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PAPER

Assessment of Biology Teacher Candidates’ Attitudes 
and Competencies Toward Virtual Reality Applications

ABSTRACT
The purpose of this research is to evaluate the attitudes and competencies of biology teacher 
candidates regarding virtual reality applications based on scientific and methodological 
developments for the improvement of the visualization system in biology. In this study, the 
survey model, which is one of the quantitative research methods, was used. The sample group 
of the research consists of 244 biology teacher candidates studying at various universities 
in Kazakhstan in the 2022–2023 academic year. Research data were collected with a virtual 
reality attitude and competence scale developed by the researchers. After exploratory and 
confirmatory factor analyses and construct validity studies were carried out, reliability anal-
yses of the scale were made to get the final form of the scale, and Cronbach’s alpha reliability 
coefficient was calculated. As a result of the research, it was determined that the attitudes of 
pre-service biology teachers towards virtual reality were high and their competencies related 
to virtual reality were low. This suggests that biology teacher candidates have a medium level 
of attitude and competence in the virtual reality attitude and competence scale. In line with 
the findings obtained from the research, suggestions were made to improve the virtual reality 
attitudes and competencies of teacher candidates.
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1	 INTRODUCTION

Information and communication technologies cover all technologies that enable 
information to be obtained and enable and facilitate communication between peo-
ple, or between people and electronic systems, or between electronic systems [1,2]. 
In addition, changes and developments in information and technology take place in 
all areas of our lives, and therefore, the globalization of information is ensured by 
the changes in communication tools [3,4]. With the technologies that have become a 
part of life, using virtual objects, being able to present work with realistic objects, and 
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using the virtual environment and the object integrated with real images increase the 
interest in technology that can be used easily among users [5–7]. Virtual reality tech-
nology is one of these technologies. It is a simulation model that feels real and pro-
vides the opportunity to interact with a real environment created by computers [8,9].

1.1	 Theoretical and conceptual framework

Augmented reality technologies emerge when a feeling of virtual reality is cre-
ated without being separated from the real environment [10]. Augmented reality 
is a technology in which objects from the real environment and virtual objects are 
combined and simultaneous interaction is provided with virtual objects integrated 
with the real image [11]. Virtual reality is defined as the 3D simulation of a real or 
imaginary system. Users of such a system can generally use virtual objects in the 
simulated environment by processing them in real time [12].

It is possible to come across different definitions of the concept of virtual reality 
in the literature. Virtual reality is a technology that provides a 2D or 3D situation 
where users can interact with each other or with other applications [13]. It has been 
determined that the use of augmented reality applications in education, as a result of 
the concretization of abstract concepts, increases the understanding of concepts and 
processes; increases the focus time of the students and affects their academic success 
positively; and provides benefits in subjects such as paying attention to the lesson, 
increasing motivation, and enjoying the process [14].

With the use of teaching materials created with virtual reality technologies, it is 
expected that the level of learning and its impact on students will increase as more 
sense organs are engaged [15–17]. The areas where virtual reality technology are 
used are increasing day by day. The main idea underlying the reason for its use in 
many areas is the same: to train the user in the area where it is used [18].

Thanks to virtual reality, it is possible to teach someone the details of work and to 
offer the person the opportunity for self-development by experiencing the work [19]. 
When virtual reality is used in the field of education, it exhibits a student-centered 
approach [20]. A student-controlled educational environment becomes more inter-
active than a traditional classroom setting [21]. Virtual reality technologies provide 
opportunities to streamline teaching and learning and optimize learning [22–25]. 
They guides the student with applications created with technology and provide a 
basis for permanent learning, especially with the ability to practice in subjects that 
have been presented or explained theoretically. This shows that virtual reality sup-
ports the utilitarian understanding of education [26].

Virtual reality technology is also making progress in developmental studies on 
psychological and pedagogical principles in promoting learning [27]. With the devel-
opment of technology, virtual reality, which is used increasingly in educational envi-
ronments, is also used to establish a solid foundation for evidence-based education 
and learning [28]. Thanks to the experience of the educational environment, positive 
results are observed in the acquisition of knowledge and skills. It is also possible to 
evaluate the effect on students’ attitudes toward virtual reality technology [29].

