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Using Virtual Reality Technology Iin Biology Education:

Satisfaction and Learning Outcomes of High School Students
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Virtual reality (VR) which allows the user to explore or manipulate computer-generated virtual

three-dimensional (3D) environments, has been employed in many applications, including but ———— e N P IR
not limited to movies, video games, simulations of constructions, education, and learning, etc. R A I TR
(Kyaw et al. 2019). Among those applications, VR as a form of digital education is ““y"gb, 1z 3 4 dsivesyen U2z s 4
particularly intriguing due to the created virtual 3D visualized worlds that can render complex o Themawa mistreutoe g T
Information into more intuitive or simple forms for learning. It is especially practical for - A gﬁ&:%gete'gg;‘fg;:d"[ﬁi;”tt:;g;?:g :
certain topics to apply VR as a supporting teaching and training material (Bernardo 2017). :52'5::%3255;‘7;:;;‘;2Si‘ior T I R B gj;:%‘ietm&?dozﬁigfgieh%g e
This study aimed to assess the effectiveness of VR application in educational processes in st g, d ongive
terms of enhancing the comprehension of high school students on the topics of human organ T, f.?ﬁ?i’ifiﬁfiifﬁllgklafr:i'

systems In advanced biology courses in Taiwan. e I B R e e

8. The material helped me to quickly

keep the |earning motivation of 1 2 3 4 5 11. The material provided me with
a e r I a S targeted students appropriate learning task to be more 1 2 3 4 5

9. The material helped me to familiar with the content

- - - - . . - . uide targeted students to 1 2 3 4 5 _12. The_material_provided an
The cardiac circulatory system, respiratory system, digestive system, and 3D clinical films by feovile;vr;hge_'ﬁ_s;;?: MEssml s |4 | 2 | 8 | 6| E
Da Vinci Robotic Surgical System were created into the VR model. The entire 3D education S st v rol IET IO - (N
system was developed with the following tools: 3D modeling software-Cinema 4D (C4D), TR R G 2 T g it Ceveloped by tiaprogam e e

Google VR SDK for Unity, and Text to Speech (TTS) voice.

The C# (C Sharp) language was used to develop an app through which students and teachers Resu ItS

could acquire this 3D education system in ios and android operation systems. With cardboard ~ Table 4 shows the statistical analysis of the Material Evaluation Questionnaire. Experts
3D glasses, students could watch 3D films of cardiac, gastric, hepatobiliary, and pancreatic remarked through interviews that the VR instructional material could increase student
surgeries performed by Da Vinci Robotic Arms on their own cellular phone, and thus could engagement and thus improved their learning.

closely observe the anatomy with enhanced visual space perception of various organs (Figures  Table 5 shows the statistical analysis of the Teaching Effectiveness Evaluation Questionnaire.
As for responses to open-ended questions, three out of four teachers mentioned that students
were more easily engaged and expressed more learning interest when the VR materials were
used in classroom.

‘able 6 shows the statistical analysis of the Learning Satisfaction Evaluation Questionnaire.
The results indicated that students were very willing to use such learning method. However, a
few students responded that using the VR glasses to observe the human organs made them
dizzy and therefore reduced their willingness to use VR instructional materials.
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Fig. 1: The e-learning system with VR Fig. 2: A 3D environment which students can
technology and TTS voice use 3D glasses to watch 3D films

Methods

able 4. Statistical Analysis of Material
Evaluation Questionnaire

able 5. Statistical Analysis of Teaching
Effectiveness Evaluation Questionnaire

Standard Standard
_ 1.A0f:uracy _ 4.87 0.35 Mean (M) deviation (SD) Mean (M) deviation (SD)
Stu dy D eS I g n . i} . . 2. Smtabl_e for targeted students (depth, width, and 487 0.35 116 07 i 051
Table 1. Material Evaluation Questionnaire presenttion) | | - | |
3. With reasonable and clear learning tasks 4.50 0.53 o ok e o
- - = 4. The learning task included is appropriate in quantity 4.50 0.53 ' ' ' '
I n O rd er tO Ve r I fy th e effe CtS Of I m p I e m e ntl n g VR 5. The learning task is with reasonable arrangement 4.50 0.53 437 0.50 453 0.61
- - - - 6. The content and learning task can contribute to the
technology in biology education for high school eaming abjctve
1. Accuracy 1 5 3 4 5 1. The learning objectives are specific and complete 4.50 0.53
- ' ' iecti ' 4.26 0.45 4.42 0.51
students, 3 classrooms were selected as test sites, 2 Sultble for targeted students e
: ) - 1 2 2 4 5 3. The learning task is suitable for targeted students 4.62 0.51
d h = h h I d d h - h h I (dept-h, width, and presentation) - 4. The learning task is provided properly to help targeted 450 053 374 056 411 046
an 138 | g SCNOO StU e ntS an 4 | g SCNOO 3. With reasonable and clear learning students understand the learning objectives ' ' 4.26 0.45 4.42 0.61
= = - - - 5 _ _ _ 5. When practicing learning task, appropriate learning 475 0.46 ' - ' '
teachers participated in this study. To determine the B fesdback canberecived o

impact of VR education from both teachers’ and
students’ perspectives, three Questionnaires (Table
1, 2 and 3) were used to assessment the
effectiveness of instructional material and learning
satisfaction.

