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ABSTRACT

People play games to have fun, and they are an important part of children's lives. People
have used various materials to play games. With the development of technology, digital
environments have also been used for games. The educational game method develops
students' discovery, imagination, and high-level mental skills and provides permanent
learning. Especially children spending time in digital environments has attracted the
attention of educators. It is possible to transfer knowledge to students by using this time
used by students in teaching environments or at home. In this study, the digital game
developed by the researchers on household waste and recycling was evaluated
according to the RETAIN model, and an achievement test was applied. The digital game
was developed in 2D and RPG format using the Unity game development platform. It
was determined that the digital game scored 46 points out of 63 points according to the
RETAIN model weighting table. The research was conducted with 40 7th-grade
students taking the course in the 2021-2022 academic year. A quasi-experimental design
with a pre-test and post-test control group was used in the study. The achievement test
developed by the researchers was used to collect data. When the post-test scores were
examined, there was a significant difference in favor of the experimental group. The
retention test was applied 5 weeks after the post-test and since there was no significant
difference between the post-test and the retention test, it can be said that the effect of
the application continues. Based on these results, it can be recommended to use this
game developed for teaching the subject of household waste and recycling in teaching
environments.
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The Effect of the Digital Game Developed According to the RETAIN Model on Academic Achievement in the
Subject of Household Wastes and Recycling

Introduction

Games are fun activities that are done according to certain rules with or without a purpose. Games
are played among all people, usually for socialization, entertainment, interaction, and sometimes
problem-solving. Play is used especially among children to have fun without feeling the
responsibility of doing work. In order to provide this fun, individuals use whatever materials they
have at hand. They have used a wide variety of objects such as bones, stones, jewelry, accessories,
paper, mud, sticks, twigs, and leaves. With the development of technology, the objects used for
games have changed, and people have started to play more digital games (Yilmaz, 2017). Digital
games are games developed by prioritizing the necessary technological, technical, and teaching
elements in line with behavior, knowledge, social, and emotional dimensions (Cetin, 2013).
Individuals perceive environmental stimuli unknowingly during the game process and develop
mentally and behaviorally (Yilmaz, 2017).

According to 2023 data, Turkey has a population of 47 million digital gamers from various age
groups (Gaming Turkey, 2023). Blumberg and Fisch (2013) stated in their study that children and
young people spend a significant portion of their time on digital games. Karaca et al. (2016)
conducted a study on 1019 middle school students and found that 67,2% of the students spent 0,5-3
hours a day with the computer. They also found that almost all of the students were constantly
playing online games. Sagir & Okutan (2022) conducted a study on 655 secondary school students
and found that 40.9% of the students played digital games for 0-1 hour, 30,7% for 2-3 hours, and
6,9% for more than 5 hours. When digital games became widespread rapidly in a short time, e-sports
federations were established. E-sports covers all kinds of activities that are participated in both
individually and as a team in an online or offline environment through an electronic device. The e-
sports federation in Turkey was established in 2018. The aim of the federation is to support teams
participating in e-sports individually or as a team and to organize various competitions. It also aims
to develop national organizations and achieve success in international competitions (Turkey E-
sports Federation [TEFSED], 2022). This potential of digital games can also be used for waste, which
has been a problem to be dealt with in every period of history (Ceken & Yigitbasioglu, 2018). The
rapid increase in the human population has led to an increase in consumption materials. The
increase in consumption materials has also increased the amount of waste and started to seriously
threaten the environment. In order to reduce this threat, people need to raise awareness and
transform this into behavior. The most effective institutions that can provide these developments
are educational institutions.

In Turkey, lessons on household waste and recycling are taught from the 1st grade of primary school
(MoNE, 2018). Although these subjects are given from the first years of the education levels, it has
been seen in studies that the behaviors of students towards household waste and recycling remain
at a medium or low level (Ceylan & Yigit, 2019; Karatekin, 2011; Vural & Yilmaz, 2016; Wang et al.)
It is thought that the behaviors of students taking these courses should be at higher levels. According
to the OECD (2023) report, there is not a high correlation between recycling rates and education.
This situation has shown that the methods and techniques used in education levels cannot raise the
recycling of waste to high levels in terms of transforming waste into behavior. It is revealed that
different methods and techniques should be used to increase this level.

As a result of the rapid spread of digital games, some municipalities and institutions have also
developed digital games about waste (Environmental Protection and Packaging Waste Recovery
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Foundation [CEVKO], 2020; Education Information Network [EBA], 2020; Environmental Protection
Agency [EPA], 2023; Istanbul Metropolitan Municipality [IBB], 2019; National Aeronautics and
Space Administration [NASA], 2020; National Geographic [NatGeo], 2020). However, these studies
cover a small part of the learning outcomes given in schools. In fact, it was observed that very few
recycling bins and waste types were used in the recycling bins, which is a common aspect of the
games. Considering these deficiencies, digital games were designed and developed to cover the
entire subject as much as possible. It is thought that the development of digital games in accordance
with the outcomes will contribute more to education.

Some models have been developed for digital games to meet the teaching environment. One of these
models is the MAGDAIRE model developed by Chien et al. (2012). This model consists of four steps
as “Modeled Analysis, Guided Development, Implementation and Reflected Evaluation”. Mishra &
Koehler (2006) designed a 3-step TPCK model consisting of Technological, Pedagogical, Content
Knowledge. Toledo (2005) developed the “Systemic Planning for Information and Communication
Technologies” model for embedding computer technology into the curriculum (pre-integration,
transition, development, expansion, and system-wide integration) and Wang & Woo (2007)
presented the “Systemic Planning for Information and Communication Technologies” model for
integrating ICT into the teaching environment. One of these models is the RETAIN model. Educators
and computer science experts have stated that the RETAIN model is useful in selecting digital games
to be used as teaching tools (Prinsloo & Jordan, 2014). This model is preferred over other models
because it takes into account generally accepted educational models and blends them with the
principles of digital game development. In addition, it has a weight table for scoring digital games.
With this scoring system, it can create an idea for the selection of digital games in teaching
environments.

RETAIN Model

The RETAIN model was developed by Gunter, Kenny and Vick in 2008 and includes the following
steps: Relevance, Embedding, Transfer, Adaptation, Immersion, Naturalization. This model
involves designing digital games for education by considering systematic and pedagogical elements.
The developed model brings together Keller's ACRS Model, Gagne's educational events, Piaget's
schema ideas and common digital game design principles used for digital game development.

As a result of the increasing use of digital games in educational environments, it has been
determined that the games developed are deficient in terms of academic, digital game design
principles and story. Games need to overcome these deficiencies and establish standards that can be
adhered to in educational strategies. This model aims to achieve this through common definitions
and understanding (Gunter et al., 2008).

The Stages in the RETAIN model

The RETAIN model consists of 6 steps (Gunter et al., 2008). Detailed information about the steps is
presented below:

Relevance

This step is one of the basic principles in Keller's ACRS model. Learning materials should be
presented in a way that is relevant to students' needs and learning styles. The game should also be
relevant to the teaching units. It is the step where the game activity explains to the learners the
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relevance of the targeted activities and functions to their real lives. The aim of an educational game

is to provide an appropriate objective. If the use of visual effects or a story can make these objectives
more attractive, the correct integration of the game content with the educational objectives will make
the game more effective.

Embedding

This step evaluates how well the academic topics and the script overlap. The aim is to bring the
scenario and the academic content together in a way that presents them effectively. The game should
be stimulating and appropriate to students' skills. Bloom's idea of leveled and increasing cognitive
skills is directly related to this element of the model. It is important to support the educational
content with spiral learning and progression as success is achieved.

Transfer

It is about how to transfer knowledge from one situation to another. In other words, it refers to the
state of adaptation of the learner when the knowledge is transferred to another similar or dissimilar
situation. In a game, learners can encounter other situations. When comparing the general game
design methods analyzed with Gagne’s Nine Educational Events, it is clear that the third step
(promoting recall) and the ninth step (accommodating retention and transfer) are often missing in
the general game design methods. It is important that learning theory is able to apply knowledge to
new situations as part of the transfer and process. In terms of a taxonomy for cognition and memory,
this principle is strongly related to Bloom's ideas on analysis, synthesis and evaluation. Here a
learner needs to be able to progress through the levels and then transfer the newly learned skill to
other settings.

Adaptation

This step is a continuation of the transfer step, but it includes the development and change of
cognitive skills through knowledge, assimilation and adaptation in learners as Piaget stated.
Assimilation is a process in which learners interpret events according to what they know.
Adaptation is about transfer and is when learners are forced to modify new information to make
sense of something that does not fit with their existing ideas or understanding. It is similar to
constructivist learning theory as proposed by Piaget. This step is the result of two processes and
indicates that some kind of behavioral change (or knowledge acquisition has taken place).

Immersion

The traditional definition of immersion used in digital games a sense of presence is insufficient. It is
also not enough to simply embed learning in the story. But this embedding facilitates learners to
engage themselves at the appropriate cognitive levels needed to retain and internalize the content
presented by the game. Immersion also facilitates the creation and maintenance of a belief in the
story. It shows that immersion can be measured hierarchically, from a simple interaction or reaction
to a desired response in the game.

Naturalization

It is a term borrowed from Bloom's psychomotor taxonomy and translated for use in the cognitive
domain. This is the stage at which a learner consistently habituates learned information. It is
associated with automaticity or spontaneous emergence, where he or she does not need to devote
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significant mental resources to thinking about it. Automaticity does not imply a lack of cognition.
Rather it refers to a cognitive process that is distinct from what is called 'thinking'. It is usually the
result of learning, repetition and practice. In foreign language acquisition it is sometimes called
fluency and it is a result of adoption. If a game is really engaging, motivating and immersive, the
player will be willing to play the game repeatedly to develop automaticity. The content is now
embedded in the player's natural way of thinking. An example is a driver learning directions. The
driver implicitly knows where to turn and where to stop, but may not be able to verbalize details of
directions such as street names. The student knows the information well and does not reflect on it.

The RETAIN model offers suggestions for the efficient use of digital games, whose impact on
teaching environments is rapidly increasing, in teaching environments. Ekin et al. (2023) examined
game-based teaching between 1968 and mid-2021 in their research using data mining techniques
related to the impact of developments in digital games on teaching environments. They stated that
70% of the studies increased after the 2000s and 70% after 2010. In particular, it was seen that the
highest values were game-based learning, serious games (digital games) and science games. Ergin
& Ergin (2022) collected the data of their bibliometric analysis from the Web of Science (WoS)
database. When the keyword “Digital Game” was searched, 920 studies were found. The studies
cover the period between 2004 and 2022. It was seen that the studies on digital game were generally
on self-efficacy, pedagogy, educational game, learning motivation, collaborative learning,
participation, digital game-based learning. Especially in recent years, the number of studies on
digital games has increased significantly. It is seen that the USA has the highest number of
publications on a country basis and Turkey follows this order as the 4th country. Wang et al. (2022)
conducted a meta-analysis study to investigate the effect of digital game-based education on
students' learning achievement. 33 studies between 2010 and 2020 were analyzed. The majority of
the studies are in the field of science and mathematics. In the study covering K-12 students, it was
found that digital game-based learning environments were more effective than existing learning
methods. Digital games have been found to increase achievement levels in many studies. In
addition, it can be said that they have effects such as motivation towards the lesson (Sezgin et al.,
2018; Su & Cheng, 2013), behavioral change (Bifulco et al., 2011; Cheng et al., 2013; Eder, 2016), and
increased self-confidence (Su & Cheng, 2013).

In short, the knowledge and behaviors of students cannot reach the desired level of knowledge and
behaviors of the household waste and recycling lessons given in teaching environments. It has been
determined that the existing digital games cover a low part of the subject scope given in schools. In
this context, the aim of the study is to develop a digital game about household waste and recycling,
to score it according to the RETAIN weight table and to examine the effect of the digital game on
students' achievement levels in this subject.

Method

Research Design

Experimental methods are the most appropriate research method used to measure variables in
research and to infer a cause-effect relationship. An artificial environment with experimental and
control groups is designed and the independent variable whose effect is to be investigated is applied
(Cepni, 2010). In this study, quasi-experimental method with experimental and control groups was
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used. The effect of the digital game on achievement on household wastes and recycling was also
investigated. For this purpose, pre, post and retention tests developed by the researchers were
applied. A digital game on household waste and recycling was developed by considering the
RETAIN model. The development process of the game, its suitability to the model and its scoring
according to the weight table were presented.