1.2	 Related research

Chiu et al. [30] investigated how to support students to explain microscopic 
events at the molecular level by creating augmented virtual science laboratories 
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and combining physical and virtual experiments in science lessons. In the labora-
tory, which was arranged for research purposes, students studied the movements 
of gas molecules. As a result of the research, it was concluded that there was an 
increase in the interest and success of the students in the science lesson, thanks 
to the application. Zhou et al. [31] designed a microscope that can be used in an 
environment where experimental experiences are carried out with virtual reality 
technologies, and they stated that the tool developed contributes to the development 
of students’ learning outcomes, their affective development, and their motivation for 
their learning.

With virtual reality technology, Paxinou et al. [32] created virtual biology lab-
oratories with microscopes and examined the effect of a virtual microscope. As a 
result of the research, they revealed that the environment they developed was sup-
portive of understanding the details and had promising potential. Papanastasiou 
et al. [33] aimed to present state-of-the-art approaches and examples of augmented 
reality and virtual reality systems, practices, and experiences that improve the real-
world generalization of students’ learning and skills. The results showed that aug-
mented reality and virtual reality environments improve learning outcomes and 
offer numerous advantages of investing time and financial resources in higher edu-
cation environments.

Stavroulia et al. [34] examined the effects of using a special virtual reality appli-
cation for teachers to help control bullying in educational environments. Teachers 
stated that a similar environment of applications developed with virtual reality 
could be useful in recognizing school-bullying incidents and in education. In a 
study conducted by Herga et al. [35], it was concluded that students who use virtual 
labs develop their spatial visualization skills better than students who do not use 
virtual labs.

1.3	 Purpose of the research

The purpose of this research was to evaluate the attitudes and competencies of 
biology teacher candidates regarding virtual reality applications based on scientific 
and methodological developments for the improvement of the visual system in biol-
ogy. For this purpose, the following research questions were developed.

1.	 At what level are biology teacher candidates’ attitudes and competencies, regard-
ing virtual reality applications?

2.	 Do the attitudes and competencies of biology teacher candidates towards virtual 
reality applications differ according to gender?

3.	 Do the attitudes and competencies of biology teacher candidates towards virtual 
reality applications differ according to the class they are studying?

2	 METHODOLOGY

2.1	 Research method

In this study, the survey model, which is one of the quantitative research meth-
ods, was used. As a descriptive research method, it examines the opinions of the 
participants on a subject or their characteristics such as skills, abilities, interests, 
and attitudes. Generally, larger samples are needed than in other studies. The most 
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ideal way to reach large samples is through survey studies, where more quantitative 
data can be collected. Quantitative research aims to obtain objective and reliable 
results. Generalizations are made with the statistical results of quantitative research 
expressed using numerical data [36].

2.2	 Participants

The sample group of the research consists of 244 biology teacher candidates 
studying at various universities in Kazakhstan in the 2022–2023 academic year. 
Demographic characteristics of biology teacher candidates participating in the study 
are given in Table 1.

Table 1. Demographic characteristics of teacher candidates

N %

Gender

Female 115 47.1

Male 129 52.9

The grade level at which they were studying

•	 First grade  63 25.8

•	 Second grade  72 29.5

•	 Third grade  59 24.2

•	 Fourth grade  50 20.5

Total 244 100

In Table 1, the gender and class distributions of the biology teacher candidates 
participating in the research are given. 47.1% of teacher candidates were female and 
52.9% were male. 25.8% of the pre-service teacher’s were studying in the first grade, 
29.5% in the second grade, 24.2% in the third grade, and 20.5% in the fourth grade.

