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ABSTRACT This study investigates augmented reality (AR) applications on 21%-century skills and basic skills of elementary
school students. The reseatch method is determined as a mixed method. The sample group of the research consisted of 62 randomly
selected elementaty school 4™-grade students. In the expetimental group, coutses were taught using AR, and in the control group,
the lessons were taught with activities included in the science class. In the research, the 21%-century learning and innovation scale
and basic skills scale was used as a quantitative data collection tool, and semi-structured interview and researcher's journal were used
as a qualitative data collection tool. According to the results, the study of science using augmented reality applications has positively
affected the skills of elementaty school 4®-grade students. The qualitative results of the research concluded that students’ creativity
and innovation, critical thinking, making inferences, problem-solving, collaboration, and communication skills developed. During
the interviews with students and the classroom teacher, they stated that the AR application makes information more permanent by
embodying the information in their minds. The lessons are fun and exciting; their interest in technology is increased and should be

used in other lessons.
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1. INTRODUCTION

People are asked to produce in the 21s-century
information age and question and criticize information
through developing technology. Leading countries
wotldwide have developed different training programs on
what to teach in science (Akgindiz et al., 2015). The
training programs focus on STEM education and 21st-
century skills. STEM education applies at all levels, from
pre-school to higher education, including technology and
engineering practices based on science and mathematics
(Ozsoy, 2017). In this regard, the place and types of
technologies used in educational environments increase
day by day and become critical. The recent use of
augmented reality (AR) is also an essential aspect of
technology. Augmented reality is a technology that enables
real and virtual objects to interact in a simultaneous
artificial environment and enables users to examine virtual

objects in the real world (Azuma, 1997; Zhou, Duh, &
Billing-Hurst, 2008). AR bridges the gap between real and
virtual smoothly (Chang, Morreale, & Medicherla, 2010).

The concepts of augmented reality and virtual reality are
expressed together but do not have the same meaning. VR
is combining real-world and 3D objects in interactive
virtual environments. Augmented reality is blending the
real world and real-time in a computer environment and
enriching it. In other words, while virtual reality transports
objects to the virtual world, augmented reality focuses on
enriching reality (Somyiirek, 2014). AR appears to be an
exciting technology for education (Luckin and Fraser,
2011). Frequent use of advanced technologies in life
increases the importance of skills.

Developing and advancing technology  brings
innovation to societies. 215-century skills are the high-level
skills that individuals need to acquire advanced technology,
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produce, select and analyze information, and use it in their
daily lives (Anagiin, Atalay, Kilic, & Yasar, 2016). 21s-
century learning and innovation skills are defined as skills
that involve individuals' life and career skills in their
learning processes; and use media, knowledge, and
technology skills they use in their daily lives (Atalay, 2015).
Scientific process skills are the skills that individuals use to
recognize problems they face, produce solutions, and make
decisions (Tasdemir, 2016). The research aims to reveal the
effect of augmented reality applications in science classes
of elementary school students on 21s-century skills and
basic skills. For this purpose, answers to the following
questions are sought.

1. Do augmented reality applications in science lessons of
elementary school 4t-grade students affect their 21st-
century learning and innovation skills?

2. Do augmented reality applications in science lessons of
elementary school 4th-grade students affect their basic
skills?

3. What are the opinions of elementary school 4t-grade
students and classroom teachers on augmented reality
applications?

2. METHOD
2.1 Research Model

In this study, embedded experimental design, one of the
mixed methods, was used to examine the effect of
augmented reality applications on 21s-century skills and
basic skills in science class. The embedded experimental
design is a mixed method in which qualitative and
quantitative  data are obtained sequentially or
simultaneously (Figure 1). Data is collected to support the
other group of data (Creswell & Plano Clark, 2007).
2.2 Participants

This study was conducted with 62 students in an
elementary school in Antakya, Hatay, in the 2018-2019
academic year. Table 1 shows 16 female students and 15
male students in the experimental group and 12 female
students and 19 male students in the control group.
2.3 Data Collection Tools

In the study, the "21st Century Learning and Innovation
Scale", which consists of 39 items and three sub-
dimensions developed by Atalay (2015), was used to

Table 1 Distribution of the students by gender

Experimental Control Group
Group
Gender f % f %
Female 16 48 12 36
Male 15 52 19 64

measure the effect of AR practices on students' 215-century
skills. Meanwhile, the "Basic Skills Scale" developed by
Padilla, Cronin, and Twiest (1985) and adapted into
Turkish by Aydogdu and Karakus (2015) was used to
measute the basic skills of the students. The Cronbach’s
Alpha coefficient of the 21t Century Learning and
Innovation Scale was calculated as 0.70. The Cronbach's
Alpha coefficient of the Basic Skills Scale was calculated as
0.81 Semi-structured interview form, and the researcher's
journal was also used in the study.