Study Group

In experimental research, the exact number of the sample size cannot be given. Obtaining valid data
rather than a large number and collecting a lot of data helps the study to reach the right results
(Karasar, 2023). In experimental research, it may be recommended that each group should consist of
at least 15 people (Akarsu, 2014). In line with these views, the study was conducted with 40 7th
grade students, 20 in the experimental group and 20 in the control group, studying in the 2021-2022
academic year. Power analysis was performed with the GPower program to determine whether
there was a limitation due to the sample size. According to the results, if the power of the test is 0.80,
the experimental and control groups should consist of 16 people each, and if the test power is 0.95,
the experimental and control groups should consist of 25 people each. Based on these results, the
sample size will not provide limitations in the study. The sample of the study was selected by
convenient sampling method, one of the non-random sampling methods (Biiyiikoztiirk et al., 2014).
Both groups were given the relevant subject for 4 weeks, two hours each per week. The same expert
teacher attended the lessons. The experimental group students were taken to the computer
classroom for 1 class hour each week and played the digital game developed by the researchers. In
the other 1 hour, they continued their current lessons. The control group continued with the current
curriculum.

Instrument of Data Collection

The achievement test developed by the researchers (AppendixA) was used to collect data. For some
questions, MoNE publications were utilized (MoNE, 2021). A pre-test version of the 25-question
achievement test was prepared with the opinions and help of experts. The 25-question test was
administered to 127 middle school 8th-grade students. As a result of the pretest, 7 items with item
discrimination below 0,30 were identified.

Table 1
Achievement Test Item Difficulty and Discrimination
Item No Difficulty Discrimination Item No Difficulty Discrimination

1 0,42 0,22 14 0,69 0,69
2 0,93 0,03 15 0,42 0,47
3 0,50 0,59 16 0,52 0,72
4 0,76 0,47 17 0,52 0,78
5 0,87 0,25 18 0,45 0,65
6 0,87 0,40 19 0,51 0,50
7 0,61 0,44 20 0,05 0,03
8 0,91 0,25 21 0,55 0,78
9 0,38 0,25 22 0,36 0,41
10 0,77 0,67 23 0,39 0,41
11 0,50 0,56 24 0,54 0,63
12 0,92 0,19 25 0,31 0,31
13 0,81 0,50
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In Table 1, item difficulty and discrimination are presented. Two items with item discrimination
between 0,20 and 0,30 were corrected and kept in the test to ensure content validity.

Content validity after the removal of 5 questions is presented in Table 2. The questions were checked
again according to the learning outcomes (MoNE, 2018) and it was seen that the content validity was

maintained.

Table 2

Achievement Test Specification Table

Acquisition Number Number of Questions Question Number

F.7.4.5.1. 4 1,8,10,23
F.7.4.5.2. 4 13, 16, 18, 24
F.7.45.3. 4 4,11,17,21
F.7.454. 4 6,14,15,19
F.7.4.5.5. 4 3,7,22,25

In its final form, the achievement test consists of 20 questions and the internal consistency coefficient
(KR-20) was determined as 0,78. A reliability coefficient of 0,70 and higher for tests is considered
sufficient for the reliability of test scores (Biiyiikoztiirk, 2017). This study was conducted with the
approval of the Ethics Committee for Social and Human Sciences of Ondokuz Mayis University
(Date: 30.04.2021; number: 2021/337).

Developing the Game

The digital game developed by the researchers is a 2D digital game in RPG (Roll Playing Games)
format. While developing the game, opinions of experts in digital content and game design were
taken. The digital game was developed using the Unity game development platform. The materials
used were taken from websites that provide free content (Freepick, 2021; Open game art; 2021; Unity,
2021). The RPG game genre is based on developing a character for a fictional purpose in a realistic
or virtual environment and fulfilling various tasks (Gelibolu, 2013). In this digital game, the
character is given various tasks about recycling household waste. The game transitions to different
sections and each section has a different type of game. The game was tried to be explained with the
visuals of the game.
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Figure 1
Image of a Specific Part of the Neighborhood Where the Play Takes Place

Ministry of environment, CEVKO, TAP and
similar organizations manage waste.

Figure 1 shows the specific part of the neighborhood where the play takes place. The play character
walks around the neighborhood in that scene. He can have conversations with his friends in the
neighborhood. These conversations are designed in accordance with the learning outcomes of
MoNE (2018). While walking around the neighborhood, the game character can switch to 4 different
game environments: hospital, school, waste center and municipality. While walking around the city,
it contains information about the relevant outcomes from the boards (related to outcome F.7.4.5.3.).

Figure 2

A Visual of a Hospital Environment

Dear waste hunter, you must not touch medical waste
such as serum, syringes, needles, blood bags, masks, etc.

In Figure 2, when the game character enters the hospital, he learns the concept and symbol of
medical waste. He also realizes that household waste is generated in the hospital in addition to
medical waste (related to outcome F.7.4.5.4.)
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Figure 3
The Game Visual in the Waste Center

As seen in Figure 3, 9 different recycling bins and 27 different types of waste (3 different wastes for
each recycling bin) are randomly dropped. If the waste falls into the appropriate recycling bin, it is
given points and feedback with a success sound. If it falls into the wrong bin, points are lost and
feedback is given with a sound. In addition, the student can see in the form of a table how much
waste he threw into which waste bin correctly (related to outcome F.7.4.5.1.).

Figure 4

The Game Visual that Appears When the Game Character Enters the School

GERIDONOSOM

(~
B200a8E%0
0200002000
"391@9‘3333""

(YL LR $oT _
(™)

In Figure 4, when the student enters the school, he encounters 3 different word games related to the

recycling of household waste. The concepts here are prepared according to MoNE (2018) concepts.
The player tries to form the concepts related to the recycling of household waste from the mixed
letters (includes the concepts in all learning outcomes).
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Figure 5

Visual of the Game at City Hall

In Figure 5, when the student enters the municipality building, he plays a matching game about the
projects that can be made from waste materials. When he completes the game, he watches a short
informative video and returns to the neighborhood from the municipality building. The student can
exit the games and switch to other games with the help of menus throughout the game. At the same
time, he can switch between games from the menus without going around the neighborhood (related
to learning outcomes F.7.4.5.2. and F.7.4.5.5.).

Analysis of Data

In this section, the scoring of the digital game according to the RETAIN weighting table prepared
by Gunter et al. (2008) and the achievement test data are explained.

Scoring the Digital Game

The digital game was also scored according to the weighting table in Table 3 and how the scoring
should be done is presented in detail in Appendix A.

Table 3
RETAIN Weight Table
Coefficient Level 0 Level 1 Level 2 Level 3

Relevence 1 0 1 2 3
Embedding 2 0 3 6 9
Transfer 3 0 5 10 15
Adaptation 4 0 4 8 12
Immersion 5 0 2 2 6
Naturalization 6 0 6 12 18

Highest possible score: 63

Table 3 shows the distribution of points according to the steps and levels when evaluating digital
games. When Table 3 is examined, it is seen that especially the adoption step is given importance.
This situation can be said that the most important result is that digital games make it a habit to do

729



Yunus Emre OnersTohit Giines

the related subjects automatically and continuously.
Achievement Test

SPSS package program was used to analyze the quantitative data. For the analysis of the data,
descriptive statistics and missing and incorrect data were checked first. Normality values of the data
are presented in Table 4.

Table 4

Kolmogrov-Smirnov, Shaipo-Wilk, Skewness and Kurtosis Values for the Test

Kolmogrov- Shapiro-Wilk(p)

Test . Skewness Kurtosis
Smirnov(p)
Pre Test 0,00 0,15 -0,43 -0,29
Achievement Test Post Test 0,00 0,13 -0,29 -0,74
Permanence Test 0,20 0,05 -0,31 -0,89

Different methods can be used for normality testing. Making a definite decision according to one
method may lead to the use of wrong tests. The fact that the p value of the Shapiro-Wilk test was
not significant in studies where the group size was less than 50 can be interpreted as the data were
normally distributed (p>0,05). In addition, since the skewness and kurtosis results of the test are
between -1,00 and +1,00, it can be said that the data meet the conditions for normal distribution.
Since the data were normally distributed, t-test and ANOVA test for repeated measures were
conducted (Biiyiikoztiirk et al., 2014).

Findings

In this section, the scoring of the digital game developed for household waste and recycling
according to the RETAIN weighting table prepared by Gunter et al. (2008) and achievement test
findings are presented.

Scoring of the Game

While scoring the game, the RETAIN evaluation criterion, presented in detail for scoring, was taken
into consideration (Gunter et al., 2008). Scoring is an evaluation criterion that does not require an
expert opinion and can enable each teacher to score the game in a short time. Therefore, the scoring
was done by the researchers. According to the RETAIN weighting table in Table 3, the scoring of the
game with explanations according to the 6 steps is given in Table 5.

730



The Effect of the Digital Game Developed According to the RETAIN Model on Academic Achievement in the
Subject of Household Wastes and Recycling

Table 5

Scoring of the Digital Game according to the RETAIN Weighting Table
Step Explain Score

This is level 3 as the game uses real and familiar themes related to students'
Relevance .
real lives.

The game is in accordance with the curriculum and all achievements are
given in the game. The dialogues between students, teachers and friends and
the effect on behavior change and beliefs, both mentally and emotionally,
make this step level 3.

In the game, students throw various wastes from daily life into the recycling

Embedding

bin at the “Waste Collection Center” so that they can transfer what they have
Transfer learned in the lesson to other situations. In this step, the game is level 2. 10
Because it did not provide an environment where students had the
opportunity to teach what they had learned, it could not move to level 3.
The concepts in the game are based on cognitive knowledge within the topic.
Adaptation This step is level 1 as it does not provide an environment for exploring new 4
concepts.
. The game is individual and can be repeated. However, this step is level 1 as
Immersion . . .
the students are unable to engage in mutual and joint learning.
In the “Recycling Center” part of the game, students randomly generate
wastes related to daily life. The student decides in a short time and throws
the waste into the appropriate recycling bin. This step is level 3 as it provides
the opportunity to use knowledge in a consistent and habitual way.

Naturalization 18

Total 46

When the levels according to the steps in Table 5 were analyzed, it was determined that the
developed game received 46 points out of 63 points according to the RETAIN model weighting table.
In addition, this process was repeated by an expert in the field of computer technologies for inter-
rater reliability. For the reliability of the obtained scores, Miles & Huberman's (1994) inter-rater
reliability formula was used [Percentage of Agreement = Agreement/(Agreement +
Disagreement)x100]. The scores for each step were compared and the agreement was found to be
83%. In addition, Gunter et al. (2008) stated that there is no limit value according to the RETAIN
weighting table in digital game selection.

Findings Related to the Achievement Test

Pre-test, post-test and retention test findings of the achievement test on household wastes and
recycling are presented below.

Table 6

Pre-test t-test Results of the Achievement Test on Household wastes and Recycling of Students in the
Experimental and Control Groups

Group N X S sd t p
Control 20 10,75 2,40
Experimental 20 11,30 2,89 38 0,65 0,52

When the pre-test scores of the control and experimental groups are analyzed in Table 6, the mean
of the achievement test of the experimental group is 11,30; the mean of the achievement test of the
control group is 10,75. In this case, it can be said that there is no statistically significant difference
between the experimental and control groups in terms of achievement test (p>0,05).
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Table 7

Post-test t-test Results of the Achievement Test on Household Wastes and Recycling of Students in the
Experimental and Control Groups

Group N X S sd T p Cohen’s d
Control 20 10,75 2,43

! ! 38 3,34 0,00 1,05
Experimental 20 13,35 2,50 ! ! !

When the post-test scores of the control and experimental groups are examined in Table 7, the mean
of the achievement test of the experimental group is 13,35 while the mean of the control group is
10,75. In this case, it can be said that there is a significant difference in favor of the experimental
group in terms of achievement test averages (p<0,05). In addition, when the effect size is examined,
it is seen that there is a strong effect.

Table 8

Post-test and Permanence Test t-test Findings of the Students in the Experimental Group on the Subject of
Household Wastes and Recycling

Test N X g sd ¢ >
Post Test 20 13,35 2,50
Permanence Test 20 12,95 2,40 19 0,72 0,48

When Table 8 is examined, the post-test mean of the achievement test of the students in the
experimental group is 13,35 and the retention test mean is 12,95. According to this, it can be said that
there is no significant difference between the post-test and permanence test averages of the
experimental group (p>0,05). This shows us that the effect of the application continues.

Table 9

Pre, Post and Permanence Test ANOVA Findings of Experimental Group Students’ Achievement Test on
Household Wastes and Recycling

P f M
Pre-test Post-test ermanence . Sum o sd ean F p Difference
Test square square
X S X S X S
47,23 2 23,82 7,27 0,00 2-1

11,30 2,89 1335 250 1295 2,39
Note. 1: Pre-Test, 2: Post-Test, 3: Permanence Test

When Table 9 is examined, it is seen that the achievement test scores of recycling of household
wastes increased after the application. In addition, there is no significant difference between the
post-test and the retention test.

