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Abstract — This study aims to examine the general features, quality, PIE (Planning, Implementation, Evaluation)
model compliance, and environmental literacy of games created by pre-service science teachers using the PIE
methodology. The research participants were pre-service science teachers who were enrolled in the elective
course “Science, Sustainability and Environment (SSE)” as third-grade undergraduate students. The pre-service
teachers were instructed to create a game using the PIE model while taking into account the environmental
learning outcomes listed in the Ministry of National Education’s (MoNE) 2018 Science Curriculum. Three
researchers assessed each of 13 designs independently, and reliability was determined using Miles and
Huberman's formula (1994). The study's findings showed that the majority of the games were card games, and
they were authentic. It was determined that the games met the PIE model's requirements for quality and
compatibility. It was also established that the pre-service teachers primarily incorporated environmental

awareness and subsequently knowledge in their games as part of the environmental literacy components.
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Introduction

Since ancient times, one of the fundamental forms of entertainment for kids has been
games. Researchers studying archaeology have found drawings and reliefs that show children
were playing games even in antiquity. Despite the fact that games have been around for as
long as humans, their educational implications date back to the 19th century (Aymen Peker,
2018). Games are now seen as important tools for education rather than just a way to enjoy
time, thanks to a change in public perception (Gee, 2001; Kirriemuir & Mcfarlane, 2007).
Games that are designed to fulfill a specific educational objective while considering the
number of players, skill level of players, duration and tools and equipment to be used are

referred to as educational games (Ozen et al., 2019).

Every stage of a person's development can benefit greatly from playing educational
games. A review of the literature on educational games led researchers to the conclusion that,
from pre-school through high school, games have aided in the realization of some educational
objectives (Durdut, 2016; Herodotou, 2018; Sentiirk, 2020). Educational games give students
a chance to participate actively in the learning process, enhance their critical thinking abilities,
make learning more fun, and facilitate peer learning (Beker Bas & Karamustafaoglu, 2020;
Kocadere et al., 2019; Serdaroglu & Giines, 2019). In addition to these advantages, using
educational games in science classes helps students develop positive attitudes toward science

classes by helping them to hypostatize abstract concepts (Korkmaz, 2018; Ozkan et al., 2020).

Examining science education curriculum reveals that curriculum has specific
objectives, including teaching environmental science, helping individuals understand the
world, fostering interaction, and increasing environmental consciousness (Ministry of
National Education (MoNE), 2018). The purpose of environmental education is to raise and
educate people who can solve environmental issues, safeguard the environment, and are
sensitive to it (Mutlu Karanfil, 2022). Encouraging individuals to act responsibly when it
comes to the environment is the primary goal of environmental education (Fidan Yazgan,
2023). One could argue that the objectives of environmental education and the previously
stated science education objectives are similar. Environmental literacy is brought about when
this context is assessed, and the objectives are turned into actions or observable behaviors
(Bilim, 2012). Environmental education aims to create environmentally literate people by
preparing students for scenarios they may face in the real world. The learning environments
must be suitable to produce solutions to problems that are not encountered, enabling the

student to participate actively (Kiilegel, 2020). Educational games can be considered one of
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the techniques involving students’ active participation in the process. The study by
Kirmiziyiiz et al., (2021) concluded that educational games positively influenced the students'
perspective on environmental issues, and that more environmental concepts could be learned
through games. Studies on environmental units with games have revealed notable changes in

the attitudes of students toward the environment (Kefeli et al., 2018).

When considering the research, it can be concluded that educational games are likely
to be efficacious in both science courses and environmental topics. Specific guidelines must
be adhered to in order to enhance the efficacy of educational games pertaining to the topic and
lesson. When creating educational games, it is important to take into account the topic or
content of the lesson, the age of the students, their levels of cognitive and emotional
development, their preferred learning styles, and any individual differences (Beker Bas &
Karamustafaoglu, 2020). Games ought to be designed and implemented within a particular
framework, and this procedure should be undertaken attentively (Karamustafaoglu & Kilig,
2020). The following features should be considered in the designed game (Aymen Peker,
2018):

e |t should be learning-oriented and clear and meet students’ needs.

e It must be able to adapt to different situations.

e It should be performed in an attention-grabbing manner and in accordance with the
intended objective.

e The suitability of the content should align with the specific context and qualities of
the target audience, such as their age and educational level, time and physical
conditions of the environment.

Research conducted with the pre-service science teachers has demonstrated that
educational games enhanced the retention of learning, and that the games developed were
qualified and educational. Nevertheless, the pre-service teachers expressed difficulties in
finding and developing games during the game design procedure and expressed a desire for
additional classes on how to effectively incorporate them into their teaching (Onen et al.,
2012; Seckin Kapucu & Caglak, 2018). Research has shown that digital games, including
those with educational purposes, enhanced the quality of the learning process, and participants
expressed their willingness to create digital games using software (Akgiil & Kilig, 2020).
Consequently, research has demonstrated that games can serve as an influential instrument in
science education. Games facilitate students' comprehension of scientific subjects, foster their

curiosity, and bolster their inclination towards exploration and discovery. The game design
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components must be meticulously and clearly delineated. There must be a harmonious
equilibrium between amusement and instruction. Research conducted with the pre-service
science teachers also revealed that participants believed that games could be utilized not only
to enhance the enjoyment of lessons, but also to facilitate the achievement of learning
objectives. According to the educational objectives aimed, educational games can be
designed in different ways.

The PIE (Planning, Implementation, Evaluation) model was employed in this study as
an alternative framework for assessing pre-service teachers' game designs. The model,
developed by Jacobson et al. (2006), is a customized game design model specifically designed
for environmental purposes. The proposed framework outlines a three-step design process for
creating a game to protect the environment. The effectiveness of these three steps is
determined by the extent to which the questions posed at each stage are answered and how
they are answered. The stage of planning refers to the part when game is planned and
organized. To ensure optimal performance in planning, it is imperative to address these
inquiries: “What are the intended learning outcomes for the participants?”’; “What is the
objective you aim to achieve?”; “What type of game are you seeking?”’; “Will there be a
narrative incorporated?”’; “Will the game be conducted in an outdoor space or inside a
classroom?”’; “Which gamification elements will be used?”’; “Are there different difficulty
levels available?””; “Will there be any rewards? What will the rewards be?”; “Which material
is required?”’; “Do you have these materials?”’; “If you do not have these materials, do you
have to provide them?”; “How can you provide them?”’; “Did you conduct any pre-
implementation testing on the game?”’; “Does the test result need to be modified?”. The
implementation phase refers to the stage in which the game is actively played. The question of
whether the game can be played without any issues is significant. In the stage of evaluation,
the information acquired in the game can be evaluated by posing questions like “What have
you just experienced?”, “What does this mean?”, “Now what can you do with this
knowledge?”, and the game can be evaluated through the questions “Where did you get the
most trouble in the game?”, “What were the easy parts?”, “Which part of the game would you

like to change?” (Jacobson et al., 2006).

The significance of PIE lies in its ability to engage students actively, enhance their
learning experience, optimize learning outcomes, analyze performance-product-based
challenges, and include the steps of planning, implementation and evaluation. PIE is a

facilitating method that helps solve problems systematically, therefore providing a clear plan
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and suggestions for situations that arise in education. It also helps instructors by guiding them
through the steps of planning, implementation, and evaluation, which helps to minimize
unexpected issues (Keles et al., 2016). Developing teaching design model aims facilitate the
selection of effective designs by comparing the designs based on the educator's alignment
with the intended objective and the designer's knowledge of the design's origin (Andrews &
Goodson, 1980). The main objective of this study is to analyze the game designs of pre-
service science teachers regarding environmental issues, using the PIE model, and evaluate

those designs in terms of game, model, and environmental literacy.

In this study, the PIE model was chosen due to its compatibility with the integration of
various multimedia tools and technology (McPheeters, 2009; cited in Keles et al., 2016) for
the development of products both inside and outside the classroom (Gustafson & Branch,
2007; cited by. Keles et al., 2016). When compared to other designing tools, one of the
reasons the PIE model was selected for this study, was its suitability for basic level education,
because pre-service teachers were expected to design games for middle school students. Also,
this model promotes constructivist learning, pre-service teachers in the role of teachers focus
on coordinating learning as guides of teaching rather than simply providing information.
Hence, they meet their students with a great experience after graduation (Keles et al., 2016).
This study is significant because it provides a different perspective on the use of games in
science education since there are very few studies about PIE model and its implementation in
Tirkiye. Hopefully, this study can inspire educators to use PIE model in environmental

education.
The research questions of the study are as follows:

1. What are the general features of the games designed by the pre-service science
teachers?

2. What are the qualities of the games designed by pre-service science teachers?

3. How do pre-service science teachers utilize the phases of PIE when designing games
centered on environmental issues?

4. Which components of environmental literacy do pre-service science teachers employ

when creating games based on the PIE model?
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Method
Research Design

In this study which analyzed the game designs of pre-service science teachers focusing
on environmental issues using the PIE model, a case study approach within the qualitative
research methodology was applied. Case studies involve in-depth examination of one or more
situations, with the goal of establishing associations with various factors (such as medium,
individuals, events, processes, etc.) and producing outcomes (Yildirim & Simsek, 2021). In
this study focusing on the game design process undertaken by pre-service science teachers,
using the PIE model and the environmental literacy in those designs constituted the case of

which sub-dimensions were being examined.
Participants

The study was conducted during the spring period of 2018-2019, involving 56 pre-
service science teachers, 8 male and 48 female, enrolled in the Science Teaching Bachelor's
Program. These candidates were in the third year of the program. The participants had taken
courses about environmental education and games in science education before this study. Yet,
they were not familiar with PIE model. Since the participants were already taking courses
together, convenience sampling method was used in this study. This sampling method
involves selecting participants who are readily accessible to the researcher, meaning that there
is a pre-existing sample (Simsek, 2018). The data source for the study consisted of 56 pre-
service teachers, divided into 13 groups. Groups were sequentially named as G1, G2, ... and
G13.

Implementation Process

The implementation process was delineated into two fields examined in the study.
These were the environmental content and literacy and game design following the PIE model.
The environmental concepts of the study were taught by one of the researchers and the
lecturer of the class in a 3-hour Environmental Science class attended by all the pre-service
teachers. The concepts about PIE model and game design were taught by the same lecturer
during a three-hour elective class Science, Sustainability, and Environment (SSE)
that all participants attended. The concepts of science, sustainability, and the environment
were defined in the first weeks of the course and the concepts were subsequently deliberated
with the students in a questioning environment, elucidating their interrelation using everyday

life illustrations. The primary scope of the study, PIE model was conducted during the eighth
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week of the course and spread out over a period of two weeks. Upon completion of the class,
the pre-service teachers were expected to develop a game design based on the PIE model, for
a specific subject or learning outcome from the MoNE 2018 science curriculum, and
subsequently submit a report on it. In these reports, pre-service science teachers were
expected to explain how they followed the steps of PIE model while designing an educational
game. In the planning part the problem was introduced, the objective of the game, the level
and prior experiences of the participants, and the limitations were described. In the
implementation part, pre-service teachers were expected to describe possible changes after a
pilot study and effectiveness of the planning part. In the evaluation part pre-service teachers
were expected to describe the product and make suggestions to evaluate whether the method
works. At the final part of the reports, participants included the game designs that they

developed for teaching environmental concepts.

The pre-service teachers created this design by organizing themselves into groups
consisting of their own acquaintances, with group sizes ranging from three to six individuals.
It was thought that allowing pre-service teachers to be in a group with their preferred
companions and to create their designs centered on an environmental theme of their personal
preference would enable them to be motivated and self-assured. All pre-service teachers
submitted reports as a compulsory part of the course and all the participants volunteered to
have their reports used in this study. Given that the instructor had a minimum of five years of
teaching experience, this study did not involve any pilot practice. Instead, the researchers

relied on their own expertise.
Data Collection Tools

The data were assessed utilizing a measurement instrument devised based on four
themes. These themes were derived from the general features and qualities of the games, their
compatibility with the PIE model, and the environmental literacy components they produced.
Extensive literature research was conducted for each specific field while preparing the
measurement instrument (Akcanca & Somen, 2018; Freitas & Oliver, 2006; Jacobson et al.
2006; Onen et al. 2012). The examination focused on the components of environmental
literacy namely awareness, knowledge, attitude, skill, and behavior. During the analysis of
these game components in the designed games, the definitions of the components and the
corresponding keywords derived from those definitions were utilized. Environmental literacy
components included the following definitions (Alinmaz, 2023; Altinéz, 2010; Benzer, 2010;
Fang et al., 2022):
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1) Awareness refers to a broad understanding or perception of environmental issues.

