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ABSTRACT

The lack of introduction and habituation to using interactive media in learning can cause
students to have low technological literacy. Virtual reality technology can help us learn the
law of inheritance of traits. This research aims to develop learning media using virtual reality
technology that is valid, practical, and effective in improving students’ technological literacy.
The stages we carried out refer to the development model of William W. Lee and Diana L.
Owens. Media feasibility is based on the results of material validation, media, small group tri-
als, and media implementation to high school students. Technological literacy was measured
using a questionnaire and observation sheet. The subjects consisted of 127 students taking the
material on the law of Inheritance of Traits. The results of the study obtained a material vali-
dation percentage of 100% (very valid), media validation of 89% (valid), and small group trials
of 90% (very practical). The results of the virtual reality laboratory effectiveness test show
the significance value of the ANCOVA test of 0.000 is smaller than o (o. = 0.05). These results
indicate that the developed media are valid, practical, and effective for improving students’
technological literacy in learning the law of Inheritance of Traits.
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1  INTRODUCTION

Learning in schools must prepare students to have the skills needed in the 21st
Century. The 21st Century is characterized by the rapid application of technology and
information in various sectors of life. To deal with this situation, students need to
have technological literacy, one of the 21st century skills framework. Huggins et al.
[1] stated that technological literacy is using, accessing, and evaluating technology to
obtain information. Students who have good technological literacy will have a pos-
itive impact on solving social problems in the surrounding environment [2][3][4].
Greenstein [5] states that technological literacy can be known from several indicators.
These indicators include basic knowledge of computer technology, ability to use digital
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and multimedia products, technical ability to use technology, ability to create designs,
ability to choose and use technology, and knowledge of laws and ethics of technology
use. Literacy is classified into five levels: exemplary, proficient, basic, and novice.

Technologicalliteracy is very important for everyone today [6][7]. However, various
research results show that technological literacy in various regions of Indonesia still
needs to improve. For example, the survey results of the Indonesian Internet Service
Providers Association (APJID) [8] concluded that most students still need to improve in
using technology for literacy or learning. Astuti et al. [9] also concluded that 233 high
school students had an average technological literacy in the basic category. The low
level of technological literacy in students is caused by the need for more introduction
and habituation to the use of technology [10][11]. One way that can be used to develop
technological literacy skills in students is through the development of computer tech-
nology-based learning media [12]. The use of computer technology-based media can
empower students’ understanding of basic technological knowledge, digital products,
technical use, and the use of technology in everyday life [13][14][15].

If someone has high technological literacy, it is expected that they can use tech-
nology to find information from various sources [16][17] to seek further informa-
tion if there are difficulties in learning the material. One of the difficult materials to
learn is biology [18], especially the law of inheritance of traits [19][20]. The mate-
rial of inheritance of traits is also supported by learning media; one of the media is
D. melanogaster [21][22][23]. The media is widely used in learning in foreign coun-
tries, such as the United States, India, Italy, Brazil [24][25][26][27]. But, in Indonesia,
it is still rare to use D. melanogaster media.

Several factors make the use of D. melanogaster media not optimal in Indonesia.
Microscopic size, easy to mutate, the medium is often mouldy, the medium is often
infested with fleas, and the lack of D. melanogaster cultivators are some of the dif-
ficulties experienced by teachers [28] [29]. Genetic button media is one option that
can be chosen by teachers in carrying out the practicum of the law of inheritance of
traits. However, the genetics button media could be more interactive and represen-
tative, making the learning process less interesting and boring for students [30]. Due
to these limitations, teachers often eliminate practicum activities and only replace
them with assignments. Therefore, a solution is needed to overcome these problems.

The solution the researchers chose was the development of a virtual reality lab-
oratory on the law of inheritance of traits. Virtual reality (VR) technology is an arti-
ficial environment with displays and objects that are made to look real [31][32]. The
reality presented by virtual reality technology is useful for transferring process skills
such as practicum [33][34][35]. Virtual reality has been proven to improve students’
technological literacy in abstract and microscopic material [36][37]. Therefore,
researchers aim to develop learning media for the practicum of inheritance law
in the form of virtual reality laboratories that are valid, practical, and effective in
improving students’ technological literacy. The study’s results can be used as a ref-
erence for the development of virtual reality laboratories in biology learning, to
increase student knowledge about the potential use of virtual reality, and to be used
as a basis for further research, especially in genetics learning.