Discussion, Conclusion and Recommendations

It was examined whether there was a difference in terms of the achievement test of the students on
the subject of household waste and recycling in the digital game developed and the differences
between the experimental and control groups were investigated. In the comparison of the
experimental and control groups, it was observed that there was a significant difference in favor of
the experimental group. It was determined that similar studies in the field of science in the literature
reached the same conclusion (Akkan, 2022; Coban & Goktas, 2022; Demir, 2022; Ukay, 2022; Kegedi,
2018; Misir, 2022; Ozer, 2017). In intra-group comparisons, while there was a significant difference

732



The Effect of the Digital Game Developed According to the RETAIN Model on Academic Achievement in the
Subject of Household Wastes and Recycling

between the pretest-posttest achievement scores of the experimental group students, there was no

significant difference between the pretest-posttest scores of the control group students. The idea that
the pre-test-post-test differences between the experimental and control groups were related to the
students' prior knowledge and the applications made was formed. Until the 7th grade, students who
have been informed about household waste and recycling at different stages (MoNE, 2018), if a new
teaching method and technique is not used, their knowledge does not change significantly, so there
is no significant difference between their prior knowledge. Similar situations have been found in
previous studies that support this view. For example, when the studies conducted by Janakiraman
et al. (2021) and Uluay (2017) are examined, it is seen that the prior knowledge of the control group
students did not change much with the existing teaching method. Considering these opinions, we
believe that similar teaching methods used at every stage do not allow much improvement in terms
of academic achievement, but can be improved with different methods. In the OECD (2023) report,
it is also stated that the current teaching methods are not sufficient in terms of recycling. As a matter
of fact, when the related literature is examined, it is seen that the importance of teachers receiving
different technological supports to increase the quality of learning in educational environments and
the importance of customizing technology for classroom applications in terms of achieving
educational goals is emphasized (Koehler et al., 2011). However, the digital application in the
experimental group improved the students' existing knowledge and differentiated their
achievement levels compared to before.

Since science courses are based on testable observations and research, experiments and laboratory
practices are of great importance. In some previous studies, it has been suggested that digital games
are as effective as laboratory applications, but they are more efficient in terms of economy and time
utilization, especially in the expression of subjects (Little, 2015). Since the subject of waste and
recycling, which was discussed in our study, is both time-consuming, uneconomical and
inconvenient for experiments, the digital game applied in the laboratory applications has created
the idea that the digital game can eliminate these disadvantages from the environment. Again, in
the studies conducted by Bifulco et al. (2011) and Cuccurullo et al. (2013), it was stated that digital
games on waste elimination, reuse and recycling increased the knowledge levels of students and
that children and young people should be included in these digital games, especially in
environmental education. It is seen that the increase in the level of achievement in the knowledge
test in the experimental group of our study is similar to this.

In the digital game we implemented, 9 different waste bins and 27 different wastes were used, with
3 different wastes in each bin. As a result of the application, it was determined that the students'
knowledge levels about categorizing the wastes and throwing them in appropriate places increased.
Therefore, we believe that such digital applications will lead to both an increase in knowledge and
a differentiation in mental perception in students. Similarly, Qi (2016) argued that a digital game
application consisting of 3 different levels on waste and recycling increased the knowledge level of
students, which is in line with our findings.

As a result of the interviews with the students in the experimental group, the students expressed
that they wanted to play the digital game again. Similarly, Cheng et al. (2013) stated that if the
content of the digital game is in the direction of increasing students' desire to play, it leads to better
results in learning. They stated that even the other class students wanted to play the digital game.
In the interviews with the students in the experimental group, the students stated that they became
conscious. They stated that the digital game was effective in understanding which waste is recycled
and which is not. Similar results were reported by Cuccurullo et al. (2013) who stated that students
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were very eager to play the game before the lesson and as a result, they learned waste sorting better.
In addition, students stated that they were active and had fun in the lesson. In a different unit of the
science course, Ilkay (2022) reached similar results and stated that the digital game revealed the
misconceptions of the students when the student opinions were analyzed, however, they
comprehended the transitions between the organs of the circulatory system well. Su & Cheng (2013)
found that 80% of the students were satisfied and 83% were self-confident with the digital game in
their study. Students stated that they had positive experiences from the digital game and that the
game was exciting. In this study, 66% of the students found the game interesting and expressed that
they wanted to play it at home. As a result, digital games developed in accordance with the teaching
outcomes and taking into account the widely used game dynamics can be beneficial in teaching the
desired information in teaching environments.

Unlike these studies, Janakiraman (2021) had university students play a digital game about
environmental sustainability related to city management. There was no statistically significant
difference between the control and experimental groups in terms of cognitive learning. It was stated
that the reason for this may be that they are constantly exposed to information through
environmentally friendly news, seminars, flyers and social media campaigns. Wrzesien & Raya
(2010) conducted a pretest-posttest control group study in which a digital game prepared in
accordance with the Spanish environmental curriculum was applied to the experimental group. The
current curriculum was applied to the control group. At the end of the study, no significant
difference was found between the experimental and control groups and it was stated that the reason
for this may be the distraction caused by the innovative environment. It was stated that the attention-
grabbing nature of the teaching environment could cause distraction in learning objectives. It was
also stated that student opinions supported this situation. However, they stated that the problem
could be overcome by adding important information to certain parts of digital games. In addition,
as a result of the interviews with the students, they stated that the experimental group students
actively participated in the lesson, enjoyed themselves and wanted to participate in the lessons
again.

In order to make a generalization about the use of digital games in teaching environments, Wang et
al. (2022) examined 33 studies in a meta-analysis study covering K-12 students. In the studies, digital
game-supported teaching was found to be more effective than the existing methods. Boncu et al.
(2022) meta-analyzed 29 studies on the effect of digital games on the environment. It was determined
that most of the digital games were in computer and mobile environment. One study was conducted
with augmented reality. They concluded that most of the applications increased academic
achievement. Ergin & Ergin (2022) examined the period between 2004-2022 in their bibliometric
study. They found that the studies on digital games during this period showed a significant increase
in the last years. The increase of digital games in educational environments has revealed the problem
of using qualified games and it is thought that the RETAIN model can help educators in this regard.

When the developed digital game was evaluated according to the RETAIN weight table, it was
determined that it received 46 points out of 63 points. Although the RETAIN model does not have a
certain limit value for game acceptance, it prioritizes giving an idea when choosing a digital game.
Gunter et al. (2008) scored the Math Blaster game, which is frequently used in mathematics lessons
in the United States, according to the RETAIN model. They found that the game received 18 points.
In the same study, World is Carmen Sandiego, a geography game, was scored and received 41
points. Gunter et al. (2016) stated that the RETAIN model provides a meaningful way for teachers
to evaluate educational games for language learning. They scored 2 games related to language
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teaching according to the RETAIN model. It was determined that the game named Busuu received

19 points and the game named Duolingo received 22 points. The aforementioned studies scored the
games they used by explaining them in detail. They stated that these ratings would help teachers
find the most appropriate game quickly in the selection of digital games related to their subjects.
Campbell et al. (2023) stated that the higher the score of digital games according to the RETAIN
weighting table, the higher the relevance of the game to the given topics. For this, a total of 8 games
were studied with K-12 teachers on how the scoring should be done. They also scored 8 different
digital games according to the RETAIN weight table. They stated that 52% of the teachers did not
use digital games and the rest of the teachers used digital games. Those who did not use digital
games stated that the time spent while incorporating the games into the teaching environment was
lost and the content was not satisfactory. At the end of the study, the teachers stated that these
negative situations can be used in the teaching environment by using the RETAIN scoring table.
During this study, they stated that they gave up using the digital games with low scores that they
had previously used. Considering the related studies, it is said that the digital game developed
received sufficient points.

When the results of the research and the literature are examined, when choosing games for various
subjects, the game can be scored quickly according to the RETAIN weight table and can be used in
the teaching environment. Since it increases the success of students on household waste and
recycling, the digital game developed on household waste and recycling can be used. It can also
enable researchers or institutions that will develop new digital games to develop digital games that
can be more effective in the teaching environment by considering the RETAIN model.
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OZET

MAKALE BILGISI

Insanlar oyunlar1 eglenceli vakit gecirmek igin oynar ve ozellikle gocuklarin
hayatlarinin 6nemli bir pargasidir. Insanlar oyun oynamak icin gesitli malzemeler
kullanmiglardr. dijital
kullanilmaya baslanmistir. Egitsel oyun yontemi 6grencilerin kesfetme, hayal giicii ve
iist diizey zihinsel becerilerini gelistiren ve kalic1 6grenmeler saglayan bir yontemdir.
Ozellikle gocuklarin dijital ortamlarda vakit gegirmeleri egitimcilerin dikkatini
cekmistir. Ogrencilerin kullandiklar1 bu vakitleri gretim ortamlarinda veya evde
kullanarak 6grencilere bilgi aktarimi saglanabilmektedir. Bu ¢alismada evsel atiklar ve
geri doniisiim konusunda arastirmacilar tarafindan gelistirilen dijital oyunun RETAIN
modeline gore degerlendirilmesi yapilmis ve basar1 testi uygulanmistir. Dijital oyun
Unity oyun gelistirme platformu kullanularak 2 boyutlu ve RPG formatinda
gelistirilmistir. Dijital oyunun RETAIN modeli agirlik tablosuna gore 63 puan
tizerinden 46 puan aldif1 tespit edilmistir. Arastirma 2021-2022 egitim-6gretim
doneminde dersi alan 40 tane 7. siif 6grencisi ile yiiriitiilmiistiir. Calismada 6n test
ve son test kontrol gruplu yari deneysel desen kullanilmistir. Arastirmacilar
tarafindan gelistirilen basar testi veri toplamak i¢in kullanilmistir. Son test puanlar:
incelendiginde basari testi ortalamalarinin deney grubu lehine anlamli farklilik vardir.
Son testten 5 hafta sonra kalicilik testi uygulanmis ve son test ile kalicilik testi arasinda
anlaml fark olmadig: i¢in uygulamanin etkisinin devam ettigi sOylenebilir. Bu
sonuglara dayanarak gelistirilen bu oyunun 6gretim ortamlarinda evsel atiklar ve geri
doniisiim konusunun 6gretilmesi amaciyla kullanilmasi 6nerilebilir.

Teknolojinin gelismesiyle ortamlar da oyunlar igin
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Giris

Oyun; amagh veya amagsiz olarak belli kurallara gore yapilan eglenceli etkinliklerdir. Oyun tiim
insanlar arasinda genellikle sosyallesme, eglence, karsilikli etkilesim ve bazen de problem ¢6zmek
amaciyla oynanir. Oyun, 6zellikle ¢ocuklar arasinda is yapma sorumlulugu hissetmeden eglenmek
icin kullanilir. Bu eglenmeyi saglamak icin bireyler ellerinde hangi malzeme bulunuyorsa onu
kullanmaktadir. Kemik, tas, taki, aksesuarlar, kagit, camur, ¢omak, dal, yaprak gibi ¢ok cesitli
objeleri kullanmislardir. Teknolojinin gelismesiyle birlikte oyun i¢in kullanilan objeler degismis ve
insanlar daha ¢ok dijital oyun oynamaya baslamustir (Yilmaz, 2017). Dijital oyunlar, davranus, bilgi,
sosyal ve duygusal boyutlar dogrultusunda gerekli teknolojik, teknik ve 6gretim unsurlarmi 6n
plana alarak gelistirilen oyunlardir (Cetin, 2013). Bireyler oyun siirecinde farkinda olmadan gevresel
uyaranlari algilar, zihinsel ve davrans olarak gelisir (Yilmaz, 2017).

