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Abstract

Scratch is an effective programming tool encouragingproblem-solving skills of middle school students
with the help of its advanrages as its ease, richness of their visual characters and all their objects, as well
as processing skills. In particular, the fact that research has shown that teaching with Scratch has positive
effects on students' mathematical achievements in algebraic expressions indicates that a different
teaching method can be used in the field of algebra learning. Therefore, it is believed that the use of
mathematics teachers in the lesson by learning this program before service contributes to the students '
learning and love of mathematics. The aim of the research is to examine the views of mathematics
teachers about the games designed by the prospective teachers with the program of Scratch. The
participants of this study, in which the case study was conducted, were six mathematics teachers. The
research process was carried out in three stages. In the first stage, 13 games were designed by
prospective teachers about achievements in algebraic expressions. In the second phase, six mathematics
teachers were asked to score these games according to the revised rubric of Li et al (2013). In the third
stage, teachers' views about the reasons for the scores that they gave to the games. Kappa coefficients
were calculated for the scoring compliance among teachers. Qualitative data analysis techniques were
used in the analysis of teacher views. In this study, it was revealed that most teachers found the games
interesting, comprehensible and instructive/reinforcing. Some teachers found the games original, while
others stated that they were classic games that they often encountered. In addition, some teachers
emphasized that they could use these games in their lessons, while others stated that they couldnot use
them in their lessons for reasons such as missing instructions, code errors, and lack of knowledge of the
Scratch program.
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Introduction

With the development of technology that has existed for the centuries in human life, it has become
indispensable for people to benefit from this technology. The use of technology in education, which has
become a part of our daily life, has also become inevitable (Altin & Kalelioglu, 2015; Kaya, 2019; Yelbay,
2015). This enabled examination for solutions regarding the issue (Kececi, Alan, & Kirbag-Zengin, 2018).
According to Akg¢ay and Sayar (2019), technology shows its place in education by making teaching
permanent, meaningful and enjoyable, and by differentiating the education-teaching environment. In
relation to these, the use of technology in education has provided great convenience and benefit. As an
example, Tarman and Baytak (2011) stated that in classrooms, teachers use projectors in addition to the
blackboard for visual lesson processing and give students homework to use computers to access wider
resources. It can be said that programming and algorithms are mostly used in web-based applications,
which are widely used in courses. In addition, as of 2017, technology-supported trainings such as algorithm
coding and web programming have been started to be given to students with the CODE Name 2023 project
in the youth centers of the Ministry of Youth and Sports in the provinces (Basarmak & Hamutoglu, 2019).
According to Baki (2014), when a problem is encountered, the steps that determine the solution stages and
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process steps in order to reach a solution are called algorithms. The language used in algorithm teaching is
spoken language. Because it is easy to understand without being tied to any programming language. The
commands given during the algorithm should be clear, understandable and short (Cited in Arabaciogluy,
Biilbiil, & Filiz, 2007).

According to the Turkish Language Association [TLA] (2017), the program is a “set of commands written
to make the computer do an operation”, while programming is not only an application software, but also a
complex program that targets students' thinking skills and makes a great contribution to their cognitive
development and it is defined as a process (Kert & Ugras, 2009). According to Ersoy, Madran, and Giilbahar
(2011), programming is a production process that requires the use of many skills and provides a meaningful
whole by bringing together different information. It can also be mixed and abstract etc. It is among the
difficult skills to acquire due to its characteristics. Before designing the program, the person dealing with
program development creates an algorithm, evaluates it and transfers it to the computer gradually. For this
reason, algorithms create the environment for how the transfer of the problem to the computer will take
place. The main purpose of solving algorithm problems is to perform basic programming operations such
as variable definition and value assignment, decision making, array creation, control structures, counter
and loop structures, which are the basic structures of programming. Many of the students have difficulties
due to the abstract nature of these basic structures (Lahtinen, Ala-Mutka, & Jarvinen, 2005). Initially, while
programming, a solution to the identified problem should be produced. Then, a way mustbe found to create
communication pattern using this solution by using computer. In this pattern, attention should be paid to
understanding thoughts clearly, the perfect grammar and terms. (Papert, 1980; Szlavi & Zsako, 2006).
According to Pala and Mihc Tirker (2019), the importance of programming education has started to be
noticed more and more in recent years, and studies have been carried out to provide students with
programming knowledge. Regarding this programming education, Information Technologies and Software
lessons have been started to be given to the students studying at secondary school in 2012, starting from
the 5th grade. In addition, it can be said that in recent years, the Higher Education Council (HEC) Teacher
Training Program (2018) has given algorithm and programming courses to mathematics teacher candidates
studying at the university, which is of great importance in this context.

Akbay, Atas, and Turan (2015) stated that the programming course has become a part of education as a
course adopted by expert educators. Within the scope of these explanations, “Problem Solving,
Programming and Original Product Development” is said to be one of the learning areas of the program
published by the Board of Education (Ministry of National Education [MoNE], 2017). In this context, it has
been determined to gain some skills in the mentioned learning areas and it has been said that Scratch is one
of the software that will enable these skills to be gained (Cubukluéz, 2019). At the same time, Scratch has
come to the fore as a program recommended for students who are new to coding education or have
difficulties (Guzdial, 2004). The dictionary meaning of Scratch is known as scratching and drawing that's
why the logo and character consist of a cat (Kececi et al., 2018). The Scratch program was designed by the
Massachusetts Institute of Technology (MIT) in 2007 to teach coding to individuals of all age groups. The
program of Scratch, which is an educational programming tool, is a more suitable tool for expressing ideas
on educational issues compared to the old programming languages. At the same time, the Scratch
programming tool, in addition to its ease, is an effective tool on the reasoning abilities of individuals at the
primary school level with the visual characters and objects of Scratch (Shin & Park, 2014). It is an
interactive interface program that works visually with drag and drop logic and a block-based free coding
tool (Yilmaz, 2019). The content of the interface program is given in Figure 1.
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Figure 1. Interface of Scratch Program (Cagiltay & Fal, 2013)

