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04.10.2021 ULAKBIM of Turkey were searched, and 31 studies (23 journal papers

and 8 theses) were selected for the meta-analysis. In this context, the

'g‘zciip;%‘gl overall effect size on students' academic achievement was analyzed with

o the CMA program using subject area and grade level moderator
Key words: variables._ In the second part, content analysis was performec_j using the
Immersive virtual reality, ATLAS.ti program for 8 studies selected for the meta-thematic analysis.
Meta-analysis, it was found that immersive virtual reality environments had a positive,
Meta-thematic, moderate (d = 0.526) effect on students' academic achievement. After the

Academic achievement meta-thematic analysis, it was observed that immersive virtual reality

environments had many positive effects on students’ cognitive, affective,
and psychomotor skills and that created a perception of reality and sense
of presence in students, facilitates learning, increases motivation, creates
a safe and interactive learning environment and make many contributions
to learning. In addition, it was determined that there may be problems
such as technical problems and health problems during the environments,
and it was stated that measures should be taken.

Introduction

Developing technologies of the 21st century alter learning and teaching environments
while they also lead to the advancement of new strategies to increase the effectiveness of these
environments. Virtual reality (VR) environments are one of the areas where these technological
advancements offer opportunities to enrich learning and teaching environments. The term
virtual reality was first used in the 1960s, and its origins went back to the 19th century when
the first 360-degree art began to emerge through panoramic murals. Sensoramal has been a
landmark in the evolution of virtual reality with its multi-sensory experience and has been built
in several ways that were increasingly close to the physical world (Freina and Ott, 2015).
Virtual reality is an environment that gives the person senses of presence and reality (Jayaram,
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Connacher and Lyons, 1997). VR is a sophisticated human-computer interface that mimics a
real-world environment. Subjects can move around in this simulated world and see, reach,
capture, and reshape it from different angles (Zheng, Chan, and Gibson, 1998). Virtual reality,
according to Kayabas (2005), is the reconstruction of reality. Pan et al. (2006) define it as it is
the use of various graphic systems in order to create an immersive effect in three-dimensional
interactive environments. VR is a simulation that creates a realistic-looking environment using
computer graphics. It is not a static environment; on the contrary, it responds to and interacts
with the user's command inputs. Therefore, interaction is the key term in the definition of virtual
reality. Immersion, interactivity, and imagination can be considered as three essential
components of virtual reality (Burdea and Coiffet, 2003). Virtual realities are generated through
computers and a person can interact with this simulated environment. The person is immersed
in this simulated environment where he/she can manipulate objects and perform many actions
(UNESCO, 2018).

Virtual reality environments have many contributions to students' cognitive, affective, and
psycho-motor skills. In the study by Al-Amri and Musawi (2020) in which the effect of 3D
virtual reality environments on the physics lesson of 8th grade students was investigated, it was
determined that it had a serious effect on the academic success and motivation of the students.
In the study conducted by Kim (2021), it was determined that virtual reality environments had
a positive effect on students' academic success and increased their satisfaction levels. As a result
of the research conducted by North and North (2016), it was determined that the sense of
presence in virtual reality environments is high. Yildirim et al. (2020) stated that virtual reality
increased students' interest and motivation to the course and provided an individual learning
environment for students. As a result of the research conducted by Chien, Hwang and Jong
(2020), it was determined that the virtual reality environment increased motivation and critical
thinking skills and decreased anxiety, in Akman and Cakir (2020)'s study, it was determined
that virtual reality environments increased students' engagement. In the study conducted by
Tepe (2019), it was concluded that the virtual reality environment contributed to the learning
of the students, increased the permanence, had a high sense of presence, and developed
professional skills.

While VR offers a three-dimensional environment, it renders two-dimensional environments
obsolete and offers the opportunity to navigate in an unreal environment that we construct
(Bayraktar and Kaleli, 2007). Through VR, obstacles between humans and machines are being
eliminated to improve human-machine interaction (Kurbanoglu,1996). This environment has
features such as being interactive, attracting students' attention, providing narrative flexibility,
being experiential and giving importance to the senses (Cavas, Huyugiizel Cavas, and Can
Taskin, 2004). The most significant contribution of VR to instructional settings has been the
replacement of printed materials with image and simulation-based content. Virtual reality
environments can transform educational environments from isolated textbooks into interactive
environments (Helsel, 1992). Virtual reality, which is a motivating, stimulating, and exciting
environments that encourages discoveries, can increase students’ participation in the learning
environment by giving them the feeling of being a part of the learning environment with the
sense of presence (Pantelidis, 2010). VR allows students to encounter real-world scenarios that
may endanger themselves or others, or where access is potentially limited (Freina and Ott,
2015).