2.4 Implementation Process

At the first stage of the research process, the "Earth's
Crust and the Movement of Our World" unit was
determined from the Science Curriculum. In the second
stage, lesson plans and worksheets were prepared
according to the 5E model. In the third stage, the
preparation process of materials for the AR application has
been completed. In the fourth stage, the necessary
programs for the Augmented Reality Applications, internet
access, and technical support were provided to tablets and
made ready for implementation. The 15-course hour
lecture process in the experimental group was continued
with AR applications and with the current curriculum in
the control group. Hp Reveal and Space 4d + cards were
used to choose the AR Application materials. The
researcher prepatred the experimental materials such as QR
codes, fossil photographs, and mine cards. The study
groups were randomly selected, and the class environment
was set up to a cluster layout for students, and the
implementation process continued in this way.

In the first week of the implementation process, "The
ground shell of the earth's crust consists of the rock layer.
It is not covered in the classification of rocks." learning
outcome was processed. The QR codes prepared for the
students were distributed and requested to be examined. A
mind map of the word "rock" has been created. With the

Analysis

Qualitative or Quantitative Data Collection and

(before, at the same time, or after)

Figure 1 Embedded experimental design (Creswell & Plano Clark, 2007)
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Figure 2 Implementation process

help of QR codes and augmented reality, the information
showed that the rocks are made of minerals. During the
assessment, the students completed the structured grid
forms using the augmented reality application.

In the second week, "Relates rocks with minerals and
discusses the importance of rocks as raw materials. It is
referred to many rocks and minerals in Turkey; gold,
boron, marble, lignite, copper, hard coal, silver, etc.,
examples are given." learning outcome was processed. The
students were given a video about mines, and their
opinions were taken on the subject of the video. After the
necessary information was provided, the material titled
"Mining Cards" prepared by the researcher was presented,
and the cards were introduced. Both sides of the cards are
defined in the Hp Reveal program. The raw states of the
mines on one side of the cards and the areas of use on the
other side are shown using the augmented reality
application.

In the third week, "Explains the formation of fossils.
Fossil types are not covered," the learning outcome was
processed. A fossil experiment was performed first in this
learning outcome. After the experiment was completed, the
students were given photos of the identified fossils and
asked to examine them. They first predicted the species
whose fossil photographs were examined, and they have
also observed them through augmented reality
applications.

DOI: 10.17509/ jsl.v4i4.32900 339

Review of the curriculum and preparation of teaching plans according to 5E

Preparing augmented reality application materials and providing tablet

15t week “The ground shell of the earth’s crust consists of rock layer.
It is not covered in the classification of rocks.” learning outcome was

2rd week “Relates rocks with minerals and discusses the importance
of rocks as raw materials. It is referred to many rocks and minerals
in Turkey; gold, boron, marble, lignite, copper, hard coal, silver, etc.
examples are given." learning outcome was processed.

3rd week "Explains the formation of fossils. Fossil types are not
covered." learning outcome was processed.

4t week "Explains the difference between the movements of the Earth’s
rotation and revolution." learning outcome was processed.

5% week “Explains the events that occurred as a result of the movements of the
Earth.” learning outcome was processed.

In the fourth week, "Explains the difference between
the Earth's rotation and trevolution movements," the
learning outcome was processed. First, the cartoon about
the rotation and revolution movement of the Earth has
been shown to the students in this learning outcome. Then,
they were asked to give examples from daily life. The
students have first introduced to Space 4d+ cards. Then,
they were asked to examine the Earth and Solar System
card.

The fifth week was started by repeating the difference
between rotation and revolution movements of the Earth
and "Explains the events that occuttred as a tesult of the
movements of the Earth." a. The rotation of the Earth is
mentioned. b. The revolution of the Earth is mentioned. c.
It is mentioned that the position of the Earth changes
depending on the revolution around the Sun. d. The
formation of day and night is mentioned. d. The concepts
of day, year, and time are given." learning outcome was
processed. The students were given Space 4d+ cards. Solar
System card inspection requested. At the end of the
implementation, one-on-one interviews were conducted
with four low, four medium, and four high-level students
and teachers, taking into account the students' scores on

the "21st Century Learning and Innovation Scale” (Figures
2-3).
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Figure 3 Application examples

2.5 Data Analysis

As a quantitative data collection tool, 215t Century
Learning and Innovation Skills Scale and Basic Skills Scale,
as qualitative data collection tool; semi-structured interview
form and researchet's journal were used in the research. In
addition, analyses were conducted for the research
problems. SPSS software was used to analyze quantitative
data, and a descriptive analysis method was used to
interpret the analysis of qualitative data.

3. RESULT AND DISCUSSION

In this study, Shapiro Wilks Normality Analysis was
performed to test whether the experimental and control
group data showed normal distribution. The normality test
is essential in determining which statistical formula can be
used to test the research hypothesis. If the group size is less
than 50, the p valu es found due to the Shapiro Wilks
Normality Analysis Test, which results from normality
analysis, are determined as more significant than .05. T-
tests from parametric tests were used in the pre-post test
scores of the experimental and control groups. The pre-test
scores of the experimental and control groups are shown
in Table 2.