According to Figure 1, Scratch consists of four basic parts. These are: i) Code section: There are nine
command blocks consisting of different colors: motion, appearance, sound, events, variable, control,
detection, my blocks and operator. ii) Coding Section: The code consists of three sub-sections: costumes
and sounds. iii) Scene and Character: The stage is where the puppet is located and the events take place. In
addition, there are signs that allow the start and stop of the event in the upper right part of the stage. iv)
Toolbar: It contains many options such as language settings, saving work, file, editing, help, adding and
deleting characters, scene size and sharing tabs. When a program coded on a sound block is run in the the
program of Scratch, provided that the algorithms are properly sequenced, the sound desired to be heard in
the real environment is heard or moved by the options on a dummy console on the screen. With the help of
explained features of the program, it is ensured that users gain or develop high-level skills such as problem
solving, analysis, creativity, systematic and divergent thinking (Catlak, Tekdal, & Baz, 2015). Considering
the importance of these skills in daily life, it has been observed that individuals who are more successful in
coping with difficulties and reaching their goals are individuals with high-level thinking skills (Yiiksel,
2015). According to Aksoy and Kii¢iik-Demir (2019), the use of digital media in mathematics education is
one of the important features that increase the level of creative thinking. Itis seen that different and creative
thinking, which has been mentioned recently, has great importance in investigating reasoning approaches
in mathematics education in many respects (National Council of Teachers of Mathematics [NCTM], 1989).

Students have difficulties in learning mathematics (Oztop & Toptas, 2017). Mathematics is more abstract
compared to other fields (Dienes, 1971; Frenkel, 2013; Sarama & Clements, 2009). This situation causes
difficulties in learning and teaching mathematics (Ramani & Patadia, 2012). Technological tools have an
active role in concretizing mathematical concepts. Especially young children are not ready to work with
abstract concepts in terms of their cognitive development. Therefore, if children in this period are taught
using technological tools suitable for their cognitive levels, a students' mathematical development can be
accelerated and their motivation to learn advanced mathematical concepts can be increased (Koése
Yavuzsoy, 2008). Students no longer enjoy working with traditional methods, but with teachers who use
technology in their lessons (Ozgen & Obay, 2008). In this context, societies that adopt the traditional
understanding of education have difficulties in raising qualified individuals (Obut, 2005). Taslibeyaz (2010)
and Gelibolu (2009) stated that the use of technology in mathematics teaching determined that it helps to
concretize abstract concepts, saves time in the lesson, and increases the students' interest in the lesson.
With the increase in the use of technology, research in the field of digital game-based learning has also
increased (Sarigam, 2019). Chuang and Chen (2007) concluded that when educational games are used, the
subject to be taught can be given more easily and contributes to the development of high-level thinking
skills. Offering meaningful experiences to its users with games, task steps and scenarios that leave a mutual
impact; they are entertainment tools that attract more attention to their users with their visual components
and sound designs (Varinlioglu, Alankus, Aslankan, & Mura, 2019). The most important factor in making
digital games interesting is having fun (Kiili, 2005). According to Prensky (2001), there are many reasons
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why people who play digital games enjoy it and are highly preferred. These games have goals and rules,
games give feedback, provide socialization by interacting with other players, and contain a story. One of
the prominent games among these games is educational games.

Educational games are games that are used to achieve learning goals and provide learning experiences
(De Freitas, 2006). The main goal in educational digital games is to enable students to learn the concepts
and information about the subject hidden in the game (Aksoy, 2014). Gee (2014) found it interesting that
people insist on passing the part where they have difficulty in computer games and stay in front of the
computer for a long time in order to pass that part. For this reason, Gee said that when computer games
are used in the teaching, students can learn the subject by having fun. Games are used effectively in many
disciplines. One of these disciplines is mathematics. The use of game-supported method in teaching
mathematics was found interesting and instructive, especially for primary and secondary school students
(Cakmak, 2000). As an example, some studies support the view that block-based games designed with the
program of Scratch benefit teachers and students in algebra learning areas, which are thought to be difficult
to learn in mathematics lessons. At the same time, these games designed in a digital environment positively
affect the success of students in algebra (Mercan & Aktas, 2018). According to Akkaya (2006), algebra is an
important learning area that always takes place in our lives in understanding the problems encountered in
daily life and producing solutions for these problems.