There are many classifications of virtual reality types in the literature. McLellan (1996)
mentions 10 types of virtual reality environments: immersive first-person, augmented reality,
mirror world, desktop, waldo world, cab simulator environment, chamber world, cyberspace,
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the Vision Dome, and telepresence. Immersive virtual reality is an environment in which many
emotions of the user are managed by the virtual environment, which is more isolated from the
real world and generally includes head-mounted displays (HMD) (Biocca and Delaney, 1995).
Immersive virtual reality environments provide an instant first-person experience (McLellan,
1996). As the immersion increases in virtual environments, the sense of presence also increases
(Slater and Sanchez-Vives, 2016).

The literature review revealed that virtual reality environments have been used in several areas
including medicine (Crochet et al., 2011; Botden et al., 2007; Lucas et al., 2008), psychiatry
(Wiederhold, & Wiederhold, 2005; Kim et al., 2008; La Paglia et al., 2014), and engineering
(Manseur, 2005; Hilfert & Konig, 2016). It has been observed that there have been several
educational studies in fields such as foreign language (Alfadil, 2017; Legault et al., 2019;
Chien, Hwang & Jong,2020), science (Civelek et al., 2014; Sarioglu & Girgin, 2020), and
STEM (Chen & Huang, 2019; Lund & Wang, 2019). Merchant et al. (2014) investigated the
effects of games, virtual worlds, and simulations from virtual reality environments on the
learning outcomes of K-12 and higher education students through meta-analysis and it was
concluded that game-based virtual reality environments were more effective than simulation
and virtual worlds. However, there is no study in the literature that evaluates students' learning
outcomes of immersive virtual reality environments in terms of meta-analytic and meta-
thematic. Thereupon this research is believed to provide a more holistic and quantitative
perspective on how immersive virtual reality environments will contribute to students'
academic achievement and to their cognitive, affective and psycho-motor skills, and what kind
of difficulties students experience in virtual reality environments.

This study aims to ascertain the effects of immersive virtual reality environments on students'
academic achievement and learning environments. Considering these purposes, the research
questions of the study were determined as follows:

(1) What s the effect level of immersive virtual reality environments on students” academic
achievement?

(2) Does the effect level of immersive virtual reality environments on students’ academic
achievement differ according to grade level and subject area?

(3) What are the qualitative findings regarding the general characteristics of immersive
virtual reality environments in learning environments and their effects on students'
cognitive, affective, psycho-motor skills?

Method

This study employed a mixed-method design to ascertain the effects of immersive
virtual reality environments on learning environments and students' academic achievement. The
meta-analysis method was used in the quantitative part of the study to establish the effect size
of immersive virtual reality environments on students’ academic achievement. Meta-analysis
provides an overview of individual-level studies through systematically reviewing and
quantitatively synthesizing the literature (Petiti, 2001). Rosenthal and Dimatteo (2002) consider
meta-analysis as a quantitative summary of the studies with a systematic, evidence-based,
repeatable structure. Guzzo, Jackson and Katzell (1987) state that meta-analysis studies are an
alternative method that offers more than a systematic review that combines the results of many
studies and allows an objective evaluation. Meta-analysis studies have been used in many areas,
including education, and the findings of these studies have been effective in determining
educational policies in many countries around the world (Borenstein et al., 2011).
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In the qualitative part of the study, meta-thematic analysis was applied to 8 studies that had a
qualitative dimension and included participant views between the studies selected the meta-
analysis. The meta-thematic analysis is based on document analysis including a verbal/textual
analysis process, incorporating qualitative findings by creating new themes and codes by the
researcher regarding the investigated studies (Batdi, 2019). As defined by the concept of meta-
thematic analysis, the data of the investigated studies were re-subjected to content analysis, and
new themes and codes were created. Content analysis, according to Patton (2018), is the process
of reducing and interpreting data by determining the basic consistency and meanings in
voluminous qualitative data. The main purpose of content analysis is to combine similar data
around certain themes and to make them more understandable (Yildirnm & Simsek, 2006).
Weber (1990) describes content analysis as the classification and management of textual data
by association.