When Table 2 is examined, there is a difference of .99
between the students' average scores in the experimental
and control groups from 21t Century Learning and

Innovation Skills pre-test scores. It has been observed that
the p-value based on the t-test result performed to
determine whether this difference is statistically significant
is .30. When the table is examined for the Basic Skills Scale,
there is a difference of 2.46 points between the pre-test
scores obtained by students in the experimental and control
group. It has been observed that the p-value based on the
t-test result performed to determine if it is statistically
significant is .22. The result shows that the difference
between the averages of both groups is not significant.
Therefore, there is no statistically significant difference
before the study regarding the 21t Century Learning and
Innovation Skills Scale and Basic Skills Scale of the
students in the experimental and control groups. In the
context of this skill, it can be said that the groups have
similar characteristics.

According to the study, the dependent sample t-test
results of the 215t Century Learning and Innovation Skills
Scale and the Basic Skills Scale pre-post test scores of the
experimental and control groups students are given in
Table 3.

When Table 3 is examined, there is a 5.55 point
difference between the students' average scores in the
experimental and control groups from the 21t Century
Learning and Innovation Skills Scale pre-post test scores.
It has been observed that the p-value based on the t-test
result was .00, which is used to determine whether this
difference is statistically significant. There is a 2.10 point
difference between the average scores obtained by the
students in the experimental group from the Basic Skills
Scale pre-post test scores. It has been observed that the p-
value based on the t-test result was .00, which is used to
determine whether this difference is statistically significant.
The result shows that the difference between pre-post test
scores of the experimental group is significant. Therefore,
there is a statistically significant difference between the pre-
post test scores of the students in the experiment group for
the 215t Century Learning and Innovation Skills and Basic
Skills.

Table 2 Independent sample t-test results of experimental group and control group students’ 215-century learning and

innovation skills scale and basic skills scale pre-test scores

Groups N X ss sd t p
215t Century Learning and Exp. 31 90.61 11.10 62 -.399 .30
Innovation Skills Scale Cont. 31 91.60 8.74
Basic Skills Scale Exp. 31 20.60 3.78 59 2.26 22
Cont. 31 18.14 4.69

Table 3 Dependent Sample t-Test Results of Experimental Group and Control Group Students’ 21s-Century Learning

and Innovation Skills Scale and Basic Skills Scale Pre-Post Test Scores

Tests N X ss sd t P
215t Century Learning and Pre-test 31 89.51 11.39 30 3.85 .00
Innovation Skills Scale Post-test 31 95.06 10.81
Basic Skills Scale Pre-test 31 20.70 11.39 59 2.26 .00
Post-test 31 22.80 10.81

DOI: 10.17509/ jsl.v4i4.32900 340

J.Sci.Learn.2021.4(4).337-346



Journal of Science Learning

Article

Table 4 Independent sample t-test results of experimental group and control group students’ 215-century learning and

innovation skills scale and basic skills scale post-test scores

Groups N X ss sd t p
215t Century Learning and Exp. 31 95.06 10.81 60 2.33 .61
Innovation Skills Scale Cont. 31 88.74 10.46
Basic Skills Scale Exp. 31 22.80 4.08 59 3.40 .29
Cont. 31 18.96 4.70

Table 5 Dependent sample t-test results of pre-post test scores regarding the 215%-century learning and innovation skills
scale of experimental group students' creativity and innovation, critical thinking and problem solving, collaboration and
communication skills sub-dimension, and basic skills scale prediction and communication skills sub-dimension

Test N X ss sd t p

Creativity and Innovation Pre-test 31 46.51 5.74 30 -2.54 0.01
Post-test 31 48.58 5.88

Critical Thinking and Pre-test 31 25.70 4.76 30 -3.83 0.00

Problem Solving Post-test 31 28.45 3.72

Collaboration and Pre-test 31 17.29 3.77 30 -1.97 0.05

Communication Post-test 31 18.03 3.14

Prediction Skill Pre-test 31 4.35 0.91 30 -3.73 0.00
Post-test 31 4.87 0.56

Communication Skill Pre-test 31 2.06 0.96 30 -2.44 0.02
Post-test 31 2.45 0.80

According to the study, independent sample t-test
results of the 21st Century Learning and Innovation Skills
Scale and Basic Skills Scale post-test scores of the
experimental and control group students are given in Table
4.