Algebra, which is related to many subjects of mathematics, is an important focus for teaching mathematics
at all levels (Lacampagne, 1995). Because the algebra learning process actually starts from arithmetic
operations in primary school and then goes to function knowledge. Therefore, if algebra is not learned well
in primary and secondary school, it is inevitable to experience problems in gaining further mathematics
skills (Eski, 2011). According to Usta and Gokkurt Ozdemir (2019), algebra has great contribution to the
development of mathematical thinking. Students have difficulties in understanding the concept of variable
when they enter the field of algebra learning (Akgiin, 2007; Dede, Yalin, & Argiin, 2002; Soylu, 2008;Yalvacg,
2019). Akkaya and Durmus (2006) stated that the reason for these difficulties is that students do not
understand the rules used in arithmetic well and they have misconceptions in operations related to
arithmetic. Another reason was stated as students' solving algebra questions without understanding them
by heart (Dede & Argiin, 2003). Mercan (2019) emphasized that in teaching algebraic expressions and
integers in 6th grade with the help of Scratch program, is of great importance in terms of its effect on a
students' motivation, success and permanence of knowledge. It can be said that the reason for this is that
an abstract subject such as algebra is made concrete by using the Scratch program instead of the plain
expression method, and the student learns by doing and experiencing. The more sense organs the person
in the learning position uses, the faster the learning takes place, the easier it is to teach and the more
permanent it becomes (Celik, 2007). In this context, the program of Scratch, colorful visuals, simulation,
music, educational games, etc. is used in lessons because it contains elements (Mercan, 2019). It should
consider the principle that using visualization in the teaching of mathematics course can affect students
positively in the affective and cognitive areas, and visualization should be used in mathematics education
from the first to the last stage of primary education (Tutkun, Oztiirk, & Demirtas, 2011). At the same time,
teaching materials are the knowledge, skills and attitudes, etc. that help learning and are desired to be
gained for students. Itis one of the tools used for the development of the items (Saritas, 2007). In particular,
it will be beneficial to use more than one teaching method in mathematics lessons, to provide students with
the opportunity to understand mathematics, and to develop and use materials to distract students from rote
learning (Inan, 2006).

When the literature is reviewed, it has been seen that there are limited studies (Mercan & Aktas, 2018;
Mercan, 2019; Oztiirk, 2021) using the program of Scratch and the algebra learning field together, but no
study has been found on the pre-service teachers' designing games in the field of algebra learning in the
Scratch program. However, the use of teaching materials is an important element in increasing the quality
of teaching by attracting a students' attention, ensuring their participation in the lesson, getting feedback,
etc. Teaching materials are helpful in the realization of many behaviors. Teaching materials are tools that
help teachers to convey information to students (Sahin & Yildirim, 1999). In the learning process, the use
of effective materials will increase the quality and communication in education (Alkan, 1984). These tools
and materials used to support learning will make students more willing to learn, and as a result, their
success in the lessons will increase. If the acquisitions that should be given to the students is in line with
the objectives of the course and are supported with visual and auditory materials, a solid learning will occur
(Ertas, 2006). In this context, it can be said that when the materials used to support teaching are well
designed, it facilitates learning by providing reality in the comprehension of what is taught. Giirman (2019)
stated in his research that the technology-supported material designed facilitates the learning of students.
The Digital Education Plan (2021-2027) emphasizes the development of teachers’ digital skills in education
and traning (https://ec.europa.eu/education/education-in-the-eu/digital-education-action-plan_en). One
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of the 21st century skills is digital skills, and these skills enable individuals to respond to the requirements
of the century, to sustain their lives and to be productive, could be acquired through education (Belet Boyaci
& Giiner Ozer, 2019). In this respect, it is thought that it is necessary for teachers to acquire effective digital
material design skills before they gradute from teacher training programs. In this study, a digital game
about algebraic expressions was designed for prospective mathematics teachers in the program of Scratch,
and the opinions of mathematics teachers about the games that they designed were taken. The fact that the
digital games designed in this study are an instructive resource for students who have problems with
algebraic expressions reveals the importance of the research. In addition, students who have negative
attitudes towards algebraic expressions can increase their interest in the lesson by playing these digital
games.

Method

In this study, the case study method, as one of the qualitative research methods, was used. A case study
is a methodological study that uses multiple data collection to demonstrate the functioning of the limited
system and how the study progresses (Chmiliar, 2010). In the case study, a case is investigated in depth
and results related to the case are revealed (Yildirim & Simsek, 2008). In the research, using the program
of Scratch, the design of digital games related to algebraic expressions in mathematics education and the
opinions of teachers about the material were taken, it was deemed appropriate to use this method.

Participants

The participants of the research consisted of 6 mathematics teachers who were actively working in
different state secondary schools in the Western Black Sea Region, which differed in socio-economic terms.
appropriate sampling method, one of the purposeful sampling methods, was used in the selection of
teachers. In addition, different lengths of service were taken into account in the selection of teachers.
Considering the service period of the teachers, the service period varies between 2-20. The reason why the
participants were selected according to different criterias can be shown as the desire to obtain data
diversity and richness of results. On a voluntary basis, consent forms were obtained from the teachers,
indicating that they participated voluntarily. In terms of the ethics of the research, codes such as T1, T2...T6
were used instead of the real names of the teachers. The service periods of the teachers were as follows:
T1: 6 years; T2: 2 years; T3: 12 years; T4: 20 years; T5: 8 years and T6: 7 years. Necessary information
was given to the teachers by the researchers about the purpose and content of the study. The teachers were
told that this study would only be used for scientific purposes, and it was emphasized that their identity
information would be kept confidential.

Data Collection Tool

As the data collection tool, the Pedagogical Rubrics revised by Li et al. (2013) was used to determine the
levels of pedagogical themes in games. A semi-structured A Teacher Interview (TIF) form was used
regarding the reasons for the evaluations made by the teachers. The interviews were conducted
individually.