Data Collection

Firstly, Google Scholar, Web of Science, Education Resources Information Center
(ERIC), ProQuest Thesis and Dissertation, The Turkish Council of Higher Education (YOK)
Thesis Center, and The Turkish Academic Network and Information Centre (ULAKBIM)
databases were searched, and the studies were examined within the framework of the
inclusion/exclusion criteria determined by the researchers. The criteria for inclusion in this
study are as follows: Being a thesis study or paper published in refereed journals between 2010
and 2020, being written in Turkish or English, the virtual reality environment used in the study
being immersive virtual reality, being an experimental or quasi-experimental study consisting
of experimental and control groups, being carried out with parametric tests or providing the
information required for meta-analysis (X, ss, n, and so on), and being conducted for
educational purposes. Studies conducted in the fields of medicine (surgical procedure, and
alike) and psychiatry (for the treatment of autism spectrum, and others) and other types of
virtual reality environments (augmented reality, mirror world, and alike) were excluded. The
keywords “"immersive virtual reality” OR "HMD" AND "teaching” OR "learning” OR
"achievement™ were searched periodically between 25.12.2020-25.01.2021, studies conducted
in the fields of medicine and psychiatry, systematic reviews, and other unrelated studies were
excluded by title and abstract review. The summaries of the remaining 107 studies were
examined, and 59 studies that did not meet the criteria of being experimental or quasi-
experimental design with experimental and control groups, being published in Turkish or
English, and having access to the full text were eliminated, and the remaining 48 studies were
re-examined. Among these studies, a total of 31 studies were selected for the meta-analysis by
eliminating those that were not conducted with parametric tests or did not provide the necessary
information for the meta-analysis. Among 31 studies selected for meta-analysis, 8 studies with
a qualitative dimension and including participant views were selected for the meta-thematic
analysis (Figure 1).
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Figure 1. PRISMA Flow Diagram

The 31 studies selected for the meta-analysis consisted of 3 master theses, 5 doctorate
dissertations, and 23 journal papers. In the studies produced from theses and published as
papers, the journal paper was taken as a reference for meta-analysis. It was detected that 4 of
the studies were carried out at elementary school, 9 at secondary school, 3 at high school, and
15 at the university level. In the studies selected for the meta-analysis, the sample size of the
experimental group was determined as 1255 and the sample size of the control group as 1312.

Tablel. Information on the studies selected for the meta-analysis

Moderator Variables n
Master’s Thesis 3
Type of Study Doctoral Dissertation 5
Journal Paper 23
Elementary 4
Grade Level Secondary 9
High 3
University 15
Groups NEexp 1255
Ncon 1312
Total 31
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Coding of Data and Reliability of the Study

A form was created to encode the data related to the studies selected for the meta-
analysis. In the first part of this form, information about the name of the author, year of
publication, subject area, grade level, and study type was included. In the second part,
information about the mean (X), and sample size (n) of the experimental and control groups
and standard deviation (sd), required for the effect size was entered. The information in the
study review form was checked separately by the researchers and the reliability of the study
was calculated as 90% using Miles and Huberman (1994)’s formula [Consensus / (Consensus
+ Disagreement). Considering that this ratio should be at least 70% to ensure the reliability of
a study (Yildinnm & Simsek, 2006), it was safe to assume that the study was reliable.

The studies selected for the meta-thematic analysis were coded as “P” for journal papers and
“T” for theses and direct quotations were presented with the coding page and student code in
ATLAS.ti qualitative analysis program. For example, a code in the form of "T5_15-S2" shows
the quotation from student S2 on the 15th code page of the thesis study numbered 5. In
qualitative research, a comprehensive description of how the researcher arrived at the findings
and a detailed reporting of the data are important criteria of the validity of the study (Yildirim
& Simsek, 20006).

Data Analysis

In this study, the information selected for the meta-analysis study was first entered into
the study information form and then analyzed with the Comprehensive Meta-Analysis (CMA)
program. Funnel plot and Rosenthal N theory tests were performed first to see whether there
was any publication bias between the studies selected for the meta-analysis. Borenstein et al.
(2011) state that the causes of publication bias are incomplete studies, higher probability of
publishing studies that give meaningful findings, and inability to include unpublished studies
in meta-analysis. Several strategies can be used to detect publication bias and the funnel plot
and Rosenthal N theory are prominent ones. The most popular tool for detecting publication
bias in meta-analysis studies is the funnel plot, and the symmetry of the plot with respect to the
vertical axis, as well as the presence of an inverted funnel, are accepted as measures of the lack
of publication bias in studies (Duval & Tweedie, 2000). In the funnel plot, studies with a large
sample size are collected at the top of the graph, while studies with small samples are distributed
in the lower part of the graph (Sterne, Becker & Egger, 2004). The Rosenthal Safe N Theory
assumes that there is a direct proportionality with the distance between the number of studies
and the Safe N number (Borenstein et al., 2011).