2.3	 Data collection tools

Research data were collected with the virtual reality attitude and competence 
scale developed by the researchers. The first stage of the scale development study 
was the literature review. During the literature review, studies on the use of vir-
tual reality technology in education were discussed, read, and examined. An item 
pool was also created by looking at what should be considered for item writing. 
Question items that had the same meaning or that described the same situation in 
the answer were corrected. Care was taken to ensure that the scale items were sim-
ple and understandable as well as grammatical. As a result of all this screening, an 
pool of 31 items was created. Necessary corrections were made in the content of the 
item pool prepared for the creation of the scale, after obtaining feedback obtained 
from interviews with three experts. After these corrections, a 22-item scale form 
was finalized. In line with expert opinions, the content and face validity of the scale 
form were evaluated. The research scale to be applied to the pilot study group was 
arranged as a two-page form. The questionnaire, which contained brief information 
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about the research, started with demographic questions about the grade levels and 
genders of the study group. Two hundred and eighteen (218) biology teacher candi-
dates participated in the pilot application of the research.

Exploratory factor analysis was applied to the data set obtained after the pilot 
application. Kaiser Meyer, in the first step of the exploratory factor analysis study, was 
applied to the scale to determine whether the data obtained from the application orga-
nized for the scale was suitable for factor analysis. It was tested by looking at the Olkin 
and Barlett tests. The Kaiser Meyer Olkin value was 0.922 and the Bartlett Sphericity 
Test value was 3,944.132, which is significant at the 0.001 level, and the data obtained 
from the application show that it was suitable for factor analysis. Exploratory factor 
analysis was done with the Statistical Package for the Social Sciences (SPSS) 25.0 pro-
gram. In the exploratory factor analysis performed, it is seen that 22 items included 
in the analysis in line with the data in the data set were grouped under two factors 
because their eigenvalues were greater than 1. It was determined that the variance 
value explained by these two factors regarding the scale was 82.682%. The first fac-
tor was named “Attitude towards virtual reality” and the second factor was named 
“Competence related to virtual reality.” The load values of the items in the first factor 
varied between 0.813 and 0.877. The load values of the items in the second factor 
varied between 0.723 and 0.799. The construct validity of the 2-factor model obtained 
as a result of exploratory factor analysis, confirmatory factor analysis, and testing 
was performed using the SPSS AMOS program. In the confirmatory factor analysis, 
the goodness-of-fit index was examined. For model fit, chi-square/degree of freedom 
(χ2/df), Non-Normed Fit Index (NNFI), and Root mean square Error of Approximation 
(RMSEA) values were determined as criteria. According to the results of the analy-
sis, the fit indices are χ2 / df = 2.13 (p = 0.000), NNFI = 0.89, and RMSEA = 0.070. less 
than 5 for χ2/ df; above 0.80 for NNFI and below 0.080 for RMSEA is recommended. 
Accordingly, the 2-factor model was compatible with the data with acceptable values.

With this result, it is possible to say that the 22-item and 2-factor structure of the 
attitude and competence scale was confirmed according to the compliance statistics. 
After exploratory and confirmatory factor analyses and construct validity studies 
were carried out, reliability analyses of the scale were made to get the final form of 
the scale, and Cronbach’s alpha reliability coefficient was calculated. The Cronbach’s 
alpha coefficient for the first factor was 0.82, for the second factor, it was 0.85, and 
for the overall scale, it was 0.82. These values obtained as a result of the analysis 
showed that a sufficiently high percentage of reliability was achieved. The virtual 
reality attitude and proficiency scale items that were ready to collect research data 
are given in Table 2.

Table 2. Virtual reality attitude and competence scale

Factor 1: Attitude Toward Virtual Reality

1 I can better give myself to the lesson when virtual reality applications are used.

2 Virtual reality apps make it easier for me to learn.

3 I would like virtual reality applications to be used in all courses in the future.

4 Virtual reality provides interactive learning.

5 Thanks to virtual reality, my attention to the lesson increased.

6 Virtual reality in the lesson increases my motivation towards the lesson.

7 Thanks to virtual reality, I take a more active role in the lessons.

(Continued)
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Factor 1: Attitude Toward Virtual Reality