Design Process of Digital Games

Before deciding on the subject on which the Scratch program will be used, the researchers made a needs
analysis in the first stage.
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Figure 2. Needs Analysis

As aresult of the needs analysis in Figure 2 and the studies in the literature, it was decided to choose the
algebra learning area as the learning area. When the literature was examined, it was seen in many studies
that students had many mistakes or misconceptions about the area of learning algebra (Akkan, Baki, &
Cakiroglu, 2012; Akkaya & Durmus, 2015; Celik & Giines, 2013; Yildiz, Koza Ciftci, Sengil Akar, & Sezer,
2015). In addition to these, studies was found in which teaching using Scratch software contributed to the
success of students in learning Numbers and Operations (Cubukludz, 2019), Algebra (Mercan, 2019) and
Geometry (Iskrenovic-Momcilovic, 2020). The fact that the students were generally unwilling and forced to
use algebraic expressions during the classroom observations and interviews with the teachers also
strengthened this decision.

After the subject was decided, the design process of digital games was started. At this stage, the literature
on the program of Scratch was searched and the views of a faculty member who had a doctoral thesis in
mathematics education and Scratch on how to prepare digital games on the subject of algebraic expressions
in Scratch were consulted. The fact that the researchers received training on the program of Scratch in the
Algorithm and Programming course they took in their undergraduate education and that one of the
researchers had publications in the field of Scratch facilitated the design process of digital games. In the
coding process of the games, attention was paid to include the elements of the games. In addition, it is aimed
to create designs that will increase competition among students, encourage them to get the highest score
and provide motivation for the mathematics lesson.

During the design process, the researchers presented the games they designed to a faculty member who
was an expert in mathematics education and Scratch, and made the necessary corrections in the digital
games (eg, the instructions were not clear, the difficulty levels of the questions in the games were the same)
in line with the expert opinions. In the study, a total of 13 digital games were designed by the researchers,
and the numbers of curriculum objectives (MoNE, 2018) and links of these games are given in Figure 3.
Screenshots of some games are also given in Appendix 1. G1, G2, ...G13 codes are used for games.
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Figure 3. Games Designed for the Achievements in Algebraic Expressions and Links to the Games
Six mathematics teachers were asked to evaluate these digital materials related to the games designed by
the pre-service teachers who were in the role of researchers. In this context, the revised Pedagogical Rubric
by Li et al. (2013) was used as a data collection tool. In this rubric, there are 13 themes (Problem Solving,
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Exploration and Reasoning, Connection, Strategy, Participation, Interesting, Comprehensible, Educational
and/or Reinforcing, Evaluation, Usage, Level, Originality, Duration) and criteria are Less Sufficient (1 point),
Sufficient (2 points) and Very Sufficient (3 points). According to these criterias, the highest score a game
can getis 39 (13x3=39), while the lowest score it can get is 13. (13x1=13). Teachers were given two weeks
for evaluation. After the teachers scored these designed digital games, interviews were held with the
teachers regarding the reasons for the scores they gave to these games. Cohen Kappa coefficients were
calculated for the concordance level of scoring among teachers (See Table 1). If the Kappa coefficient is less
than or equal to 0.20, “poor agreement”, between 0.21-0.40 “low agreement”, between 0.41-0.60 “moderate
agreement”, between 0.61-0.80 “good agreement” and 0.81-1.00 between them is interpreted as “very good
agreement” (Landis & Koch, 1977). When the scores of the six mathematics teachers in Table 1 were
examined in pairs, generally weak agreement, below-average agreement and moderate agreement were
found. Good agreement between T2 and T4 emerged for the G11 game only. Based on this result, it is seen
that mathematics teachers' evaluations of games are different.

Table 1. Kappa Values Regarding the Levels of Concordance of Scores Among Mathematics Teachers

Value of Kappa

TCHRs G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12 G13
T1*T2 -121 .047 -.076 -.018 -.054 -.024 -.006 .000 -.016 -174 -.050 -.044 -.056
T1*T3 -.074 -.070 -.057 .023 .027 .044 .082 .006 .013 .064 .013 .027 .014
T1*T4 175 .071 .086 116 -.014 -.024 .043 -.006 -.037 -.037 -.026 .065 -.047
T1*T5 .099 .044 -.040 -202 -.045 .044 -071 -.073 -.026 -.026 .088 -.140 -.156
T1*T6 .248 .034 -122 -.044 -.037 -.010 -.075 .014 -.045 -.045 -.068 .017 -139
T2*T3 420 .097 .028 .085 133 119 .235 .000 -106 133 .148 -.182 -.066
T2*T4 .387 .387 .243 .058 187 -.182 -.046 .000 464 .071 .658" .369 .519
T2*T5 -.102 .093 .142 -.068 173 -.102 -.020 .000 .019 .266 .330 .297 .264
T2*T6 157 152 .187 -123 226 -.130 -.182 .000 157 .254 .286 409 .388
T3*T4 278 .019 .010 .032 156 -102 -.024 -.083 -061 -.152 133 -.034 .097
T3*T5 -222 -.130 -444 -444 -.268 -.300 -.238 -.147 -.147 -.182 .235 -.282 177
T3*T6 .055 .071 -.287 -.051 -102 -444 -477 -114 -.138 -.209 .052 -232 .268
T4*T5 .289 .055 117 .090 .090 .339 .079 .071 .270 124 435 -369 .150
T4*T6 .350 .387 .010 179 .350 152 .081 .088 323 .187 458 -.093 429
T5*T6 .366 323 .204 117 .052 198 114 .085 409 409 .103 .228 .356

Content analysis technique was used in the analysis of the interview findings with the teachers. Data from
content analysis “Word cloud” technique was used to visualize and make it more understandable. The
purpose of visualizing data are not to make it aesthetically beautiful, but to make it understandable.
Visualization provides quick information to people who are interested in the subject (Fronza et al. 2013).
In this context, word clouds were created in the WordArt application related to the codes of the interviews.
For the reliability of the research, the interview data were coded separately by two researchers. It was
determined that the fit calculated by considering Miles and Huberman's (1994) agreement percentage was
fully achieved.