Tiirkiye’de 2023 verilerine gore gesitli yas gruplarindan 47 milyon dijital oyuncusu olan bir niifusa
sahiptir (Gaming Tiirkiye, 2023). Blumberg ve Fisch (2013) yapmis olduklar1 ¢alismada ¢ocuk ve
genglerin vakitlerinin ciddi bir boliimiinii dijital oyunlara ayirdiklarini ifade etmislerdir. Karaca ve
digerleri (2016) 1019 ortaokul Ogrencisi tizerinde yapmis olduklar1 arastirmada, 6grencilerin
9%67.2si giinde 0.5-3 saat bilgisayar ile zaman gecirdiklerini tespit etmiglerdir. Ayrica 6grencilerin
tamamina yakininin siirekli ¢evrimigi oyun oynadiklarin tespit etmislerdir. Sagir ve Okutan (2022)
655 ortaokul Ogrencisi iizerine yapmis olduklari calismada Ogrencilerin %40.9'un 0-1 saat,
%30.7’sinin 2-3 saat, %6.9'un ise 5 saat iizeri dijital oyun oynadiklari belirlenmistir. Dijital oyunlar
kisa siirede hizli bir sekilde yayginlasinca e-spor federasyonlar1 kurulmustur. E-spor elektronik bir
cihaz vasitasiyla ¢evrimigi veya gevrimdist ortamda gerek bireysel gerekse takim halinde katilim
gosterilen her tiirlii aktiveyi kapsar. Tiirkiye'de e-spor federasyonu 2018 yilinda kurulmustur.
Federasyonun amaci e-spora bireysel veya takim olarak katilim gosterilen ekipleri desteklemek ve
gesitli yarismalar1 organize etmektir. Ayrica ulusal organizasyonlar gelistirme ve uluslararasi
yarismalarda basar1 elde etmektir (Tiirkiye E-spor Federasyonu [TEFSED], 2022). Dijital oyunlarin
bu potansiyelini tarihin her doneminde bas edilmesi gereken bir sorun olma 6zelligine sahip olan
atiklar i¢in de kullanilabilir (Ceken ve Yigitbasioglu, 2018). Insan niifusunun hizla artmasi
beraberinde titketim malzemelerini de artirmigtir. Tiiketim malzemelerindeki artis atik miktarin1 da
artirmistir ve gevreyi ciddi sekilde tehdit etmeye baslamistir. Bu tehtidi azaltabilmek i¢in insanlarin
bilinglenmesi ve bunu davramisa doniistiirmesi gerekmektedir. Bu gelismeleri saglayabilecek en
etkili kurumlar ise egitim kurumlaridir.

Evsel atiklar ve geri donitistim ile ilgili dersler Tiirkiye’de ilkokul 1. smiftan itibaren verilmektedir
(MEB, 2018). C)gretim kademelerinin ilk yillarindan itibaren bu konular verilmesine ragmen evsel
atiklar ve geri doniisiime yonelik davranislarinin orta veya diisiik diizeyde kaldigi yapilan
arastirmalarda goriilmiistiir (Ceylan ve Yigit, 2019; Karatekin, 2011; Vural ve Yilmaz, 2016; Wang ve
digerleri, 2023). Bu dersleri alan 6grencilerin davranislarinin daha tiist diizeylerde olmas: gerektigi
diistintilmektedir. OECD (2023) raporuna gore geri doniisiim oranlari ile egitim arasinda ytiksek bir
iliski olmadig1 goriilmiistiir. Bu durum 6gretim kademelerinde kullanilan yontem ve tekniklerin
atiklarin  geri doniisimiinii davranisa dontistiirmede yiiksek seviyelere c¢ikartamadigini
gostermistir. Bu seviyenin yiikseltilmesi i¢in farkli yontemler ve tekniklerin kullanilmas1 gerektigi
ortaya ¢ikmaktadir.

Dijital oyunlarin hizla yayilmasi sonucu bazi belediye ve kurumlarin da atik ile ilgili dijital oyun
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gelistirmistir (Cevre Koruma ve Ambalaj Atiklar1 Degerlendirme Vakfi [CEVKO], 2020; Egitim
Bilisim Ag [EBA], 2020; EnvironmentalProtectionAgency [EPA], 2023; Istanbul Biiyiiksehir
Belediyesi [IBB], 2019; National Aeronauticsand Space Administration [NASA], 2020 ve
NationalGeographic [NatGeo], 2020). Fakat bu ¢alismalar okullarda verilen kazanimlarin kiigiik bir
kismmi kapsamaktadir. Hatta oyunlarin ortak yonii olan geri doniisiim kutularma atik atma
boliimlerinde geri doniisiim kutusu ve atik gesidinin ¢ok az sayida kullanildig1 goriilmiistiir. Bu
eksikleri goz oniine alarak miimkiin oldugunca konunun tamamini kapsayacak sekilde dijital oyun
tasarlanip gelistirilmistir. Dijital oyunlarin kazanimlara uygun olarak gelistirilmesinin egitim-
O0gretime daha fazla katki saglayacag diistiniilmektedir.

Dijital oyunlarin 6gretim ortamiyla bulusmas: i¢in bazi modeller gelistirilmistir. Bu modellerden
biri; Chien ve digerleri (2012) tarafindan gelistirilen MAGDAIRE modelidir. Bu model
“Modellenmis Analiz, Rehber Esliginde Gelisim, Uygulama ve Yansitilan Degerlendirme” olarak
dort basamaktan olusmaktadir. Mishra ve Koehler (2006) tarafindan Technological (Teknoloji),
Pedagogical (Pedogoji), Content Knowledge (Igerik Bilgisi) 3 basamakli TPCK modeli tasarlanmistir.
Toledo (2005) tarafindan gelistirilen bilgisayar teknolojisini egitim programina yerlestirmek igin
(pre-integration, transition, development, expansion, andsystem-wideintegration) ve Wang ve Woo
(2007)'nun bilgi ve iletisim teknolojisini 6gretme ortamina entegre etmek icin sundugu “Bilgi ve
Tletisim Teknolojileri icin Sistemik Planlama” modelleri mevcuttur. Bu modellerden birisi de
RETAIN modelidir. Egitimciler ve bilgisayar bilimleri uzmanlar1 RETAIN modelini 6gretim araci
olarak kullanilacak dijital oyunlarin segiminde faydali oldugunu ifade etmislerdir (Prinsloo ve
Jordan, 2014). Bu modelin tercih sebebi diger modellere gore genel kabul goren egitim modellerini
gz Oniine almasi ve dijital oyun gelistirme ilkeleri ile harmanlamasidir. Buna ek olarak dijital
oyunlar1 puanlamak icin agirlik tablosunun olmasidir. Bu puanlama sistemi ile dijital oyunlarin
ogretim ortamlarinda se¢imi igin fikir olusturabilir.

RETAIN Modeli

RETAIN modeli Gunter, Kenny ve Vick tarafindan 2008 yilinda gelistirilmis, Relevance (1lgi),
Embedding (Yerlestirme), Transfer (Aktarma), Adaptation (Uyum Saglama), Immersion (Daldirma),
Naturalization (Benimseme) basamaklarini igeren bir modeldir. Bu model egitim igin dijital oyun
tasarlanirken sistemli ve pedagojik unsurlar1 goz Oniine alarak tasarim yapilmasmi igerir.
Gelistirilen model, Keller'in ACRS Modelini, Gagne’nin egitim olaylarini, Piaget'in sema fikirlerini
ve dijital oyun gelistirme i¢in kullamilan yaygin dijital oyun tasarim ilkelerini bir araya
getirmektedir.

Egitim ortamlarinda dijital oyunlarm kullaniminin artmasi sonucu gelistirilen oyunlarin akademik
acidan, dijital oyun tasarim ilkeleri ve hikaye yoniinden eksik oldugu tespit edilmistir. Oyunlarin
bu eksiklikleri gidermesi ve egitim stratejilerine bagl kalabilecegi standartlarin olusmasi gerekir. Bu
model ortak tanimlar ve anlayisla bunu saglamay1 hedeflemektedir (Gunter ve digerleri, 2008).

RETAIN Modeli Basamaklari

RETAIN modeli 6 basamaktan olusmaktadir (Gunter ve digerleri, 2008). Asagida basamaklar ile
ilgili ayrintili bilgiler sunulmustur:

Ilgi

Bu basamak, Keller'in ACRS modelindeki temel ilkelerden biridir. Ogrenim materyallerini
Ogrencilerin ihtiyaglar1 ve 6grenme tarzlariyla ilgili bir sekilde sunulmalidir. Oyun, O0gretim
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birimleri ile de ilgili olmalidir. Oyun etkinliginin 6grenicilere hedeflenen etkinliklerin ve islevlerin
gercek yasamlari ile olan iligskisinin aciklandig1 basamaktir. Egitici bir oyunun amaci uygun bir
hedef saglamaktir. Gorsel efektler veya hikaye kullanmak bu hedefleri daha c¢ekici hale
getirebiliyorsa, oyun igeriginin egitici hedeflerle dogru bir sekilde biitiinlestirilebilmesi oyunu daha
etkili hale getirecektir.

Yerlestirme

Bu basamak verilecek akademik konular ile senaryonun ne kadar ortiistiigiinii degerlendirir. Amag
senaryo ile akademik igerigi etkili sunacak sekilde bir araya getirmektir. Oyun 6grencilerin
becerilerine uygun ve tesvik edici olmalidir. Bloom"un seviyelere ayrilmis ve artan biligsel beceriler
fikri, modelin bu unsuruyla dogrudan iligkilidir. Egitim igerigini sarmal 6grenme ile desteklemek
ve basar1 kazandikga ilerlemesini saglamak 6nemlidir.

Aktarma

Bilginin bir durumdan digerine nasil aktarilacag: ile ilgilidir. Yani bilginin benzer veya benzer
olmayan bagka bir duruma aktarildiginda 6grencinin uyum saglama durumunu ifade eder. Bir
oyunda Ogreniciler baska durumlar ile karsilasabilirler. Analiz edilen genel oyun tasarim
yontemleri ile Gagne'nin Dokuz Egitim Olay1 karsilastirilirken, {igiincii adimin (hatirlamay1 tesvik
etme) ve dokuzuncu adimin (tutma ve aktarimi barindirma), genel oyun tasarimi yontemlerinde
genellikle eksiktir. Ogrenme teorisi, aktarimim ve siirecin bir parcasi olarak bilgiyi yeni durumlara
uygulayabilmesi 6nemlidir. Bilis ve hafiza i¢in bir siniflandirma agisindan, bu ilke, Bloom'un analiz,
sentez ve degerlendirme {izerine fikirleriyle gii¢lii bir sekilde iliskilidir. Burada bir 6grencinin
seviyeler boyunca ilerleyebilmesi ve daha sonra yeni Ogrenilen beceriyi diger ortamlara
aktarabilmesi gerekir.

Uyum Saglama

Bu basamak, aktarma basamaginin devami olmakla beraber Piagetin ifade etmis oldugu
ogrenicilerdeki bilgi, 6zitimseme ve uyum yoluyla biligsel becerilerini gelistirerek degistirmeyi
kapsamaktadir. Oziimseme, grencilerin olaylari bildiklerine gdre yorumladiklari bir siiregtir.
Uyum transferle ilgilidir ve dgrencilerin mevcut fikirlerine veya anlayislarina uymayan bir seyi
anlamlandirmak igin yeni bilgileri degistirmeye zorlanmasidir. Piaget tarafindan onerildigi tizere
yapilandirmaci 6grenme teorisine benzemektedir. Bu basamak, iki siirecin sonucudur ve bir tiir
davranis degisikligini (veya bilgi edinmenin gergeklestigini) gosterir.

Daldirma

Dijital oyunlarda kullanilan geleneksel daldirma tanimi yani var olma hissi yetersizdir. Ogrenmeyi
sadece hikayeye yerlestirmek de yeterli degildir. Ancak bu yerlestirme, Ogrenicilerin, oyun
tarafindan sunulan igerigi muhafaza etmek ve i¢sellestirmek i¢in gereken uygun bilissel diizeylerde
kendileriyle meggul olmalarim1 kolaylagtirir. Daldirma ayni zamanda hikayede bir inang
olusturmay1 ve siirdiirmeyi kolaylastirir. Daldirma isleminin basit bir etkilesim veya tepkiden,
oyunda verilmek istenene kadar hiyerarsik olarak Ol¢iilebilecegini gostermektedir.

Benimseme

Bloom'un psikomotor taksonomisinden 6diing alinmis bir terimdir ve biligsel alanda kullanilmak
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iizere cevrilmistir. Bu basamak, bir 6grencinin 6grenilen bilgileri tutarh bir sekilde aliskanlik haline
getirdigi basamaktir. Ancak bunun hakkinda diistinerek 6nemli zihinsel kaynaklar1 ayirmasmna
gerek olmadig1 otomatiklik veya kendiliginden ortaya ¢ikmasiyla iligkilidir. Otomatiklik, bir bilis
eksikligi anlamina gelmez. Daha ziyade 'diisiince’ olarak adlandirilan seyden farkli bir bilissel
stirece atifta bulunur. Genellikle 6grenme, tekrarlama ve uygulamanin sonucudur. Yabanci dil
ediniminde buna bazen akicilik denir ve bu benimsemenin bir sonucudur. Bir oyun gergekten ilgi
cekici, motive edici ve siiriikleyiciyse, oyuncu otomatikligin gelistirilmesi i¢in oyunu tekrar tekrar
oynamaya istekli olacaktir. Igerik artik oyuncunun dogal diisiinme bicimine yerlesmistir. Bir
siriictiniin yol tarifini 6grenmesini 6rnek olarak verebiliriz. Siiriicii nereye doniip duracagini ortiik
olarak bilir ancak sokak isimleri gibi yol tariflerinin ayrmtilarini s6zlii olarak ifade edemeyebilir.
Ogrenci de bilgiyi o kadar iyi bilir ki bunun hakkinda diisiinmesi gerekmez.