In a meta-analysis study, a heterogeneous structure is an indication of diversity among the
studies (Kulinskaya, Dollinger & Bjorkestel, 2011). In this study, the level of heterogeneity
between the studies selected for the meta-analysis was determined by comparing the p-value
and Q value with the value in Cochran's X2 table. At the end of the analysis, it was concluded
that there was heterogeneity between the studies, so the effect size calculation was made using
the random-effects model. While all studies in the fixed effects model are assumed to have a
common parameter, the random-effects model assumes that there are different parameters for
each study (Higgins, Thompson & Spiegelhalter, 2009). The fixed-effects model assumes that
all studies in the analysis have a single effect size and that sampling error is the only source of
variation for all differences in observed effects. On the other hand, in the random-effects model,
while there can be a common effect size for all studies, it is also possible that different studies
have different effect size values (Borenstein et al., 2010). This study used Hedge's g for the
calculation of effect size values and these values were classified based on Cohen, Manion and
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Morrison (2007) who classified the effect size as weak between 0 and 0.20, small between 0.21
and 0.50, medium between 0.51 and 1.00 and strong above 1.

For the meta-thematic analysis, participant views in 8 studies were subjected to content analysis
with the help of the ATLAS.ti program. Yildirim and Simsek (2006) stated that the qualitative
data analysis process consists of data encoding, finding themes, organizing codes/themes, and
defining and interpreting the findings. After a detailed examination of the opinions of the
participants, themes of general features of the immersive virtual reality environments, the effect
of the immersive virtual reality environments on the cognitive/affective/psycho-motor skills,
and the problems experienced during the virtual reality environments were determined and
codes were created in this context.

Findings and Interpretation
Findings Regarding Meta-analysis

Publication bias

Publication bias is defined as assigning more prominence to studies with significant differences
than studies with no significant difference (Sutton et al., 2000) and is an important problem
affecting the validity and generalizability of meta-analysis studies (Lin & Chu, 2018).
Therefore, before beginning the meta-analysis study, it should be ensured that there is no
publication bias among the selected studies (Dinger, 2014). One of the ways to achieve this is
to use a funnel plot. The symmetry around the vertical axis in a funnel plot is accepted as an
indication that there is no publication bias between the studies (Macaskill, Walter & Irwig,
2001). In a funnel plot, studies with large sample size are collected at the top of the funnel,
while studies with small sample size are collected at the bottom of the funnel, and in a plot
without publication bias, there is an inverted symmetrical funnel image (Egger at al., 997).

Funnel Plot of Standard Error by Hedges's g
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Figure 2. Funnel Plot

In Figure 2, it was observed that the funnel plot was close to being symmetrical around the
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vertical axis and the studies were gathered close to the effect size. Therefore, it could be said
that there was no publication bias among the studies selected for the meta-analysis.

However, to make sure that there is no publication bias, other tests can be done, one of which
is the Rosenthal Safe N-number test. According to Rosenthal (1984), the Safe N number is
expected to be greater than 5k + 10 to ensure that there is no publication bias among the studies
(cited in Soeken & Sripusanapan, 2003).

Table 2. Rosenthal Safe N Test for publication bias

Z-value for observed studies 10.88844
p-value for observed Studies 0.000
Alpha 0.0500
Tails 2.00

Z for alpha 1.95996
Number of observed studies 31
Number of missing studies that would bring p-value to> alpha 926.0000

According to Table 2, the safe N number (926> 5 * 31 + 10) was far from the number of studies.
According to this result, it could be said that there was no publication bias among the studies
selected for the meta-analysis.

Table 3. Homogeneity Test

Q-Value df (Q) p 12
212,689 30 0.000 85,895

If the p-value is less than 0.05 or the Q value is larger than the value in the X2 table in the
homogeneity test, there is heterogeneity between the studies selected for the meta-analysis, and
therefore the effect size is calculated using the random-effects model (Petiti, 2001). When the
data obtained in this study were examined, heterogeneity was detected between the studies
related to the effect of immersive virtual reality environments on academic achievement (Q =
212,689> 53,672; p = 0.000 <0.05). The 12 value (12 = 85%) indicates the heterogeneity level
(Huedo-Medina et al., 2006). Also, the difference between the studies included in the meta-
analysis is directly proportional to the 1? value (Higgins, 2008).

