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PAPER

The Effectiveness of Laboratory Digitalization 
for 21st Century Learning

ABSTRACT
Learning resources are crucial and strategic elements that impact the accessibility of easy, 
fast, accurate, and affordable information in the era of Society 5.0. Learning resources must be 
adaptable to technological advancements. The history laboratory is a learning resource that 
must be transformed and adapted to address the aforementioned needs and problems as a 
solution. The extensive collection of owned items has the potential to support this. This paper 
describes the creation of a digital laboratory by utilizing collections from the UM History 
Department. The research employed the Research and Development (R&D) method, utilizing 
the ADDIE model, which includes the stages of analysis, design, development, implementa-
tion, and evaluation. The study presents findings on the importance of digitizing laboratories 
as educational resources and digital laboratory products for the UM History Department. This 
digital laboratory product consists of several features, including an e-book (book catalog), an 
e-repository (final project catalog), an e-museum (museology collection catalog), tool lending,
and graduate assessment. The results of the validation and implementation tests demonstrate
that the criteria are highly valid and extremely effective. These results demonstrate that the
digital laboratory serves as a more effective and efficient learning resource that is easily
accessible and usable for civil society 5.0.
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1	 INTRODUCTION

The development and progress of the times continue to undergo significant 
changes. In the 21st century, people’s lives are entering a new era known as Society 
5.0. The concept of Society Era 5.0 is a continuation of Society Era 4.0, which empha-
sizes digitization [1]. Meanwhile, the 5.0 era emphasizes the way humans coexist 
with technology [2–4]. These changes encourage humans to adapt more rapidly, 
particularly when accessing information. Access to information will be more easily 
obtained by anyone, anytime, and anywhere, regardless of social status [2], [5–8].
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Society in the 5.0 era is closely intertwined with technology [9]. This is because all 
problems and challenges can be addressed by leveraging existing technology and inno-
vation [7], [10]. The primary focus of this era is society’s ability to optimize the use of 
technology and its innovations, including: 1) Internet of Things (IoT), 2) artificial intel-
ligence, 3) big data, and 4) robotics and machine [2], [4], [10], [11]. In this era, people’s 
lives require several skills commonly known as the 4Cs, including communication, col-
laboration, critical thinking and problem solving, creativity, and innovation [11], [12].

The demands and challenges mentioned above necessitate people to adapt in 
all aspects of life, particularly in education. Adaptation and transformation must 
be carried out continuously to enhance the quality of education [13–15]. Education 
is one of the most important factors that serves as the cornerstone for controlling 
and sustaining progress. With a solid education, a country can develop high-quality 
human resources capable of advancing their country with the knowledge they 
possess [16], [17].

Given the significance of adapting and transforming education, there is a need for 
an affordable and easily accessible source of information without any limitations. The 
availability and accessibility of this information are essential for the general public. In 
the field of education, sources of information are known as learning resources. Learning 
resources refer to all materials that can be used in the learning process [18], [19].

Learning resources consist of people, materials, environments, tools, and activities. 
The purpose of learning resources is to stimulate and increase interest in the learn-
ing process, aiming to create effective, efficient, and interactive learning [18], [19]. 
This learning resource emphasizes the need for transitioning and adjusting to tech-
nology in order to align with current conditions and address existing needs. One 
of the many learning resources found in the environment is (revised). Learning 
resources for environmental studies encompass laboratories, classrooms, natural 
sites, workplaces, museums, transportation facilities, and more [20].

The majority of these environmental learning resources are designed and imple-
mented in the field of education. Laboratories are widely recognized as essential 
learning resources, serving the main function of providing a wealth of information 
and knowledge necessary for learning [21]. In this case, the UM History Department 
Laboratory is a learning resource that houses numerous collections containing 
valuable information. The history laboratory collection includes both indoor and 
outdoor exhibits. Indoor collections include books, archives, scientific publications, 
artifacts, and other items. While outdoor collections include replicas of relief panels, 
inscriptions, and the Kidal Temple.

Given the numerous possibilities mentioned above, it is essential to employ the 
appropriate strategy to effectively convey information and knowledge using inte-
grated technology. These efforts represent urgent and essential adaptations and 
transitions in the field of education. One innovation that could be presented is a dig-
ital laboratory. This represents the utilization of existing potential and innovation, 
specifically the integration of technology.

The digital laboratory within historical collections aims to provide information 
for students and the general public. This is also an attempt to present history in an 
appealing and visual manner. Digital laboratories are both a solution and a neces-
sity in the era of Society 5.0, serving as an essential adaptation to the existence of 
laboratories as a learning resource [8].