When Table 4 is examined, there is a 6.32-point
difference between the students' average scores in the
experimental and control groups from the 215t Century
Learning and Innovation Skills Scale post-test scores. It
was observed that the p-value based on the t-test result was
.61, which is used to determine whether this difference is

Creativity

Creativity and

Innovation Skill ~ ~ Exposure

Curiosity

Interest in
Technology

Figure 4 Creativity and innovation skill
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statistically significant. There is a 3.84 point difference
between the students' average scores in the experimental
and control groups from the Core Basic Skills Scale post-
test scores. It was observed that the p-value based on the
t-test result was .29, which is used to determine whether
this difference is statistically significant. The result shows
that the difference between the averages of both groups is
not significant. Therefore, there is no statistically significant
difference between the 21t Century Learning and
Innovation Skills and Basic Skills post-test scores of the
experimental and control groups. Sub-dimensions of the
21st Century Learning and Innovation Skills Scale were
examined in the study.

Dependent sample t-test results of pre-post test scores
regarding the 21t Century Learning and Innovation Skills
Scale of experimental group students’ Creativity and
Innovation, Critical Thinking and Problem Solving,
Collaboration and Communication Skills sub-dimension
and Basic Skills Scale Prediction and Communication Skills
sub-dimension are given in Table 5.

The results of the data show that there is a significant
difference between the 21s-century learning and
innovation skills scale of the expetimental group students'
creativity and innovation, critical thinking and problem
solving, collaboration and communication skills sub-
dimension pre-post test scotres, a nd basic skills scale
prediction and communication skill sub-dimension post-
test scores (Figure 4).

Qualitative data has resulted in students' interest in
creativity, curiosity, exposure, and technology using
augmented reality in the Science class. Students expressed
the effect of the application on their creativity and

J.Sci.Learn.2021.4(4).337-346
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Noticing
misconceptions

Critical Thinking and
Problem Solving Skill

Learning new
information by
doing research

Figure 5 Critical thinking and problem solving

innovation skills in semi-structured interviews as follows;
S1, “Yeah, I imagined a watch. Becanse there were many technological
stuffs and I wanted to make a watch. You press a button like this,
hot air was coming, your cold was passed, you were pushing another
button, it was like an air conditioner, and the clock was coming when
You opened it in a normal clockwise direction, 1 bad imagined
something like that, and I had never tried it. Becanse it is not life the
normal picture, it is very vivid, 1 mean angmented one is like fully in
it." and S2, “I wanted to design spacecraft. For instance, you will be
able to see the ground while in the air. For example, you want
something. 1t will take it directly to the Moon. There are animated
Silms like this about space. I used to think that such technology like
tablets or phones was not working, but now I have learned. I also did
it at home. I have done two things like yours. I have written on it, put
pictures in it and tried it expressed the positive effect of
applying on their creativity with their views—S3, "If I
wanted to design something, for example, normal cars, small models.
For instance, when_you jump up, the gravity decreases, or you fly up,
or you can have something to mafke them heavier, something life
thorny, and it does not fly—no, not flying. That is the one who goes
to Mars, something like that, the spacecraft." and S4 “There was
always more (curiosity in me). For instance, you gnys did something,
and I went and started things like that on YounTube. Yes. I opened it
again, and 1 did it. How do they get these things ont? How do they
do that?... So there was a channel called space adventure, and there
was a NASA channel or something, and you are doing something,
and you are learning from NASA. Sometines you can come up with
some crazgy stuff, like an alien. However, it is beantiful." expressed
the positive effect of the application on their curiosity and
interest level regarding technology in semi-structured
interviews (Figure 5).

It shows that using augmented reality applications in
science class of the students has gained these skills in
learning new information by doing research and noticing
and eliminating misconceptions. Students expressed the
positive effects of the application on critical thinking and
problem-solving in semi-structured interviews as follows;

DOI: 10.17509/ jsl.v4i4.32900 342

S5 “Yeab, well, at first, I did not know the Earth was moving.
And then I was looking at the tablet, and well, it was circling the
Sun. I also learned that the Sun is constant. So, for example, I have
become more interested in science. .." and S6 “M)y friend, for instance,
said that the world is from east to west, but I said it is from west to
east. 1 knew the false information then, but then I learned the correct
information.” views expressed. In the researcher’s journal,
“They loved angmented reality application cards. Observing the
movements and consequences of the Earth bas helped students embody
abstract terms and gain permanent information. They want to learn
new things about space and the universe, and they have a discussion
among themselves why Turkey does not have a spacecraft like the other
countries. 1t was lovely and impressive.” views expressed.