Overall Effect Size

Table 4. Effect Size

Model Effect Size Standard Variance Lower Upper Z-Value p
Type (d) Error Limit Limit
REM 0.526 0.113 0.013 0.305 0.748 4.659 0.000

Since the studies selected for the meta-analysis had a heterogeneous structure, the random-
effects model was utilized for effect size calculation, and it was calculated as (d = 0.526). Based
on Cohen et al. (2007)’s classification, the effect size was medium and created a significant
difference favoring the experimental group (Z = 4.659, p = 0.000).

Effect Size According to Moderator Variables

Table 5. The effect size for moderator variables
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% 95 Confidence Degree of Heterogeneity Test

Interval freedom
N Hedge’sg  Lower Upper Qbetween p
Limit Limit
Science 6 0.363 0.272 0.999
STEM 2 0.700 0.418 0.981
Foreign Language 8  0.473 0.047 0899 13 70.666 0.000
Field Mathematics 3 0.156 0.765 0.454
Health 2 0.258 0.048 0.565
Occupational 2 2.124 -1.233 5.482
safety
Elementary 4 0.125 -0.617 0.813
Grade
Level Secondary 9 0.617 0.238 0.997 3 9.699 0.02
High 3 0.502 0.191 0.813
University 15  0.612 0.238 0.987

While calculating the effect size based on the subject area, the heterogeneity between the studies
was controlled first. Since the value in the X? table (22.362) corresponding to the p (0.000
<0.005) and degree of freedom (df = 13) is lower than the value of Qbetween (70.666), a
heterogeneous structure was detected between the studies. Therefore, a random-effects model
has been used. It has been determined that the highest effect size values based on the subject
area were in the fields of occupational safety (d = 2.124) and STEM (d = 0.700). Positive effect
sizes were also determined in the fields of foreign language (d = 0.473), Science (d = 0.363),
Mathematics (d = 0.156), Health (d = 0.258). Although other fields were present in the meta-
analysis study, they could not be selected for the comparison based on the subject area, since
there were not enough studies.

In the comparison based on students’ grade levels, the value in X? table (7.815) corresponding
to the p (0.02 <0.05) and the degree of freedom (df = 3) was found to be lower than the value
of Q between (9.699), and therefore effect size was calculated utilizing the random-effects model.
It was determined that the highest effect sizes were for secondary school (d = 0.617), university
(d =0.612) and high school (d = 0.502).

Findings Regarding the Meta-thematic Analysis

In Figure 3, it was seen that codes such as "creating a perception of reality"”, "safe learning
environment”, "removing the time-space limitation”, "providing an interactive learning
environment™ were created regarding the opinions of the participants selected for the meta-
thematic analysis.
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Figure 3. General Features of Immersive Virtual Reality Environments

Some of the student views that were effective in the creation of these codes are as follows:

T3_2-S3: “We really seem to have experienced the incident. When you don't wear the
mask, you die. | felt like I was going to fall when | looked down or something. It really
looks like real-life drills. | can say that | was fascinated even after taking off the glasses for
about half an hour or so”, T3 27-S4: “I didn't think it was so realistic. After all, how real
can the virtual be... Too realistic, I mean, the body releases adrenaline. It literally wakes
up our excitement, emotions, and feelings.”, P3 9-S5: “When [ wear SVVR, it is just like
I am standing on the top of Yu Shan and enjoying its magnificent landscape”, P4_10-S2:
“T like real-time interaction in the virtual world. In the learning process, | would pause to
see the objects, listening to the words or sentences repeatedly. My interaction with people
in the virtual world gave me a deeper impression of the learning content...”, T2 25-S10:
“I’'m thinking, get ready, get out of the house, you are at your destination in at least 30
minutes, wait for training, attend training only at certain hours. It is not like that in virtual,
I can work 24/7.”, T3 22-S1: “With VR we made this practice like the real thing. You feel
that you are really in there, you are living it. | think | personally experienced this practice.
I learned by feeling”, P3 14-S1: “Seeing the authentic images let me have the feeling of
virtually being there. This kind of learning interaction facilitated my writing impression
and assisted me in recalling the memories in the contexts...”. T3 13-S3: “It will help to
avoid errors. It prevents the loss of life and property. We can do as many drills as we want.