2) Information refers to the knowledge of environmental concepts, such as ecology; this
includes understanding ecological information, environmental problems, and
environmental issues.

3) Attitude refers to an individual's capacity for understanding and showing concern for
the environment, while also displaying a positive outlook and being responsive to
environmental issues (such as anxiety, fear, and motivation).

4) Skill refers to the capacity to effectively utilize one's acquired knowledge and attitudes
to address environmental issues. (This includes analyzing, generating solutions, and
making decisions.)

5) Behavior refers to the manifestation of one's environmental knowledge, attitude, and
skill, which leads to active engagement in environmental matters and concerns.
Following the completion of the research, the researchers convened to develop the

initial version of the measuring instrument. The initial version of the measuring instrument
comprised two primary components. The initial version comprised items pertaining to the
game's quality and the steps of PIE model. To ensure the validity of items, researchers
consulted both a field and a language expert. The measuring instrument was divided into four
sections based on the feedback received, and adjustments were implemented in the part of
scoring. Using this rubric, an evaluation was conducted on three games designed by the pre-
service teachers. Following the pilot implementation, experts reached a consensus to revise
certain items and omit some other items, resulting in the finalization of the measuring
instrument. The final version of the rubric consisted of 14 items that described the general
features of the games, 11 items that outlined their qualities, 13 items that assessed their
compatibility with the PIE model, and 5 items that evaluated their environmental literacy

components.
Data Analysis

For the first part, in the evaluation of the general features of the games, the type and
authenticity of the game, and number and grade level of players and the frequency of using
game elements included were expressed. In the second part, during the evaluation of the
games’ qualities, three researchers classified the games into four categories: “0” (no data), “1”
insufficient (data available but design not suitable), “2” partially sufficient (design contains
appropriate data but not enough), and “3” sufficient (design has data that fully corresponds to

the item). The frequencies of each score value for the items included in the measurement
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instrument were also computed by three researchers. The maximum attainable score in this
particular section was 33. Excerpts from sample designs that received the maximum score

were shown in Table 1.

Table 1 Explanation that Received the Maximum Score on the Game Quality

Game 3 point-samples

“Our activity consisted of the group game designed in order to make
students comprehend the learning outcomes stated in the unit of 8" grade
Science Education titled Cycles of the Matter and Environmental
Problems, namely ‘Students will be able to discuss the causes of global
climate change and its potential outcomes.” .” (G11)

ltem1 Learning
outcomes

“In our game design, it is crucial that participants learn through
enjoyable experiences. Our game aims to enable participants to be
individuals who possess a strong awareness of environmental issues and
a comprehensive understanding of the potential consequences of global
climate change resulting from these issues.” (G11)

Item 2  Objective

“Rule: Prohibited words written on the cards cannot be uttered.

No portion of the words written on the card may be used as a clue.

Sign language cannot be used. Songs cannot be explained through mere
whispers of the melody or the recitation of lyrics.

You cannot explain a word by articulating words in any foreign language
except Turkish.” (G8)

The game's level of difficulty was assessed by analyzing the students'
prior learning and the consistence between the learning outcomes and
objectives targeted by the game.

“Prior learning;

At the fifth grade, students are presumed to have attained the knowledge
and skills related to the learning outcomes in the unit of the Human and
Environment.

S.5.6.2.1. Students will be able to recognize the significance of the
interaction between humans and the environment, denote the detrimental
impacts of environmental pollution on human well-being.

Learning outcomes targeted by the game;

S.8.6.3.3. Students will be able to discuss the causes and potential
consequences of global climate change.” (G2)

Since the designed game was designed for the 8" grades, prior learning
and targeted learning outcomes are coherent.

Item3 Rules

Item 4  Difficulty

ltem5 Time “One group is assigned the task of monitoring the passage of time, while
management  a member from another group is provided with a set of cards at the
beginning of the time period. The individual's own group is then
instructed to explain the words written on the cards within duration of 1
minute, without using any forbidden words.” (GS8)
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Table 1 (continued)

Game

3 point-samples

Item 6

Instructing

“The objective is to teach students the determinants that impact global
warming, the greenhouse effect, and the potential consequences of
environmental issues on the future of the Earth and human existence.”
(G11)

Item 7

Reinforcing

“The product of the game designed for 7" grade students is defined as
students’ having a thorough understanding of which waste materials can
be recycled. The game's deck comprises various waste materials, and
students are required to differentiate between them. The consistency
between the aimed learning outcomes and game concepts has been
acknowledged as a means of reinforcement.” (G4)

Item 8

Evaluation

“Following the game, the teacher can understand whether objectives
were realized or not by examining the quantity of stickers collected by
students and administering a quiz.” (G12)

Item 9

Social
interaction

“Related to skills, the student develops proficiencies in areas such as
communication, self-expression, collaboration, and time management.”
(G8)

Item
10

Competing

“A mysterious bicycle journey which was set on with 24 golden coins...
During this expedition, we both have the opportunity to get to know the
cities and acquire new information. As we learn, we embark on
adventurous journeys. If we fail to do something for the environment,
these adventurous paths will be our nightmares. Furthermore, we have
the opportunity to engage in commerce along those paths. However,
what matters more is not the money but the points. Let’s see who will
rack up the most!” (G10)

Item
11

Active
learning

“The game helped students to be active and remember previous
learning.” (G12)

The evaluation of the compatibility of the game designs with the PIE model for the 13

items in the measurement instrument was similar to the evaluation made in the qualities of the

game. For “0,” the PIE model was never taken into account; “1” was graded as insufficient

enough to the PIE model, “2” was only partially sufficient, and “3” was graded as sufficient to

the PIE model. For each item, the analyses were tabulated to provide frequency. Maximum

score was 39. Excerpts from the designs are shown in Table 2 as examples of the evaluation.
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Table 2 Explanations with a Maximum Score Based on the PIE Model

Game 3 point-samples
Item1 Issue/problem “Human-environment relation.
handled Positive and negative impacts of human beings on environment.
Harms caused by human beings on environment
(Consciously or accidentally)” (G1)
Item 2  Objective and “To increase sensitivity to environmental problems caused by
purpose human activities.
To develop the ability to protect and improve the environment.
To question recycling in terms of resource efficiency,
environmental pollution and economic development.” (G4)
Item 3  Levels/features of “They should answer the questions sincerely.
participants They should be 5th grade students.
Participants are interested in environment and environmental
problems.” (G1)

Item 4  Prior experiences of  “They have information about the beneficial or harmful

participants situations in the human-environment interaction.
They have the required information and skill for the solutions to
environmental problems.” (G4)

Item5 Change “Students can distinguish recyclable materials from
nonrecyclable materials in the cards they are given during the
game.

They plan how to recover the materials written in their cards.”
(G4)

Item 6 Planning process “For the factors to be included in the game like the resources,
types of plants, types of animals, any elements students demand
can be included in the game.

They can be allowed to include their own city names.
Their expectations and demands can be asked before playing.”
(G2)

Item 7  Limitations “There may be troubles related to the accuracy of the answers
given by students during the activity.

Students may not be honest about their answers just because they
want to win the game.

It may be hard to play the game in a crowded classroom.
The number of the cards may be increased based on the class
size.” (G1)

Item 8 The impact of “When feedback related to the mistakes of students are given via

instructions on
knowledge, attitude
and behavior

red dots until reaching the best world among four different ones,
instructions may have much influence upon changing the
negative attitudes of students.

The examples given in the orientation parts of the game include
attitudes and behaviors that are highly applicable in everyday life
(e.g. greengrocer, market).

So, the fact that students can demonstrate positive behavior
change can be of great importance in terms of accelerating.”

(G7)
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Table 2 (continued)

Item 9 Implementation-pilot “Due to the game applied, students acquire detailed information
on air pollution, which is an important form of environmental
pollution.

They learn the results of the impact of air pollution on earth.
They utilize the behaviors and attitudes acquired in the game.

(G5)
Item Finance “It is financially suitable to prepare the game. Students can
10 prepare this game using their own stationery materials.” (GS5)
Item Working of “Before applying the method, a survey which aims to measure
11 evaluation method knowledge, attitude and behavior related to the topic is
implemented.

After the method is tried, the same survey is implemented again.
Comparing the first and the latter, the change is examined.” (G6)

Item The output of the “Students can discern the factors that cause environmental

12 program problems, think about them, interpret them; their opinions
change, and they are motivated.
And all those factors make students more sensitive to the
environment, and their behaviors change.” (G6)

Item Success indicators “Yes, we make assessments via surveys implemented.

13 Also, we can understand which component of the environment
challenge students most by examining at what level students
often lose the game.” (G6)

To see which components of environmental literacy were included in designed games,
the evaluation of the environmental literacy components in game designs was conducted
independently by three researchers. Among the environmental components, the following
ones were included in the scope of the study: awareness, knowledge, attitude, skill and
behavior. Table 3 presents excerpts from sample designs that received the maximum score for

environmental literacy.

NFE EJSME Vol. 18, No. 2, December 2024



Yumak, S. et al.

231

Table 3 Explanations with a Maximum Score Related to Environmental Literacy

Environmental literacy
component

3 point-samples

Environmental awareness

“While evaluating the designed games regarding the environmental
awareness, the inclusion or exclusion of environmental issues in
games has been examined. Environmental concerns were
incorporated into the majority of the games, with the intention of
providing changes in the students related to the topics on
environment. Ina game of which content was stated, the following
explanation was made: "acquiring knowledge about household waste,

" o

its recovery and recycling, and cultivating appropriate behavior".
(G9)

Environmental knowledge

“To distinguish between recyclable and non-recyclable waste,
accurately categorize recycled waste, and obtain information about
the advantages of recycling.” (G13)

Environmental attitude

“The game consists of a maze with two possible exits. In the
pathways of the maze, items related to the environmental attitude and
behavior are included. These items are annotated with short marks
such as 'yes-no' or 'do-do-not'. Via the marks, the game concludes
with two possible outcomes: one leads to a nice and clean
environment, while the other leads to an environment that is
contaminated and inhospitable.” (G7)

Environmental skill

“The game, which is played by a minimum of two groups, and
improving the capacity to make rapid decisions and categorize by
engaging in competitive time-based challenges.” (G13)

Environmental behavior

“The purpose of the designed game will be to design the most
environmentalist city ever, in other words, Eco-City. The virtual tabs
will contain many different resources. There will be many energy
options, from wind turbines, for example, to nuclear power plants.
There will be a recycling center, regular storage facilities. The city
will be founded by the students' choices. The student will pay
attention to the characteristics that are environmental when building a
city, in other words, they will display a behavior. This game is
thought to contribute to environmental behavior thanks to gaining
points and levels.” (G2).

Reliability

The games were assessed by three researchers independently. Below are the specifics

of the data that underwent descriptive analysis using closed encoding. As a result of the

conducted analyses, the consistency among researchers was examined using the matching

formula proposed by Miles and Huberman (1994). For the graded parts of the rubric sections

(the features of the game, components of PIE and environmental literacy), consistency of

researchers were examined one by one. The researchers' consistency was measured at 0.80 for

quality, the PIE components at 0.77, and the environmental literacy at 0.75. The calculated
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consistency values can be considered suitable in relation to the research’s reliability (Miles &
Huberman, 1994).
Findings

To answer four research questions of this study, the reports, which were filled by
participants and included designed games, were analyzed. The results were organized into

four research questions.
General Features of the Games

The first research question of this study was “What are the general features of the
games designed by pre-service science teachers?”. The general features included the type of
game, game authenticity, number of players, game level and game components. The findings

regarding to the first research questions are presented in Table 4.