It was concluded that the students had improved their
collaboration and communication skills in Augmented
Reality Application in Science class. Students expressed the
positive effects of the application on collaboration and
communication skills in semi-structured interviews as
follows;

S7 “I was the president of that group, and I was the only one
holding it, and we did it in binary order. He was very, very
enthusiastic. Everybody wanted to hold it like we are taking turns,
and 1 will hold it twice, and I will hold it three times. Yeah. I
remember when my friends were looking and giving it to a friend in
Sfront of me, and be was looking, and everybody was seeing, and
everybody was understanding." and S8 “Teammwork. For exanmple,
we once said who will do it, who will do it, and then we took turns
doing it. Yes, it did. My commmunication with my friends, like, has
gotten better, and 1 have started talking more, and I have been
spending more time." views expressed. It was concluded that
the students improved their prediction and communication
skills in Augmented Reality Application in Science class
with the qualitative data. Students expressed the positive
effects of the application on prediction and
communication skills in semi-structured interviews as
follows:

S9 “Firstly, we thought it was a baby bear, and then we looked
at it as a crab. Now we see on the tablet... Many different things came
out of that, which we wrote. We understood which animal it was, and
we can predict better. However, it was hard because it was a regular
paper. Then we looked at it from the tablet, it was very, very djfferent.”’
and S10 “No teacher, I had a picture of a dinosaur that looked like
a flying reptile, so I wrote dinosanrs abont it, I mean about my guess.
1 got it better. I saw something similar to marble, crab, and I wondered
what it was, and 1 thought it was marble. So I wrote it, and I learned
that it was a crab in angmented reality application. So it got better, it
happened here too, when 1 finally looked with the angmented reality
application, 1 found ont that it was fish." expressed their views
about the contributions of the implementation process.
Following semi-structured interviews with the students
involved in the applications and implementation process,
the data were discussed under seven topics (Figure 06).

Students stated that the implementation was realistic,
provided more permanent learning to them, should be used
interdisciplinaty, aroused curiosity and interest, embodied
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Figure 6 Student views on the implementation

abstract concepts, developed observation and prediction
skills, and improved career awareness.

S4 "We use fossils in the application. For instance, it was best to
see them like that. 1 did not think 1 would do that in a science lesson.
1t was very beantiful. 1t has been great that the technology has gone
this far" and S8 "I would like it to be fun with the tablet. When
you talk like this, it happens with this application. I wounld like it
with augmented reality. They are so real. That is it, on the name."
expressed their views on the creativity and innovation
aspects of the application.

The researcher expressed their views as “I7 was the first
time that QR codes and angmented reality applications were
introduced. They wanted to learn abont what to do and what kind of
a lesson it would be. The students' motivation towards the lesson
increased affer the application was introduced.” in the researcher’s
journal (Researcher’s Journal, 20.09.2018). The teacher
stated that the augmented reality application provides
prediction and curiosity, creativity, selectivity in internet
usage, and increased teamwork and communication in one-
on-one meetings.

Gogmen (2019), in her study titled “An augmented
reality-driven design for effective learning of the solar
system and beyond the subject,”" stated that the
implementation makes learning more accessible and makes
lessons enjoyable. Kurtoglu (2019), in his study titled "The
Effect of Augmented Reality Applications on Learning
Processes in Information Technologies and Software
Courses," stated that the implementation increases the
motivation of the students, the active participation in the

DOI: 10.17509/ jsl.v4i4.32900 343

course, and the ambition to use the application in other
courses. Omurtak (2019), in her study titled "Investigation
of the effectiveness of augmented reality applications in a
biology course and student opinions," stated that the
implementation embodies the concepts. Demirel (2017), in
her study titled "The effect of augmented reality activities
supported by augmentation approach on academic
achievement, critical thinking skills, motivation towards
science and technology course and argumentation skills,"
found that academic achievement and motivation skills of
students have increased. Their ability to make inferences,
critical thinking skills, and argumentation skills have
improved. Gun (2014), in her study titled “Effects of
augmented reality applications on students' spatial
abilities,” stated that the implementation embodies the
abstract concepts and makes the lessons interesting
regarding students' views. These research results are similar
to our research (Figure 7).

It has been stated by classroom teachers that augmented
reality applications attract students' attention. They will
now use technology more consciously. They can visualize
abstract concepts more efficiently in their minds, and they
significantly have improved creativity. The teachers also
stated that teachers should be given in-service training, and
the infrastructure of the schools should be improved.

The teacher stated that the application had improved
selectivity in Internet usage, creativity, and prediction skills
of the students with his/her views as “The fantasy worlds are
so wide. Children dream of everything. They live with dreams; some

J.Sci.Learn.2021.4(4).337-346
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children tell us things that we bave not. They are curious, and they are that augmented reality technology has improved
exploring online. At least in this way, they have also seen that instead cooperation and communication skills in science

of watching or following things that are useless or canse them to gain
bad bebaviors on the Internet, this type of research can both add better
things to themselves and expand their horizons. 1 think they will be
selective now. 1 mean, they do not follow whatever comes to them. 1
think they wonld be more selective to follow things that might open up
different ways of thinking that might add something to them. I mean,
they are more worried. They asked themselves like "What will come
out? What is this? How will this work?". I think it also belped their
creativity. Regarding curiosity and prediction, the children were
inquisitive abont what wonld come out. They understand one thing.