RETAIN model, 6gretim ortamlarina etkisinin hizla arttig1 dijital oyunlarin 6gretim ortamlarinda
verimli bir sekilde kullanilmasi igin 6neriler sunmaktadir. Dijital oyunlardaki gelismelerin 6gretim
ortamlarina etkisi ile alakali Ekin ve digerleri (2023) veri madenciligi teknikleri kullanarak yaptiklar:
aragtirmada 1968’den 2021 ortalarmna kadar olan tarihler arasi oyun temelli Ogretimi
incelemislerdir.2000']i yillardan sonra ¢alismalarin artis gosterdigi %70ini ise 2010 yili sonrasi
oldugunu belirtmiglerdir. Ozellikle en yiiksek degerlerin oyun temelli 6grenme, ciddi oyunlar
(dijital oyun) ve fen oyunlar1 oldugu goriilmiistiir. Ergin ve Ergin (2022) yilinda yapmis olduklar1
bibliyometrik analizin verilerini Web of Science (WoS) veri tabanindan toplamistir. “Digital Game”
anahtar kelimesi ile tarama yapildiginda 920 tane ¢alismaya ulasilmistir. Calismalar 2004-2022 yillar:
arasmi kapsamaktadir. Dijital oyun ile yapilan ¢aligmalarin genellikle 6z yeterlik, pedagoji, egitici
oyun, 0grenme motivasyonu, is birlik¢i 6grenme, katilim, dijital oyun tabanh 6grenme konularinda
oldugu goriilmiistiir. Ozellikle son yillarda dijital oyun ile ilgili calismalarin sayismin ciddi sekilde
arttig1 tespit edilmistir. Ulke bazinda en ¢ok yayin1 ABD yaptig1 ve Tiirkiye'nin ise bu siray1 4. iilke
olarak takip ettigi goriilmektedir. Wang ve digerleri (2022) dijital oyun tabanli egitimin 6grencilerin
ogrenme basarilar1 tizerine etkisini arastirmak igin meta analiz ¢alismasi yapmistir. 2010-2020
arasindaki 33 ¢alisma incelenmistir. Calismalarin ¢ogunlugu fen ve matematik alanindadir. K-12
ogrencilerini kapsayan calismada dijital oyun tabanli 6grenme ortamlarinin mevcut 6grenme
yontemlerine gore daha etkili oldugu tespit edilmistir. Dijital oyunlarin bir¢ok ¢alismada basari
seviyesini artirdif1 goriilmiistiir. Bunun yaninda derse yonelik motivasyonu (Sezgin ve digerleri,
2018; Su ve Cheng, 2013), davranis degisikligi (Bifulco ve digerleri, 2011; Cheng ve digerleri, 2013;
Eder, 2016), 6zgiiven artis1 (Su ve Cheng, 2013) gibi etkilerinin oldugu da sdylenebilir.

Kisaca 0gretim ortamlarinda verilen evsel atiklar ve geri doniistim derslerinin 6grencilerin bilgi ve
davraniglarinin istenilen diizeye ulasamamaktadir. Mevcut dijital oyunlarin ise okullarda verilen
konu kapsamlarmin diisiik bir kismini kapsadig: tespit edilmistir. Bu baglamda ¢alismanin amaci
evsel atiklar ve geri doniisiim konusunda dijital oyun gelistirilip RETAIN agirlik tablosuna gore
puanlamak ve dijital oyunun 6grencilerin bu konudaki basar1 diizeylerine etkisini incelemektir.

Yontem

Arastirma Modeli

Bir arastirmada degiskenleri Olgebilmek ve sebep-sonug iliskisi ¢ikartabilmek icin kullanilan en
uygun arastirma yontemi deneysel yontemlerdir. Deney ve kontrol gruplu yapay bir ortam
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tasarlanir ve etkisi arastirilmak istenen bagimsiz degisken uygulanir (Cepni, 2010). Bu ¢alismada
deney ve kontrol gruplu yar1 deneysel yontem kullanilmistir. Dijital oyunun evsel atiklar ve geri
doniisim konusunda basari tizerine etkisi de arastirilmistir. Bunun i¢gin arastirmacilar tarafindan
gelistirilen 6n, son ve kalicilik testleri uygulanmigtir. RETAIN modelini goz oniine alinarak evsel
atiklar ve geri dontistim {izerine dijital bir oyun gelistirilmistir. Oyunun gelistirilme siireci, modele
uygunlugu ve agirlik tablosuna gore puanlamas: sunulmustur.

Arastirma Grubu

Deneysel aragtirmalarda 6rneklem biiyiikliigiiniin olmas: gereken say1 biiytikliigii ile ilgili kesin
say1 verilemez. Sayinin biiyiik olmas1 ve ¢ok veri toplamaktan ziyade gecerli veriler elde etmek
¢alismanin dogru sonuglara ulasmasina yardime olur (Karasar, 2023). Deneysel arastirmalarda her
bir grubun en az 15 kisiden olusmasi tavsiye edilebilir (Akarsu, 2014). Bu gortisler dogrultusunda
2021-2022 egitim-6gretim yilinda 6grenim goren 20’si deney, 20’si kontrol grubu olmak {izere 40
tane 7.sinif dgrencisi ile calisma yiiriitiilmiistiir.Orneklem biiyiikliigiinden dolay1 bir sinirlilik olup
olmadigini belirlemek icin GPower programu ile gii¢ analizi yapilmistir. Sonuglara gore testin giicii
0,80 yapilmak istenirse deney ve kontrol grubunda 16’sar kisiden, test giicii 0,95 yapilmak istenirse
deney ve kontrol grubunun 25er kisi den olugmasi gerekir. Bu sonuglara bakilarak orneklem
sayisinin ¢alismada smirlhilik saglamayacagi yoniindedir. Calismanin 6rneklemi seckisiz olmayan
ornekleme yontemlerinden uygun ornekleme yontemi ile segilmistir (Biiyiikoztiirk ve digerleri,
2014). iki gruba da haftada ikiger saatten 4 hafta boyunca ilgili konu verilmistir. Derslere ayni1 uzman
ogretmen girmistir. Deney grubu 6grencileri her hafta 1 ders saatinde bilgisayar smifina gotiiriiliip
arastirmacilar tarafinda gelistirilen dijital oyun oynatilmistir. Diger kalan 1 saatinde mevcut
derslerine devam etmistir. Kontrol grubu ise mevcut 0gretim programina devam etmistir.

Veri Toplama Arac

Veri toplamak i¢in arastirmacilar tarafindan gelistirilen basari testi (bkz. Ek A) kullanilmistir. Bazi
sorular i¢in MEB yayinlarindan faydalamilmistir (MEB, 2021). Uzmanlarin goriis ve yardimlariyla
hazirlanan 25 soruluk basari testinin 6n deneme hali hazirlanmistir. Hazirlanan 25 soruluk test, 127
ortaokul 8. sinif 6grencisine uygulanmistir. On deneme sonucunda madde ayirt edicilik derecesi
0,30’un altinda kalan 7 tane madde tespit edilmistir. Tablo 1’"de madde giicliik ve ayirt edicilikleri
sunulmustur. Madde ayirt ediciligi 0,20 ile 0,30 arasindaki 2 tane madde diizeltilip kapsam gegerligi
saglanmasi igin testte tutulmustur.
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Tablo 1
Basar1 Testi Madde Giigliik ve Ayirt Ediciligi
Madde No Gigliik Ayirt ediciligi Madde No Gligligi Ayirt ediciligi

1 0,42 0,22 14 0,69 0,69
2 0,93 0,03 15 0,42 0,47
3 0,50 0,59 16 0,52 0,72
4 0,76 0,47 17 0,52 0,78
5 0,87 0,25 18 0,45 0,65
6 0,87 0,40 19 0,51 0,50
7 0,61 0,44 20 0,05 0,03
8 0,91 0,25 21 0,55 0,78
9 0,38 0,25 22 0,36 0,41
10 0,77 0,67 23 0,39 0,41
11 0,50 0,56 24 0,54 0,63
12 0,92 0,19 25 0,31 0,31
13 0,81 0,50

Cikartilan 5 sorudan sonra kapsam gegerligi Tablo 2’de sunulmustur. Sorular kazanimlara (MEB,
2018) gore tekrar kontrol edilmis ve kapsam gegerliginin korundugu goriilmiistiir.

Tablo 2
Bagar1 Testi Belirtke Tablosu
Kazanim No Soru Sayis1 Soru Numarasi

F.745.1. 4 1,8,10,23
F.7.452. 4 13,16, 18, 24
F.7.453. 4 4,11,17,21
F7454. 4 6,14,15,19
F.7.45.5. 4 3,7,22,25

Son hali ile basari testi 20 sorudan olugsmaktadir ve i¢ tutarlik katsayisi ise (KR-20) 0.78 olarak tespit
edilmistir. Testler i¢in gilivenirlik katsayisinin 0,70 ve daha yiiksek olmasi test puanlarinn
giivenirligi icin yeterli goriilmektedir (Biiylikoztiirk, 2017). Calisma i¢inOndokuz Mayis
Universitesi Sosyal ve Beseri Bilimler tarafindan etik kurulu karar1 alimmistir (Tarih: 30.04.2021; say1:
2021/337).

Oyunun Gelistirilmesi

Aragtirmacilar tarafindan gelistirilen dijital oyun 2 boyutlu ve RPG (Roll Playing Games) formatinda
bir dijital oyundur. Oyun gelistirilirken djjital icerik ve oyun tasarimi yapan uzmanlardan goriisler
alinmistir. Gelistirilen dijital oyun, Unity oyun gelistirme platformu kullanilarak yapilmustir.
Kullanilan materyaller {icretsiz igerik saglayan internet sitelerinden alinmistir (Freepick, 2021; Open
game art; 2021; Unity, 2021). RPG oyun tiirii gercek¢i veya sanal bir ortamda kurgusal bir amaca
yonelik bir karakterin gelistirilmesi ve cesitli gorevleri yerine getirmesi iizerine kurgulanir
(Gelibolu, 2013). Bu dijital oyunda evsel atiklarin geri doniisiim konusunda karaktere gesitli gorevler
verilir. Oyun iginde farkli boliimlere gegis yapilir ve her boliimde farkli bir oyun gesidi vardir.
Oyuna ait gorseller ile oyun agiklanmaya calisilmistir.
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Sekil 1
Oyunun Gegtigi Mahallenin Belirli Bir Kismina Ait Gorsel

Cevre ve Sehircilik Bakanligi, CEVKO, TAP gibi kuruluslar
atikatiklarin kontrolinu ve yonetimini yapar.

Sekil 1’de oyunun gectigi mahallenin belirli kismi1 gosterilmistir. Oyun karakteri o sahnede
mahalleyi dolagir. Mahallede arkadaslar1 ile konusmalar gerceklestirebilir. Bu konugsmalar MEB
(2018) kazanimlarma uygun sekilde tasarlanmistir. Oyun karakteri mahallede dolasirken hastane,
okul, atik merkezi ve belediye olmak {izere 4 farkli oyun ortamina gegis yapabilir. Sehirde dolasirken
panolardan ilgili kazanimlara yonelik bilgiler icerir (F.7.4.5.3. nolu kazanim ile ilgilidir).

Sekil 2

Hastane Ortamina Ait Bir Gorsel

3
3
-
-
3
-
-
-
3

fg/gili atik avcisi; serum, enjektor, igne, kan\I

torbasi, maske vb. tibbi atiklara dokunmamalisin. I

Sekil 2’de oyun karakteri hastaneye girdigi zaman orada bulunan tibbi atik kavramini ve semboliinii
Ogrenir. Ayrica hastanede tibbi atigin yaninda evsel atiklarin da olustugunun farkina varmis olur
(F.7.4.5.4. nolu kazanim ile ilgilidir).
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Sekil 3
Atik Merkezinde Bulunan Oyun Gorseli

Sekil 3'te goriildiigli gibi 9 farkh geri doniisiim kutusu ve 27 farkh gesit atik (her geri doniistim
kutusu icin 3 farkli atik) rastgele diismektedir. Diisen atik uygun geri doniisiim kutusuna girerse
puan ve basari sesi ile geri doniit verilir. Yanhs kutuya diiser ise puan kaybi ve ses ile geri dondit
verilir. Ayrica 6grenci hangi atik kutusuna ne kadar dogru atik attigini tablo seklinde gorebilir
(F.7.4.5.1. nolu kazanim ile ilgilidir).