2 METHOD

To conduct this research, we used the Lee and Owen research and development
model, which consists of four stages: multimedia needs assessment and analysis,
multimedia instructional design, multimedia development and implementation, and
evaluation. First, at the multimedia needs analysis and assessment stage, we looked

160 International Journal of Interactive Mobile Technologies (iJIM) JJIM | Vol. 18 No. 6 (2024)


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

iJIM | Vol. 18 No. 6 (2024)

Virtual Reality Laboratory Laws of Inheritance Enhancing Students’ Technological Literacy

for sources of discrepancies between the expected results and the actual situation. To
conduct this analysis, we use needs analysis and front-end analysis. The needs anal-
ysis determines the authentic situation, desired goals, and emerging problems, while
the front-end analysis determines the aspects necessary to harmonize the multimedia
needs. The second stage is multimedia instructional design, where we plan to address
the learning gaps. The design is made in several stages, namely the creation of (1)
schedule, (2) task list of group members, (3) media specifications, (4) lesson structure,
and (5) configuration control and review cycle. The media specification presents a
simulation of the practicum of the law of Inheritance of Traits, which includes the use
of K3 laboratories, making media, rejuvenating D. melanogaster, collecting D. mela-
nogaster, crossing F2 D. melanogaster, crossing F1 D. melanogaster, and calculating
crossing results. A simulation guidebook in the media also accompanies the virtual
reality application. By utilizing core competencies, basic competencies, and learning
objectives per the 2013 Biology Education Curriculum, content analysis aims to adjust
the material of the law of Inheritance of Traits with virtual reality laboratory media.
At this point, validity and practicality tests were also conducted. Validity is tested by
involving learning material experts, educational practitioners, media experts, and
students who have studied the material of the law of inheritance of traits. The devel-
opment stage aims to produce products developed in the previous stage. This stage
consists of (1) storyboard development, (2) media design and development, (3) evalu-
ation and revision, (4) delivery, and (5) application of media in the learning process.

Meanwhile, at the product implementation stage, we used a quasi-experimental
design with the pretest-posttest nonequivalent control group design described
in Table 1.

Table 1. Research design

Group Pre-test Treatment Post-test
Experiment 01 X1 02
Control class 1 03 X2 04
Control class 2 05 X3 06

Notes: X1: media-assisted learning virtual reality laboratory, X2: genetic button-assisted learning,
X3: learning with assignments without any practicum activities.

Based on Table 2, learning media was implemented in 3 classes of SMA Negeri 1
Lawang, namely MIPA 1, MIPA 2, and MIPA 4. The total number of research subjects
was 127 students. The classes used as research samples were first tested for equality
from the grade XI report card scores in 2021-2022. The test results show that the
significance value is 0.2. This value is greater than 0.05, thus indicating that there is
no difference in the initial ability of the three classes (the three classes are equivalent).
Based on this, random sampling was then carried out by drawing lots. The results
obtained in MIPA 1 class as the experimental class, namely in learning to do practi-
cum with the help of virtual reality laboratory media, MIPA 2 class as control class 1,
namely, in learning to do practicum with the help of genetic buttons, and MIPA 4
class as control class 2, namely, in learning not to do practicum activities but replace
with assignments. Instruments to measure technological literacy are questionnaires
and observation sheets. The assessment of students’ technological literacy criteria
used Greenstein’s (2012) technological literacy rubric consisting of exemplary, profi-
cient, basic, and novice levels. The pre-test and post-test results of technological liter-
acy will be tested for Kolmogorov-Smirnov normality and Levene homogeneity first,
then analyzed using analysis of covariance (Anakova) with a significance level of 5%.
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Table 2. Technology literacy criteria

Percentage Validity Level

76%-100% Exemplary
51%-75% Proficient
26%-50% Basic

1%—25% Novice

Source: Adapted from Greenstein rubric [5].

In the fourth stage, namely multimedia evaluation, the evaluation stage includes
the last stage in media development. The evaluation stage is used to determine or
assess product quality in the learning process, both before and after implementation.
General procedures related to the evaluation stage include knowing the response or
reaction (reaction), evaluating knowledge (knowledge), and evaluating media per-
formance (performance). Analysis of students’ reactions or responses to the use of
learning media is concluded based on the criteria from Aka et al. [38] in Table 3.