Did I do it right or not?"
The teacher stated that the augmented reality
application  contributes to the collaboration and

communication skills of the students with his/ her views as
“Students do the science or social studies class as group work. They
are preparing their subjects. They bring their experiments. However,
this app is something very different from theirs, and they liked it. They
love tablets. "'l looked," 'Y ou look too," "L et us look together." They
had that kind of sharing. Of conrse, some students want to use it by
themselves. This is what we encounter a lot in onr daily lives. They
had to share the tablets they used in the house alone but did not mafke
an issue out of it, in turn, they somebow found a solution, and then
they were again excited while comparing their predictions with the notes
they took. They surprised and said, "Ob, I guessed it right." Of
course, there are some problems with the children in  sharing.
Nevertheless, it is good that it was supported by such activity.”
Matcha and Rambli (2013), in their study titled
"Exploratory study on collaborative interaction through
the use of augmented reality in science learning," concluded

DOI: 10.17509/ jsl.v4i4.32900 344

education. These research results are similar to our research
results.

The teacher stated that he/she teach fun lessons with
the students through the application and that technology
should be used more in education with his/her views in
general as "We usually use notebooks and books when we teach the
lessons. We open the Internet from the smart board where we use the
most technology. Smarthoard does not open everything in schools; it is
restricted and does not open private channels. We do not have the
opportunity to do such activities since it only opens channels allowed
by the Ministry of National Education. We are not equipped in this
regard either. 1 liked that application very much. The children saw
many different things and waited with excitement. We are pleased
with your work, and if we had any training on that subject, 1 would
like to implement it in the same way. Of course, it helped. They were
niuch happier to see them in 3D rather than seeing them from a
notebook, book, or photo in one-dimensional view. It aroused their
curiosity and waited with great curiosity. Parents were very happy
about it. As the children were bappy, they liked it too. I think it is
useful. 1 hope they have not forgotten; they will be curious about it and
continne their research. Some students will be curious and continne. 1t
was very suitable for them."

Buytkuygur (2018), in his study, stated that augmented
reality application improves the vocabulary of the students
by using it in foreign language teaching and makes the
lessons more interesting. Sirakaya and Alsancak Sirakaya
(2018) examined augmented reality use in science education
on attitude and motivation and found that the students
were interested in astronomy subjects. These research
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results are similar to our research results. Yildirim's (2016)
study showed a positive increase in students' perception
and attitudes towards problem-solving skills. Squire and
Jan (2007) found in their research that augmented reality
technology has improved 21st-century skills. These research
results are similar to our research results. It was observed
that some of the students wanted to use the technological
tools and equipment used in the application individually,
and they could not be problem-solving groups much.
However, it was determined that students who wanted to
work individually in other weeks were included in the
group, and groups have solved problems they encountered
by collaborating. Another result obtained under the title of
cooperation and communication is that because students
are in randomly created groups, their communication with
their classmates increases, and a positive classroom climate
is achieved.

Ibanez and Kloss (2018), in their research titled
"Augmented reality for STEM learning: A systematic
review," compiled research on the use of STEM and
augmented reality and suggested the use of augmented
reality application in the STEM discipline. Linder, Rineow,
and Jurgens (2019) were highlighted the relationship
between augmented reality and STEM activities in their
research. These research results are similar to our research
results. Delello (2014), in her study titled "Insights from
pre-service teachers wusing science-based augmented
reality," concluded that the implementation positively
affected the classtoom environment and increased
motivation and participation. Demirer and Erbas (2015), in
their research titled “Investigation of Mobile Augmented
Reality Applications and Evaluation of Educational
Perspective," recommended applications that should be
used in an educational environment. Kara (2018), in his
research titled "Investigation of tesearch on the use of
augmented reality practices in education,” concluded that
the effect of augmented reality applications is a matter of
curiosity in education, and the studies have increased since
2012. The studies have been focused on science and
engineering. Soylu (2019), in his research titled “The effect
of the education program based on augmented reality
practices on pre-school teacher candidates' attitudes and
views," concluded that pre-school teacher candidates'
interest in technology increased. These research results are
similar to the results of the study. Based on the findings
and results obtained in the study, the following
recommendations can be made.

4. CONCLUSION

The research investigates the effect of AR on students’
21scentury learning and innovation skills and basic skills.
After implementation, the expetimental group students'
21s-century learning and innovation skills differ
significantly between pre-test and post-test scores. It
reveals that the effective use of augmented reality in lessons
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has positively affected 21st-century skills. There was a
significant difference in favor of the post-test score was
observed when pre-test and post-test scores of the
experimental group were compared regarding the results of
quantitative data on the dimensions of "creativity and
innovation", "critical thinking and problem solving", and
"collaboration and communication", which are identified
as the sub-dimensions of the 21st-century learning and
innovation skills scale

It was noticed in the activities that the students realized
their misconceptions at the end of the implementation
process, began to question the accuracy of the information
they encountered and gained critical thinking skills. It was
also observed that the students learned when they were
cutious about it throughout the process from various
sources through questioning and research. It was
concluded that while students had difficulty solving the
problems they encountered in the activities and during the
implementation process, they tried to solve and reached a
solution by finding different solutions towards the end of
the process.