Findings

In this section, the findings of the research are given under two headings. The first heading represented
the findings related to the scores of mathematics teachers for the games designed by pre-service teachers.
The second one included the findings related to the explanations of the mathematics teachers about the
reasons for their scoring.

Findings on Mathematics Teachers' Evaluations of Digital Games Designed by Pre-service Teachers
Table 2. shows the findings of mathematics teachers' evaluations of 13 themes in the pedagogical rubric

Table 2. Findings Regarding the Evaluation of Digital Games According to Themes in the Pedagogical Rubric
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PS: Problem solving, EnR: Exploration and Reasoning, Co: Connection, S: Strategy, P: Participation, I: Interesting, Cm: Comprehensible,
E/R: Educational and/or Reinforcing, Ev: Evaluation, U: Usage, L: Level, O: Originality, D: Duration, Ls: Less Sufficient, S: Sufficient, Vs:
Very Sufficient, Cs: Competence Status, Cgs: Categories, Gn: Game number

According to Table 2, it is striking that the teachers mostly found the games coded G6, G8 and G13 very
sufficient. On the other hand, it is seen that teachers find the G1 coded game less sufficient. According to
Table 2, when the answers given by the teachers to the theme "Problem solving" are examined, it is striking
that the games coded G2, G4, G6 and G8 are very sufficient.

When the answers given by the teachers to the theme "Exploration and Reasoning" are examined, it is
noteworthy that the games are generally found to be less sufficient. When the answers given by the teachers
to the "Connection" theme are examined, it is seen that the G1, G2 and G12 coded games are found to be less
sufficient. When the answers given by the teachers to the "Strategy” theme are examined, it is noteworthy
that the games are generally found to be less sufficient. The G8 coded game was found very sufficient by
three teachers. When the answers given by the teachers to the "Strategy" theme were examined, they
generally found the games sufficient and very sufficient. G1,G2, G3, G4,G10,G11 and G12 games were found
to be less sufficient in this category. Only three games were found to be less than sufficient. These games
are G1,G10 and G11 coded games. When the answers given by the teachers to the "Comprehensible" theme
were examined, all but two of the games were found to be sufficient and very sufficient in the intelligibility
category. Games that are found to be less sufficient are G4 and G6 coded games.

When the answers given by the teachers to the theme of "Educational and/or Reinforcing" were examined,
most of the games were found to be sufficient and very sufficient in the category of Educational and/or
Reinforcing. Only three games were found to be less than sufficient by the same participant. The less
adequate games are G4, G5 and G13. When the answers given by the teachers to the theme of "Evaluation”
were examined, most of the games were found to be very sufficient and sufficient. Games that were found
to be less sufficient are G2, G3, G4, G5, G7, G10 and G12 coded games. When the answers given by the
teachers to the theme of "Usage" were examined, most of the games were found sufficient and very
sufficient. In this category, the game coded G1 was found to be less than sufficient by four participants.
When the answers given by the teachers to the "Level" theme were examined, it was seen that most of the
games were very adequate. Only G1, G3, G4 and G8 coded games were found sufficient. When the answers
given by the teachers to the theme "Originality” are examined, it was seen that the G1 coded game was found
to be less sufficient. When the answers given by the teachers to the "Duration” theme were examined, it
was seen that the games were very sufficient in terms of time. Table 3 presents the findings regarding the
total points given by six mathematics teachers to 13 digital games according to the Pedagogical Rubric.

Table 3. Findings Regarding the Total Scores of the Digital Games from the Pedagogical Rubric as a Result
of the Evaluation made by the Mathematics Teachers
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When Table 3 is examined, it is seen that the arithmetic mean of the total score they got from the rubric
evaluated by six teachers in 12 games is 26 and above. The total score of only the G1 coded game from the
rubric is 25.83. Considering that the score value of the adequate criterion, which was one of the evaluation
criteria in the rubric is 2, it could be said that almost all of the games are sufficient. Considering the length
of service of the teachers, it was seen that the length of service has no effect on scoring, and they gave similar
scores for some games (for example, T2 with the same service period of two years and T6 with 20 years of
service give the same score for the G6 game).

Findings of Mathematics Teachers' Statements Regarding the Pedagogical Themes They Scored
Digital Games

In the games, the explanations made by the teachers regarding the problem solving theme are combined
in common codes and given as a word cloud in Figure 4.
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Figure 4. The Word Cloud of Problem Solving Theme

As can be seen in Figure 4, the teachers made some explanations about the reasons for the scores they
gave to the problem solving theme in the games. As a result of the content analysis of these explanations,
the codes were revealed that the contain different problems, problems insolving skills, insufficient
operations, and problems that so not involve skills. Almost all of the teachers (except for one participant)
found the games sufficient or very sufficient in the problem solving theme. In the interviews, the teachers
generally stated that the games are suitable for problem solving, they improve problem solving, and the
problems are skill-enhancing and thought-provoking. When the reasons for finding the games to be very
sufficient are examined, it is mentioned that there are different types of content such as factoring with
algebraic expressions and identities for the G3 coded game. Itis stated that for the G2 coded game, different
types of problems are included, such as finding a pattern rule for algebraic expressions, and finding the term
in a certain step of the pattern whose rule is given. When the sufficent status of the games is examined, it is
mentioned that there is no connection between the process and the event for the G5 coded game. They
stated that for the G1 coded game, questions about algebraic operations should be increased. In the games,
the explanations made by the teachers regarding the discovery and reasoning theme are combined in
common codes and given as a word cloud in Figure 5.
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Figure 5. The Word Cloud of Exploration and Reasoning Theme