Table 4 General Features of the Games Designed by the Pre-service Teachers

Type of Game Number Game Game
f . f f
game authenticity of players level components
Cardgame 5  Authentic 8 Individual 4 Grade 4 1 Goal setting 13
gB;;Ld Adaptation 5 Group 7 Grade 5 4 Re-playing 13
Digital Both > Grade7 3 °Mng 13
game feedback
Other 2 Grade 8 3 Setting rules 12
Not .
specified Interesting 12
Reward 8
Challenge 6
Time 3
Level 3
Narration 1
Total 13 13 13 13 84

f: frequency

The data from Table 4 shows that card games (38.4%) were the most used ones among
the games designed by the pre-service science teachers. The card games were followed by
board games (23.1%), digital games (23.1%), and other games (15.4%). To assess the
authenticity of the games, they were categorized into two groups: authentic games and
adapted games. Out of the 13 games developed, 8 games (61.5%) were identified as authentic,
while the remaining 5 games (38.5%) were classified as adaptations. The games were
analyzed in three groups based on the number of players; namely individual games, group

games, and games that allowed both individual and group playing. Out of 13 games, 4 games
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(30.8%) were played individually, 7 games (53.8%) were played as a group, and 2 of them
(15.4%) could be played either individually or in groups. When grade levels of the designed
games were examined, the games were mostly designed for Grade 5 (30.7%), followed by
Grade 7 (23.1%) and 8 (23.1%). 2 games (15.4%) did not have a level, and 1 game (7.7%)
was specifically created for students in the fourth grade. Upon evaluating the games created
by the pre-service teachers in terms of game components, it was found that all of the 13
games included objectives and gave feedback and were designed to facilitate re-playability.
Furthermore, the rules were explained properly in 12 games (92.3%), and 12 games (92.3%)
were designed in an interesting way. 8 of the games (61.5%) specified the reward, while 6
games (46.1%) incorporated the component of challenge. The games had minimal references
to time and level, with only 3 games (23.1%) providing explicit specifications for both. Only

one of the games (7.7%) included a narrative component.
Quialities of the Game

To seek an answer to the sub-problem as “What are qualities of the games designed by
pre-service science teachers?’’, the game's qualitative features have been examined. Findings

are presented in Table 5.

Table 5 Findings Related to the Qualities of the Designed Games

Items None Insufficient Partially  Sufficient
O@f @Of @ f @) f

1. The designed educational game corresponds to the learning

. 1 2 2 8
outcomes mentioned.
2. The purpose of the designed game is identified. 0 0 4 9
3. The rules of the designed game are stated. 1 0 2 10
4. Difficulty levels of the desighed game correspond to the

1 1 0 11

level of students.
5. The designed educational game is well constructed in terms 10 1 0 5

of time management.
6. The designed educational game has an instructive feature. 0 0 3 10
7. The designed educational game reinforces the new

information related to the subject. 0 ! 3 o
8. The designed educational game can be used for evaluation. 0 5 4 4
9. The Qesigned educat_io_nal game increases the social 0 2 3 8
interaction among participants.

10. 'I_'he designed ed_ugational game creates a competitive 0 4 2 7
relation among participants.

11. The designed educational game creates an active learning

environment for participants. 0 ! 2 10
Total 13 17 25 88

f: frequency
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The initial item in evaluating the quality of the games was about the compatibility of
the designed games with the mentioned learning outcomes. There was 1 design out of 13
(7.7%) that did not incorporate any learning outcome in this item, resulting in a score of zero.
2 designs (15.4%) received a score of 1 point, 2 designs (15.4%) received a score of 2 points,
and 8 designs (61.5%) received a score of 3 points. The second item pertains to the purpose of
the educational games that were designed. In this item, there were no designs that had a score
0 or 1. 4 designs (30.8%) that failed to state their purpose properly got 2 points. 9 designs
(69.2%) received a score of 3 points for properly and sufficiently expressing their objective.
The third item pertains to the rules of the designed games. One design (7.7%) that did not
adhere to any rules received a score of zero. There were no designs that had a score of 1. Two
designs (15.4%) got 2 points, while 10 designs (76.9%) received 3 points. The fourth item
pertains to the difficulty level of the designed educational game and its compatibility with
student’s level. There was 1 design (7.7%) with 0 point, and one design (7.7%) with 1 point,
but there were no designs with 2 points. 11 designs (84.6%) received a total of 3 points. The
fifth item pertains to the time management of educational games designed. There were 10
designs (76.9%) with a 0-score. One of the designs (7.7%) received a score of 1 point. There
were no designs with 2 points, but there were 2 designs (15.4%) that got 3 points each. The
sixth item is about instructive feature of designed games. No design was assigned 0 and 1
points. 3 designs (23.1%) got 2 points and 10 designs (76.9%) got 3 points. The seventh item
pertains to reinforcement of knowledge. No game was assigned 0 point. One game (7.7%)
received a score of 1 point, 3 games (23.1%) received a score of 2 points, and 9 games
(69.2%) received a score of 3 points. The eighth item is about using designed games for
evaluation. No game was assigned 0 point. There were 5 games (38.4%) with 1 point, and 4
games (30.8%) with 2 points, 4 games (30.8%) with 3 points. The ninth item is about social
interaction. No game was assigned 0 point. Two games (15.4%) received a score of 1 point, 3
games (23.1%) received a score of 2 points, and 8 games (61.5%) received a score of 3 points.
The tenth item pertains to competition among participants of game. Four designs (30.8%) got
1 point, 2 designs (15.4%) got 2 points and 7 designs (53.8%) received 3 points. The eleventh
item is about providing an active learning environment. No game got 0 point. There was 1
game (7.7%) with 1 point. There were 2 games (15.4%) with 2 points, 10 games (76.9%) with
3 points.
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PIE Evaluation

In this section, research findings related to the problem namely “While designing a
game on environmental issues, how do the pre-service science teachers utilize the stages

PIE?” were presented. The results are summarized in Table 6.

Table 6 Findings Pertaining to the Compatibility of the Designed Games with the PIE Model

Items None Insufficient Partially Sufficient
) f (1) f ) f @ f

1. What is the problem/issue/topic you would like to 0 0 7 6
handle?
2. What are your aims and objectives? 0 0 1 12
3. What are the qualities and levels of the participants 1 0 1 11
you will work with?
4. What are the previous experiences, needs, interestsand 2 0 1 10
actions of the participants?
5. What action and what kind of change are expected for 1 0 3 9
each student?
6. How can students be included in the planning process? 0 1 2 10
7. Are there limitations/difficulties and/or resources? If 1 0 0 12
yes, what are they?
8. Which guidelines or activities do you think will have 0 1 5 7

the greatest impact on the change in information,

attitudes and behavior?

9. After conducting pilot studies on the activities and 3 3 1 6
materials to be implemented, what specific modifications

have been identified?

10. Is the plan, finance and employment prepared for the 2 0 2 9
implementation suitable, sufficient and efficient?

11. How would you know whether the method worked or 0 0 2 11
not?

12. What is the product or outcome of the program? 0 0 2 11
13. Can you assess the metrics of achievement 0 2 4 7

(attainment of objectives) such as the student's cognitive

proficiency, disposition, and conduct, or alterations in the

surroundings?

Total 10 7 31 121

f: frequency

The games were evaluated based on the control list of PIE; the initial 8 items in the
control list concern planning; items 9 and 10 concern implementation and items 11, 12 and 13
concern evaluation. The first item of the planning section of PIE pertains to the problems and
topics to be handled in the designed games. There were no designs with a score value of 0 or
1. 7 designs (53.9%) acquired 2 points and 6 designs (46.1%) got 3 points. The second item

concerns the aims and objectives. There were no designs with a score of 0 or 1. One design
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(7.7%) got 2 points and 12 designs (92.3) got 3 points. The third item concerns the qualities
and levels of participants in the games. There was only one design (7.7%) with a score of 0.
There were no designs with 1 point; there was one design (7.7%) with 2 points and 11 designs
(84.6%) with 3 points. The fourth item concerns the previous experiences, needs and actions.
There were two designs (15.4%) with O point. There was no design with 1 point. One design
(7.7%) got 2 points and 10 designs (76.9%) got 3 points. The fifth item concerns actions and
changes made by each of the students. 1 design (7.7%) got 0 point. There was no design with
1 point. 3 designs (23.1) got 2 points and 9 designs (69.2%) got 3 points. The sixth item is
about planning process. There was no design with 0 point. One design (7.7 %) got 1 point. 2
designs (15.4 %) got 2 points and 10 desings (76.9 %) got 3 points. The seventh item pertains
to limitations and difficulties of designed games. There was only one design (7.7%) with 0
point. There were no designs with 1 and 2 points. 12 designs (92.3 %) got 3 points. The eighth
item is about the greatest impact on change in attitude and behaviour. There was no design
with 0 point. One design (7.7%) got 1 point. 5 designs (38.4%) got 2 points and 7 designs
(53.8%) got 3 points. The nineth item is about changes after pilot implementation. 3 designs
(23.1%) got 0 point. There were 3 designs (23.1%) with 1 point, 1 design (7.7%) with 2
points, 6 designs (46.1%) with 3 points. The tenth item pertains to the plan and finance for the
implementation. 2 games (15.4%) got O point. There was no game with 1 point. 2 games
(15.4%) got 2 points and 9 games (69.2%) got 3 points. The eleventh item evaluates whether
the method works. There were no with design 0 and 1 points. 2 designs (15.4%) got 2 points
and 11 designs (84.6%) got 3 points. The twelfth item is about the product or outcome of the
program. There was no design with 0 and 1 points. There were 2 games (15.4%) with 2 points
and 11 games (84.6%) with 3 points. The thirteenth item is about assessment of the metrics of
achievement. There was no design with 0 point. 2 designs (15.4%) got 1 point. 4 designs
(30.8%) got 2 points and 7 desings (53.8%) got 3 points.

Environmental Literacy

The games designed by the pre-service teachers were examined in the framework of
environmental literacy components through the research question “Which components of
environmental literacy are employed by the pre-service science teachers while designing
games based on the PIE model?’’. Which component was included mostly in the games by the

pre-service teachers is presented in Table 7.
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Table 7 Environmental Literacy Components

. . Number of games Number of games did not
Environmental literacy components . .
included the component include the component
Environmental awareness 13 0
Environmental knowledge 12 1
Environmental attitude 11 2
Environmental skill 1 12
Environmental behavior 8 5

When data in Table 7 were examined, the graphs demonstrated that all of the pre-
service teachers employed environmental awareness among the components of environmental
literacy, while utilizing environmental skills (7.7%) the least. After the environmental
awareness, there came environmental knowledge (92.3%), environmental attitude (84.6%)

and environmental behavior (61.5%) respectively.
Discussion

The study evaluated the educational games created by the pre-service science teachers
based on their general features, quality, compatibility with the PIE model, and inclusion of
environmental literacy components. Initially, when examining the attributes of games, it has
been observed that games were typically intended for group play. Due to the overcrowded
nature of educational system in Tiirkiye, students face increased challenges in participating in
individual or extracurricular games, primarily due to constraints in time management and
adherence to game rules. One possible explanation for why the pre-service teachers favor
group games could be due to this factor. Regarding the type of games that were created, it has
been discovered that the majority of them were card games. When Cop and Kablan (2018)
analyzed the studies on the educational games in Tiirkiye, it was seen that the mostly used
games in the studies were computer-based games. Nevertheless, not all teachers possess the
expertise and resources to create a computer game. One possible explanation for the
prevalence of card game design in this study is that it does not necessitate specialized
knowledge or skills, such as "technology". Most of the games designed by the pre-service
teachers, the components, such as objectives, feedback, rewards, and rules, were appropriately
defined. Furthermore, these games were designed to be engaging and capable of being played
multiple times. In the study by Onen et al. (2012), most of the games designed by the pre-
service science teachers had rules defined clearly and there was a special care for games’
being enjoyable. At this point, it can be said that the pre-service teachers had positive skills

and knowledge related to the usage of games in science education.
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Upon reviewing the literature on educational games, numerous studies have
discovered that a key advantage of incorporating games in education is the active engagement
of students in the classroom (Cakir, 2022; Dolunay & Karamustafaoglu, 2021; Kili¢ &
Karamustafaoglu, 2020; Yildiz et al. 2016). Upon examining the attributes of the games
created by the participants in this study, it was discovered that the games they designed
excelled in terms of “facilitating an engaging educational setting”. As well as games, PIE
design is also instrumental in engaging students. Keles et al. (2016) characterized this model
as a means of promoting student engagement, enhancing learning outcomes, analyzing
performance-based issues, and utilizing the steps of planning, implementation and evaluation.
Moreover, the qualities of the games designed by the pre-service teachers have been evaluated
as sufficient in terms of these criteria, as the learning outcomes, class level, objectives and
rules were specified in most of the games. Nevertheless, due to the absence of a
predetermined timetable for game sessions, the designed games have been deemed
insufficient in terms of time allocation and organization. Another crucial aspect of the games
developed in this study was their ability to augment social interaction and foster competition
among participants. Lee et al. (2011) found interactive educational games involving social
interaction and competition to be more effective in terms of learning processes compared to
individual offline ones. The games designed were also found to be sufficient for instruction
and reinforcement, but insufficient for evaluation purposes. Earlier studies on educational
games have also shown that educational game is used more as a teaching technique (Firat,
2011; Karamastafaoglu & Baran, 2020; Kili¢ & Karamustafaoglu, 2020), while it is used less
for evaluation purposes (Yildirim & Can, 2017). Nevertheless, games have a significant
potential to incorporate the utilization of knowledge and abilities within the educational
setting. In an environment characterized by motivated students who engage in enjoyable
activities to assess their knowledge and skills, teachers can conduct evaluations, and students'

self-evaluations can also be valuable.

