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Abstract— The research conducted a literature review to
find the trend of smart digital museum construction for
education media that have been developed by utilizing
information and communication technology and intelligent
systems. A series of procedures and methods applied in the
literature review process extracting information from dataset
contained articles and journals in the 2015-2021 period. A
physical or traditional museum must be transformed into a
smart digital museum that can carry out an educational role
even during the COVID-19 pandemic. The pandemic has made
limitations to museum visits that impacted fewer activities and
community visits for education in the museum. Museum
performance for education is not optimal during a pandemic,
especially in Palembang. The results of this study indicate a
trend of digital smart transformation from physical or
traditional museums. Applications based on mobile devices and
websites are mostly developed 72.72% of applications for
education in museums. Modern museums have begun to
transform into digital museums implementing intelligent
machine learning based systems in the last three years and with
learning application content in the form of games, augmented
reality or virtual reality, and information retrieval systems. The
results of the study are expected to provide information for
museum education post-pandemic recovery strategic planning
in Indonesia.

Keywords— Smart museum education, software engineering,
machine learning, recommendation, COVID-19

I. INTRODUCTION

The museum is a non-profit institution that has the role of
education and recreation. The museum functions to protect,
develop, and utilize museum collections and communicate
them with the public so that their existence is maintained for
the next generations. The museum keeps a collection of art,
culture, or historical objects from the past that may no longer
exist or be used today. In museum visitors can learn about
collections and how they were in the past for educational or
recreational purposes. Collection exhibition affects visit
satisfaction. Collections are the main strength of the museum
to attract public visits as well as other internal and external
factors.

Internal factors that influence museum visits come from
visitors themselves, including increasing knowledge,
recreation, recovery, or entertainment, carrying out school
assignments, and fulfilling curiosity about the museum and its
collections [1]. Meanwhile, external factors come from the
museum that affects the motivation of visitors to come,
namely, promotion, service quality, and museum
attractiveness including facilities, collections, and exhibition
[2], [3]. The number of visits to the museum affects the
performance of the museum, especially in the implementation
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of the educational role which makes the number of visitors for
its performance indicator to be achieved in the strategic plan

[41[5].

However, during the COVID-19 pandemic, the targets
formulated in the museum strategic plan could not be reached
because the museum was closed to the public based on
government policies that set restrictions on social activities in
some public spaces during the pandemic. Likewise, in the new
normal life, museums had to implement strict health protocols
that restricted activities, and visits to museums contributed to
people's interest in visiting museums. The study from home
policy also affects student visits to museums to do field trips
or conduct studies for assignments given by teachers or
lecturers. As a result, the number of visits to the museum
which was previously dominated by student visitors has
decreased. The museum's role in education could not be
carried out optimally during the COVID-19 pandemic.

Physical museums or traditional museums are no longer
effective in carrying out educational roles during the COVID-
19 pandemic and post-pandemic. The museum must be
transformed into a digital museum by adopting information
and communication technology that utilizes the sophistication
of the internet so that the museum can be accessed anytime
and anywhere by the public without direct interaction with the
museum. But if the use of ICT is only for digitizing museums,
for example, the development of museum information
systems and digitizing museum collections [6], will lead to
boredom so as not to attract repeat visits to the museum [7]. It
is necessary to develop smart technology that can effectively
be used by museums to optimize educational role, especially
during the COVID-19 pandemic. Smart technology based on
intelligent systems apply artificial intelligence (AI) can think
and understand the user, presents information that is more
attractive to users [8]. The transformation of a museum into a
smart digital museum needs to be done as an effort to preserve
art, culture, and history, especially in Indonesia which is rich
in these resources. The museum educational role must be
carried out with limited space and distance implemented as
health protocol policies during a pandemic.

This study conducted a literature review to find the trend
of applications that trigger the transformation of traditional
museums into smart digital museums provides information for
museum education post-pandemic recovery strategic
planning.

II. THEORETICAL BACKGROUND

The theoretical background for this research is the condition
of the current traditional museums in Indonesia which are
affected by the COVID-19 pandemic in carrying out their



roles, especially education and the development of ICT that
has been utilized by various modern museums in the world
that can survive and carry out its roles during the pandemic
although the physical museum is closed.

A. Traditional Museum for Education in Indonesia

Museums in Indonesia construct a strategic plan in
carrying out the roles of museum education by determining
performance indicator in the form of the number of people
who appreciate the museum, namely the number of museum
visitors, by holding several educational activities that attract
visitors to come and study at the museum, organize a
traveling museum, and provide information about museums
and collections [9], [10]. These activities include conducting
seminars and discussions, exhibitions, socialization in
various print, electronic and social media, cooperation with
various parties, and a traveling museum.