As can be seen in Figure 5, as the reason for the scores that the teachers gave to the exploration and
reasoning theme in the games; They expressed opinions in the codes that it is suitable for the learning
outcome, the game has only one solution, it includes exploration, it contains errors and it does not include
discovery. Especially the G1 coded game was found to be less sufficient by all teachers except one teacher.
When the reasons why the games were found to be insufficient, they stated that they could not see any
situation in terms of exploration for the G3 coded game, but since the balls falling from the air required
decision-making in a certain time, the students would improve their quick reasoning ability. For the G12
coded game, it was mentioned that the scale model activities could be given more space and therefore, the
students could learn the relationship between the "conservation of balance" and the "equal” sign more
meaningfully. When the reasons why the games were found to be sufficient were examined, it was stated
that if the games were developed, they could be very sufficient for exploration and reasoning. They stated
that for the G12 coded game, it was quite suitable for exploration in terms of design, but the game could not
be completed due to the deficiencies in code blocks and puppets. In the games, the explanations made by
the teachers regarding the connection theme are combined in common codes and given as a word cloud in
Figure 6.
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Figure 6. The Word Cloud of Connection Theme

As can be seen in Figure 6, as the reason for the scores given by the teachers to the connection theme in
the games; They expressed opinions in the codes of being different puppets, containing environmental
awareness, being associated with daily life, having arithmetic thinking, not including different disciplines,
not being associated with daily life and having deficiencies. G4, G6 and G8 coded games were generally
found to be very sufficient. When the reasons why these games were found to be very sufficient were
examined, it was stated that for the G4 coded game, the presence of story content in the game would arouse
interest in the students and the game was suitable for the students’ daily life experiences. He stated that for
the G6 coded game, choosing situations from daily life and supporting the problem situations used with
visuals would be effective for the student to make connections. For the G8 coded game, it was stated that it
is related to daily life and is a very good game for the development of environmental awareness. G1, G2 and
G12 coded games were generally found to be less sufficient. Examining the reasons why these games were
found to be less than sufficient, it was stated that there was no connection with daily life for these games
and no connection was made with different lessons for the G12 game. In the games, the explanations made
by the teachers regarding the strategy theme are combined in common codes and given as a word cloud in
Figure 7.
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As can be seen in Figure 7, as the reason for the scores given by the teachers to the strategy theme in the
games; They expressed their opinions in the codes of being suitable for the student, containing different
strategies, being suitable for the learning outcome, containing appropriate puppets, containing errors, being
one solution, and incomplete strategies. G1, G2, G3, G5, G9,G10 and G11 coded games were generally found
to be less sufficient. When the reasons why these games were found to be less sufficient were examined, it
was stated that there was no situation to reveal different strategies, there was no situation that allowed the
student to develop a strategy, and it was based on a single method. When the reasons why these games
were found to be very sufficient were examined, it was mentioned that they were open to the use of different
methods and were suitable for the strategy for the target and behavior. In the games, the explanations made
by the teachers regarding the participation theme are combined in common codes and given as a word cloud
in Figure 8.
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Figure 8. The Word Cloud of Participation Theme

As can be seen in Figure 8, as the reason for the scores given by the teachers to the participation theme in
the games; They expressed their opinions in the codes that it is visually supported, suitable for technology,
entertaining, includes group participation, suitable for students, questions that are difficult, does not
include group participation, and contains errors. G1, G2, G3, G4, G10, G11 and G12 games were found to be
less sufficient in this theme. The reasons why these games were found to be insufficient were stated as the
difficulty of progressing the game for G1 and not using the direction keys instead of the movement keys w,
a, s, d. It has been stated that the emphasis on individuality for G2 and the constant repetition of the
questions in the game will negatively affect participation. It was stated that the questions for G3 should
start from simple. For G4, it was stated that the presence of mistakes in some questions would decrease the
participation of the students. It was stated that the absence of a lecture section for G10 and the absence of
the class's views would reduce participation. For the G11, it was thought that being individual would be an
obstacle to participation. It has been stated that the emphasis on individuality for the G12 will reduce
participation. In general, the reasons why the games are sufficient are stated as follows. It has been stated
that the visuals and stories of the games will support participation in the lesson. It was stated that the games
being computer games, the selection of cartoon characters, and the various visual and auditory elements
used would attract the attention of the students. It is stated that there are games that will ensure the
participation of the whole class with visual effects and selected problems. In the games, the explanations of
the teachers about the interesting theme are combined in common codes and given as a word cloud in Figure
9.
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Figure 9. The Word Cloud of Interesting Theme