We save time. These environments are catchy and effective”.
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Figure 4. Cognitive Effects of Immersive Virtual Reality Environments

When Figure 4 was examined, among the codes obtained from the data collected from the
participants in the studies examined within the scope of meta-thematic analysis, it is seen that
codes such as “providing permanent learning”, “increasing comprehension of the lesson”,
“increasing the focus on the lesson”, “active participation”, “providing in-depth learning”,
“self-regulated learning”, and “allowing the student to learn according to their level” were

created. Some of the participant views regarding these codes are as follows:

T3_18-S5: “We easily completed the tasks that we desired in the environments. It is
permanent and instructive”, P4 10-S2*... My interaction with people in the virtual world
gave me a deeper impression of the learning content. | remembered words easier. Although
I did not know every word, the context and the virtual characters’ body language helped
me guess the meaning right”, T3 23-S2: “You are constantly writing in theoretical courses.
On the other, you are in the fire, trying to help people. There is more active participation”,
T2_11-S1: “I believe the effects are positive because the person steps out of a certain
learning method while learning and learning takes place in a playful setting. | think learning
literally takes place”, T2 37-S7: “Virtual reality environments was an experience | have
never practiced before. | did not get too tired and saved a lot of time because it took me a
little time to do a large number of repetitions. It is a great opportunity to be able to choose
the level of difficulty and the action | will work on as | want. In this way, | could only
concentrate on the area | want to improve.”, T2 18-S1: “You can practice whenever you
want, as long as you want, in any difficulty; provides great time savings and flexibility”.
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Figure 5. Affective Effects of Immersive Virtual Reality Environments

In Figure 5, it was seen that regarding the affective effects of immersive virtual reality
environments, codes such as "sense of presence”, "motivating”, “exciting”, "satisfaction”,
"interesting”, and "increasing self-confidence" were created. Some of the participant views
regarding these codes are as follows:

P3_29-S1: “Before using SVVR, I could only try hard to figure out what to write based on
my writing ability. I could not understand the author’s real perception, either. However,
with SVVR, | can have a sense of presence and better realize the mental perceptions of how
the author described the on-site landscape. | realize that writing an article can be so
touching and I learned some beautiful sentence patterns from the author!”, T3 6-S4: “We
feel like we are in the action. Thanks to VR, we have calmness because we feel like we are
in the environment”, T2 20-S10: “Every week, although I did not have a class that day, |
ran to school on the day of virtual reality education. First of all, it leaves your troubles aside
so that you can only focus your attention on anything but the tool. It offers a reality that
you can organize and manipulate as you wish. Just a few seconds after you start using the
tool, you forget that the virtual environment is virtual and switch to a completely different
world”, P4 3-S1: “I like VR because it is interesting, cool, and not tedious. It is like playing
computer games. The virtual world is realistic, which motivates me to learn English
vocabulary”, P1 19-S10: “T used to be afraid that T couldn’t speak English well, but after
practicing a few times, [ was more confident and dared to speak”.

Psycho-motor Skills

Increasing reflex movements and

Increasing mind-muscle - » o . " ,
ing mi Gaining skills Improving fitness Improving technical skills speed

coordination

Figure 6. The effect of Immersive Virtual Reality Environments on Psycho-motor Skills
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According to Figure 6, regarding the effect of virtual reality environments on psycho-motor
skills, codes such as "improving technical skills”, "increasing mind-muscle coordination”,
"improving fitness" were created. Some of the student views that were effective in the creation
of these codes are as follows:

T2_12-S3: “I believe that virtual reality improves reaction, attention, technique, speed, and
can improve fitness by increasing training levels.”, T2 15: S5: “The angle of arrival, pace,
height, and touchpoints of oncoming balls vary in conventional learning. This is ineffective
for reworking workouts. This condition appears to be advantageous in virtual reality; I
believe you can choose the system based on the angle, pace, height, and point it touches.”.

Difficulties Experienced During Application

Difficulty understanding Technical problems Insufficient instruction Limited time Health problems

Figure 7. Difficulties Experienced During Immersive Virtual Reality Environments

According to Figure 7, regarding the problems experienced during immersive virtual reality
environments codes such as "technical problems”, "limited time", "health problems™ were
created. Participant views regarding these codes are as follows:

T1_1-S8: “It would freeze from time to time, but it was OK...”, P1 42-S11: “Except that
the volume is sometimes not very clear, I think it is fine on the whole”, T1 38-S8:“...There
were times when [ didn't know what to do in the game... When I saw the boxes in the first
part, I did not know what to do ...”, P4 _16-S2: “I am not good at English. I had to listen,
respond, and read the caption simultaneously. Also, | was curious about the objects in the
virtual world. I would like to take a look at them. There’s not enough time. | did not know
how to say some words. | had to listen to these words again and again. Although there was
a caption, I did not have enough time to read it thoroughly.”, T3 37-S6: ““VR glasses should
be adjusted for the person’s eye. I do not wear glasses, but | had watering eyes when |
stayed there for a long time.”.