 8 Virtual reality provides effective learning environments for the course.

 9 Virtual reality facilitates experiential learning.

10 I focus better on the lesson when virtual reality applications are used.

11 Virtual reality offers effective environments that increase creative thinking.

12 Thanks to virtual reality, I can interact realistically.

13 Virtual reality gives me a sense of reality.

Factor 2: Competence in Virtual Reality

14 My knowledge of virtual reality is sufficient.

15 I can use virtual reality applications while teaching.

16 I can combine my field knowledge with virtual reality.

17 I can combine my pedagogical knowledge with virtual reality.

18 I can increase student success by using virtual reality applications.

19 I can increase student motivation by using virtual reality applications.

20 I can easily teach any subject in my field with virtual reality applications.

21 I can solve the problems to be encountered in the classroom environment related to virtual reality.

22 With virtual reality applications, I can enable students to take a more active role in the lesson.

The virtual reality attitude and competence scale prepared to collect research 
data is given in Table 2. The scale was prepared using a 5-point Likert scale: 
“Strongly agree” was determined as 5 points, “Agree” 4 points, “Partly agree” 3 
points, “Disagree” 2 points, and “Strongly disagree” 1 point. Since the scores on the 
scale were between 1.00 and 5.00, it was accepted that the student’s level of partic-
ipation in the proposition was high as the scores get closer to 5, and low as they get 
closer to 1.00. The item score ranges of the scale were evaluated as “strongly agree” 
5.00–4.20, “agree” 4.19–3.40, “partially agree” 3.39–2.60, “disagree” 2.59–1.80, and 
“strongly disagree” 1.79–1.00.

2.4	 Data collection process

The research data were collected at appropriate time intervals by obtaining the 
necessary permissions from the biology teaching departments of the universities 
where the research was conducted. The application time of the virtual reality atti-
tude and proficiency scale was between 15 and 20 minutes. The applications were 
carried out in groups. It took about 3 weeks to complete the applications with all 
biology teacher candidates participating in the research group.

2.5	 Compliance with ethics

During the research process, journal writing rules, publication principles, 
research and publication ethics rules, and journal ethics rules were followed. 

Table 2. Virtual reality attitude and competence scale (Continued)
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Responsibility for any violations that might arise regarding the research belongs to 
the authors. After the preparation of the data collection tool, necessary permissions 
were obtained from the universities where the research would be conducted to 
research the study group. It was announced that the study group would be informed 
about participation on a completely voluntary basis by giving information before 
the research. Verbal consent was obtained from the students who agreed to partici-
pate in the study before the data collection tool was applied.

2.6	 Data analysis

The SPSS 25.0 program was used in the analysis of the data. Before deciding 
which analyses to be performed, a test of normality was performed. After this 
analysis, it was determined that the data were normally distributed because the 
Kolmogorov–Smirnov value (p > 0.05) was appropriate. It was decided to perform 
parametric analyses because the data conformed to the normal distribution. An 
independent groups t-test and one-way analysis of variance (ANOVA) were used to 
analyze the data.

3	 RESULTS

In Table 3, the weighted averages and standard deviations of the biology teacher 
candidates participating in the research regarding the overall virtual reality attitude 
and competence scale and its sub-dimensions are given.

Table 3. Weighted average and standard deviations of virtual reality attitude and proficiency scale

X SS

Attitude toward virtual reality 3.62 0.794

Proficiency in virtual reality 2.31 0.837

Virtual reality attitude and competence scale 3.08 0.665

Table 3 shows the attitude sub-dimension related to virtual reality (X = 3.62, 
SS = 0.794), the competence sub-dimension related to virtual reality (X = 2.31,  
SS = 0.837), and the overall virtual necessity attitude and competence scale  
(X = 3.08, SS = 0.665) weighted mean and standard deviations are given. These data 
show that pre-service biology teachers had high attitudes toward virtual reality but 
low proficiency in virtual reality. In addition, it is possible to say that biology teacher 
candidates had a moderate level of attitude and competence in the virtual reality 
attitude and competence scale.

The t-test results of independent variables according to the gender variable of 
biology teacher candidates participating in the research are given in Table 4.