Upon evaluating the designed games in relation to PIE components, it was found that
they were sufficient in terms of many components within the framework. The implementation
of a question-and-answer paper, with clearly defined PIE components, as a means of
collecting data from the pre-service teachers has resulted in a high level of satisfaction with
the participants’ responses. Given that PIE's framework is a specialized model tailored for pre-
service teachers interested in environmental game design, it is anticipated that these pre-

service teachers will achieve success in this field.
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When the games designed by the pre-service teachers were examined, it was
discovered that the most prevalent environmental literacy component was awareness,
followed by knowledge and attitude while the skill components have been identified in a
single design. There have been two different interpretations of this result. One possibility is
that the pre-service teachers may have incorporated similar components drawing from their
own environmental literacy. When studies on this topic were examined, it was discovered that
the pre-service teachers generally exhibited a high level of environmental attitude (Ozgiirler,
2014; Sahin et al., 2016) but a low level of knowledge and behavior (Altinéz, 2010; Bilim,
2012; Ozgiirler, 2014; Sahin et al., 2016; Teksoz et al., 2010). The high level of attitude
observed in the studies and the pre-service teachers’ involving environmental attitude in
higher rates in their designed games aligns with our interpretation. Moreover, environmental
knowledge and awareness were utilized in this study with high frequency. It was perceived as
a positive reflection of the game designs because they were developed in an environmentally
focused class in a term when SSE was taught.

In addition to these findings, the utilization of the environmental skill component in
game designs was observed to be the least frequent. An analysis of learning outcomes in the
2018 science curriculum (MoNE, 2018) in terms of environmental literacy revealed that the
learning outcomes related to knowledge and skill were mostly included in game designs, and
the learning outcomes related to awareness, attitude and behavior were not included enough.
(Fidan Yazgan, 2023). As the pre-service teachers adhered to the 2018 curriculum when
creating their designs, it was observed that there was consistency in the learning outcomes
related to knowledge, however there was a difference in the skill component. In this reference,
it can be said that environmental skill component included in the environmental learning
outcomes of the science education curriculum was not much adhered too much. This may be
associated with the complexity of environmental problems and the utilization of
multidiscipline for their solution. Here in, it can be asserted that the pre-service teachers
created their designs based on their professional qualifications, individual differences, and
their own environmental knowledge and perspectives, rather than the achievements they

discussed.
Conclusions and Suggestions

Upon considering all the findings, it was seen that pre-service teachers did not
encounter too many problems with the game components in general while designing games.

According to the findings of the study, it was noticed that the pre-service teachers did not
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include environmental literacy components sufficiently in their game designs, especially skills
and behaviour component. Based on this, it can be suggested to emphasize environmental
literacy components during the course. For this purpose, the methods or contents of the course
may be modified. For this study, it may be a limitation that only the reports submitted by the
pre-service teachers were used as data collection tools. The use of observation forms or
conducting interviews with participants may provide more detailed information for further
studies. Additionally, providing pre-service teachers an opportunity to apply the designed
games in the schools with students may affect their professional development positively.
Because of the attractive nature of fames for students, introducing elective courses for pre-
service teachers at the faculties of education, focusing on how to design a game and its

integration into their classes can enhance their professional development.
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Fen Egitiminde Planlama, Uygulama, Degerlendirme Modeline Uygun Oyun
Tasarimlarin incelenmesi

Ozet:

Bu ¢alismanin amaci, fen bilgisi 6gretmen adaylari tarafindan PIE (Planla, Uygula, Degerlendir) modeline
gore tasarlanan oyunlary; genel Ozellikleri, niteligi, PIE modeline uygunlugu ve gevre okuryazarlig
bilesenleri agisindan incelemektir. Bu amagla 3. Smifta 6grenim goéren ve Fen, Sirdiiriilebilirlik ve Cevre
(FSQ) segmeli dersini alan fen bilimleri 6gretmen adaylar1 arastirmaya katilmistir. Ogretmen adaylarmdan
Milli Egitim Bakanlig1 2018 Fen Bilimleri Ogretim Programindaki ¢evre konulu kazanimlar ele aliarak PIE
modeline gore oyun tasarimi yapmalart istenmistir. Tasarimlar {i¢ arastirmaci tarafindan birbirinden
bagimsiz olacak sekilde degerlendirilmis ve Miles ve Huberman’in (1994) sundugu uyusum formiilii ile
giivenirligine bakilmistir. Caligma sonucunda oyunlarin ¢ogunlukla kart oyunu tiirii oldugu ve 6zgiin tasarim
olduklar1 goriilmiistiir. Oyunlarin nitelik bakiminda yeterli ve PIE modelinin ¢ercevesine uygun tasarimlar
oldugu sonucuna ulasilmistir. Ogretmen adaylarinin oyunlarinda cevre okuryazarlik bilesenlerinden en cok
farkindalik ardindan da bilgi bilesenlerine yer verdikleri tespit edilmistir.

Anahtar kelimeler: Egitsel oyunlar, fen egitimi, PIE modeli, ¢gevre okuryazarlig1.
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Introduction

Mathematics education is a critical aspect of students' academic development, and the
curriculum plays a vital role in shaping students' views and understandings of the subject
(Wo6Bmann, 2003). Experiences of comparing international mathematics curricula can
profoundly impact individuals' views and perceptions of the mathematics curriculum.
Comparing different international mathematics curricula can provide opportunities for
teachers and educators to gain insights into other approaches, methods and content covered in
mathematics education (Atweh & Clarkson, 2002). This can broaden their understanding of
effective teaching strategies and help them reflect on the strengths and weaknesses of their

curricula.

Furthermore, comparing international mathematics curricula can highlight areas where
curricula may be lacking or improved (Tatto & Senk, 2011). By examining the similarities
and differences between different curricula, educators can identify gaps or deficiencies in
their curricula and try to address them (Atweh & Clarkson, 2002). Moreover, comparing
international mathematics curricula can foster collaboration among mathematics educators.
Teachers and educators can participate in discussions and exchanges with global colleagues to
share experiences, exchange ideas and learn from each other's expertise. This collaboration
can develop a more comprehensive and well-rounded mathematics curriculum incorporating
best practices from different countries (Cai et al., 2017; Kaiser et al., 2002; Zhou et al., 2020).
Overall, experiences comparing international mathematics curricula can have a transformative
effect on individuals' views, leading to a deeper understanding of effective teaching methods

and an awareness of areas for improvement in their curricula.

Consequently, experiences comparing international mathematics curricula have the
potential to foster a collaborative and innovative ecosystem that crosses geographical
boundaries and ultimately shapes the future of mathematics education. Furthermore, studying
international mathematics curricula can challenge the notion of a global curriculum and
instead encourage an international approach to curriculum reform (Atweh & Clarkson, 2002).
As the global environment continues to evolve, the field of mathematics education faces new
challenges and opportunities. The comparison of international mathematics curricula has
emerged as an area of focus of interest for educators seeking to enrich teaching methods and

enhance students' learning experiences.
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General Overview of Countries' Mathematics Curricula

Mathematics curricula in different countries vary in structure, content and emphasis.
Countries like the United States and China have curricula focusing more on computational
skills and algorithms, while Finland and Singapore may prioritise problem-solving and critical
thinking (Hjalmarson, 2008). Within these curricula, there are also different views on the role
of play in mathematics education for young children. In Finland, for example, play is essential
to early childhood mathematics education, enabling children to understand mathematical
concepts through hands-on exploration (Peter-Koop & Scherer, 2012). In contrast, countries
like Japan may have a more formal and structured approach to teaching mathematics at an
early age.

A comparison of international mathematics curricula reveals various approaches and
emphases. For example, while some countries, such as Japan and South Korea, emphasise
rote learning and memorisation in mathematics education, others, like the United States and
Finland, prioritise conceptual understanding and applying mathematical principles in the real
world (Atweh & Clarkson, 2002). The use of technology in mathematics education also varies
across countries. Some countries, such as Indonesia and China, emphasise using technology

to understand and simulate abstract ideas in mathematics.

In addition to differences in content and teaching methodologies, the rigour and depth
of mathematics curricula also vary from country to country. For example, countries like
Singapore and South Korea introduce advanced mathematical concepts earlier, while the
United States and Finland may adopt a more gradual and progressive approach to introducing
complex topics (KERIS, 2020; Ministry of Education, Singapore, 2020; Nguyen et al., 2019;
US Department of Education, 2010). Regarding teachers' readiness and competence in
teaching mathematics, there are also different levels of training and preparation across
countries. Nations like Japan and Germany have well-trained, confident educators who
prioritise mathematics teaching (KMK, 2020; Ministry of Education, Culture, Sports, Science
and Technology, Japan, 2020). In contrast, others may need more prepared educators and

more confidence in effectively teaching the subject (Clark-Wilson et al., 2020).

Moreover, the role of technology in mathematics education varies across countries. For
instance, countries like the United States and Singapore use technology and digital tools as
integral components of their mathematics curricula. At the same time, Japan and Germany
may maintain a more traditional approach based primarily on paper-and-pencil methods

(Atteh et al., 2020). Overall, the mathematics curricula of different countries exhibit a variety
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of techniques, ranging from play-based exploration to formal instruction and from an
emphasis on rote memorisation to conceptual understanding and real-world application. It is
important to note that each country’'s mathematics curriculum is shaped by cultural,
educational, and societal factors specific to that country (Atteh et al., 2020; Zhang et al.,
2018).

Recognising and understanding these differences is crucial to comprehensively
understanding how mathematics is taught and learned worldwide. By acknowledging the
diversity of approaches, educators and policymakers can draw inspiration from best practices
in different countries to improve mathematics education in their education systems (Clark-
Wilson et al., 2020; Zhang et al., 2018). Moreover, by building bridges between different
approaches and experiences, teachers can promote equity and educational effectiveness in
mathematics education. Mathematics education is complex and dynamic; technology

integration is essential for successful teaching.
Aim of the Study

This study examines the effects of comparing international mathematics curricula on
pre-service mathematics teachers' views of the primary mathematics curriculum and how

these experiences change and shape their perceptions.
The problems of the study are as follows;

1. Do experiences comparing international mathematics curricula significantly change

preservice mathematics teachers' views of the elementary mathematics curriculum?

2. How do experiences comparing international mathematics curricula shape preservice

mathematics teachers' views of the primary mathematics curriculum?