Various studies indicate that digital laboratories are necessary in the midst of tech-
nological developments. Digital laboratories can enhance learning activities to be 
more interactive, dynamic, and enjoyable [22]. Other research indicates that digital 
laboratories have a significant positive impact. The procurement of digital laborato-
ries can save maintenance costs, be more time-effective, and offer flexibility in terms 
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of location [9], [23]. The results of previous research further strengthen the existing 
potential. In this case, the collections owned by the History Department Laboratory 
have the potential to be utilized as a relevant learning resource in the midst of tech-
nological developments. The concept of digital laboratories has been widely adopted 
in various exact sciences, including physics, chemistry, and biology. This research 
will introduce a novel concept: the creation of a Digital History Laboratory.

In this paper, the author describes the results of research and development car-
ried out with the primary product in the form of a Digital History Laboratory. This 
History Digital Laboratory product is designed to present solutions to existing prob-
lems and harness integrated potential through the use of technology. Building on 
the background provided above, this article will explore the topic of “The Impact of 
Laboratory Digitalization on 21st Century Learning.”

2	 METHOD

The research method used in this study is research and development (R&D). This 
method contains a series of systematic and procedural steps to produce a feasible, valid, 
practical, and efficient product that can be accounted for [24]. In this study, the R&D 
method used is the analysis, design, development, implementation, and evaluation 
(ADDIE) model. Dick and Carey introduced the ADDIE development model was intro-
duced in 1996 [25], [26]. The product in this research and development project will be 
prepared in stages, following the development steps of the ADDIE model. The ADDIE 
model was selected because it is a procedural and descriptive model that presents clear 
and careful steps, making it easy to understand and implement. Furthermore, this stage 
aligns with the fundamental standardization of the development research stage [27]. 
The method consists of five stages: ADDIE, as shown below (Figure 1) [26], [28], [29].

Fig. 1. Stages of ADDIE model development [30]

The initial stage in this study involved analyzing the potential, problems, and 
needs through a preliminary study of the history laboratory, supported by a review 
of relevant literature. Literature study is conducted using reference sources as cita-
tions [31]. The sources utilized in this study includes books, literature, notes, research 
reports, articles, scientific works, and other pertinent references. Information and 
data obtained from these sources are carefully reviewed, studied, and analyzed to 
obtain refined insights. The analysis results are then described to maximize their 
effectiveness [27].
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The second stage involves designing the structure of a digital laboratory product. 
The design is finalized by adjusting the results of the preliminary analysis [27]. The 
next stage is the development stage. This stage involves turning the design into a 
complete and finished product. During the development stage, field studies were 
conducted to explore the data and compile content for laboratory collections. 
The results of the development are then validated for product validation. After that, 
the implementation stage involves conducting product trials and testing the feasi-
bility of digital laboratory products. The final stage involves evaluating the product, 
making improvements, and refining it (Figure 2) [32].

Fig. 2. Stages of digital laboratory development

The object of study in this research is the History Department Laboratory at Jalan 
Semarang No. 5, Malang City, East Java Province. The resulting product is a digi-
tal laboratory comprising a digital catalog, museology collection, and videography 
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(see Figure 3). This product digitizes collections owned by history laboratories using 
technology. The structure of this study is as follows:

Fig. 3. Research framework

3	 RESULT AND DISCUSS

3.1	 Product development visualization

Result and Discussion

A) The urgency of digitizing the history laboratory collection
A laboratory is a facility used for conducting controlled experiments, testing,

and analysis [33], [34]. The laboratory is designed as a learning environment that 
offers students direct learning experiences and opportunities to interact with exist-
ing facilities. In the laboratory, it is possible to integrate concepts and theories into a 
tangible form [33], [35].

Given the significance of laboratories, the government has endeavored to con-
struct well-equipped facilities with various instruments and amenities to enhance 
the quality of education [9], [34]. Good management is essential to enhancing the 
efficiency and effectiveness of the laboratory. In its development, the laboratory is 
not only designed and developed for the field of exact sciences, such as chemis-
try, physics, and biology. Laboratories are also being developed in the field of social 
sciences, including history.

A history laboratory is a facility, place, or used house that stores valuable his-
torical value that reconstruct the past and ways of life [36]. The history laboratory 
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houses numerous collections in the form of objects, libraries, and mock-ups. This 
is different from typical laboratories, which contain liquid chemicals, medicines, 
and other substances. The history laboratory serves as a valuable learning resource, 
providing a wealth of information and knowledge essential for learning.

