies of teacher conceptions held in 
the context of university education. This study contributes to the teacher conceptions 
literature by identifying “flexible teaching” as one of the most significant teaching con-
ceptions in the context of TVE teaching and higher education in general. Research 
findings can impact teaching practice and faculty development programs at TVE and 
other higher education institutions [28].

Problem-based learning and project-based learning are commonly used pedago-
gies that can support the development of practical skills. ICT can, in turn, support and 
enhance these pedagogical approaches to ensure effective delivery and student engage-
ment [19], [29], [30]. While technology cannot replace the need for direct psychomotor 
practice in TVET, ICT tools can be used to enhance pedagogy such as project-based 
learning and problem-based learning, both located in real environments working con-
ditions or simulated through virtual learning packages and interactive content [24], 
[25], [31].

3.3 The support of 3D AR-based learning media

Teaching materials that are realized in the form of 3D AR-based learning media is 
one of the efforts to realize effective and efficient learning. The characteristics of the 
learning process include 1) learner-centered; 2) educative interaction between teachers 
and students; 3) the use of a variety of teaching methods, and 4) supporting learn-
ing facilities. Effectiveness is determined by determining the extent to which learning 
outcomes can be achieved as set out in the curriculum. Meanwhile, efficiency is mea-
sured based on the number of components used to achieve the desired results [32]. 
Accelerating the learning process can be done by providing the widest possible access 
to teaching materials through m-learning. The benefits of m-learning, as well as e-learn-
ing in the world of education, are shown by flexibility of place and time in accessing 
teaching materials and independent learning which provides the widest opportunity for 
students to learn without being limited time and limited place [33].

Some of the research results using Augmented Reality 3D as a medium for deliv-
ering content in pre-teacher education learning in civil engineering have worked well. 
Functional usability and compatibility test results show that the application is very 
feasible to use and works well on several types of Android smartphones with different 
versions and screen resolutions [11], [13]. In the structural analysis course, the use of 
3D AR allows students to observe the pedestal reaction that occurs and can be interac-
tive by changing the load acting on the support [9], [11].

4 Conclusion and recommendation

The conceptual conclusion of the development of learning media content for pre-
teacher civil engineering education based on Augmented reality 3D in the network can 
be done with the following stages; 1) determine the essential competencies in the field 
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of civil engineering by conducting curriculum reviews and validation to graduate users 
through Delphi techniques; 2) designing learning content as a result of essential com-
petency analysis in one theme; 3) developing learning media based on 3D Augmented 
reality following the design of learning content in the form of mobile-reality, and 
4) product dissemination and evaluation as learning media assets for pre-teacher edu-
cation study programs in the field of civil engineering.
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