This study aims to understand the effects of the experiences of comparing international
mathematics curricula on preservice mathematics teachers' views of the primary mathematics
curriculum. In other words, the study's primary purpose was to investigate how preservice
mathematics teachers' experiences examining international mathematics syllabi reflected their
perceptions of their home country's primary mathematics curriculum and how these
experiences affected their attitudes towards the curriculum. For this purpose, an in-depth
analysis of the participants' experiences evaluating international mathematics syllabi and the

effects of these experiences on local mathematics curricula can be conducted.
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Method
Research Design

This study used a one-group pretest-posttest experimental design with a combination of
quantitative research methods to determine how the experiences of comparing mathematics
curricula changed and shaped pre-service mathematics teachers' perceptions of the elementary
mathematics curriculum. Interviews supported quantitative research findings. This design
aims to provide a more detailed and comprehensive understanding of a phenomenon (Mills &
Gay, 2016). With the one-group pretest-posttest experimental design, the statistical
significance between the pre-test and post-test scores of the participant group will be
determined with the opportunity to evaluate the effect of the application in a single group
(Biiytikoztirk et al., 2011). Although the one-group pretest-posttest experimental design is
generally accepted as a weak design in research, it is considered a preference that should be
used when a new training module is developed and implemented. In this study, explaining the
cause-and-effect relationship between dependent and independent variables was preferred

when a new training module was implemented and evaluated (Creswell, 2018).

In addition to quantitative data, interviews were conducted to obtain in-depth
information. Interviews were collected to understand pre-service mathematics teachers'
perceptions of the primary mathematics curriculum based on their experiences comparing
mathematics curricula (Patton, 2014). In this way, a more holistic understanding of pre-
service mathematics teachers' perceptions and experiences of the primary mathematics

curriculum was attempted based on their experiences of comparing curricula.
Participants

The study's population is prospective mathematics teachers studying in Tiirkiye in the
2023-2024 academic year. Within this population, the sample consisted of 10 preservice
mathematics teachers who took the elective course "Comparison of Mathematics Curricula” at
a university in the Central Anatolia Region of Tiirkiye in the 2023-2024 academic year.
Therefore, the study will focus on the experiences and perceptions of this sample of
preservice mathematics teachers. The selection of this sample allows for an in-depth

examination of a specific geographical and institutional context.
Material

The scale form described below and a semi-structured interview form prepared by the

researcher will be used in the study.
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Mathematics programme evaluation scale according to the expert-oriented programme
evaluation approach (MPAS)

The Mathematics Curriculum Evaluation Scale, designed based on the expert-oriented
curriculum evaluation model developed by Yildiz and Giirgen (2021), will be used in the
study. In the process of creating the scale, a draft consisting of 65 items was prepared as a
result of the literature review, and this draft was submitted to the evaluation of 4 experts
specialised in the field of curriculum and measurement and assessment, as well as three
classroom teachers. In line with the expert and teacher opinions, the draft was reduced to 40
items and transformed into a scale form using a 5-point Likert-type scale. The scale consists
of 40 items, including the programme’s objectives, topics, teaching-learning process and
measurement-evaluation dimensions. Participants indicated their opinions by marking one of
the options "Strongly Agree (5), Agree (4), Partially Agree (3), Disagree (2) and Strongly
Disagree (1)" for each item. The scale's reliability was calculated using the Cronbach Alpha
(.95) internal consistency coefficient, and reliability values were obtained separately for
different sections. Cronbach Alpha internal consistency coefficient of the scale for this study
was calculated as .89. At the beginning of the scale, general information about the purpose of
the research and instructions for filling out the questionnaire were given. At the beginning of
each section, specific explanatory statements were included. This structure was added to

ensure the participants correctly understood and completed the scale.
Semi-structured interview form

The other data collection tools used in the study were the semi-structured interview
form and the written opinions of the preservice teachers. The researchers prepared a semi-
structured interview form that consisted of five questions. After the interviews with the
preservice teachers, the participants submitted a written form to the researchers reflecting

their general opinions about comparing mathematics curricula.
Data Collection

The relevant scales used in the study were collected from university students using a
written form. In the interviews conducted using a semi-structured interview form, voice
recordings were taken with the participant's consent. Afterwards, the voice recordings were
converted into written text to prepare them for coding. The collected data were transferred to

the computer environment and stored.
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Data Analyses

Descriptive statistical analysis, t-tests and effect size calculations were used to analyse
the quantitative data. Before statistical analysis, the data were checked for normality and
descriptive statistics. The analysis of the interview recordings aimed to reveal the experience
of comparing international mathematics curricula realistically and holistically based on pre-
service mathematics teachers' perceptions. The participants were regarded as the data source,

and the data obtained were organised, categorised and coded (Patton, 2014).
Validity and Reliability

Validity and reliability measures were taken within the scope of the research. The
reliability coefficients of the data obtained from the scales were calculated. During the
research process, the researcher, who is the instructor of the elective course, adopted the
principle of moving away from his prejudices and preconceived ideas about international
mathematics curricula. A neutral approach was adopted to prevent the prior knowledge

obtained from the literature review from influencing the research.

Four independent coders participated in the data analysis and reached a consensus
regarding the coding process. All statements were reviewed for accuracy. that would direct
the participants were avoided during the interviews. The data were presented to the reader
through direct quotations without adding comments. Relevant comments and harmful data
were also presented. Therefore, reliability and validity measures were taken during the

research process to ensure the qualitative data were analysed accurately and reliably.
Experimental Implementation Process

Comparison of Mathematics Curricula” elective course was conducted in a weekly 2-
hour schedule for 14 weeks. In the first week of the course, an introduction was made to
compare mathematics curricula, and information was given about the history and basic
principles of different mathematics curricula. The (practical) applications began from the
second week onwards, and examples from different mathematics curricula (Singapore,
Finland, Japan, and the United States) were presented to the students. We examined these
curricula each week by comparing them with the Turkish Mathematics Education Programme.
We critically engaged with each country's programme through presentations, discussions, and
Q&A activities. In Weeks 2 and 3, environments were created for students to do free work

and exploration, and the characteristics of different mathematics curricula were focused on.
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In weeks 4-13, the Ministry of National Education Primary 1-8. Grade Mathematics
Curriculum (2018) was compared with the curricula of different countries, such as Singapore,
Finland, Japan, and the United States. These countries were selected based on their success in
international mathematics exams. The preservice teachers in the classroom presented the
comparative studies and explained their similarities and differences with our mathematics
curriculum. As a result of these comparisons, discussions were held on how to enrich our
curriculum, and the strengths and weaknesses of different mathematics curricula were
discussed. In the last week of the course, a general evaluation was made, and the knowledge

and experiences gained by the students were reviewed.

Before the course, data were collected using the scales determined within the study's
scope and a semi-structured interview form. The scales were administered on the 14th.
Findings
Findings Related to Quantitative Measurements
The central tendency measures, skewness, and kurtosis coefficients of the data obtained
within the research scope were examined to check whether the data showed a normal
distribution. It was accepted that the data showed a normal distribution. In addition, this

acceptance was validated by testing with the Shapiro-Wilk test. The results obtained are
presented in Table 1.

Table 1 Shapiro-Wilk Test Results of MPDS Scale Data

Statistics SD p
MPDS scale .989 9 996

According to Table 1, the data obtained from the scales show a normal distribution
(p>0.05). In this context, parametric tests were applied to the data. The study analysed
whether there was a significant difference between the mean scores of both scales of the
participants using the related sample t-test technique. The results are given in Table 2.
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Table 2 Paired Sample T-test Results of Pre and Post-test Mean Scores of Preservice Teachers'

MPDS Scale
n X S SD t p*
Attitudes towards the outcomes of Pre-test 10 23.90 4.43
- ) . 9 -3.713 .005
primary mathematics curriculum Post-test 10 26.10 3.07
Attitudes towards the content of primary  Pre-test 10 24.70 3.83
. . 9 -249% .034
mathematics curriculum Post-test 10 2620 2.78
Attitudes towards the learning-teaching  pre-test 10 24.20 2.65
processes of the primary mathematics 9 -4.392 .002
curriculum Post-test 10 25.70 1.70
Attitudes towards the measurement and  pre-test 10 23.30 2.40
evaluation dimension of the primary 9 -2.946 .016
mathematics curriculum Post-test 10 2510 255

Attitudes towards primary mathematics ~ Pre-test 10 96.10 7.21
curriculum Post-test 10 103.10 5.83
*p<0.05

9 -7.826 .001

In a class of 10 students in which the effect of the "Comparison of Mathematics
Curricula” course, which is based on the comparison of the mathematics curricula of the
countries, on the attitudes of prospective mathematics teachers towards the primary
mathematics curriculum was investigated, as a result of the t-test for related samples
conducted to determine whether there was a difference between the mean scores of the
attitudes towards the primary mathematics curriculum applied at the beginning and end of the

course;

It was found that the difference between the mean score of the scale applied at the
beginning of the course (pretest = 23.90). The mean score of the scale applied at the end of
the course (post-test = 26.10) for the sub-dimension of attitudes towards the objectives of the

elementary mathematics curriculum was significant [t(9) = -3.713, p < 0.05].

For the sub-dimension of attitudes towards the content of the elementary mathematics
curriculum, the difference between the mean score of the scale applied at the beginning of the
course (pretest = 24.70) and the mean score of the scale applied at the end of the course (post-
test = 26.20) was found to be significant [t(9) = -2.496, p < 0.05].

It was determined that the difference between the mean score of the scale applied at the
beginning of the course (pretest = 24.20) and the mean score of the scale applied at the end of
the course (post-test = 25.70) for the attitudes towards the learning-teaching processes sub-

dimension of the primary mathematics curriculum was significant [t(9) = -4.392, p < 0.05].
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The difference between the mean scale score applied at the beginning of the course
(pretest = 23.30) and the mean score of the scale used at the end of the course (post-test =
25.10) was found to be significant for the sub-dimension of attitudes towards the
measurement and evaluation dimension of the primary mathematics curriculum [t(9) = -2.946,
p < 0.05].

For attitudes towards elementary mathematics curriculum (the whole scale), the
difference between the mean score of the scale applied at the beginning of the course (pretest
= 96.10) and the mean score of the scale applied at the end of the course (post-test = 103.10)
was found to be significant [t(9) = -7.826, p < 0.05].

However, according to Green and Salkind (2016), more than the presence or absence of
a difference between two mean scores in the t-test for related samples is needed. Because this
finding needs to inform us about the difference’'s magnitude, it is recommended to test
statistical significance and give the effect size. In this context, effect sizes are reported in
Table 3.

Table 3 Effect Sizes of Prospective Teachers on the MPDS Scale

S Cid low Cid upper d

Attitudes towards the outcomes of primary mathematics

. 1.87 1974 .338 1.174
curriculum
Attl'gudes towards the content of primary mathematics 190 1490 057 789
curriculum
Attitudes 'gowards_ the learning-teaching processes of the primary 108 2255 486 1,389
mathematics curriculum
Attltu_des towards the measurement and evaluation dimension of 193 1665 164 932
the primary mathematics curriculum
attitudes towards primary mathematics curriculum 282 3.744 1177 2.475

The effect size for attitudes towards the outcomes of the primary mathematics
curriculum was calculated as d= 1.174. According to Cohen (2013) effect size classification,
it is at a significant effect level. This shows that the "Comparison of Mathematics Curricula”
course, based on comparing countries' mathematics curricula, significantly affects preservice

mathematics teachers' attitudes towards the elementary mathematics curriculum.

The effect size for attitudes towards the content of the primary mathematics curriculum
was calculated as d=.789. According to the effect size classification, it is at an average effect

level (Cohen, 2013). This shows that the effect of the "Comparison of Mathematics Curricula™
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course, based on comparing countries' mathematics curricula, on preservice mathematics

teachers' attitudes towards the elementary mathematics curriculum is at a medium level.

The effect size of the elementary mathematics curriculum on attitudes towards learning-
teaching processes was calculated as d=1.389. According to the effect size classification, it is
at a significant effect level (Cohen, 2013). This shows that the "Comparison of Mathematics
Curricula” course, based on comparing countries' mathematics curricula, significantly affects

preservice mathematics teachers' attitudes towards the elementary mathematics curriculum.

The effect size for the attitudes towards the measurement and evaluation dimension of
the primary mathematics curriculum was calculated as d=.932. According to the effect size
classification, it is at a significant effect level (Cohen, 2013). This shows that the
"Comparison of Mathematics Curricula™ course, based on comparing the mathematics
curricula of countries, significantly affects preservice mathematics teachers' attitudes towards

the elementary mathematics curriculum.