Table 3. Product validity or practical criteria

Validity Criteria Validity Level

X=100 Highly valid or practical and can be used without revision

80>X <100 | Valid or practical and can be used after minor revision

60> X <80 Less valid or practical and cannot be recommended for future usage with
moderate revision

40>X <60 Non-valid or non-practical, required great revision great, and cannot be used

20>X<40 Highly non-valid or non-practical, should not be used and required total revision

Source: Aka et al. [38].

3  RESULTS AND DISCUSSION

The final result of this virtual reality laboratory media development is an appli-
cation teachers can use to support practical learning of the laws of Inheritance of
Traits for high school students. The result of the media is a simulation of the practi-
cum of the law of Inheritance of Traits, namely the phenomenon of Mendel’s law 1.
The following are the results of the media development that has been carried out:

3.1 The results of the development and validity of learning media

This product is a virtual reality laboratory learning media that presents a practi-
cal simulation of the law of Inheritance of Traits, especially on Mendel 1. The simula-
tion process encourages students to conduct direct investigations to prove Mendel’s
law’s phenomenon. The research object used is 3D modelling that resembles the
model organism D. melanogaster. The simulation used in Mendel’s Law 1 is a cross
between normal D. melanogaster and ebony strain D. melanogaster. The 3D modelling
made on D. melanogaster available in the virtual reality laboratory consists of nor-
mal male and female D. melanogaster and male and female ebony D. melanogaster.
The 3D modelling display of D. melanogaster can be seen in Figure 1. Virtual reality
in learning media is made with bright colours. The media developed is 40 MB and is
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equipped with an application usage guidebook (Figure 2). The 3D illustrations used
have a high level of resolution, making it easier for students to make observations.

Fig. 1. Display of D. melanogaster in a virtual reality laboratory. (a) D. male normal melanogaster, (b) female normal D. melanogaster,
(c) male ebony D. melanogaster, (d) female ebony D. melanogaster
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Fig. 2. Display of a virtual reality laboratory manual showing an initial explanation of D. melanogaster and Mendel’s law of
crossing procedures 1

Figure 1 shows the appearance of the model organism in conducting Mendel’s law
practicum in virtual reality media. The research objects used were normal male and
female D. melanogaster and ebony male and female D. melanogaster. The 3D model is
adjusted to the appearance of the real D. melanogaster. According to Chyb and Gompel
[39], normal D. melanogaster has a brown body, wings longer than the body, and red
eyes. Meanwhile, ebony D. melanogaster has black body characteristics, wings extend-
ing beyond the body, and red eyes. In ebony D. melanogaster, a mutation causes the
body to become black. One way to determine whether D. melanogaster is male or
female is by looking at the back (abdomen) of the body. If the abdomen is black, then
D. melanogaster is male; if not, D. melanogaster is female. Based on Figure 2, a guidebook
for using the app is presented. The guidebook provides initial knowledge about the
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application, introduction to D. melanogaster, practicum procedures, and monohybrid
crossing procedures using 3D model organisms of D. melanogaster. A guidebook can
facilitate teachers and users to operate the developed media [40]. In addition, the colour
selection in the guidebook uses bright colours, namely a combination of green and dark
blue. Bright colours in the media can increase students’ enthusiasm for learning [41].

The developed virtual reality laboratory presents a simulation of practicum activities
on the law of Inheritance of Traits shown in Figure 3. Students first read the guidebook
and then download the application. The use of the media begins with students reading
the guidebook. First, students will choose the K3 they will use, then make D. melanogaster
food made from bananas, tape, and brown sugar. After completion, students rejuvenate
or move D. melanogaster to the new media (food) using the provided tools. Next, students
perform the pupation procedure, which is putting pupae into the pupation hose to find
males and females to be crossed (F1). When the flies have hatched, normal D. melanogas-
ter and ebony D. melanogaster are crossed according to Mendel’s law 1. Then, the results
of the cross were calculated to compare the percentage of offspring produced.

c)

Fig. 3. (a) Display of the virtual reality laboratory in practicum, (b) display of tools for making medium,
(c) display of rejuvenation and collection processes, (d) F1 and F2 crosses

Researchers conducted material validation using a questionnaire instrument.
Material expert validators are biology lecturers who have met the qualifications,
namely, at least a master’s degree and teach genetics courses. The results of material
validation can be seen in Table 4.