Conclusion and Discussion

This study was conducted to determine the effects of immersive virtual reality
environments on students' academic achievement and learning environments. The study was
conducted with a mixed-method design; in the quantitative dimension, 31 studies included in
the study based on the criteria determined by the researchers were subjected to meta-analysis,
and in the qualitative dimension, 8 studies with a qualitative dimension and participant views
were subjected to meta-thematic analysis. For the meta-analysis study, first, whether there was
any publication bias between the studies was tested using the funnel plot and Rosenthal’s Safe
N theory. When the funnel plot created for the studies selected for the meta-analysis was
examined, it was observed that the graph was symmetrical and in the form of an inverted funnel.
Moreover, when the Rosenthal Safe N theory test for publication bias was examined, it was
found that the safe N number (926> 5.31 + 10) was far from the number of studies. Considering
these findings, one could say that there was no publication bias among the studies included in
the meta-analysis. To determine whether the selected studies were homogeneous, the value
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obtained by comparing the p-value and Q value with the value in the X? table was examined.
As a result of the examination, a heterogeneous structure was detected between the studies
selected for the meta-analysis (Q = 212,689> 53,672; p = 0.000 <0.05). For this reason, the
random-effects model was utilized to calculate the general effect size.

In the findings obtained from the study, the general effect size regarding the studies included
in the meta-analysis was calculated as (Hedge's g = 0.526). This value was classified as medium
(Cohen et al., 2007), and created a significant difference favoring the experimental group (Z =
4.659, p = 0.000). In their meta-analysis studies on the effect of students' academic
achievement, Merchant et al. (2014) and Wu, Yu, and Gu (2020) also found that virtual reality
environments had a positive effect on learning. A multitude of studies in the literature reported
that virtual reality environments made positive significant differences in students’ academic
achievement (Kim, 2006; Hwang and Hu, 2013; Merchant et al. 2013; Civelek et al., 2014;
Bowen, 2018; Zhou, Xu, & Wang, 2018; Legault et al., 2019; Shi, Wang & Ding, 2019; Tepe,
2019; Acar & Cavas, 2020; Chen et al., 2020; Liu et al., 2020; Sarioglu & Girgin, 2020). On
the other hand, some studies did not find any significant difference (Davis et al., 2020; Liou et
al., 2017; Makransky, Terkildsen & Mayer, 2019).

It has been found that the highest effect size value based on the subject area was in occupational
safety education (g = 2.124) which showed a strong effect according to Cohen et al. (2007)’s
classification. In several studies, it has been determined that the occupational safety behavior
skills of the students have greatly improved with virtual reality and that most of the students
could demonstrate their behavioral skills in real environments (Cha et al., 2012; Xu et al., 2014;
Zhang et al., 2017; Cakiroglu & Gokoglu, 2019; Tepe, 2019; Leder et al., 2019; Fu and Li,
2020). Similarly, there have been positive effects determined in the fields of STEM (g=0.700),
foreign language (g=0.473), science (g=0.363), mathematics (g=0.156), and health (g=0.258).
When the literature was examined, it was observed that virtual reality environmentss positively
affected student success in the field of STEM (EI-Mounayri et al., 2016; Chen et al., 2019;
Lund & Wang, 2019). In the study conducted by Bogusevschi et al. (2018) on the effect of
immersive virtual reality environments, students found the virtual reality environment very
useful and stated that it made learning enjoyable. In the examination based on grade level, it
was determined that the highest effect size was for secondary school (Hedge's g = 0.617),
university (Hedge's g = 0.612), and high school (Hedge's g = 0.502). This result might be due
to the higher number of studies conducted at these grade levels since Wu et al. (2020) reported
that virtual reality environments were more effective at the K-12 level.

Regarding the general features of immersive virtual reality environments obtained from the
meta-thematic analysis, codes of creating a perception of reality, safe learning environment,
removing time-space limitation, providing an interactive learning environment, and learning by
doing were created. According to Jayaram, Connacher, and Lyons (1997), virtual reality is the
environment that gives a person senses of presence and reality. Pandelidis (2010), on the other
hand, states that virtual reality can provide students with a sense of presence and give them the
feeling of being a part of the learning environment, thus enabling them to participate in the
learning environment. This finding overlaps with the results of other studies in the literature
(Hwang & Hu, 2013; Liou et al., 2017; Tepe, 2019; Akman & Cakir, 2020; Chien, Hwang &
Jong, 2020; Huang, Hwang & Chang, 2020; Kalkan, 2020; Tai, Chen & Todd, 2020).