Table 4. Independent variable t-test results

Gender N X SS F p

Female 115 3.06 0.699 6.725 0.210

Male 129 3.10 0.628
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In Table 4, virtual reality attitudes and competencies of biology teacher candi-
dates participating in the research were evaluated according to the gender variable. 
As a result of the independent variables t-test, no significant difference was found 
in the virtual reality attitudes and competencies of the biology teacher candidates 
according to the gender variable (F = 6.725, p > 0.05).

In Table 5, one-way ANOVA results according to the class variable of the biology 
teacher candidates participating in the research are given.

Table 5. One-way ANOVA results

Grade X SS F p

First grade 63 3.00 0.877 16.392 0.000

Second grade 72 3.01 0.860

Third grade 59 3.03 0.829

Fourth grade 50 3.31 0.651

In Table 5, virtual reality attitudes and competencies of the biology teacher can-
didates participating in the research were evaluated according to the class variable. 
As a result of the one-way ANOVA, it was determined that the virtual reality attitudes 
and competencies of the biology teacher candidates showed a significant difference 
according to the class variable (F = 16.392, p < 0.5). It was determined that the sig-
nificant difference in the virtual reality attitudes and competencies of the biology 
teacher candidates according to the class variable they studied favored the fourth-
grade teacher candidates.

4	 DISCUSSION

The findings obtained from the research reveal that the attitudes of biology 
teacher candidates about virtual reality are high, but their competencies about 
virtual reality are low. Biology teacher candidates have a medium level of attitude 
and competence in the virtual reality attitude and competence scale. In their study, 
Karagozlu [37] determined the attitudes of students toward augmented reality appli-
cations in science lessons. The research revealed that students are satisfied with 
virtual reality applications, find them interesting and easy to use, and want to use 
them in the future.

It was determined that there was no significant difference by gender in the virtual 
reality attitudes and competencies of the biology teacher candidates participating in 
the research. Antonietti et al. [38] evaluated virtual reality applications in education. 
Their research revealed that there was no difference in terms of gender in virtual 
reality applications. Similarly, Yavuz and Uslu [39] found no significant difference by 
gender in the views of teacher candidates on the use of virtual reality in education.

There is a significant difference when the virtual reality attitudes and competen-
cies of biology teacher candidates are evaluated according to the class variable they 
are studying. The obtained results reveal that the significant difference is in favor of 
the fourth-grade biology teacher candidates. Yavuz and Uslu [39], unlike the results 
of this study, stated that the class variable they studied did not make a significant 
difference in their research in which the views of pre-service teachers about the use 
of virtual reality technology in education were evaluated.
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5	 CONCLUSIONS

In recent years, there has been rapid development in information and commu-
nication technologies. This development appears in every aspect of our lives, and 
education is not indifferent to this development. With technology integrated into 
education, new concepts emerge in the field of education. One of the emerging new 
concepts is virtual reality. This research was aimed to evaluate the attitudes and 
competencies of biology teacher candidates regarding virtual reality applications 
based on scientific and methodological developments for the improvement of the 
visual system in biology.

As a result of the research, it was determined that the attitudes of pre-service 
biology teachers towards virtual reality were high and their competencies related 
to virtual reality were low. It is possible to say that biology teacher candidates have 
a medium level of attitude and competence in the virtual reality attitude and com-
petence scale. While no significant difference was determined in the virtual reality 
attitudes and competencies of the biology teacher candidates participating in the 
research according to the gender variable, it was determined that there was a sig-
nificant difference in favor of the biology teacher candidates studying in the fourth 
grade, according to the class variable.

In line with the results obtained from the research, the following suggestions 
are proposed:

1.	 Due to the high virtual reality attitudes of biology teacher candidates, it has 
become necessary to give more places to teacher-training programs given in 
universities.

2.	 Due to the low virtual reality proficiency of biology teacher candidates, care 
should be taken to ensure that the courses are added to teacher-training pro-
grams at universities meet teacher qualification.

3.	 This research, which was carried out with pre-service biology teachers, should 
be repeated with pre-service teachers studying in different departments in edu-
cation faculties to determine how their virtual reality attitudes and competencies 
can contribute to the field.
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