When the basic skill scores of the experimental and
control group students were analyzed within the groups,
there was no significant difference in the basic skills scale
scores of the students in the control group. In contrast, a
significant difference was found in the scores of the
experimental group students. This result shows that
augmented reality application has a positive effect on
students' basic skills.

ACKNOWLEDGEMENT

The present study was not supported by any
foundations, institutions, or others. Therefore, there is no
funding to report for this submission. We confirm that all
co-authors contributed equally to the study. To the best of
our knowledge, there is no conflict of interest..

REFERENCES

Akgiindiz, D., Aydeniz, M., Cakmakg1, G., Cavas, B., Corlu, M. S., Oner,
T., & Ozdemir, S. (2015). STEM egitimi Tiirkiye raporn [STEM
education Turkey report]. Istanbul: Scala Basim.

Anagiin, S. S., Atalay, N., Kili¢, Z., ve Yasar, S. (2016). The development
of a 21st century skills and competences scale directed at teaching
candidates: validity and reliability study. Pamukkale Egitim Fakiiltesi
Dergisi, (40), 160-175.

Atalay, N. (2015). Slowmation application to student's learning and innovation
skills improvement in science conrse (Unpublished Doctoral Thesis).
Institue of Educational Sciences, Anadolu University Eskischir.

Aydogdu, B., & Karakus, F. (2015). The adaptation study to turkish of
basic process skills scale towards primary students. Mebmet Akif
Ersoy Universitesi Egitim Fafkiiltesi Dergisi, 1(34), 105-13.

Azuma, R. T. (1997). A survey of augmented reality. Teloperators and
Virtual Environments, 6(4), 355 -385.

Buyiikuygur, M. (2018). Developing of educational game application for improving
primary school students' English learning via using augmented reality
technolagy (Unpublished Master's thesis). Istanbul Aydin University,
Istanbul.

Chang, G., Morreale, P., & Medicherla, P. (2010). Applications of
augmented reality systems in education. In D. Gibson & B. Dodge

J.Sci.Learn.2021.4(4).337-346



Journal of Science Learning

Article

(Eds.), Proceedings of Society for Information Technology & Teacher
Education International Conference 2010, 1380-1385. Chesapeake, VA:
AACE.

Creswell, W. J. & Clark, P. V. (2007). Karma yintem arastirmalar: tasarim ve
yiiritiilmesi Dede Y., & Demir B. S., Trans). An1 Yayincilik, Ankara.

Delello, J. A. (2014). Insightsfrompre-setvice teachersusingscience-
basedaugmentedreality. Journal of Computers in Education, 1(4) ,
295-311. http://doi.org/10.1007/s40692-014-0021-y

Demirel, T.(2017). Argiimantasyon yontemi desteli  artirelms  gerceklik
uygnlamalarimin akademik bagars, elestirel diigiinme becerisi, fen ve teknoloji
dersine yinelik gidiilenme ve argiimantasyon becerisi iizerindeki etkisinin
incelenmesi - [Investigation of the effect of augmented reality
applications supported by argumentation method on academic
achievement, critical thinking skills, motivation for science and
technology course and argumentation skills] (Unpublished doctoral
thesis). Cukurova Universitesi Sosyal Bilimler Enstitiisii, Adana.

Demirer, V., & Erbas, C. (2015). Mobil artrlmis gerceklik
uygulamalarinin incelenmesi ve egitimsel agidan degetlendirilmesi
[Examination and educational evaluation of mobile augmented
reality applications|. Mersin Universitesi Egitim Fakiiltesi Dergisi, 11(3),
802-813.

Gogmen, H. (2019). Giines sistemi ve 6tesi konusunun etkili 6grenimi
icin artirilmis gergeklik odakl bir tasarim [An augmented reality-
driven design for effective learning of the solar system and beyond
the subject]. Afyon Kocatepe Universitesi Fen Bilimleri  Enstitiisii,
Alfyonkarabisar.

Gin, E. (2014). Artirilnzs gerceklik wygnlamalarmmn  igrencilerin uzamsal
_yeteneklerine etkisi [Effects of augmented reality applications on
students' spatial abilities] (Unpublished mastet’s thesis). Gazi
Universitesi, Bgitim Bilimleri Enstitiisii, Ankara.

Ibanez, M. B., & Kloos, D.C. (2018). Augmented reality for STEM
learning: A systematic review. Computers ve education, 123, 109-123.
https://doi.org/10.1016/j.compedu.2018.05.002

Kara, A. (2018). Arturilpns gerceklik mygnlamalarmm egitimde kullanimasina
yinelik aragtirmalarm incelenmesi [Examination of research on the use
of augmented reality applications in education] (Master’s thesis).
Atatiirk Universitesi Egitim Bilimleri Enstitiist, Erzurum.