As can be seen in Figure 9, as the reason for the points given by the teachers to the interesting theme in
the games; They expressed opinions in the codes that it contains story text, technology-oriented, interactive
narration, interesting content, visually supported, auditory support, cartoon characters and not different
expressions. Most of the games were found sufficient and very sufficient in their interesting theme. Only
three games were found to be less than sufficient. These games are G1, G10 and G11 coded games. The
reasons why these games were found to be less sufficient were stated that there should not be a lecture part
for G10, the lecture part was too long, and this situation could cause the students to get bored. It is also
stated that adding sound and effects to the game can make the game more interesting. For G11, it was
thought that students could ask why crab ate hamburger. It was stated that the reasons why the games
were found sufficient were that the visual, auditory and interactive nature of the games made them
interesting. It was stated that the use of mutual conversations and the context and story text in the game
would attract the attention of the students. In the games, the explanations made by the teachers regarding
the understandable theme are combined in common codes and given as a word cloud in Figure 10.
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Figure 10. The Word Cloud of Comprehensible Theme

As canbe seenin Figure 10, as the reason for the scores given by the teachers to the comprehensible theme
in the games; They expressed their opinions about the codes being explanatory, having instructions, plain
language, being understandable, being at a simple level, not having commands, not being comprehensible,
and containing errors. Except for two of the designed games (G4, G6), the others were found sufficient and
very sufficient in the theme of intelligibility. The teacher, who found these games to be less sufficient, stated
that there were errors in the use of parentheses in the G4 coded game as a reason. He stated that this
situation may cause the student to not fully understand the subject. For G6, it was stated that the questions
were not intelligible. When we look at the reasons for finding the games sufficient, it is stated that the game
instructions and problem situations are understandable, the questions are written in a plain language, and
the language is simple and understandable. In the games, the explanations made by the teachers regarding
the instructive and reinforcing theme are combined in common codes and given as a word cloud in Figure
11.
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Figure 11. The Word Cloud of Educational and/or Reinforcing Theme

As can be seen in Figure 11, as the reason for the scores given by the teachers to the educational and/or
reinforcing theme in the games; They expressed opinions in the codes that the outcome is instructive,
comprehension level, questions are reinforcing, suitable for its purpose, the game is repeatable, contains
hints, is outcome-oriented, not instructive, and contains incorrect questions. Most of the games were found
to be sufficient and very sufficient in the theme of instructive and reinforcing. Only three games were found
to be less than sufficient by the same participant. The games coded as G4, G5 and G13 are the games coded
as G4, G5 and G13. It is seen that the explanations are included. On the other hand, it was found to be very
sufficient by five participants because it included different examples in the game coded G2. In the games,
the explanations made by the teachers regarding the evaluation theme are combined in common codes and
given as a word cloud in Figure 12.
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Figure 12. The Word Cloud of the Evaluation Theme

As can be seen in Figure 12, as the reason for the scores given by the teachers to the evaluation theme in
the games; They expressed opinions in the codes that there is a time limit, that it includes evaluation, that
it is student-oriented, that it is suitable for different levels, that success is measurable, that the game is
ordinary, that the game is easy, that it contains few variables and that scoring is insufficient. Most of the
games were found very adequate and sufficient. Seven games were found to be less sufficient. Games that
are found to be less sufficient are G2, G3, G4, G5, G7, G10 and G12 coded games. Except for the G2 coded
game, the other games were found to be less sufficient by the same participant. Examining the reasons why
the games were found to be under-sufficient, the use of only true and false evaluation for the G3 coded game,
the use of only the score variable for the G4 and G5 coded games, the direct passing without any hints when
the wrong answer is given for the G7 coded game, and any evaluation for the G10 coded game were
examined. He explained that he gave these points because there was no situation and he found the
evaluation insufficient for the G12 coded game. In the games, the explanations made by the teachers
regarding the usage theme are combined in common codes and given as a word cloud in Figure 13.
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Figure 13. The Word Cloud of Usage Theme

As can be seen in Figure 13, as the reason for the scores given by the teachers to the usage theme in games;
They expressed their opinions in the codes of being practical, useful, suitable for technology, containing
ideal questions, suitable for touch, containing code errors, having deficiencies and difficult questions. Most
of the games were found sufficient and very sufficient. In this theme, the game coded G1 was found to be
less than sufficient by four participants. Itis seen that the G1 game is found to be insufficient due to reasons
such as code error, not working properly, some questions not appearing and the keys used are letter keys.
On the other hand, G11 and G13 coded games were found very sufficient by five participants each. Since
the participants found these games easy, practical and ideal, they thought that teachers could use them in
the classroom. In the games, the explanations made by the teachers regarding the level theme are combined
in common codes and given as a word cloud in Figure 14.
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Figure 14. The Word Cloud of Level Theme

As can be seen in Figure 14, as the reason for the scores the teachers gave to the level theme in the games;
They expressed their opinions in the codes that it is suitable for the level, easy to difficult, simple questions,
suitable for the beginner, suitable for the upper level, and having visual support. Most of the games were
found to be very adequate. Only G1, G3, G4 and G8 coded games were found sufficient. Most of the teachers
stated that this theme was appropriate for the level. Among the shortcomings, it was stated that the
questions in the G3 and G7 coded game appeal to senior students and that the questions are difficult. In the
game coded G4, a teacher stated that the questions were difficult to begin with. In the game coded G6, three
teachers stated that it can be used at all levels. In the games, the explanations made by the teachers
regarding the theme of originality are combined in common codes and given as a word cloud in Figure 15.