Table 4. Material expert validation results

Indicator Percentage (%) Criteria
Suitability to learning objectives 100% Very Valid
Material accuracy 100% Very Valid
Material Presentation 100% Very Valid
Language 100% Very Valid
Total Average 100% Very Valid
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Table 5 shows the results of material validation, which has a value of 100%.
Compared with the eligibility criteria in Table 3, the developed media is included in
the category of highly valid and suitable for use. Suggestions given to the guidebook
can be added with an explanation of the D. melanogaster cycle.

After the material validation is complete, the media validation is then carried out.
Validators for this media development material are biology lecturers with expertise
in developing media. The validation results can be seen in Table 5.

Table 5. Media expert validation results

Indicator Percentage (%) Criteria
Landing page design 90% Valid
Virtual laboratory visualization 89% Valid
Animation display 90% Valid
Ease of use of the application 88% Valid
Total Average 89% Valid

Based on the data above, the average media validation results show a value of
89%. When compared with the eligibility criteria in Table 3, the media developed is
included in the valid category and is suitable for use. The suggestions are that the
size of the 3D modelling of D. melanogaster in the media be enlarged, and the guide-
book gives additional information regarding the minimum requirements for device/
android specifications to be able to use the application.

After all the validation series have been completed, small group trials are carried
out. The small group trial was conducted using the latest version of the development
product after being revised based on the input and suggestions given by the valida-
tors. In this trial, nine students of SMAN 1 Lawang had taken the subject of the law
of Inheritance of Traits. The results of the small group trial can be seen in Table 6.

Table 6. Small group trial results

Indicator Percentage (%) Criteria
Media display 91% Practical
Information clarity 88% Practical
Media effectiveness (student perception) 92% Practical
Ease of use of the application 89% Practical
Total Average 90% Practical

The trial results showed an average value of 90%. When compared with Table 3,
the media developed is included in the practical category and can be used with
minor improvements. Comments given by most students emphasize the ease of
installing the application and the virtual reality display presented. The validation
process aims to ensure that the material presented is valid and suitable for use as
learning media. The research of Susanto et al. [42] and Kanadli [43] show that, in
development research, it is required to go through a validation process before being
used in the learning or implementation process. The validity value indicates the
extent to which the results obtained are reliable and in accordance with the knowl-
edge or validity content [44]. Based on the validity and practical values, it shows that
the media developed is included in the valid and practical categories, so that the
media can be implemented.
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3.2 Virtual reality laboratory to improve students’ technology literacy

The interviews and observations conducted by researchers on teachers and stu-
dents found that the media used in learning is still conventional, so students often
feel bored and less interested in learning. This finding impacts students’ technolog-
ical literacy, which needs to be optimally developed. This can be seen in students’
difficulties in selecting technology and using digital products. The lack of habitu-
ation can cause the low technological literacy of SMAN 1 Lawang students to use
interactive technology in the learning process. According to Julia and Isrokatun [45],
low technological literacy can lead to communication and information technology
failure. Strengthening technological literacy is done to prepare students according
to the needs of the 21st Century [46][47]. Students and teachers must also be able to
utilize and evaluate appropriate technology in learning. This ability is expected to
provide optimal service to the learning process [48][49].

The implementation process of virtual reality laboratory learning media is car-
ried out to determine its effectiveness in improving students’ technological literacy.
Before the implementation process, students were given a pre-test to determine
their initial ability level before using the learning media. Then, learning is carried
out using the developed learning media. The pre-test questions were given to the
experimental, control class 1, and control class 2. Then, at the end of learning, stu-
dents are given post-test questions to determine the level of learning media.

The results of the normality and homogeneity tests on technological literacy
aspects show a significance value > 0.05, so H, is rejected, or H, is accepted, indicat-
ing that the data obtained are normally distributed. The data in the experimental
and control classes are homogeneous. After fulfilling the requirements, the anacova
test was carried out with a significance level of 5% to draw hypothesis conclusions.
The Anacova test was conducted to evaluate the treatment effect and differences in
technological literacy between the experimental class, control class 2, and control
class 1. The Anacova test can be seen in Table 7.