In this study, the focus is on the historical laboratory, including the collection 
equipment. The collections include indoor and outdoor items. The indoor collection 
includes books, reference materials, scientific works, ancient manuscripts, classic 
maps, archives, artifacts, mock-ups, and various other collections. While outdoor 
collections include replicas of relief panels, inscriptions, and the Kidal Temple. These 
collections can be used as educational resources in the learning process.

In the era of Society 5.0, people are inseparable from technology on a continu-
ous basis. So, it is necessary to adapt and transition, particularly through digitaliza-
tion efforts in various aspects of life. Digitalization is implemented to ensure that 
information sources can be easily and affordably accessed by anyone, anytime, and 
anywhere, without restrictions [7], [37].

Digitalization is the process of transitioning from analog (manual) to digital using 
an automated computerized system [15]. According to Sukmana [38], digitization is 
the process of converting and managing media from print, manual, audio, and video 
to digital or electronic [39]. This digitization process involves creating digital docu-
ment archives using computer equipment, scanners, and supporting software. The 
process of digitization can enhance the accessibility of digital data and information 
sources, aligning with technological advancements in creating, transferring, storing, 
and analyzing digital data [37], [40].

There are several reasons why digitization is important, including reducing paper 
usage, saving storage space, durability, protection from damage, accessibility, and 
affordability [39], [40]. According to Deegan and Tanner in their book “Digital Futures,” 
there are several advantages of digitization, including: fast and easy access; elimination 
of the need for printing; wide dissemination of information; collaborative use; display 
of substitute objects that can be accessed; enhanced search capabilities; integration 
of various media (images, audio, video, etc.); and reduced management costs [7], [39].

From the description above, it can be understood that digitization aims to expand 
the utilization and ease of access to owned collections. Digital collections can be 
simultaneously accessed through remote by multiple users [41]. In order to serve 
as an information source provider, the laboratory needs to play a role in enhancing 
the quantity and quality of services, particularly by offering digital and electronic 
collections [39]. The digitization of the historical laboratory collections can be uti-
lized by students and the general public to address the need for accessible sources of 
information and knowledge.

Learning resources encompass all the elements that can be utilized in the learn-
ing process, including people, materials, environment, tools, and activities [18], [19]. 
In line with this opinion, Andi Prastowo suggests that learning resources encompass 
everything that can contribute to the learning process, including objects, data, facts, 
ideas, and people [42]. Learning resources aim to stimulate and increase student 
interest in the learning process in order to create effective, efficient, and interactive 
learning [21]. Given the significance of educational materials, it is essential to adapt 
to technology and align with current conditions and requirements, particularly in 
the era of Society 5.0, to ensure accessible learning resources.

Based on the explanation above, it is evident that the history laboratory has great 
potential for development through innovative technology applications. This can be 
achieved by creating a digital history laboratory and digitizing the owned collec-
tions. This rationale serves as the foundation for researchers to establish a digital 
history laboratory. This study aims to present information to the general public in 
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a way that is widely and affordably accessible. This study aims to visually pres-
ent history in an appealing format and make use of its existing potential. In order 
to have an impact on students’ learning and create effective learning experiences. 
Digital laboratories are a modern adaptation to maintain the relevance of laborato-
ries as a learning resource in the 21st century.

B) Digitization of the History Department Laboratory collection
Analysis
The digital laboratory was developed based on the analysis conducted during the

preliminary and literature studies. The preliminary study has revealed the potential, 
problems, and needs that exist. It was reinforced by a literature review of various 
reference sources [31]. The information and data obtained from these sources were 
carefully reviewed, studied, and analyzed to obtain comprehensive insights.

The preliminary study was conducted with 80 respondents who are students 
in the Department of History. The results of the preliminary study on needs and 
potential analysis are described in Table 1.

Table 1. Results of potential and needs analysis

Availability of 
Laboratory Collection

Availability of Technology 
Devices and Supporting Facilities

Urgency of Digital 
Laboratory

Learning 
Resources Needs

90% 88% 96% 92%

Table 1 illustrates the conclusion drawn from the results of the needs analysis, 
highlighting the significant potential for the development of the digital laboratory.

The indicator for the availability of laboratory collections shows a fairly high 
percentage of 90%. This indicates that the extensive array of history department 
laboratories has the potential to be developed into a digital laboratory. The collection 
includes indoor and outdoor items. The indoor collection consists of books, reference 
materials, scientific works, ancient manuscripts, classic maps, archives, artifacts, 
models, and various other items. The outdoor collection includes replicas of relief 
panels, inscriptions, and the Kidal Temple. The second indicator is the availability 
of technological devices. This indicator has a lower percentage compared to the 
other three indicators. This occurs due to the limited availability of video shooting 
equipment, such as drones and cameras.