Sekil 4

Oyun Karakteri Okula Girdiginde Karsisina Ctkan Oyun Gorseli

GERIDONUSUM

{ T ) KAVRAMLAR

Sekil 4'te 0grenci okula girdiginde evsel atiklarin geri dontisiime ait 3 farkli kelime oyunu ile
kargilasir. Buradaki kavramlar MEB (2018) kavramlarina gore hazirlanmistir. Oyuncu karisik verilen
harflerden evsel atiklarin geri doniisiimii ile ilgili kavramlar1 olusturmaya ¢ahsir (Biitiin
kazanimlarda bulunan kavramlari igerir).
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Sekil 5

Belediye Binasindaki Oyun Gorseli

Sekil 5'te 6grenci belediye binasina girdigi zaman atik malzemelerden yapilabilecek projeler ile ilgili
eslestirme oyunu oynar. Oyunu tamamladigi zaman kisa bir bilgilendirme videosu izleyerek
belediye binasindan mahalleye tekrar déner. Ogrenci oyunun tamaminda meniiler yardimi ile
oyunlardan ¢ikabilir ve diger oyunlara gegis yapabilir. Aynm1 zamanda mahalleyi dolasmadan da
meniilerden oyunlar arasi gecis yapabilir (F.7.4.5.2. ve F.7.4.5.5. nolu kazanimlar ile ilgilidir.).

Verilerin Analizi

Bu boliimde dijital oyunun Gunter ve digerleri (2008) tarafindan hazirlanan RETAIN agirlik
tablosuna gore puanlamasi ve basari testi verileri hakkinda agiklamalar verilmistir.

Dijital Oyunun Puanlanmasi

Tablo 3’te bulunan agirlik tablosuna gore de dijital oyunun puanlamasiyapilmistir ve puanlamanin
nasil yapilmas: gerektigi ayrintili bicimde Ek A’da sunulmustur.

Tablo 3
RETAIN Agirlik Tablosu
Katsay1 Seviye 0 Seviye 1 Seviye 2 Seviye 3

Mgi 1 0 1 2 3
Yerlestirme 2 0 3 6 9
Aktarma 3 0 5 10 15
Uyum Saglama 4 0 4 8 12
Daldirma 5 0 2 2 6
Benimseme 6 0 6 12 18

Almabilecek en yiiksek puan:63

Tablo 3'te dijital oyunlar degerlendirilirken basamak ve seviyelere gore puan dagilimi verilmistir.
Tablo 3 incelendiginde 6zellikle benimseme basamagina énem verildigi goriilmektedir. Bu durum
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dijital oyunlarin ilgili konular1 otomatik ve stirekli yapilmasini aliskanlik haline getirmesinin en
onemli sonug oldugu sdylenebilir.

Basar1 Testi

Nicel verilerin analizinde SPSS paket programi kullanilmistir. Verilerin analizi i¢in Oncelikle
tanimlayic istatistikler ile eksik ve yanlis veri kontrolii yapilmistir. Verilerin normallik degerleri
tablo 4’te sunulmustur.

Tablo 4

Bagar1 Testi icin Kolmogrov-Smirnov, Shaipo-Wilk, Carpiklik ve Basiklik Degerleri

Kolmogrov- Shapiro-Wilk(p)

Olgek Smirnov(p) Carpiklik Basiklik
On Test 0,00 0,15 -0,43 -0,29

Bagar1 Testi Son Test 0,00 0,13 -0,29 -0,74
Kalicilik Testi 0,20 0,05 -0,31 -0,89

Normallik testi icin farkli yontemler kullanilabilir. Bir yonteme gore kesin karar vermek yanlis
testlerin kullanilmasima neden olabilir. Grup biiytikliiglintin 50'nin altinda oldugu ¢alismalarda
Shapiro-Wilk testi p degerinin anlamli ¢tkmamas: verilerin normal dagilim gosterdigi seklinde
yorumlanabilir (p>0,05). Buna ek olarak testin ¢arpiklik ve basiklik sonuglar1 —1,00 ile +1,00 degerleri
arasinda yer aldigindan verilerin normal dagilim i¢in sartlar1 sagladig sdylenebilir. Veriler normal
dagilim gosterdigi igin t testi ve tekrarli dl¢timler i¢cin ANAVO testi yapilmustir (Biiytikoztiirk ve
digerleri, 2014).

Bulgular

Bu boliimde evsel atiklar ve geri doniistimiine yonelik gelistirilen dijital oyunun Gunter ve digerleri
(2008) tarafindan hazirlanan RETAIN agirlik tablosuna gore puanlamas: ve basar: testi bulgular:
sunulmustur.

Oyunun Puanlanmasi

Oyunun puanlamas: yapilirken puanlama igin ayrintili olarak sunulan RETAIN degerlendirme
Olctitii goz ontine almistir (Gunter ve digerleri, 2008). Puanlama uzman goriisii gerektirmeyen her
O0gretmenin segecegi oyunu kisa siirede puanlamasini saglayabilecek bir degerlendirme 6lgtitiidiir.
Bu ylizden puanlamalar arastirmacilar tarafindan yapilmistir. Tablo 3’teki RETAIN agirlik
tablosuna gore oyunun 6 basamaga gore agiklamali olarak puanlanmasi tablo 5'te verilmistir.
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Tablo 5
Dijital Oyunun RETAIN Agirlik Tablosuna Gore Puanlanmasi

Basamak Aciklama Puan

Oyun, Ogrencilerin gercek hayatlariyla ilgili gercek ve tamidik tema

llgt kullanildig i¢in bu basamak seviye 3'tiir. 3
Oyun, 06gretim programina uygundur ve biitiin kazanimlar oyunda
Yerlestirme verilmistir. Ogrenci, 6gretmen ve arkadas diyaloglari ile hem zihinsel hem 9

de duygusal olarak davranis degisimi ve inanca etkisinden dolay1 bu

basamak seviye 3'tiir.

Oyun, 6grencilerin derste 6grendiklerini bagka durumlara aktarabilmesi i¢in

“Atik Toplama Merkezi'nde” giinliik hayattaki gesitli atiklar1 geri doniisiim

Aktarma kutusuna atar. Bu basamakta oyun seviye 2’'dir. Ciinkii 6grencilerin 10
ogrendiklerini 6gretme firsati sunacaklari bir ortam sunulmadigi igin seviye
3’e gecememistir.

Uyum Oyundaki kavramlar konu kapsamindaki bilissel bilgilere dayanir. Yeni

Saglama kavramlar kesfetmeye ortam saglamadig1 igin bu basamak seviye 1'dir. 4
Daldirma Oyun bireyseldir ve tekrarlanabilir. Fakat ogrenciler karsilikli ve ortak )
ogrenme gerceklestiremedigi icin bu basamak seviye 1'dir.
Oyunun “Geri Dontistim Merkezi” boliimiinde rastgele giinliik hayat ile
Benimseme ilgili atiklar tiretir. Ogren.ci .kl.sa siirede karar vererek u}/gun g.eri -dt')niig.iim 18
kutusuna atiklar1 atar. Bilgiyi tutarli ve alisgkanlik haline getirmis sekilde
kullanma imkani sagladig: i¢in bu basamak seviye 3’tiir.
Toplam 46

Tablo 5'te basamaklara gore seviyeler incelendiginde gelistirilen oyununun RETAIN modeli agirlik
tablosuna gore 63 puan tlizerinden 46 puan aldig1 tespit edilmistir. Ayrica bu islem puanlayicilar
aras1 giivenirlik igin bilgisayar teknolojileri alaninda bir uzman tarafindan tekrar yapilmistir. Elde
edilen puanlarin giivenirligi i¢cin Miles ve Huberman'in (1994) puanlayicilar arasi giivenirlik
formiilii kullanilmistir [Uyusma Yiizdesi =Goriis Birligi/(Gortis Birligi+Goriis Ayrilig1)x100]. Her bir
basamak i¢in verilen puanlar karsilagtirilmis ve uyusma %83 olarak bulunmustur. Ayrica Gunter ve
digerleri (2008) dijital oyun seciminde RETAIN agirlik tablosuna gore sinir bir degerin olmadigini
ifade etmislerdir.

Basar1 Testine Ait Bulgular

Asagida evsel atiklar ve geri doniisiim konusunda basar testi on test, son test ve kalicilik testi
bulgular1 sunulmustur.

Tablo 6

Deney ve Kontrol Grubundaki Ogrencilerin Evsel Atiklar ve Geri Déniisiim Konusunda Basart Testi On Test
t-Testi Bulgular

Grup N X S sd t p
Kontrol 20 10,75 2,40

7 4 2
Deney 20 11,30 2,89 38 0,65 0,5

Tablo 6 incelendiginde kontrol ve deney gruplarmin 6n test puanlari incelendiginde deney
grubunun basar1 testi ortalamas1 11,30; kontrol grubunun basar: testi ortalamas: 10,75 tir. Bu
durumda, deney ve kontrol gruplari arasinda basar testi agisindan istatistiksel olarak anlamli bir
farklilik olmadig1 sdylenebilir (p>0,05).
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Tablo 7

Deney ve Kontrol Grubundaki Ogrencilerin Evsel Atiklar ve Geri Déniisiim Konusunda Bagar: Testi Son Test t-Testi
Bulgular

Grup N X S sd t p Cohen’s d
Kontrol 20 10,75 2,43

7 4 4 1
Deney 20 13,35 2,50 38 33 0,00 05

Tablo 7 incelendiginde kontrol ve deney gruplarinin son test puanlari incelendiginde deney
grubunun basari testi ortalamasi 13,35; kontrol grubunun ortalamasi 10,75 tir. Bu durumda basar:
testi ortalamalar1 agisindan deney grubu lehine anlamh bir farklilik oldugu sdylenebilir ( p<0,05).
Ayrica etki biiyiikliigiine bakildiginda kuvvetli bir etkinin oldugunu goriilmektedir.

Tablo 8

Deney Grubundaki Ogrencilerin Evsel Atiklarve Geri Déniisiim Konusuna Yénelik Basar: Testi Son Test ve
Kalicilik Testi t-Testi Bulgular:

Test N X g od ¢ .
Son Test 20 13,35 2,50
Kalicilik Testi 20 12,95 2,40 19 0,72 0,48

Tablo 8 incelendiginde deney grubunda bulunan 6grencilerin basari testi son test ortalamasi 13,35;
kalicilik testi ortalamas: 12,95 tir. Buna gore deney grubunun basari testi son test ve kalicilik testi
ortalamalar1 agisindan anlamli bir farkliik olmadigi soylenebilir (p>0,05). Bu durum bize
uygulamanin etkisinin devam ettigini gosterir.

Tablo 9

Deney Grubu Ogrencilerinin Evsel Atiklar ve Geri Déniigiim Konusunda Bagar: Testi On, Son ve Kalicilik
Testi ANOVA Bulgular:

On Test Son Test  Kalicilik Testi Kareler sd Kareler F p Fark
Top. Ort.
X X X
> 5 5 47,23 2 23,82 7,27 0,00 2-1

11,30 2,89 13,35 250 12,95 2,39
Note.1: On Test, 2: Son Test, 3: Kalicilik Testi

Tablo 9 incelendiginde uygulama sonrasinda evsel atiklarin geri doniistimii basari test puanlarinin
arttif1 goriilmektedir. Ayrica son test ile kalicilik testi karsilagtirildiginda anlaml bir farklilik
bulunmamaktadir.

Tartisma, Sonuc ve Oneriler

Gelistirilen djjital oyunun evsel atiklar ve geri doniisiim konusunda Ogrencilerin basar: testi
agisindan farklilik olup olmadigma bakilmis ve bu amagla olusturulan deney ve kontrol gruplari
arasidaki farkliliklar incelenmistir. Deney ve kontrol gruplariin karsilastirlmasinda deney grubu
lehine anlaml1 bir farklilik oldugu goriilmiistiir. Alan yazinda fen bilimleri alaninda yapilan benzer
calismalarin da ayni sonuca ulastiklar: tespit edilmistir (Akkan, 2022; Coban ve Goktas, 2022; Demir,
2022; Hkay 2022; Kecgeci, 2018; Misir, 2022; Ozer, 2017). Grup ici karsilastirmalarda ise deney grubu
ogrencilerinde On test-son test basar1 puanlar1 arasinda anlamli bir farklilik tespit edilirken kontrol
grubu 0grencilerinin 6n test-son test puanlari arasinda anlamli bir farklilik olusmamaistir. Deney ve
kontrol gruplari arasinda on test-son test farkliliklarmnin ogrencilerin on bilgileri ve yapilan
uygulamalar ile iligkili oldugu fikri olusmustur. 7. sinifa kadar farkli asamalarda evsel atiklar ve geri
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doniisiim konusunda bilgilenmis olan 6grenciler (MEB, 2018) eger yeni bir 6gretim yontemi ve
teknigi kullanilmamugsa bilgileri onemli dlgiide degisiklige ugramamakta dolayisiyla 6n bilgileri
arasinda anlaml bir farklilik olusmamaktadir. Bu goriistimiizii destekleyen daha once yapilan
calismalarda benzer durumlar tespit edilmistir. Ornegin Janakiraman ve digerleri (2021) ve Uluay
(2017) yapmus olduklar1 caligmalar incelendigindekontrol grubu 6grencilerin 6n bilgi birikiminin
varlig1 devam eden mevcut 6gretim yontemi ile ¢ok fazla degismedigi goriilmektedir. Bu goriislerde
dikkate alindiginda her asamada kullanilan benzer Ogretim yontemlerinin akademik basar:
acisindan ¢ok fazla gelisime olanak saglamadigi ancak farkli yontemlerle gelistirilebilecegi
kanisindayiz. OECD (2023) raporunda da bu durumu mevcut 6gretim yontemlerinin geri dontisiim
konusunda yeterli olmadigini belirtmistir. Nitekim ilgili alan yazin incelendiginde 6gretmenlerin
egitim-ogretim ortamlarinda 6grenmenin kalitesini arttirmak igin farkli teknolojik destekler
almasmnin ve egitsel hedeflere ulasilmasi noktasinda teknolojinin siif i¢i uygulamalar igin
ozellestirilebilmesinin éneminin vurgulandig: goriilmektedir (Koehler ve digerleri, 2011). Ancak
deney grubunda yapilan dijital uygulama ogrencilerin mevcut bilgilerini gelistirmis ve basar1
diizeyleri agisindan daha 6ncekine gore farklilasmalar olusmustur.