Kurtoglu, Y. B. (2019). Arturinus gerceklik nygulamalarmmn bilisim teknolojileri
ve yazulm derslerinde ogrenme siireclerine etkisi [The Effect of Augmented
Reality Applications on Learning Processes in Information
Technologies and Software Courses| (Doctoral dissertation),
Lisansiistii Egitim Enstitiisii (Bilgisayar ve Ogretim Teknolojileri
Egitimi).

Lindner, C., Rienow, A., & Jirgens, C. (2019). Augmented reality
applications as digital experiments for education — An example in
the Earth-Moon System. Adto  Astronoutica, 16, 66-74
https://doi.org/10.1016/j.actaastro.2019.05.025

Luckin, R., & Fraser, D. S. (2011). Limitless or pointless? An evaluation
of augmented reality technology in the school and home.
International ~ Journal of Technology Enbanced Learning, 3(5), 15,
doi:10.1504/IJTEL.2011.042102

Matcha, W., & Rambli, D. R. A. (2013). Exploratory study on
collaborative interaction through the use of augmented reality in
science learning.  Procedia  Computer ~ Science, 25, 144-153.
http://doi.org/10.1016/j.procs.2013.11.018 .

Omurtak, E. (2019). Bioloji dersinde artirims gerceklik nygulamalarmmn
etkililiginin  incelenmesi  ve  wygulamalara  iliskin  6grenci  goriigleri
[Investigation of the effectiveness of augmented reality
applications in a biology course and student opinions] (Mastet's
thesis), Karamanoglu Mehmetbey Universitesi.

Ozsoy, N. (2017). STEM ve yaratict drama [STEM and creative drama].
Abi Evran Universitesi Kirgebir Egitim Fafkiiltesi Dergisi, 3(18), 633-644.

Strakaya , M., & Alsancak Sirakaya, D. (2018). Artirlmus gercekligin fen
egitiminde kullaniminin tutum ve motivasyona etkisi [The effect of
the use of augmented reality in science education on attitude and
motivation|. Kastamonu Education Journal, 26(3), 887-896.

Padilla, M., Cronin, L., & Twiest, M. (1985). The development and
validation of the test of basic process skills. Paper presented at The

DOI: 10.17509/ jsl.v4i4.32900 346

annual meeting of the National Association for Research in Science Teaching,
French Lick, IN.

Somyiirek, S. (2014). Ogrenme siirecinde z kusagmin dikkatini cekme:
artirilmus  gergeklik. Egitim  Teknolojisi Kuram ve Uygulama
Dergisi, 4(1), 63-80.

Soylu, S. M. (2019). Arturnns gerceklik mygulamalarma yinelik  editin
programimnmn okul dncesi igretmen adaylarmm tutum ve goriiglerine etkisi [The
effect of the training program on augmented reality applications on
he attitudes and opinions of pre-school teacher candidates]
(Master’s thesis). Pamukkale Universitesi Egitim Bilimleri
Enstittst, Denizli.

Squire, K. D., & Jan, M. (2007). Mad city my story: Developing scientific
argumentation skills with a place-based augmented reality game on
handheld computers. Journal of Science Education and Technology, 16(1),
5-29. http://doi.org/10.1007/510956-006-9037-z

Tasdemir, A. (2016). Bilimin Dogas1 ve Bilimsel Stire¢ Becerileri [The
Nature of Science and Scientific Process Skills]. In M. Demirbas,
Fen Bilimleri Ogretiminde Bilimin Dogas: [The Nature of Science in
Science Teaching] (p. 190-221). Ankara: Pegem Akademi.

Yidirim, S. (20106). Fen bilimleri dersinde arturilnng gerceklike uygulamalarmm
dagrencilerin bagarisina, motivasyonuna, problem ¢ozme becerilerine yonelik
algisina ve tutumlarma etkisi [The effect of augmented reality
applications in science lesson on students' success, motivation,
perception and attitudes towards problem solving skills] (Master’s
thesis). Ankara Universitesi Fen Bilimleri Enstitiisii, Ankara.

Zhou, F., Duh, H. B. L., & Billinghurst, M. (2008). Trends in augmented
reality tracking, interaction and display: A review of ten years of
ISMAR. In 2008 7% IEEE/ACM International Symposinm on Mixed
and Augmented Reality (pp. 193-202). IEEE.

J.Sci.Learn.2021.4(4).337-346


http://doi.org/10.1007/s40692-014-0021-y
https://doi.org/10.1016/j.compedu.2018.05.002
https://doi.org/10.1016/j.actaastro.2019.05.025
http://doi.org/10.1016/j.procs.2013.11.018
http://doi.org/10.1007/s10956-006-9037-z