The third indicator pertains to needs analysis. The urgency of digital laboratory 
development is indicated by a 96%. This indicates the necessity of digitalization to 
transition from traditional laboratories to digital ones, enabling access at any time 
and from any location. The final indicator pertains to the need for learning resources. 
This indicator shows a 92%, indicating a high demand for learning resources in the 
era of Society 5.0. This occurs due to the need to keep up with technological develop-
ments and the proliferation of less credible and reliable information. The four indi-
cators above suggest a strong potential for the development of digital laboratories. 
This aligns with the purpose of developing this digital laboratory.

After receiving the results of the preliminary analysis, additional observations 
were conducted at the History Department Laboratory laboratory (see Figure 4). 
In this activity, the content for this digital laboratory will be collected from the col-
lection. After being collected, an inventory of the equipment owned by the History 
Department’s laboratory was carried out. The results of the inventory and data 
collection are then categorized and mapped based on the type of collection, which 
includes book collections, collections of student final project scientific papers, indoor 
museology collections, outdoor collections, and collections of tools.
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Fig. 4. History department’s laboratory floor plan

Design
The design stage is the second phase of this development research. At this stage, 

the digital laboratory design is based on the analysis of potential, needs, and prob-
lems identified in the preliminary study. The design of this digital laboratory is 
depicted in the following flowchart (Figure 5).

Fig. 5. Design of digital laboratory
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This digital laboratory was developed as a website and is accessible through the 
UM History Department’s website. This digital laboratory has five features that con-
tain and fulfill the functions of the History Department Laboratory as a learning 
resource for students and the general public. These features include book collections, 
scientific works, museology collections, tool collections, and exploration.

The first feature is the e-book feature (book collection), which includes a list of 
book collections owned by the History Department Laboratory. There are two types 
of collections in this digital library: printed books and digital books (e-books). The 
printed book contains information about the book’s identity and availability in the 
History Department Laboratory. An e-book is a digital version of a printed book that 
can be accessed, read, and downloaded online. It is typically presented in the form 
of a PDF file extension.

The second feature is the e-repositary, a collection of scientific work contain-
ing the final project (thesis) results of UM History Department students from the 
period 2012–2023. This feature is presented in the form of a PDF file, accessible to 
the online users.

The next feature is the e-museum feature, which focuses on museology collec-
tions. This feature includes a list of laboratory collections, comprising both indoor 
and outdoor collections. Indoor collections, such as artifacts, mock-ups, and statues, 
are presented in the form of a QR code. The QR Code will be integrated with infor-
mation that explains an object. Meanwhile, the outdoor collection will be presented 
in the form of videography with integrated YouTube videos. The outdoor collection 
includes replicas of relief panels, inscriptions, and the Kidal Temple.

The fourth feature is the tool loan functionality, provided by the Department of 
History Laboratory. This feature includes a list of laboratory-owned tools and their 
availability, along with procedures for borrowing the equipment. The final feature 
is the exploration feature, which outlines the process for completing the final project 
(thesis) for History Department students. This can be done online, eliminating the 
need to visit the laboratory. The above design is then further improved and revised 
to achieve the best possible design.

Development
From the above design, it was then developed into a digital history laboratory 

media product. The development was carried out in stages and carefully to achieve 
optimal results.
a) E-BOOK (Book Collection)

The books owned by the history laboratory are collected, recorded, classified, and
then digitized by scanning. The results of the PDF scan are then uploaded to Google 
Drive. While books that cannot be digitized will be scanned and assigned unique 
identifiers. The results of the data collection and identification are then entered 
into the Google Spreadsheets database (see Figure 6). The database will be show-
cased on the website, providing information about the availability of books in the 
Historiography Laboratory of the Department of History.
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Fig. 6. Book catalog preparation for E-BOOK features

b) E-REPOSITORY (Final Thesis)
The final project files (theses) of History Department students from 2012–2023

were categorized by program (History and History Education) and year. The files 
have been uploaded to Google Drive and data collection is managed through a 
database on Google Spreadsheets (see Figure 7).

Fig. 7. Preparation of final project catalog for E-REPOSITORY feature
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c) E-MUSEUM (Museology Collection)
The development of the E-MUSEUM feature is carried out in several stages based

on the type of collection available. For indoor collections, the process involves pho-
tographing the collections, providing QR codes, and assigning collection identities. 
The results of the data analysis are uploaded to Google Drive (see Figure 8). Outdoor 
collections involve shooting, editing, organizing, and uploading videos to the 
YouTube channel.