Fen bilimleri dersleri test edilebilir gozlem ve arastirmalara dayandigi icin deneyler ve laboratuvar
uygulamalar1 biiyiik 6nem tasimaktadir. Daha 6nce yapilan bazi ¢alismalarda dijital oyunlarin
laboratuvar uygulamalar1 kadar etkili oldugu bununla birlikte 6zellikle konularin anlatiminda
ekonomi ve siire kullanimina yonelik olarak daha verimli oldugu ileri siirtilmiistiir (Little, 2015).
Bizim ¢alismamizda ele alinan atiklar ve geri doniisiim konusunda 6zellikle deney ve laboratuvar
uygulamalari hem zaman alic1 hem ekonomik olmayan hem de deney icin sakincali yonleri bulunan
konu olmasi nedeniyle uygulanan dijital oyunun bu dezavantajlar1 ortamdan kaldirabilecegi
diisiincesini olusturmustur. Yine Bifulco ve digerleri (2011) ve Cuccurullo ve digerleri (2013) yapmis
olduklar1 calismalarda atiklarin ortadan kaldirilmasi, yeniden kullanma ve geri doniisiim
konusunda uygulanan dijital oyunlarin 6grencilerde bilgi diizeylerini artirdig1 ve 6zellikle cevre
egitimi konusunda ¢ocuklarin ve genglerin bu dijital oyunlara dahil edilmesi gerektigi belirtilmistir.
Calismamizin deney grubunda bilgi testindeki basar1 diizeyindeki artisin da buna benzer oldugu
goriilmektedir.

Uygulamis oldugumuz dijital oyunda 9 farkli atik kutusu ve her atik kutusuna 3 farkl atik gelecek
sekilde 27 farkl atik kullanilmistir. Uygulama sonucunda 6grencilerin atiklari kategorize etme ve
uygun yerlere atma konusunda bilgi diizeylerinin arttigi saptanmustir. Dolayis ile bu tiir dijital
uygulamalarin 6grencilerde hem bilgi artis1 hem de zihinsel algilama konusunda farklilagsma
olusacagl kanisindayiz. Buna benzer sekilde Qi (2016) tarafindan atiklar ve geri doniisiim
konusunda yapilan 3 farkli seviyeden olusan dijital oyun uygulamasinin 6grencilerin bilgi diizeyini
artirdigini ileri stirmiistiir ki bu da bizim bulgularimizla paralellik gostermektedir.

Deney grubundaki Ogrenciler ile yapilan goriismeler sonucu ogrencilerin dijital oyunu tekrar
oynamak istediklerini ifade etmislerdir. Benzer durumu Cheng ve digerleri (2013) dijital oyun
iceriginin Ogrencilerin oynamaya yonelik isteklerini artirici yonde olmasi 6grenmede daha iyi
sonuglara ulastirdigini ifade etmislerdir. Diger smif 6grencilerinin bile dijital oyunu oynamayi
istediklerini belirtmislerdir. Deney grubundaki &grenciler ile yapilan goriismelerde Ogrenciler
bilinglendiklerini ifade etmislerdir. Hangi atigin geri doniistip hangisinin doniismedigini anlama
konusunda dijital oyunun etkili oldugunu ifade etmislerdir. Benzer sonuglara Cuccurullo ve
digerleri (2013) 6grencilerin ders dncesi oyunu oynamak igin ¢ok istekli olduklarini belirtilmistir ve
bunun sonucu olarak atik ayristirmay1 daha iyi 6grendikleri ifade edilmistir. Bunlara ek olarak
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Ogrenciler derste aktif olduklarini ve eglendiklerini belirtmislerdir. Fen bilimleri dersinin farkl bir
{initesinde yine benzer sonuglara Ilkay (2022) ulasmis ve dgrenci goriisleri incelediginde dijital
oyunun Ogrencilerin kavram yanilgilarmi ortaya g¢ikardigini bununla birlikte dolagim sistemi
organlar1 arasindaki gegisleri iyi kavradiklarin ifade etmistir. Su ve Cheng (2013) yaptig1 calismada
dijital oyun ile ders islenmesinden 6grencilerin %80ni memnun ve %83'{iniin ise kendine giiven
duydugu tespit etmistir. Ogrenciler dijital oyundan olumlu deneyimler elde ettiklerini ve oyunun
heyecan verici oldugunu ifade etmislerdir. Bu calismada da 6grencilerin %66’s1 oyunu ilgi ¢ekici
bulmustur ve evde de oynamak istediklerini ifade etmislerdir. Sonug olarak 6gretim kazanimlaria
uygun olarak ve yaygin kullanilan oyun dinamikleri g6z 6niine alinarak gelistirilen dijital oyunlar
ogretim ortamlarinda istenilen bilgilerin 6gretilmesinde fayda saglayabilir.

Bu ¢alismalardan farkli olarak Janakiraman (2021) {iniversite 6grencilerine sehir yonetimi ile ilgili
cevresel siirdiiriilebilirlik ile ilgili dijital oyun oynatmistir. Biligssel 6grenme agisindan kontrol ve
deney gruplari arasinda istatistiksel olarak anlaml fark bulunmamuistir. Bunun nedeni olarak cevre
dostu haberler, seminerler, el ilanlar1 ve sosyal medya kampanyalar ile siirekli bilgilere maruz
kalmalar1 olabilecegi ifade edilmistir. Wrzesien ve Raya (2010) yapmis olduklar: 6n test-son test
kontrol gruplu caligmada Ispanya gevre dgretim programina uygun hazirlanan dijital oyun deney
grubuna uygulanmistir. Kontrol grubuna ise mevcut 6gretim programi uygulanmigtir. Calisma
sonunda deney ve kontrol grubu arasinda anlamli bir fark tespit edilmemistir ve bunun nedeni
olarak yenilik¢i ortamin olusturmus oldugu dikkat dagmiklig1 olabilecegi belirtilmistir. Ogretim
ortaminin dikkat cekiciligi 6grenme hedeflerinde daginiklik yapabilecegi belirtilmistir. Bu durumu
ogrenci goriislerinin de destekledigi ifade edilmistir. Fakat nu sorunu dijital oyunlarin belirli
boliimlerine 6nemli bilgileri ekleyerek asilabilecegini ifade etmislerdir. Bunu yaninda dgrencilerle
goriisme sonucunda deney grubu Ogrencilerinin ders aktif katildiklarmi, keyif aldiklarini ve
derslere tekrar katilma istedigi oldugunu ifade etmislerdir.

Dijital oyunlarin 6gretim ortamlarina kullanimi hakkinda bir genelleme yapabilmek i¢in Wang ve
digerleri (2022) K-12 6grencilerini kapsayan meta analiz ¢alismasinda 33 arastirma incelemistir.
Calismalarda dijital oyun destekli 6gretimin mevcut yontemlere gore daha etkili oldugunu tespit
etmistir. Boncu ve digerleri (2022) djjital oyunlarin ¢evre konusuna etkisi ile alakali 29 tane ¢alismay1
meta analiz ile incelemistir. Dijital oyunlarin ¢ogunun bilgisayar ve mobil ortamda oldugu tespit
edilmistir. Bir tane ¢alisma ise artirilmis gergeklik ile yapilmistir. Yapilan uygulamalarin ¢ogunun
akademik basariyr artirdigl sonucuna ulasmuglardir. Ergin ve Ergin (2022) yapmis olduklari
bibliyometrik calismada 2004-2022 arasini incelemistir. Bu siire arasinda dijital oyun tizerine yapilan
calismalarin son yillara dogru ciddi artis gosterdigini tespit etmislerdir. Dijital oyunlarin egitim
ortamlarindaki artig1 nitelikli oyunlarin kullanimi problemini ortaya gikarmistir ve egitimcilere bu
konuda RETAIN modelin yardimai olabilecegi diisiiniilmektedir.

Gelistirilen dijital oyun RETAIN agirlik tablosuna gore degerlendirildiginde 63 puan iizerinden 46
puan aldig: tespit edilmistir. RETAIN modelin oyun kabulii igin belirli bir sinir degeri olmamakla
beraber dijital oyun segerken fikir vermesini 6n planda tutmaktadir. Gunter ve digerleri (2008)
calismalarinda Amerika’da matematik derslerinde sik¢a kullanilan Math Blaster oyununu RETAIN
modeline gore puanlamistir. Oyunun 18 puan aldigini tespit etmislerdir. Aym c¢alismada bir
cografya oyunu olan World is Carmen Sandiego puanlanmis ve 41 puan almistir. Gunter ve digerleri
(2016) RETAIN modelini 6gretmenlere dil 6grenimine yonelik egitici oyunlar1 degerlendirmeleri
icin anlamh bir yol sundugunu ifade etmislerdir. Dil 6gretimi ile alakali 2 tane oyunu RETAIN
modeline gore puanlamiglardir. Busuu isimli oyunun 19 puan aldig1, Duolingo isimli oyunun ise 22
puan aldig1 tespit edilmistir. Bahsedilen ¢alismalar kullandiklar1 oyunlari ayrintili bir sekilde
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acgiklayarak puanlamislardir. Bu puanlamalarindgretmenlerin konular ile ilgili dijital oyun
secimindehizli ve daha uygun oyunu bulmalarina katki saglayacagin ifade etmislerdir. Campbell
ve digerleri (2023) dijital oyunlarin RETAIN agirlik tablosuna gore puaninin yiiksek ¢ikmasi oyunun
verilecek konularla ilgisinin yiiksek olabilecegini ifade etmistir. Bunun igin K-12 6gretmenleri ile
puanlamanin nasil yapilmasi gerektigi ile ilgili toplam 8 oyun {izerine ¢alisma yapilmistir. Ayrica 8
tarkl dijital oyunu RETAIN agirlik tablosuna gore puanlamislardir. Ogretmenlerin %52’sinin dijital
oyun kullanmadig1 diger kalanlarm ise kullandigini ifade etmislerdir. Dijital oyun kullanmayanlarin
oyunlar1 6gretim ortamina dahil ederken harcanan siire kaybin ve igerigin doyurucu olmadigin
belirtmislerdir. Calisma sonunda 6gretmenler bu olumsuz durumlart RETAIN puanlama tablosu
kullanarak yiiksek puanli ¢ikan oyunlarin 6gretim ortaminda kullanilabilecegini ifade etmislerdir.
Bu calisma sirasinda dnceden kullandiklar: puani diisiik ¢ikan dijital oyunlar: ise kullanmaktan
vazgectiklerini ifade etmislerdir. {lgili caligmalar da goz oniine alindiginda gelistirilen dijital
oyunun yeterli puan aldig1 soylenilir.

Arastirmanin sonucu ve alan yazin incelendiginde ¢esitli konulara yonelik oyun segerken hizli bir
sekilde RETAIN agirlik tablosuna gore oyunun puanlamasi yapilabilir ve 0gretim ortaminda
kullanilabilir. Ogrencilerin evsel atiklar ve geri doniisiim konusunda basarisini artirdig igin evsel
atiklar ve geri dontisiim konusunda gelistirilen dijital oyun kullanilabilir. Ayrica yeni dijital oyun
gelistirecek aragtirmaci veya kurumlarin RETAIN modelini goz oniine alarak 6gretim ortaminda
daha etkili olabilecek dijital oyunlar gelistirmesine imkan saglayabilir.