Table 7. Results of covariance analysis (Anacova) on technology literacy aspects

Tests of Between-Subjects Effects

Dependent Variable: Technology Literacy

Source Type III Sum of Squares df Mean Square
Corrected Model 1560.907¢ 2 780.454 213.189 .000
Intercept 645578.704 1 645578.704 | 176346.835 | .000
kelas 1560.907 2 780.454 213.189 .000
Error 384.389 105 3.661
Total 647524.000 108
Corrected Total 1945.296 107

Note: °R Squared = .802 (Adjusted R Squared =.799).

Based on Table 7, the significance value in the class column is 0.000 (< 0.05).
According to Rosoff and Dobler [50], a significance value below 0.05 indicates rejec-
tion of H, or acceptance of H,, which means there is a significant difference in tech-
nological literacy skills between the experimental class, control class 1, and control
class 2. This indicates that the use of the developed learning media significantly
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affects students’ technological literacy skills. In addition, the Anakova test shows
that the effect of teaching materials on students’ technological literacy skills is 80%
(partial eta squared =.802).

Students’ technological literacy was assessed from 5 indicators, namely (1) basic
knowledge of computer technology, (2) digital and multimedia products, (3) technical
use of technology, (4) design, (5) selection and use of technology, (6) law and ethics.
These five indicators were measured by filling out a technology literacy question-
naire. The results of differences in technological literacy abilities in each indicator
are presented in Figure 4. The technological literacy of students in the experimen-
tal class showed the highest results in each aspect. Students in the experimental
class had an exemplary level of technological literacy, while in the control class,
1 and 2 students had a proficient level. The developed media helps students recog-
nize and understand technology use in learning. Learning virtual reality technology
can encourage students to design, develop and utilize technology [51][52].

Aspects of Technology Literacy in Every Class

100
90 86 85
80 8 81 30
80 7477 S = 78 04 7377 76 S
= 70
S
< 60
3
% 50
S 40
<5
A~ 30
20
10
0
Basic knowledge  Digitaland  Technical use of Design Technology ~ Law and ethics
of computer multimedia technology selection and
technology products utilization

I Nilai Experiment Class [ Nilai Control Class1 4 Nilai Control Class 2

Fig. 4. Results of technology literacy analysis

Furthermore, Petrov & Atanasova’s research [53] states that the artificial environ-
ment of virtual reality makes users feel like they are in a real environment. This phe-
nomenon makes students more familiar with and accustomed to computer-based
environments. Research by Singh et al. [54] shows that virtual reality laboratories
can improve students’ understanding of technology. This understanding consists of
basic knowledge of technology, technical use, and the use of technology in everyday
life [55][56]. The high technological literacy of students in the experimental class
is due to the addition of virtual reality technology. Virtual reality media provides
interactive computer-based experiences to students to encourage their knowledge
of technology [57].

Although virtual reality laboratory learning media significantly differs in stu-
dents’ technological literacy in each class, researchers believe this is also due to
media use in the control class that does not describe technology-based media as
in the experimental class. Based on this study, the researcher recommends com-
paring virtual reality laboratory media on the material of the law of Inheritance of
Traits using D. melanogaster realia media. Technological literacy and understanding
of inheritance law are essential in the 21st century. Media development to improve
these abilities is needed to create good technological literacy in genetics learning.
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4  CONCLUSION

The media developed as a virtual reality laboratory is suitable for use in the
learning process of the law of Inheritance of Traits. The results of material valida-
tion showed 100% with a very valid category, media validation of 89% with a valid
category, and media practicality of 90% with a practical category. The Anacova test
results show a significance value of 0.000 less than a (o = 0.05), so it can be con-
cluded that there is a significant difference between the experimental class, control
class 1, and control class 2. It can be concluded that the virtual reality laboratory
media on the material of the law of Inheritance of Traits developed is valid, prac-
tical, and effective in improving students’ technological literacy. The use of virtual
reality (VR) technology for learning development is still relatively new, especially
in Indonesia, so striving for equal access and improving skills in using VR is very
important. In future studies, researchers suggest comparing the media that has been
developed with classes that use the object of research, D. melanogaster realia media.
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