The effect size for attitudes towards the primary mathematics curriculum was d= 2.475.
According to the effect size classification, it is at a significant effect level (Cohen, 2013). This
shows that the "Comparison of Mathematics Curricula” course, based on comparing countries'
mathematics curricula, significantly affects preservice mathematics teachers' attitudes towards

the elementary mathematics curriculum.
Findings Related to Qualitative Measurements

Within the scope of the research, the changes experienced by preservice mathematics
teachers during the "Comparison of Mathematics Curricula™ course emerged as a 4-stage
process. The process is shown in Figure 1.

e"<

Figure 1 4-Stage Change Process
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Phase 1: Awareness Phase

The preservice teachers are in the process of becoming more familiar with and aware of
their own country's mathematics curriculum. At this stage, they discovered the characteristics
and structures of their mathematics curriculum. The codes of this category are given in Table
4,

Table 4 Codes Related to Awareness Formed by Prospective Teachers' Examination of

Mathematics Curriculum

Category  Codes
Awareness Objectives
Acquisitions
Structure of the programme
Implementation
Distribution of learning areas according to classes
Measurement and evaluation

It was understood that the participants needed to be aware of our primary mathematics
curriculum before the implementation. It was seen that with the applied lesson, they gained
ideas and information about the aims (f: 8), achievements (f: 9), structure (f: 8),
implementation (f: 7), distribution of learning areas according to classes (f: 10), measurement
and evaluation approaches (f: 8) of the primary mathematics curriculum in Tiirkiye. Sample

participant opinions regarding this stage are as follows:

(K: 10): "Before the class, | had only heard the name of our mathematics programme,
but the course made me understand the programme’s purpose and what it aims to provide us."

- A participant gaining awareness about its objectives.

(K: 5): "I used to know only the general framework of the programme; now | see how
diverse and comprehensive the outcomes are.” - Gaining detailed knowledge about the

outcomes.

(K: 4): "I learned that assessment and evaluation techniques are not just limited to tests,
but actually, a variety of more effective methods can be used to track students' development.”

- Gaining new perspectives on assessment and evaluation approaches.
Phase 2: Criticism Phase

Preservice teachers critically evaluate the mathematics curriculum of their own country.
They identified shortcomings, strengths, difficulties in implementation and areas for

improvement. The codes of this category are given in Table 5.
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Table 5 Codes Related to the Criticism of Preservice Teachers by Examining Different

Mathematics Curricula

Category  Codes
Criticism  Weaknesses
Has its strengths
Should be simplified
Repeated acquisitions
Level
Difficult in practice
Ignored individual differences

Participants started to express their criticisms by examining different mathematics
curricula. In the course process, they criticised the Turkish elementary mathematics
curriculum and the mathematics curricula of other countries together and emphasised that the
curricula had weaknesses (f: 1), strengths (f: 9), needed to be simplified (f: 5), had repetitive
acquisitions (f: 4), were level appropriate (f: 10), had difficulties in implementation (f: 2), and
ignored individual differences (f: 4). Sample participant opinions regarding this stage are as

follows:

(K: 1): "I noticed that some concepts are unnecessarily repeated across grades, which
could be streamlined to make room for more diverse topics.” - Addressing the issue of

repetitive outcomes.

(K: 4): "The lack of consideration for individual differences in learning paces and styles
is a significant oversight in these programmes. Each student's unique understanding should be
addressed more explicitly." - Critiquing the programmes for overlooking individual

differences.

(K: 6): "While the curriculum aims at a comprehensive education, the level of difficulty
in some areas might not be suitable for all students, leading to potential challenges in
classroom implementation.” - Discussing level appropriateness and possible difficulties in

application.
Phase 3: Comparison Phase

The preservice teachers examined different countries’ mathematics curricula and
compared them with their curricula. At this stage, they evaluated different approaches,

teaching methods and objectives. The codes of this category are given in Table 6.
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Table 6 Codes Related to the Comparison Made by Preservice Teachers by Examining

Different Mathematics Curricula

Category Codes

Comparison Cultural differences reflected in teaching
programmes
Learning areas show differences
Simplicity
Acquisitions are distributed to different classes
Different methods
Differences in objectives and approaches

Participants made comparisons by examining different mathematics curricula. In the
course process, they compared the Turkish elementary mathematics curriculum with the
mathematics curricula of other countries and emphasised that cultural differences were
reflected in the curricula (f: 8), differences in learning areas (f: 9), differences in terms of
simplicity (f: 6), distribution of learning outcomes to different classes (f: 9), different methods
(f: 10), differences in objectives and approaches (f: 7), and similarities (f: 10). Sample

participant opinions regarding this stage are as follows:

(K:8): "Comparing the programme from Tiirkiye with those from other countries, it was
exciting to see how each reflects its cultural values; for example, some programmes place a
greater emphasis on collaboration and group work among students.” - Reflecting on how

cultural differences manifest in the programmes.

(K:2): "I noticed significant differences in the distribution of learning domains across
different countries' mathematics programmes; some prioritise analytical thinking, while others

highlight problem-solving skills." - Differences in learning domains.

(K:9): "Interestingly, the same outcomes are assigned to different programme grade
levels. This might reflect varying understandings of when students are ready to learn these

concepts.” - Distribution of outcomes across different grades.

(K:10): "There are also big differences in the methods they use; some programmes rely
more on visual and interactive tools, while others prefer traditional teaching methods." -

Different methods contained within the programmes.

(K:1): "I observed that there are distinct differences in the objectives and approaches of
each mathematics education programme; this diversity enriches the educational experience

offered to students." - Differences in objectives and approaches.
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Phase 4: Integration Phase

Preservice teachers come to the stage of integrating the knowledge and perspectives
gained during the course into their teaching practice and using them in practice. At this stage,
they adapted the features of different curricula to their curricula and developed a more

effective curriculum. The codes of this category are given in Table 7.

Table 7 Codes Related to the Integration Realized by the Preservice Teachers' Examination of
Different Mathematics Curricula

Category  Codes
Integration By international standards
Simplified
Different approaches and methods
Student-centred
By the measurement and evaluation approaches of international exams

Participants examined different mathematics curricula and integrated them into their
curriculum. During the course process, they recommended improving the Turkish primary
mathematics curriculum. They offered integrated suggestions on increasing its compliance
with international standards (f: 10), simplifying it (f: 10), including different approaches and
methods (f: 10), increasing student-centeredness (f: 10), and making it suitable for the
assessment and evaluation approaches of international exams (f: 10). Sample participant
opinions regarding this stage are as follows:

(K:6): "I believe our programme should better align with international standards; this
way, our students can gain a global perspective and become competitive worldwide." -

Integration of recommendations to increase compliance with international standards.

(K:7): "I noticed that our mathematics education programme is overly complex and
could be simplified to facilitate easier understanding for students.” - Simplification of the

programme.

(K:2): "We've realised the need to integrate various approaches and methods into our
programme to cater to different learning styles. This can make it easier for each student to
learn math in their own way." - Integration of recommendations to include different

approaches and methods.

(K:5): "I want to emphasise the importance of a student-centred approach; having more
interactive lessons and encouraging student participation can enhance their learning process."

- Increase student-centeredness.
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(K:9): "Aligning our mathematics programme with the assessment approaches of
international exams could help our students perform better in these exams." - Integration of

recommendations to align with the assessment approaches of international exams.
Results, Conclusions and Suggestions

This study, conducted with a one-group pretest-posttest experimental design, was
supported by interviews and aimed to find more comprehensive and in-depth answers to the
research questions. The results provide essential insights for evaluating and developing the

primary mathematics curriculum.

Quantitative findings show that the "Comparison of Mathematics Curricula™ course
significantly impacted preservice mathematics teachers' attitudes towards the elementary
mathematics curriculum. When these effects are examined in terms of the curriculum's
objectives, content, learning-teaching processes and assessment and evaluation dimensions, it
Is understood that the course has a comprehensive effect on mathematics teaching. In
particular, the high effect sizes of the curriculum on learning-teaching processes and general

attitude indicate that significant improvements and changes can be made in these areas.

On the other hand, the interviews' findings reveal the pre-service teachers' in-depth
views and experiences about the primary mathematics curricula. The participants’ suggestions
on how the curricula should better comply with international standards, be simplified, and
include a variety of teaching methods and approaches indicate that the current curricula need
to be improved. These suggestions emphasize the need to increase student-centeredness in
mathematics teaching and to adopt assessment and evaluation approaches suitable for

international exams.

The results show the significant impact of primary mathematics curricula on pre-service
teachers' attitudes and how the current state of the curricula and potential areas for
improvement are perceived from the participants' perspective. This bidirectional perspective
provides a solid basis for maintaining the strengths of the programmes and making structured
changes in areas that need improvement. Therefore, this study makes valuable contributions
to a more effective and inclusive revision of primary mathematics curricula in terms of

educational policies and practices.

The quantitative findings obtained in this study indicate that the course "Comparison
of Mathematics Teaching Programmes™ significantly impacts teacher candidates' attitudes

towards primary school mathematics teaching programmes. The substantial effect size of
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attitudes towards the teaching-learning processes and the overall programme is particularly
noteworthy. This finding is consistent with previous research; for example, Tosuncu (2019)
noted the significant effects of mathematics teaching programmes on the pedagogical content
knowledge of teacher candidates. Additionally, these findings are in line with the emphasis in
TIMSS (2019) and PISA (2018) reports on the critical role of programme quality and content
on student achievement (Mullis et al., 2020; OECD, 2019). Furthermore, teachers'
perspectives on curriculum are critical in implementing programmes and student achievement.
A study by Swars et al. (2009) showed that teachers' positive attitudes towards mathematics
teaching can significantly enhance students' mathematics achievement. These findings are
consistent with the results obtained regarding the importance of teacher candidates' attitudes
towards primary school mathematics teaching programmes in this study. Teachers' positive
attitudes towards programmes can contribute to their more effective implementation and thus

increase student achievement (Swars et al., 2009).

Moreover, Di Martino and Zan's (2010) research indicates that students' positive
attitudes towards mathematics lessons positively affect mathematics achievement. The
findings of this study suggest that recommendations such as simplifying curricula and
increasing student-centeredness can improve students’ attitudes towards mathematics learning.
Adopting student-centred approaches can contribute to students developing positive attitudes

towards mathematics learning, thereby enhancing their success (Di Martino & Zan, 2010).

The results of international assessment programmes such as TIMSS and PISA
demonstrate that the quality of curriculum in mathematics education determines student
achievement. For instance, countries like Singapore and Finland consistently achieve high
levels of success due to their student-centred learning approaches and emphasis on critical
thinking skills (OECD, 2019; Mullis et al., 2020). The findings of this study suggest that
similar improvements in primary school mathematics teaching programmes in Tiirkiye could
better align with international standards and enhance student achievements. Moreover,
international assessment programmes like TIMSS and PISA reveal the global differences in
mathematics education and their impact on student achievement. Particularly, students in
Asian countries demonstrate high levels of achievement in mathematics, some of which can
be attributed to the attitudes of students and teachers towards mathematics teaching
programmes (Cai, 2004; Leung, 2002).

The findings obtained from the interviews provide suggestions for increasing the

alignment of pre-service teachers with international standards, simplifying the curriculum

NFE EJSME Vol. 18, No. 2, December 2024



Ulum, H. 265

content and strengthening student-centredness in primary school mathematics teaching
programmes. These suggestions align with the standards and recommendations published by
NCTM (National Council of Teachers of Mathematics, 2020). NCTM emphasises the
importance of student-centredness and problem-solving skills in mathematics education and
states that the curricula of countries that perform well in international assessments have these

characteristics.

Additionally, examining the mathematics curricula of other countries reveals different
approaches and emphases. For instance, countries like Finland and Singapore achieve high
success levels by emphasising student-centred learning approaches and critical thinking skills
(Finnish National Agency for Education, 2014; Ministry of Education, Singapore, 2020).
These countries also effectively use technology integration in education (Clark-Wilson et al.,
2020). In countries like China, it is observed that focusing on mathematical problems from an
early age and the beliefs of teachers are essential (Cai, 2004). These approaches suggest that
countries like Tiirkiye should review their curricula and improve by examining international
successes (Atweh & Clarkson, 2002; Tatto & Senk, 2011).