To bring visitors to the museum means to motivate the
community to come. The motivation presented by the
museum is an external factor, while the internal motivation
comes from visitors. Museums can present external
motivations including organizing interesting activities,
arranging interesting and interactive museum collections and
showrooms, human resources, as well as qualified facilities
and infrastructure [11]. However, this strategy certainly
requires adequate financing and human resources to optimize
results. Museums in Indonesia are managed by the
government and the private sector, which still have many
problems with management costs [12], [13]. As a result, the
potential of the museum cannot be optimized, especially for
educational roles.

Collections are the museum's strength to attract visitors.
Collections that are not well preserved, are not well organized
will cause boredom and public reluctance to come or revisit
the museum, especially millennials born in the digital era of
the 21st century who do not recognize museum collections or
history that seem ancient and unattractive to study because of
their traditional nature. Meanwhile, the millennial generation
has a modern lifestyle with digital technology [14], [15].

This condition shows that there are 435 museums in
Indonesia [16] have problems in optimizing its roles for
education if only measured by the number of visits to the
museum. A museum with a low number of visits does not
necessarily mean that the educational services provided are
also low due to the museum's limitations. Learning in
museums is carried out by exploring collections that motivate
students to think and ask questions about museum collections
and exhibits [17]. The current museum performance indicator
is only measured based on the number of visits to the museum
whose numbers are influenced by some factors that cannot be
used during the COVID-19 pandemic because the number of
visits has decreased due to museum closure policies and
restrictions on face-to-face activities, especially education.
The application of distance learning also affects student visits
to museums which are the largest percentage of visitors to the
museum, including at the SMB II Palembang museum in the
2018-2019 period. Students study from home need effective
media to learn the museum and its collections with limitations
of space and distance.

B. Technology Enhanced Learning in Museum

The traditional museum has a role in the conservation of
the collection only. It needed to be transformed into a modern

museum that was following the development of the digital era
as well as being able to meet the needs of the millennial
generation who are familiar with digital technology so that
they are interested in visiting and using the museum for
various purposes [18]. A collection that is not well-managed
will seem old-fashioned, unattractive, and boring to look at
or study. This has an impact on the low interest in visiting or
not an optimal use of the museum, one of which is influenced
by external factors, namely the lack of museum facilities and
services. Saturation of the monotonous presentation of
exhibits and museum collections can lead to low visits to
museums [19].

ICT promises convenience and more attractive
attractions for visitors to modern museums than traditional
museums. The provision of ICT-based service facilities to
support the roles and functions of the museum has been
implemented in many museums in the world and Indonesia,
for example, the Taman Mini Indonesia Indah (TMII) insect
museum [20] for example for multimedia use [21], [22],
Museum Information System [6], [23], Augmented and
Virtual Reality [24], [25], virtual guide [26], Edugame [27],
[28], ticketing and museum exhibition [20].

The use of ICT in many museums has proven that ICT
can provide easy access [29], presents a more interactive and
interesting collection of information [30] where ancient
objects and history seem to come back to life and the
atmosphere can be felt by visitors through audio and visual
skills of ICT [31]. Visitors are not only entertained and
satisfied with the attractions presented at the museum through
the use of ICT [18] but learning activities also become more
fun through learning experiences [32]that are more
interesting, interactive, and not boring so that students'
understanding of history, art, and culture in museums can be
more optimal than conventional learning methods [33] while
increasing the competitiveness of museums in the tourism
sector [34].

With the sophistication of Al technology and the
industrial revolution 4.0, museums are not only required to
switch to modern ICT-based but transformed to form a new
model, namely the Smart Museum [35] which is part of the
smart living dimension of the six dimensions of the smart city
[36]. Smart museums make it easy for visitors to study and
enjoy the collection and display of the museum optimally
supported by the convenience and superiority of smart
technology applied in the museum so that it has an impact on
the quality of life of visitors and organizations, namely
increasing the competitiveness of the museum and the
economy of the city where the museum is located [37].

The smart museum is the transformation of a modern
museum into a smart environment containing a collection of
smart objects utilizing ICT that are connected and integrated
so that they can present services supported by high-level
intelligence technology [38] thus enabling communication
between elements in the museum and visitors [39]. The smart
museum adopting Internet of Thing (IoT) technology is
designed with an architecture consisting of 3 (three) layers
[39] which allows access to the museum's collections so that
there is an interest in visiting the museum. The exchange of
information that involves visitors makes the museum an
interesting and fun place to gain knowledge.



III. RESEARCH METHODOLOGY

This study applies some procedures and methods in
conducting literature studies [40] against the dataset that was
built to answer research questions.

A. Research Questions

The research questions want to be answered through a
literature review in this study are:
QI: What is the trend of digital media development for
museum education?
(02: What intelligent system-based applications for museum
education have been developed?