Etik Kurul Onay1: Bu ¢alisma Ondokuz Mayis Universitesi Sosyal ve Begeri Bilimler Etik Kurulu'nun 30 Nisan
2021 tarih ve 2021/337 sayili onay1 ile gerceklestirilmistir.

Arastirmacilarin Katki Orani: Bu ¢alismaya biitiin yazarlar esit oranda katki saglamistir.

Catisma Beyani: Yazarlar potansiyel bir ¢ikar catismasi olmadigini beyan ederler.
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Appendix A

Detailed Explanation for Scoring the RETAIN Weighting Table
Relevance

Level 0: The story creates little incentive for learning. It is in a format that does not engage learners
and does not use advanced organizers. The learner does not recognize the state of play or the
required learning content based on the options presented.

Level 1: The story is age and content appropriate but lacks many of the outcomes. Pedagogical
elements are somehow identified but there is inappropriate content that does not contain the desired
outcomes for learners. In this case, the learner may be engaged in undesirable situations.

Level 2: In addition to the characteristics of Level 1, it includes specific outcomes and learning
objectives are clearly defined. There is interest in what to learn. The desire to learn more is created
with many stimuli.

Level 3: In addition to the characteristics of Levels 1 and 2, the content of the game is relevant to
learners' lives (real or imagined) and the world around them, using characters and themes familiar
to them. It provides sufficient cognitive challenges to reach learners at appropriate developmental
levels. Learning outcomes are delivered at the desired level.

Embedding

Level 0: Removes the learner from the flow of the game when concepts are to be introduced and
disrupts the flow of the game. There is no interactive connection on an emotional, psychological,
physical or intellectual level.

Level 1: Both didactic elements are present but not integrated in a coherent way, or the other is
added later to the first. The content to be learned is outside the story of the game.

Level 2: Provides extended experiences related to the objectives of the curriculum in addition to the
characteristics of Level 1. Competent learners are presented with challenges related to the objectives
to keep them interested in completing the game.

Level 3: In addition to the characteristics of Levels 1 and 2, learners need to accept and believe in
change. It conditions learners and engages them both mentally and emotionally in the game. The
educational content is fully embedded in the game story.

Transfer

Level 0: Does not include interconnected levels. Does not contain increasing levels of difficulty. It is
incompatible with the targeted outcomes within the game process.

Level 1: Offers levels of difficulty according to the target outcomes. Includes hints and interactive
animation that facilitates knowledge transfer during pedagogical activities.

Level 2: In addition to Level 1 features, students can easily progress between levels. Active problem
solving is required to move to the next level. Learners can progress through instructional elements
introduced in a hierarchical way so that the knowledge gained during the game can be transferred
to other situations.
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Level 3: Includes features of Levels 1 and 2 plus real-life experiences that reward knowledge
acquisition after meaningful activity. It includes after-action reviews that offer learners the
opportunity to teach other learners what they have learned.

Adaptation

Level 0: Fails to engage learners in an interactive context. The information is not structured in such
a way that it can be at least partially grasped by the learner. The materials used are random.

Level 1: It builds on the learner's existing cognitive structures. The new content is sequenced based
on the principle of cognitive dissonance. As a result, learners need to interpret events to determine
what the new content contradicts what they already know.

Level 2: In addition to the characteristics of Level 1, instruction is designed to encourage learners to
go beyond the information provided and discover new concepts for themselves. Content is
sequenced to require learners to identify old schema and transfer it to new ways of thinking.

Level 3: In addition to the features of Levels 1 and 2, it makes learning an active, participatory
process in which learners build new ideas based on prior knowledge. It presents information that
enables the learner to relate new knowledge to prior learning.

Immersion

Level 0: Does not provide progressive, formative feedback during each game unit. Reciprocal action
offers little or no opportunity for active engagement for learners.

Level 1: The elements of the game are not directly related to the didactic focus. However, they do
not hinder or ignore pedagogical elements. It offers an opportunity for reciprocal action in a defined
context, meaningful, repeatable and interactive context. However, learners do not feel fully engaged
in learning.

Level 2: In addition to the characteristics of Level 1, it requires the learner to be cognitively,
physically, psychologically and emotionally involved in the game content. The use of reciprocal
modeling creates a shared responsibility for learning among the participants.

Level 3: In addition to the characteristics of Levels 1 and 2, it offers the opportunity for reciprocal
action and active participation for learners. It offers both the environment and the opportunity to
build beliefs.

Naturalization

Level 0: Offers little opportunity to master the outcomes or a specific skill. Target content and skills
are rarely repeated. Little opportunity is given to build on prior knowledge or skills in a logical and
sequential way.

Level 1: Repetition is encouraged to aid retention and fill in gaps. It increases the speed of cognitive
response, automaticity or visual processing.

Level 2: In addition to the characteristics of Level 1, it encourages synthesis of several items and an
understanding that once a skill has been learned, this will lead to easier acquisition of subsequent
items. It enables learners to make judgments about ideas and materials.
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Level 3: In addition to the characteristics of Levels 1 and 2, it causes learners to become aware of
content in such a way that they become productive users of that knowledge. It causes learners to use
information spontaneously in a habitual and consistent way.

Ek A

RETAIN Agirlik Tablosunun Puanlanmasi Igin Ayrintili Agiklama
figi
Seviye 0: Hikaye, 6grenme igin ¢ok az tesvik olusturur. Ogrenicilerin ilgisini cekmeyen ve gelismis

diizenleyicileri kullanmayan bir formattadir. Ogrenci sunulan seceneklere dayali olarak oyunun
durumunu veya gerekli 6grenme iceriginin farkina varmaz.

Seviye 1: Hikaye yasa ve icerige uygun fakat kazanimlarin bircogunu igermeyen yapidadir.
Pedagojik unsurlar bir sekilde tanimlanmistir ancak 6grenicilerin istenilen kazanimlar: icermeyen
uygunsuz igerikler vardir. Bu durumda 6grencinin istenmeyen durumlarla mesgul olabilir.

Seviye 2: Seviye 1 Ozelliklerine ek olarak belirli kazanimlar: igerir ve 6grenme hedefleri agikca
tanimlanir. Neyin Ogrenilecegine ilgi olusur. Birgok uyaricilar ile daha fazlasim1 6grenme istegi
olusturulur.

.....

hayali) ve kendilerine tanidik karakterler ve temalar kullanarak ¢evrelerindeki diinyayla ilgilidir.
Yeterli biligsel zorluklar saglayarak Ogrenicileri uygun gelisim diizeyleriyle ulasmas1 saglanir.
Kazanimlar istenilen diizeyde verilir.

Yerlestirme

Seviye 0: Kavramlarin verilecegi zamanlarda 6grenciyi oyun akisinin iginden ¢ikartir ve oyunun
akismi bozar. Duygusal, psikolojik, fiziksel veya entelektiiel diizeyde etkilesimli bir baglant: yoktur.

Seviye 1: Didaktik unsurlarin her ikisi de mevcuttur ancak uyumlu bir sekilde entegre edilmemistir
ya da digeri ilkine sonradan eklenir. Ogrenilecek igerik, oyunun hikayesinin digindadur.

Seviye 2: Seviye 1 Ozelliklerine ek olarak 6gretim programinda yer alan kazanimlar ile ilgili uzun
deneyimler saglar. Yeterli seviyedeki 6grenicilere, oyunu tamamlamakla ilgilenmelerini saglamak
icin kazanimlarla alakali zorluklar sunulur.

Seviye3: Seviye 1 ve 2 6zelliklerine ek olarak 6grencilerin degisimi kabul etmesi ve inanmas: gerekir.
Ogrencileri kosullandirarak hem zihinsel hem de duygusal olarak oyunun icine dahil eder. Egitim
icerigi, oyun hikayesine tam anlamiyla yerlestirilmistir.

Aktarma

Seviye 0: Birbirleri ile baglantili seviyeleri icermez. Artan zorluk seviyeleri icermez. Oyun siireci
icerisinde hedeflenen kazanimlar ile bagdasmaz.
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Seviyel: Hedef kazanimlara gore zorluk seviyeleri sunar. Pedagojik etkinlikler sirasinda bilgi
aktarimini kolaylastiran ipuglari ve etkilesimli animasyon igerir.

Seviye 2: Seviye 1 Ozelliklerine ek olarak Ogrenciler, seviyeler arasi kolayca ilerleyebilirler. Bir
sonraki seviyeye gecmek igin aktif problem ¢6zme gereklidir. Ogreniciler, oyun sirasinda kazanilan
bilgilerin bagka durumlara aktarilabilmesi i¢in hiyerarsik bir sekilde tanitilan 6gretim unsurlar
araciligiyla ilerleyebilirler.

Seviye 3: Seviye 1 ve 2 6zelliklerine ek olarak anlamli etkinlik sonrasi bilgi edinimini ddiillendiren
gercek yasam deneyimlerini igerir. Ogrencilere diger &grencilere dgrendiklerini dgretme firsat:
sunan eylem sonrasi incelemeleri igerir.

Uyum Saglama

Seviye 0: Ogrencileri etkilesimli bir baglama dahil etmede basarisiz olur. Bilgi, grenci tarafindan en
azindan kismen kavranabilecek sekilde yapilandirilmamistir. Kullanilan materyaller rastgele
kullanilmisgtir.

Seviye 1: Ogrencinin mevcut bilissel yapilarma dayanir. Yeni igerik, biligsel uyumsuzluk ilkesine
dayali olarak siralanir. Sonug olarak, 6grenenlerin yeni icerigin neyin zaten bildikleriyle gelistigini
belirlemek icin olaylar: yorumlamasi gerekir.

Seviye 2: Seviye 1 6zelliklerine ek olarak 6gretim, 6grenenleri verilen bilgilerin Gtesine gecmeye ve
kendileri igin yeni kavramlar kesfetmeye tesvik etmek i¢in tasarlanmstir. Ogrencilerin eski semay1
tanimlamasini ve onu yeni diisiinme yollarma aktarmasimi gerektirecek sekilde siralanan igerik
mevcuttur.

Seviye3: Seviye 1 ve 2 ozelliklerine ek olarak 6grenmeyi, 6grencilerin 6nceki bilgilerine dayanarak
yeni fikirler olusturdugu aktif, katilimc bir siire¢ haline getirir. Ogrencinin yeni bilgileri 6nceki
ogrenimle iligkilendirmesini saglayan bilgiler sunar.

Daldirma

Seviye 0: Her oyun birimi sirasinda asamali, bicimlendirici geri bildirim saglamaz. Karsilikli eylem
ogrenciler i¢in aktif katilim igin ¢ok az firsat sunar veya hi¢ sunmaz.

Seviyel: Oyunun unsurlar1 dogrudan didaktik odaklanma ile ilgili degildir. Ancak pedagojik
unsurlar1 engellemez veya bunlar1 goz ardi etmez. Tanimlanmis bir baglamda, yani anlamls,
tekrarlanabilir ve etkilesimli bir baglamda karsilikli eylem igin bir firsatlar sunar. Ancak 6grenciler
o0grenmede tamamen etkilesimli hissetmezler.

Seviye 2: Seviye 1 Ozelliklerine ek olarak 6grencinin oyun igerigine biligsel, fiziksel, psikolojik ve
duygusal olarak dahil olmasmi gerektirir. Karsilikli modellemenin kullanilmasi, katihimcilar
arasinda ortak bir 6grenme sorumlulugu olusturur.

Seviye 3: Seviye 1 ve 2 6zelliklerine ek olarak 6grenciler icin karsilikli eylem ve aktif katilim firsat:
sunar. Hem ortami hem de inang olusturma firsatini sunar.

Benimseme

Seviye 0: Kazanimlara veya belirli bir beceriye hakim olmak icin ¢ok az firsat sunar. Hedef igerik ve
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beceriler nadiren tekrarlanir. Onceki bilgi veya becerileri mantiksal ve siral bir sekilde gelistirmek
icin ¢ok az firsat verilir.

Seviye 1: Tekrar oynatma, saklamaya yardimci olmak ve eksiklikleri gidermek igin tesvik edilir.
Biligsel tepkinin, otomatikligin veya gorsel islemenin hizini artirir.

Seviye 2: Seviye 1 6zelliklerine ek olarak birka¢ 6genin sentezini ve bir beceri 6grenildikten sonra
bunun sonraki Ogelerin daha kolay edinilmesine yol agacaginin anlagilmasmi tesvik eder.
Ogrenicilerin fikirler ve materyaller hakkinda yargilarda bulunmasini saglar.

Seviye 3: Seviye 1 ve 2 6zelliklerine ek olarak 6grencilerin, bu bilginin verimli kullanicilar: olacak
sekilde icerikten haberdar olmalarina neden olur. Ogrenenlerin bilgiyi aliskanlik ve tutarli bir
sekilde kendiliginden kullanmasina neden olur.
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