Furthermore, prospective teachers' examination of international mathematics curricula
provides them with knowledge about various teaching methods and content, thereby
presenting significant opportunities to improve their curricula further (Cai et al., 2017; Kaiser,
2002). Such comparative studies can also enhance educational collaborations and exchanges
between countries, thus promoting the development of broader and more inclusive

educational programmes (Zhou et al., 2020).

The findings of this study emphasise the need for the development of primary school
mathematics curricula and the essential contributions that pre-service teachers can make in
this process. Moreover, it is highlighted that curriculum alignment with international
standards, student-centredness and diversity can increase students' mathematics achievement.
Therefore, it is suggested that educational policies and practices should be shaped according
to these findings. Attitudes towards mathematics curricula have essential effects at both
teacher and student levels, and these attitudes can directly affect student achievement.
Positive attitudes of teachers and students can contribute to more effective implementation of
mathematics curricula and increase student achievement. Based on the research findings, the

following suggestions can be made:

Develop education programmes that will improve teacher candidates' attitudes towards

mathematics teaching programmes and equip them with knowledge about various teaching
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methods. These programmes can inform teacher candidates about international mathematics
teaching programmes and approaches, enabling them to diversify teaching methods and create

student-centred learning environments.

Tiirkiye's current primary school mathematics teaching programmes should be reviewed
and updated in light of international standards and indicators of success regarding their
content, teaching-learning processes, and assessment approaches. The importance of student-

centeredness and practical applications should be emphasised throughout this process.

Education collaboration should be established with countries ranking high in
international achievement rankings. Teacher and student exchange programmes should be
encouraged to facilitate the exchange of knowledge about different teaching approaches and

educational systems.

Programmes for the continuous professional development of mathematics teachers
should be created and promoted. These programmes should help teachers enhance their skills

in utilising new teaching methods, assessment approaches, and technological tools.

Research on mathematics teaching and curriculum should be encouraged, and necessary
resources should be provided to develop innovative approaches in this field. Integrating

research findings into teaching practice will enhance the quality of mathematics education.
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Uluslararasi Matematik Ogretim Programlarim Karsilastirma Deneyimlerinin
Matematik Ogretmen Adaylarinin Ilkégretim Matematik Programina Iliskin
Goriislerine Etkisi

Ozet:

Bu arastirma, 2023-2024 egitim-6gretim yilinda Tiirkiye'nin I¢ Anadolu Bolgesi'nde bir iiniversitede
matematik 6gretmeni adaylar1 arasinda gergeklestirilmistir. Aragtirmanin temel amaci, uluslararasi matematik
ders programlarmin karsilastirilmas: deneyimlerinin, matematik 6gretmen adaylarmin Tirkiye'deki ilkogretim
matematik &gretim programma iliskin goriislerine etkisini incelemektir. Ozellikle, matematik gretmen
adaylarmin uluslararast matematik ders programlarint inceleyerek elde ettikleri deneyimlerin, kendi
tilkelerinin ilkdgretim matematik 6gretim programina yonelik algilarina ve tutumlarima nasil yansidig
aragtirtlmistir. Arastirma, tek gruplu 6n test son test bir yontem kullanilarak tasarlanmistir; nicel veriler
goriismelerle desteklenmis ve analiz edilmistir. Orneklem, "Matematik Ogretim Programlarinm
Karsilagtirllmast" se¢meli dersini alan 10 matematik Ogretmeni adayindan olusmaktadir. Bulgular,
katilimcilarin uluslararasi matematik 6gretim programlarini inceleme deneyimlerinin, dgretim programlarina
yonelik algilarim1 ve tutumlarini olumlu yonde etkiledigini gostermektedir. Ogretmen adaylari, uluslararasi
standartlara daha yakin bir program gelistirilmesi, 6grenci merkezliligin artirilmasi, 6lgme ve degerlendirme
yontemlerinin ¢esitlendirilmesi gibi konularda onerilerde bulunmustur. Arastirma sonuglari, ilkdgretim
matematik dgretim programlarmin gelistirilmesi i¢in 6nemli i¢ goriiler saglamaktadir ve 6gretmen egitimi
programlarinda uluslararasi perspektiflerin entegre edilmesinin 6nemini vurgulamaktadir.

Anahtar kelimeler: Matematik 6gretim programi, 6gretmen adaylari, deneysel desen.
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Introduction

Laboratories, as environments of teaching and learning, are a fundamental part of
science, technology, and engineering education at all levels. As chemistry is a branch of
science based particularly heavily on laboratory research, emphasis must always be placed on

laboratory safety in chemistry education (Hill, 2007).

While laboratories are the most effective spaces for putting theoretical knowledge into
practice, they are also a complementary part of the discipline of chemistry. To reach the goals
set for chemistry education, it is necessary to use laboratories effectively. Laboratory
applications help students meaningfully and permanently structure the obtained knowledge,
improve their psychomotor skills, use their hands effectively, and enhance their
communication skills (Atasoy, 2002; Cepni et al., 1994; Hofstein & Lunetta, 2004; Morgil &
Yilmaz, 2000). Previous studies have emphasized that laboratory work is significantly
effective in the scientific success of students and helps students develop positive attitudes
toward science (Hofstein et al., 2005).

A laboratory learning environment is a complicated learning environment. In this
context, successful learning requires scientific reasoning, creativity and problem-solving, use
of the affective domain, an understanding of the nature of science, meaningful and permanent
structuring of obtained information, development of psychomotor skills, and unification and

synchronization of the components of communication skills (Seery et al., 2018; Yilmaz,
2023).

Laboratory Safety

In all applications conducted in a laboratory environment, the most important point to
keep in mind is safety. Safety measures taken during laboratory applications should not
restrict the practical studies that are being undertaken; on the contrary, their purpose is to help
conduct those studies safely (Morgil & Yilmaz, 2000; Yilmaz, 2015).

The US Chemical Safety and Hazard Investigation Board reported over 120 accidents
occurring in university laboratories in the United States in the decade between 2001 and 2011,
resulting in many injuries along with millions of dollars of damage. Other studies have
revealed the occurrence of many high-profile accidents in laboratories, resulting in serious
injuries and even death (Menard et al., 2020; Zhu et al., 2018). In Tiirkiye, the major reason of
the laboratory accidents is the failure to apply the necessary safety measures (Akpullukcu,
2017; Tepe & Tekbiyik, 2019).
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When the international literature is reviewed in terms of laboratory safety, we can see
that subjects such as laboratory safety education (Meyer, 2017; Sigmann, 2018), laboratory
safety culture (Ayi & Hon, 2018; Walters et al., 2017; Yoon, 2021), laboratory safety
management (Weil, 2016; Zhu et al., 2018), laboratory risk assessment (Omidvari et al., 2015;
Pluess et al., 2016), safety information (Agustian & Seery, 2017; Miller et al., 2000),
laboratory hazard symbols (Wangdi & Tshomo, 2016), and chemical laboratory safety

awareness, attitudes, and practices (Ayana et al., 2017) have been explored.
Bibliometric Analysis

This study used bibliometric analysis to provide a general view of the pioneering
researchers, most prolific countries and institutions, and most commonly researched topics in
the field of laboratory safety. Previous studies in the literature have highlighted the fact that
bibliometric analysis is suitable for use in scientific research and that it helps scholars review
the literature in a very short period of time (Block & Fisch, 2020; De Bellis, 2009; Gutierrez-
Salcedo et al., 2017; Kurutkan & Orhan, 2018; McBurney & Novak, 2002).

Significance and Aim of the Study

Since laboratory safety is a vital and multidisciplinary field of research, studies on
laboratory safety have rapidly increased over the last twenty years. However, in Tiirkiye, due
to the low number of studies on laboratory safety, various accidents occur, especially in
laboratory applications in middle school science classes, and such accidents may pose serious
risks (Akpullukcu, 2017; Demir, 2016; Sener, 2018; Morgil & Yilmaz, 2000; Yilmaz, 2015).
In 34 recorded laboratory or experiment accidents in Tiirkiye between 2001 and 2017, some
serious incidents resulted in the loss of sight, burns, injuries, or poisoning (Tepe & Tekbiyik,
2019). In the studies conducted by Stuart and Toreki (2014) and Olewski and Snakard (2017),
a total of 533 accidents were documented in three years, considering accidents occurring in
school laboratories, and information on their severity was confirmed with relevant statistics.
Among individuals working in laboratories of universities and other schools, 45% reported
having an accident, and 73.7% of those cases were reported to be due to chemical substances
(Nasrallah et al., 2022).

There is one previous article on the bibliometric analysis of laboratory safety in the
international literature, published by Yang et al. (2019). However, no such articles on this
topic have been published in the Turkish literature to date. Thus, this study was undertaken to

reveal the development of research conducted on laboratory safety; the most influential and

Necatibey Faculty of Education Electronic Journal of Science and Mathematics Education



274 A bibliometric analysis of laboratory safety: its significance for the discipline of chemistry

prolific authors, countries, and institutions; and trends in international cooperation. Safety is
of the utmost priority in laboratory work. Accordingly, evaluating specific topics that require
special attention in the field of laboratory safety with a holistic approach will shed light on
avenues for future studies and is expected to contribute to both the overall body of literature

and the individual work of researchers in this field.
Research Question

What is the bibliometric status of scientific studies conducted in the field of laboratory

safety?
Method
Research Model

This study used a survey research design from among descriptive research methods.
Bibliometric mapping was performed using VOSviewer and scientific studies in the field of
laboratory safety were analyzed using the bibliometric analysis method. VOSviewer is an
open-source bibliometric mapping program (www.neesjanvaneck.nl/vos/ ), and the possible

analyses that can be performed with this software are shown in Table 1 (as cited by Arslan,
2022; Van Eck & Waltman, 2010, p. 536).

Data Collection

This study used the Web of Science (WoS) database. Specifically, data were obtained

from the WoS Core Collection Database ( https://clarivate.com/academia-

government/scientific-and-academic-research/research-discovery-and-referencing/web-of-

science/web-of-science-core-collection/ ), providing access to SCI-Expanded, SSCI, and

ESCI citations. “Laboratory safety” and “safety in chemical laboratories” were used as
keywords while searching the database. We found 1064 publications with the search phrase
“laboratory safety” and 2945 publications with “safety in chemical laboratories.” The
obtained publications were then reviewed in line with the inclusion/exclusion (filtering)
criteria and the data pool for this study was created. All data were recorded on June 15, 2024,
and a total of 279 publications were selected for inclusion in the study. Between 1965 and
2024, a total of 205 journal articles, 45 conference proceedings, 19 review articles, 8 meeting
abstracts, and 2 early-access publications were obtained from different disciplines included
the WoS categories. In the process of determining whether or not the publications found in the
dataset were relevant within the scope of laboratory safety and its significance for the

discipline of chemistry, the researchers reviewed the abstracts of all obtained publications.
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Expert opinions were also collected regarding the publications obtained from the dataset and
the data pool of the study was finalized in this way. The data collection process of the study is

illustrated in Figure 1.
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Data sources:
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\_

f_l_

opics searched:
“Laboratory safety” and

N

“safety in chemical laboratories”
from 1965 to 2024
N

Giltering:

“Laboratory safety,” 1064 documents

“Safety in chemical laboratories,” 2945 documents
\After filtering: 279 documents

>
WoS Core Collection on June 15, 2024

- J

AN

NS

Figure 1 Data Collection Process
Data Analysis

The survey research design from among descriptive research methods was used to
examine the data obtained in this study and a bibliometric analysis technique was applied. The
distribution of the 279 publications obtained in the data collection process was analyzed by
years, authors, journals, institutions, and countries. Bibliometric analysis was initially
developed by Van Eck & Waltman (2010, as cited by Arslan, 2022). Science mapping and
performance analyses, also known as citation analyses, were done using VOSviewer software.

The analysis types and analysis units utilized with VOSviewer are explained in Table 1.