Fig. 8. Preparation of museology collection for E-MUSEUM feature

d) Tool Collection
The development of this feature involves collecting data on the tools owned by

the History Department Laboratory. In addition, a system for borrowing equipment 
online was established (see Figure 9).

Fig. 9. List of laboratory equipment history and loan flow
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e) Exploration
The development of this feature involved creating an exploration flow as one of the

stages for completing studies at the Department of History, which can be completed 
online. In addition, templates were also created for the assessment form, biodata of 
History Department student graduates, and graduate assessment process cards (see 
Figure 10). The templates were then uploaded to Google Drive. An online assessment 
form was created and integrated with Google Forms and Google Spreadsheets.

Fig. 10. Template preparation and exploratory flow

From the features mentioned above, they are integrated and visualized on 
the Department of History’s website platform as a unified Digital Laboratory 
(E-Laboratory), as depicted in Figure 11.

Fig. 11. The initial view of the E-Laboratory (digital laboratory)
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Implementation and Evaluation
The implementation and evaluation stages are the final steps in this research and 

development process. This stage aims to assess the feasibility and effectiveness of 
the product based on the development results. Product effectiveness testing involves 
validating digital products, including platform and content validation. This stage is 
utilized by researchers to assess the level of product validity, ensuring that its imple-
mentation is feasible for testing. The results of material and media validation can be 
seen in Figure 12.
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Fig. 12. Data recap of content and platform validation results

From the results shown in Figure 12, the average scores for digitalization prod-
ucts are deemed highly valid. Judging from the average content validation results, 
which reached 90.4, and platform validation, which reached 88.8. Based on the 
Likert scale range, the product falls within the “very valid” category, indicating its 
suitability for implementation testing.

In the next phase, an implementation test was conducted with a limited sam-
ple of 20 participants, including students and members of the general public. 
Implementation-testing activities are conducted using various syntaxes. First, par-
ticipants were provided with an explanation of digitalization products. Second, they 
were given a link to access the product online. Third, they accessed the digital labo-
ratory by trying all the available menus. Finally, they provided an evaluation of their 
digital laboratory access. From the assessments provided by the respondents, the 
following data were obtained:

Table 2. Table of implementation test results

Indicator Score Criteria

Digital laboratory access is effective and efficient 97% Very good

Completeness of the digital content presented 92% Very good

The design is attractive and stimulates visitors 88% Very good

Worthy of use as a learning resource platform 90% Very good

In accordance with the learning needs of civil society 5.0 95% Very good

From the evaluation results at the implementation test stage in Table 2, it shows 
the average data from the responses given by users. In a closed questionnaire, 
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respondents provided an assessment of the product based on five main indicators 
detailed in 30 statement items. The results indicate that this digitalization product 
has an overall average score of 92.4%. The highest rating from respondents was on 
the first indicator, specifically 97%, which was related to the effective and efficient 
elements of the product. The product development platform is web-based and easily 
accessible, which contributes to high ratings for many of its elements. Meanwhile, 
the lowest assessment is in the third indicator, which is related to the layout design 
of the digital display. This serves as an evaluation for the research team to revise and 
redesign based on the suggestions provided by respondents. Overall, the average 
assessment results of these respondents, based on product effectiveness criteria, fall 
within the 5th range, indicating very effective criteria. These results answer the fun-
damental question of this research, demonstrating that the establishment of a digital 
laboratory is effective as a learning resource for civil society 5.0.

4	 CONCLUSION

As a fundamental aspect of learning, learning resources are important and must 
be continually innovated and improved. This pertains to the urgency and neces-
sity for easy, fast, accurate, and affordable information presentation in the era of 
Society 5.0. Integrating learning resources with technology can provide a solution 
to address these needs and problems. The vast number of underexplored laboratory 
collections represents significant untapped potential. In this study, the E-Laboratory 
(digital laboratory) is the resulting product. Collaborating between laboratory col-
lections and technology in the digitization process. The UM History Department 
Laboratory is the facility used in this research. The outcome of this research is a dig-
ital laboratory product for the UM History Department. This digital laboratory prod-
uct consists of several features, including an E-Book (book catalog), an E-Repository 
(final project catalog), an E-Museum (museology collection catalog), borrowing 
tools, and graduate exploration. This digital laboratory represents a transformation 
and adaptation to ensure the laboratory’s continued existence. This laboratory is 
highly affordable and easily accessible, making it an effective and efficient learning 
resource with accurate information.
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