B. Dataset Development

The review begins with a bibliographic mapping of the
research topic by formulating keywords related to the
research title. Semantic search was done by using keywords
in English to get more and more recent literature on research
topics, namely "MACHINE LEARNING" AND "MUSEUM
EDUCATION OR MUSEUM LEARNING". The keywords
above are determined concerning the research problem for
which we want to know the answer through a literature
review. Machine learning was chosen as a keyword based on
the algorithm's ability to understand users so that it
intelligently presents interesting and interactive information
for visitors or users of museum learning applications.
Machine learning is part of artificial intelligence which plays
an important role in building a "smart" construction enabling
automation of intelligent recognition, monitoring, and
maintenance [41], enriching the experience of visiting the
museum [42]. Some machine learning algorithms have been
developed in the last decade for various applications, one of
which is in museums. The machine learning algorithm
applied to the museum application makes the museum smart
in understanding visitors by presenting collections, layouts,
and service facilities according to visitor interests [43].

These keywords were then used to mine relevant
literature metadata in the Google Scholar and Scopus
databases using the Publish or Perish tool and succeeded in
obtaining 1789 bibliographies consisting of 168 Scopus
metadata and 1621 Google Scholar metadata. Based on the
bibliographic metadata, bibliographic mapping was carried
out in reviewing the state of the art research using the
Vosviewer device with the result of an overlay visualization
as shown in Fig. 1.
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Fig. 1. Overlay of Bibliography Mapping

C. Literature Review Process

The next stage is to review the literature on search results
by applying the screening criteria [52] to obtain literature
relevant to the research problem. The inclusion and exclusion
criteria were applied to the database, namely:

1. Selecting scientific publications in journals,
proceedings, and books that will be reviewed while
others are not;

2. Literature published in the last five years (2015-
2021);

3. The literature discusses museum learning and or
machine learning in education in the reviewed
museum, while others will be issued in the literature
review database;

4. Literature is then filtered based on title, keywords,
abstract, and written content.

With these criteria, there are 11 (eleven) literature were
reviewed as a full text. The process and results of database
filtering using the criteria above are illustrated in Fig. 2,

~
« Literature searching result from Scopus
and Google Scholar metadata

« Literature selection results with
keywords in the title and abstract

« Literature title review

* Literature review of the contents of the
abstract

* Full text review

Fig. 2. Review Process

IV. RESULTS AND DISCUSSION

The results of a comprehensive review of the content of 11
(eleven) relevant literatures selected as a result of articles and
journals on a dataset built according to the keywords used to
answer the research questions are described in Table 1.

A. The trend of Museum Learning Application

The selection result dataset contains 11 literature
consisting of 8 articles and 3 reputable scientific journals.
From this dataset, a review was carried out and it was known
that the distribution of museum education applications is
illustrated in Fig. 3 and Fig. 4. This fact answers the research
question of QI. 72.72% of applications developed for
education in the museum are based on games and augmented
reality because both have been proven to be effective in
providing a more interesting experience and added value to
the museum's collections and exhibits to reduce boredom
because of the monotonous museum environment. Both can
provide different visualizations and a more interesting
experience employing interactions that are not possible in a
real museum environment so that it attracts users to take
advantage of game applications and or Augmented Reality
for education in museums [44]. Furthermore, it is also known
that applications based on mobile devices or websites were
the most developed, namely 72.72% of all applications for
education in museums as the search results in this study (Fig.
5) where robot technology began to be developed for museum
education applications in 2016- 2020.
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Mobile technology and websites have the advantage that the
use of smart devices has become part of the lifestyle with the
support of internet technology made access to information for
education can be anywhere and anytime so that applications
have begun to develop rapidly along with the development of
the internet in the last five years.

02 was answered with the discovery of the fact that
modern museums based on digital technology have begun to
transform into smart application-based learning for the last 3
(three) years in which smart robot technology that applies
machine learning and information retrieval information
systems that also applied machine learning was developed for
interactive and smart educational purposes to reduce the
boredom of the monotonous museum collections and
exhibits. But the review results in Table 1 show that the
museum app has not integrated learning outcomes as part of
the apps development framework so that the measurement of
learning outcomes cannot be directly measured with the
support of intelligent computing that has the ability to analyze
user profiles.

B. Museum Education Recommendation and Challenged for
Post Pandemic Recovery

The use of ICT in museums, for example, the
development of a website-based digital museum with an
attractive interface design and content, has been proven to
affect the interest in visiting physical museums [45]. ICT
enable the museum in Indonesia to carry out its roles virtually
during the COVID-19 pandemic[23], [25], [46] where the

tourism in Indonesia is also affected by restrictions on
movement and distance to reduce the spread of COVID-19
[47]. The transformation of the museum into a modern, ICT-
based museum enables the effectiveness of reducing the
direct contact of visitors with the museum environment so
that they safely learn and enjoy the museum's collections,
layouts, facilities, and services in a new normal way.