Regarding the cognitive effects of the immersive virtual reality environments obtained from the
meta-thematic analysis, it was seen that codes such as providing permanent learning, increasing
the comprehension of the lesson, increasing the focus on the lesson, providing active
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participation, providing in-depth learning, self-regulated learning, and allowing the student to
learn according to his/her level were created. This finding is in line with the findings of other
research (Hwang & Hu, 2013; Liou et al., 2017; Fabris et al., 2019; Tepe, 2019; Akman &
Cakir, 2020; Chien, Hwang & Jong, 2020; Huang et al., 2020; Kalkan, 2020; Tai et al., 2020).
In the study of Sakdavong, Burgues, and Huet (2019) on self-regulation in virtual reality
environments, it was found that immersive environments and interaction with the environment
were very effective on self-regulated learning.

Regarding the affective effects of the immersive virtual reality environments obtained from the
meta-thematic analysis, codes such as "sense of presence”, "motivating", "exciting",
"satisfaction”, "interesting"”, and "increasing self-confidence” were created. As a result of the
research conducted by Finkelstein et al. (2011), it was also concluded that virtual reality
environments increase students' motivation. In the study investigating teachers’ views on the
use of virtual reality in STEM education, Yildirim et al. (2020) stated that virtual reality
increased students' interest and motivation to the course and provided an individual learning
environment for students. Vincent et al. (2008) concluded in their study that immersive virtual
reality environments increase students' satisfaction levels and self-efficacy perceptions.
Sanchez-Vives and Slater (2005) describe the concept of presence as the phenomenon of acting
and feeling as if being in the computer-generated virtual world. Although physically in a
different environment, feeling and being active in the virtual reality environment are the
fundamental features of virtual reality (Schwind et al., 2019). In the research conducted by
Makransky et al., (2019), it was found that immersive virtual reality environments created more
sense of presence than others. Other studies in the literature also support this result (Hwang and
Hu, 2013; Liou et al., 2017; Tepe, 2019; Akman & Cakir, 2020; Chien et al., 2020; Huang et
al., 2020; Kalkan, 2020; Tai et al., 2020).

In the meta-thematic analysis, it was seen that regarding the effects of immersive virtual reality
environments on psycho-motor skills, codes of improving technical skills, increasing mind-
muscle coordination, and improving fitness were created. Kalkan (2020) reported that a virtual
reality environment could be an effective method in teaching technical skills for playing table
tennis. Regarding the problems experienced during virtual reality environments, codes such as
technical problems, limited time, health problems were created. In the study conducted by
Kaleci, Tepe, and Tiiziin (2017) on the opinions of virtual reality users, it was stated that some
users experienced negative things such as dizziness, nausea, blurred eyes, insufficient sound in
the virtual reality environment, and anxiety. In the research conducted by Demir (2019), it was
observed that there were complaints such as dizziness, headache, and fatigue. In the research
conducted by Karaoglan, Yilmaz, and Yilmaz (2019), issues of dizziness and nausea were
observed due to graphic and sound incompatibility.

Suggestions
In light of the results of this study, the following recommendations were made:

e It has been determined that virtual reality environments have a positive effect on
students’ academic achievement and cognitive, affective, and psychomotor skills.
Therefore, immersive virtual reality environments should be used more in learning
environments.

e It has been determined that virtual reality environments have a higher level of impact
especially in the field of occupational safety and STEM and have a positive effect in
fields such as Science, foreign language, and mathematics. Since there are not enough
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studies in some fields such as physics and computers, they could not be included in the
meta-analysis based on the subject are. Studies should also be conducted in these areas.

e It has been concluded that virtual reality environments have a higher effect at the
secondary school and university levels. However, the number of studies conducted at
other educational levels appears to be quite insufficient number wise. Studies at other
educational levels are recommended.

e It was concluded that some health and technical problems may be experienced during
virtual reality environments. Relevant precautions should be taken accordingly prior to
initiating the use of virtual reality environments.

e Limited and insufficient meta-analysis studies were spotted on the effects of virtual
reality environments on students' academic achievement. Meta-analysis studies can be
conducted for students' academic achievement, sense of presence, and motivation.

e There are a fair number of types of virtual reality environments. However, it has been
determined that meta-analysis studies that present a holistic approach to compare the
effects of these environments in the literature are insufficient in number. Studies may
be conducted to compare different virtual reality environments in the future.

Note: Studies included in the meta-analysis are marked with "*".
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