The effectiveness of instructional materials

To assess the effectiveness of instructional
materials, two stages were taken. Prior to the
Implementation of the VR program, the program
was evaluated by 20 experts using a Material
Evaluation Questionnaire (Table 1). The
assessments were to evaluate whether the
Instructional material is suitable for targeted
students and how It contributes to the learning task
and objectives.

After the VR program concluded, a Teaching
Effectiveness Evaluation Questionnaire (Table 2)
was filled out by 20 high school teachers
specializing in nature science who participated In
this program. The assessments are to evaluate the
effectiveness of the instructional material from the
primary teaching site.

earning satisfaction
The assessment of learning satisfaction was made
by surveying the 138 targeted high school students

after the teaching program was concluded. Students’

attitudes and opinions on the instructional material
were gathered using a Learning Satisfaction
Evaluation Questionnaire (Table 3).

5. The learning task is with
reasonable arrangement

6. The content and learning task can
contribute to the learning objectives

1. The learning objectives are
specific and complete

2. The learning objectives are able to
be achieved by VR

3. The learning task is suitable for
targeted students

4. The learning task is provided
properly to help targeted students
understand the learning objectives

5. When practicing learning task,
appropriate learning feedback can be
received

6. The evaluation mechanism is able
to help target students understand
learning status and effects

7. The consistency of learning
objectives, materials, task and
evaluation mechanism

8. The targeted students’ learning
interest can be aroused and kept

9. The targeted students are able to
control the proceeding of learning
task

10. The learning tracing function
provided is able to present the
learning status of targeted students

1. The function of interface is easily
used and operated by users

2. The design of the interface is able
to present the content of the
materials properly

3. The medium is able to present the
virtual-simulated effects

4. The medium can contribute to the
understanding of the materials

5. (self-learning edition) The Q&A
channel is provided

6. (self-learning edition) the manual
operation guide is provided properly
and the indication and descriptions
of each function are clear and
consistent

7. (self-learning edition) the function
of returning to the last learning task
is provided when the targeted student
re-active the learning program

1. Over 2 operation systems are
supported

2. Completed program upgrading at
least once during the developing of
the learning materials

3. The learning materials are free for
junior high school and elementary
school students. No third party plug-
in software fee is needed

4. The learning materials are highly
interactive and with cognition

5. The function of learning record is
provided

6. The evaluation mechanism is able to help target students 4.62 0.51
understand learning status and effects ' ' 3.74 0.45 3.89 0.66

7. The consistency of learning objectives, material, task and

evaluation mechanism e 0.46 3.74 0.45 3.58 0.51
8. The targeted students’ learning interest can be aroused and = = = =
4.50 0.53 I 6 S I I f

e Table 6. Statistical Analysis of Learning
9. The targeted students are able to control the proceeding of . . . . .

. 4.62 0.51
il s Satisfaction Evaluation Questionnaire
10. The learning tracing function provided is able to present 4.95 0.70
the learning status of targeted students ' '
li.s(;l'ge function of interface is easily used and operated by 4.62 0.51
2. The design of the interface is able to present the content of Standard Standard
materials properly w30 et I () deviation (SD) I () deviation (SD)
3. The medium is able to present the virtual-simulated 3.91 0.67 4.03 1.01

4.37 0.51

effects 3.98 0.73 4.03 0.99
4. The medium can contribute to the understanding of the 4.37 051
aiEralE : : 3.93 0.73 4.00 0.97
5. (self-learning edition) The Q&A channel is provided 4.37 0.51 3.90 0.79 3.88 0.95
6. (self-learning edition) the manual operation guide is
provided properly and the indication and descriptions of 4.50 0.53 — e Bei 5.69
each function are clear and consistent 4.04 0.77 417 0.84

7. (self-learning edition) the function of returning to the last
learning task is provided when the targeted student re-active ~ 4.37 0.51 3.87 0.89 4.01 0.90
the learning program

1. Over 2 operation systems are supported 4.75 0.46 £ed iz s ey

2. Completed program upgrading at least once during the 3.73 0.76 3.68 0.88
. . . 4.75 0.46

developing of the learning materials

3. The learning materials are free for junior high school and 3.65 0.83 3.80 0.91

elementary school students. No third party plug-in software 4.75 0.46 388 0.65 3.90 0.92

fee is needed

4. The learning materials are highly interactive and with 462 051 3.96 0.73 3.98 0.94

cognition ' '

5. The function of learning record is provided 4.25 0.88 3.90 0.70 3.94 0.96

Conclusion

From the teacher’s perspective, the VR instructional material was a good educational tool that
can increase students’ attention and contribute to the improvement of learning outcomes.
Meanwhile, from the students’ perspective, they are willing to use VR learning materials and
were satisfied by this learning method. Therefore, applying VR technology in the classroom
shall be encouraged. However, it must be noted that some students may feel dizzy.
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