The challenge faced in carrying out a smart digital
transformation of museum learning to deal with post-
pandemic recovery is that an appropriate conceptual
framework is needed to develop museum learning
applications so that learning objectives, as well as museums'
roles for education, can be reached even with limited access
to physical museums during the current pandemic and post-
pandemic. The rapid development of the internet to produce
big data is also a challenge in processing it into information
to present attractive and interactive displays according to
museum visitors' interests. It might become the motivation
for repeat visits having an impact on the number of visits and
post-pandemic optimization of museum educational roles,
especially in Indonesia.

Smart apps apply artificial intelligence that effectively
understand users to present attractive and interactive app
features. This condition makes it a challenge for developers
to develop algorithms applied to smart systems for learning
in museums. Smart applications for learning in museums
must be able to attract users' interest while increasing their
knowledge about collections and museums.

In the post-pandemic period, museums must be able to
carry out their roles even with limited space and distance.
Adjustments to new normal, a museum is recommended to
transform into smart digital museums integrating ICT for
enabling museum education and improve museum
educational performance, which decreases when the
pandemic and returns to normal or even expected to increase
after COVID-19 pandemic.

V. CONCLUSIONS

This literature study research aims to observe the trend of
smart digital media development for museums education
purposes needed for post COVID-19 pandemic recovery. The
sophistication of ICT and the current development of the
internet have the advantage of overcoming the constraints of
space and distance restrictions imposed on physical museums
during the pandemic to comply with health protocols.

The literature review results showed that applications
based on mobile devices or websites were mostly developed
72.72% of all apps for education in modern museums and
museums began to transform into a smart digital museum by
implementing a machine learning-based smart system in the
last three years. Applications that are trending for education in
museums are categorized as games, augmented or virtual
reality, robotics, and information retrieval systems. These
apps enable less contact with museum resources including
guides, collections, and exhibition facilities, and effectively
eliminates space and distance barriers that arise in physical
museums. For strategic planning recommendation, smart
digital transformation is urgent for traditional museums
existence and carries out their education roles for post
COVID-19 pandemic recovery. The challenges faced in this
transformation provides opportunities for the development of
museum learning research for museum apps in the post-
pandemic.



TABLE 1. LITERATURE REVIEW RESULTS

Weakness

High development costs for a non-profit
museum. Did not discuss the domain of
learning in design and evaluation

Only presents information about the
museum. There was no evaluation of user
knowledge

There was no evaluation of user knowledge,
it did not explain the realm of learning
directly in game design

the museum

Application to support museum operations
was like a digital guide, not specifically for
education. There was no evaluation of user
knowledge

Not specifically explained each use of
applications for learning in terms of the
realm of learning

Does not involve indicators of learning
success at the application design stage

A design, not yet tested the effectiveness of
implementation. Development costs are
predicted to be high for the museum
application as a non-profit organization

There was no evaluation in the realm of
learning. The application does not provide
recommendations for ordinary users so that
they are interested exploring the game

Did not discuss the application of machine
learning algorithms in educational games

and museum

Did not discuss learning outcome through
the Edugame application that was built

Did not address the three domains of
learning in design or evaluation. Games in
the form of 2D were less attractive to users
outside the museum because they were not
the same as showcases and real collections

Ref App App Base | Machine Strength
Learning
[48] | Robot Robotic Yes It promises learning in museums will not be
boring, more interactive, interesting, and fun.
[28] | Augmented Mobile No The collection is presented in 3D, based on
Reality Marker and GPS
[49] | Game Mobile No Adopting Virtual Reality, games involve
physical and emotional users which are part
of the affective and psychomotor domains
[50] | Multimedia | Mobile & Yes Information retrieval based on image content
Information Website captured by visitors in
Retrieval environment. Information was presented to
System visitors regarding the cognitive domain
[51] | Information Website No Discussed the environment and facilities for
System, technology applications in museums that are
AR/ VR effective for supporting learning
[52] | Augmented Website No Evaluation of learning through Augmented
Reality reality applications was carried out in the
cognitive domain
[53] | Robot Robotic No Involving the domain of learning in the robot
development plan
[54] | Game Website No Presenting real dynamic and interactive
Video 360 images with users in the form of 360 video-
based games
[55] | Game Mobile No Games are effective to support learning in
museums in the cognitive, affective, and
psychomotor domains
[17] | Game Website No Knowledge of exhibits
collections of real pictures was given through
an interesting and fun game
[56] | Game Mobile No Discussed the features of learning activities
according to the learning objectives that
users want. Tests were carried out in the
cognitive realm and found that games were
effective in making students spend more time
in museums
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