Fit for my win .
Not bemg original P to date

B& Tip.to date]NOL bemg ong nal =

F1t for myw1n e

Not. belng o

=-Be to date o
Be up o dute-Be up to date’’

Be up to date-"*" Be ongmal

Figure 15. The Word Cloud of Originality Theme
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As can be seen in Figure 15, as the reason for the scores given by the teachers to the originality theme in
the games; They expressed their opinions in the codes of being appropriate for the learning outcome, being
original, being up-to-date and not being original. The games were generally evaluated as sufficient and very
adequate. G1 coded game was found to be less sufficient. In the game coded G3, two teachers stated that
the questions in the game were classic and frequently encountered before. G5, G6 and G8 coded games were
found to be very sufficient. In the game coded G2, three teachers found the game original and successful
according to the subject. In the game coded G8 and G10, three teachers found the game original and creative.
Only one teacher stated that he did not find it original in the game coded G11 and G13. In the games, the
explanations made by the teachers regarding the theme of time are combined in common codes and given
as aword cloud in Figure 16.
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Figure 16. Word Cloud of the DurationTheme

As can be seen in Figure 16, as the reason for the scores given by the teachers to the duration theme in the
games; They expressed opinions in their codes that the duration is sufficient, it is suitable for the game, the
entrance is long and the duration is long. It is stated that the time in the games is very sufficient. In the
game coded G3, a teacher stated that the students should be given a little more time, that is, the time should
be extended a little more because the apples in the game fall very quickly. On the contrary, another teacher
stated that the four-hour period given for the G3 coded game is too much and that it may cause students to
get bored in the lesson because it is a repetitive game. It is striking that the G1 and G5 coded game is found
to be less sufficient in the duration category. In the G1 coded game, three teachers stated that the time given
for the game was too much. In the game coded G4, the teacher stated that the introduction part was too
long.

Results, Conclusions and Recommendations

When the games designed by the pre-service teachers were examined pedagogically, while the games
were generally considered very adequate in terms of problem solving, interesting, level and duration;
exploration and reasoning, connection, strategy, participation, usage and originality were found to be less
sufficient. The fact that the games designed by the mathematics teachers in Oztiirk's (2021) study were
generally sufficient in terms of problem solving and level themes coincide with the result of this study. The
reason why the pre-service teachers had difficulties in the themes of strategy, connection and originality in
the games they designed could be shown as the difficulty of the pre-service teachers in setting up the game
scenario. Similar results were found in the study conducted by Yildiz Durak and Karaoglan Yilmaz (2019)
with prospective mathematics teachers. Based on this result; in digital game design, it is recommended to
carry out studies in order to eliminate the deficiencies of the pre-service teachers especially in the themes
that they get one point, in other words, they are less sufficient. Especially the strategy theme is important
in game design. Studies in the literature also draw attention to strategy. For example, Arsal (2009) also
drew attention to teaching the use of different strategies. Altun and Arslan (2006) also stated that learning
and using different strategies was also effective in developing a positive attitude towards mathematics.
Based on this result, it can be suggested that pre-service mathematics teachers could include problem
situations that will reveal different strategies in the games they designed by using Scratch. Another result
of the research was that some of the games designed by the pre-service teachers were found to be less
sufficient in connection theme. Accordingly, it can be said that the pre-service teachers couldnot use the
situations related to daily life in the games they designed as it was desired. This result is in parallel with
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the study of Oztiirk (2021), and Oztiirk revealing that the games in the field of algebra learning of
mathematics teachers are insufficient in the theme of strategy. Games involving daily life situations are
generally more liked and attracted by students. In the curriculum published by the Ministry of National
Education (2018), the skill of associating with daily life was frequently emphasized. There are many studies
stating that students have difficulties especially in the field of learning algebra (Akkaya & Durmus, 2006;
Erdem & Sarpkaya Aktas, 2018; Ersoy & Erbas, 2005). In this case, it can be said that the use of daily life
situations in mathematics teaching can help learning mathematics better, increase students' interest in the
lesson, and provide the opportunity to integrate mathematics with daily life. Similar to these results,
Gainsburg (2008) and Wubbels, Korthagen, and Broekman (1997) concluded in their studies that daily life
situations could be used in mathematics teaching. In line with these results, it is thought that using daily
life situations would reduce students' prejudices against mathematics, they would trust themselves and
would provide a fun learning environment. When the usage of the theme was examined, some teachers
emphasized that they could use these designed games in their lessons, while others stated that they could
not use them in their lessons due to missing instructions, code errors, and the lack of a program. From this
point of view, it can be said that these errors or deficiencies can be eliminated in order for the designed
digital games to be used by teachers.

When the total scores of the games designed by the pre-service teachers re evaluated as a result of the
evaluation, it could be said that all of the games were found sufficient by the mathematics teachers. This
result shows that pre-service teachers' skills in designing digital games are sufficient. In this study, the
number of samples was limited and pre-service teachers were asked to evaluate the games they designed
from the perspective of mathematics teachers. However, teacher reflections about the digital games
designed by the teacher candidates and using them in the classroom environment due to the Covid 19
epidemic could not be examined. It is recommended that researchers who can design study about this u
conduct design-based research on larger samples, especially with teacherstaking active roles in their
classrooms.
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Additon-1 Screenshots of the same games

G1 2 Y

L 2(9x-15)= W I

G6

Soruyu goyle dzetleyelim
Tanesi 2 TL olan
keklerden bir miktar
aliniyor. Ertesi giin 5
tanesi iade edildiginde 20
TL ademe yapiliyor.
Masterinin ilk gtin aldid:
kek miktarina "k" dersek,

k' y1 bulmak igin denklemi
Ili li/ih nasil kurmamiz gerekir?

G9

Denklemini saglayan x
| degeri kagtir?

G10
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