Table 1 Types and Units of Analysis Available with VOSviewer Mapping

Type of analysis Unit of analysis

Bibliographic-coupling  Documents, sources, authors, organizations, countries
Co-citation Cited references, cited sources, cited authors
Co-authorship Authors, organizations, countries

Co-occurrence Author keywords

Citation Documents, sources, authors, organizations, countries

In the present study, co-citation, co-authorship, co-occurrence, and citation analyses

were performed.
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Findings

The findings of this study are categorized into two sections: descriptive findings and

bibliographic findings.
Descriptive Findings

Concerning laboratory safety in the discipline of chemistry, the distribution of the 279
relevant publications obtained from the WoS database up to June 2024 was evaluated based
on years, on authors with the highest numbers of publications, on journals with the highest
numbers of articles, and on countries and institutions with the highest numbers of

publications.

The distribution of articles according to years is presented in Figure 2. Considering the
distribution of articles by years, it is seen that 10 articles between 1965 and 1980, 13 articles
between 1988 and 1999, and 10 articles between 2002 and 2007 were published on laboratory
safety in chemistry education. Furthermore, there was no increase in the number of articles
published until 2009, but there were 7 articles published in 2010 and the highest numbers of
articles were published between 2021 and 2023. The increase in the number of publications is

an indicator of the importance of the field of laboratory safety at every level of education.
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Figure 2 Yearly Distribution (1965-2024)

The names of the five researchers who published the highest numbers of articles in this
field are given in Table 2. The researcher with the most publications in this field was Nancy

L. Wayne, followed by Xiaoyan Wang, Imke Schroder, James H. Gibson, and Xinglong Jin.
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Table 2 The Five Researchers with the Highest Numbers of Articles

Author's name

Number of article

Nancy L. Wayne
Xiaoyan Wang
Imke Schroeder
James H. Gibson
Xinglong Jin

6
6
5
5
5

The names of the eight journals with the highest numbers of articles in this field are

given in Table 3. The five journals that published the highest numbers of relevant articles

were found to be Journal of Chemical Education, Journal of Chemical Health and Safety,

ACT Chemical Health Safety, Abstracts of Papers of the American Chemical Society, and

Safety Science.

Table 3 The Eight Journals with the Highest Numbers of Articles

Journal

Number of article

Journal of Chemical Education
Journal of Chemical Health Safety

ACT Chemical Health Safety

Abstracts of Papers of the American Chemical Society

Safety Science
Process Safety Progress

Journal of Loss Prevention in the Process Industries

ACS Symposium Series

52
37

23

U1 OO NN

The countries with the highest numbers of publications in this field of research are

given in Table 4. The remaining countries (39 countries with a total of 41 articles) were all

countries with 3 or fewer relevant publications. Considering the distribution of publications

based on countries, the United States had the most, followed by China, Brazil, England, and

South Korea.

Table 4 Countries with the

Highest Numbers of Publications

Country Number of article  Country Number of article
USA 104 Germany 6

China 35 Spain 6

Brazil 11 Switzerland 6

Canada 10 Taiwan 5

England 8 Thailand 5

South Korea 8 Slovakia 4

France 7 India 4

Malaysia 7 Other countries (n=39) 41

Tiirkiye 7
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The names of the 13 institutions with the highest numbers of publications are given in
Table 5. The institution with the most relevant publications was the University of California
system, followed by University of California-Los Angeles, the American Chemical Society,
Ecole Polytechnique Federale de Lausanne, and Swiss Federal Institutes of Technology

Domain.

Table 5 The 13 Institutions with the Numbers of Articles

Institutions Number of article
University of California system 10

University of California-Los Angeles
American Chemical Society

Ecole Polytechnique Federale de Lausanne
Swiss Federal Institutes of Technology Domain
Tianjin University of Technology

University of North Carolina

Battelle Memorial Institute

United States Department of Energy (DOE)
University System of Ohio

KU Leuven

Wittenberg University

Abant Izzet Baysal University

RPNNWADNDNOIOLOT OO0

Bibliographic Findings
Co-authorship results

In the analysis of co-authorship in the field of laboratory safety in chemistry education, a
network map was created to identify the authors with the most links, representing the most
cooperation (Minimum number of publications of an author: 1; Minimum number of citations of
an author: 1; Number of authors to be selected: 630; Clusters: 3; Links: 49; Total link
strength: 61). In Figure 3, three different colors and types of nodes are apparent. Each color
represents clusters of authors who conduct research on similar topics. On the other hand, the
lines represent cooperation between authors. Visualizing the relationship between authorship
and co-authorship in the field of laboratory safety helps reveal the most prolific authors. The
most prolific authors were accordingly found to be Nancy L. Wayne (6 publications), James
H. Gibson (5 publications), and Imke Schréder (4 publications), who are shown with blue

nodes in Figure 3 together with their cooperation with other authors.

Although many scientists have studied laboratory safety, the cooperation among

authors in this field is notably weak.
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Figure 3 Network Visualization Map of Co-Authorship
Citations of authors

To visualize the network of citations in this field, a network map was created
(Minimum number of documents of an author: 1; Minimum number of citations of an author:
1; of 775 authors, 582 met these thresholds; Clusters: 15; Links: 2908; Total link strength:
3310). Generally speaking, the most prolific authors and well-known research groups
contribute greatly to science and to the work of other researchers, and this is also reflected in
the numbers of citations that their publications receive. Therefore, the citation map given in
Figure 4 was created. The most cited authors were found to be James H. Gibson (160
citations), Nancy L. Wayne (143 citations), Imke Schroder (121 citations), and A.D. Menard
and J.F. Trant (108 citations).
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Table 6 The Five Most Frequently Cited Documents on Laboratory Safety

Article Journal Country Citation  Average
per year
Menard, A.D. and Trant, JF A (2020) Nature Canada 109 21.8
review and critique of academic lab. safety ~ Chemistry
research
Agustian, H. Y and Seery, M.K (2017). Chemistry England 90 11.25
Reasserting the role of pre-laboratory Education
activities in chemistry education: a Research
proposed framework for their design And Practice
Yang, YF, Reniers, G, Chen, Guohuaand Safety China 77 12.83
Goerlandt, F (2019). A bibliometric review  Science Belgium
of laboratory safety in universities Netherlands
Canada
Schroder, I, Huang, DYQ Ellis, O, Gibson, Journal Of USA 75 8.33
JH, Wayne, NL.(2016) Laboratory safety Chemical
attitudes and practices: A comparison of Health &
academic, government, and industry Safety
researchers
Walters, AUC; Lawrence, W; Jalsa, Safety Univ. West 64 8
NK (2017). Chemical laboratory safety Science Indie

awareness, attitudes and practices of
tertiary students

Citation analysis is crucial in determining the effect and quality of a published article.
Looking at Table 6, the most frequently cited publication is “A review and critique of
academic lab safety research” by Menard and Trant (2020). This article also has the highest
annual number of citations. In this work, Menard and Trant (2020) revealed that many high-
profile accidents resulting in serious injuries and death in academic laboratories around the
world occurred in the last decade. Furthermore, they suggested that laboratory safety policies
have still not been improved even after such incidents, and they defined the research questions
to be asked to minimize serious academic laboratory accidents in the future and highlighted

the need for determined leadership in this area. This article has been cited 109 times to date.
Co-citations of references

The co-citation map of reference analysis is given in Figure 5. This analysis was
conducted to evaluate the interaction among studies done on laboratory safety and the
publications with co-citations (Minimum number of citations of cited references: 3; of 6295
cited references, 204 met the threshold; Clusters: 7; Links: 6364).

Nodes of the same color represent the same cluster comprising articles on similar
topics. The size of each node signifies the number of citations an article has received, and the

thickness of each line reflects the number of co-citations received by two articles in other
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publications. The article by Schroder (2016) published in Journal of Chemical Health &
Safety is included among the green nodes in Figure 5, having the highest number of links
(504) and 32 co-citations. The article by Menard and Trant (2020) published in Nature

Chemistry is included among the blue nodes with 486 links and 32 co-citations.
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Figure 5 Network Visualization Map of Co-citations

Citations by countries

Analysis was also conducted to evaluate the numbers of citations of different
countries, and the results are shown in Figure 6 (Minimum number of publications of a
country: 1; Minimum number of citations of a country: 1; of 60 countries, all 60 met these
thresholds; Clusters: 14, Links: 159, Total link strength: 489). As seen in Figure 6, the
countries with the highest numbers of citations are the United States with 1104 citations (99
publications), Canada with 286 citations (10 publications), and China with 244 citations (35
publications).
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Figure 6 Network Visualization Map of Citations by Countries

Citations by institutions

Analysis was conducted to evaluate the numbers of citations of different institutions
(Minimum number of publications of an institution: 1; Minimum number of citations of an
institution: 1; of 361 organizations, 285 met these thresholds; Clusters: 18; Links: 973; Total
link strength: 1115). The colors in Figure 7 represent clusters of institutions and the lines
represent the strength of cooperation among institutions. The most prolific institutions were
found to be the University of California-Los Angeles with 180 citations (7 publications), Dow
Chemical Co. with 118 citations (3 publications), the University of Minnesota with 110
citations (3 publications), Delft University of Technology with 109 citations (3 publications),
and the University of Windsor with 108 citations (1 publication).
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Keyword analysis (co-occurrence of authors)

The network structure obtained for the co-occurrence of authors according to keywords
is presented in Figure 8 (Minimum number of occurrences of keywords: 1; of 572 keywords,
all 572 met the threshold; Clusters: 33; Links: 1680; Total link strength: 2067). The most
frequently used keywords were “laboratory safety” (37 occurrences), “safety hazards” (24
occurrences), “laboratory management” (23 occurrences), “safety” (18 occurrences),
“laboratory instruction” (14 occurrences), and “risk assessment” (11 occurrences).
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Figure 8 Network Visualization Map of Keywords Co-Occurring Among Authors
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Conclusions and Suggestions

In this study, bibliometric analysis was conducted due to the multidisciplinary nature
of laboratory safety and its significance in chemistry education. Safety is of the utmost
importance in laboratory work. The findings obtained in this study were evaluated with a
holistic approach. The results of the analysis are expected to guide future studies, contribute
to the literature, and help other researchers.

This study examined 279 publications on the subject of laboratory safety. The
documents reviewed were obtained using the WoS database and bibliometric analysis was
performed. Considering the research on laboratory safety to date, the first publications
appeared in 1965 and no increase in number was observed until 2009. In 2011, the number of
annual publications increased and the highest numbers of studies were conducted between
2021 and 2023. The increase in the number of publications is an indicator of the importance
of the field of laboratory safety at every level of education. Since the scope and applications
of laboratory safety cover a wide spectrum, there are many different possible directions for
advancements in this field. Yang et al. (2019) also stated that this area of research is quite

young and open for improvement.

Reviewing the distribution of publications on laboratory safety according to authors,
the most prolific researchers were found to be Nancy L. Wayne and Xiaoyan Wang, each with

6 articles, and Imke Schréder, James H. Gibson, and Xinglong Jin, each with 5 articles.

The institutions with the highest numbers of publications in the field of laboratory
safety were found to be the University of California system and University of California-Los
Angeles. Looking at the distribution of publications by institutions in Tiirkiye, the institutions
with the highest numbers of publications in this field are Hacettepe University and Abant

[zzet Baysal University.

The countries with the highest numbers of publications and the highest concentration
of research were found to be the United States and China. These were followed by Brazil and
Canada. On the other hand, in total, 7 relevant articles were published in Tiirkiye. It was thus
found that the United States is considerably successful in terms of the number of publications
and citations in this field, followed by China. Yang et al. (2019) emphasized that China’s rise
in this field of research should be taken into account.

It is of considerable value to identify publication and citation counts, and co-

authorship relations among researchers studying laboratory safety to improve this area of
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study and help researchers acquire new information. When such information is available, we
can identify the most productive researchers in laboratory safety. The contributions and the
influence of specific researchers in a field constitute an essential indicator for the
development of that field. The authors with the highest numbers of citations in the field of
laboratory safety are James H. Gibson (160 citations), Nancy L. Wayne (143 citations), Imke
Schroder (121 citations), and A.D. Menard and J.F. Trant (108 citations). When the network
structure of the relationships among researchers who published co-authored articles in this
field was examined, it was found that cooperation was concentrated around Nancy L. Wayne,

James H. Gibson, and Imke Schroder.

The article published by Schroder (2016) in Journal of Chemical Health & Safety was
cited 32 times, the article published by Menard and Trant (2020) in Nature Chemistry was
cited 32 times, and the article published by Alaimo et al, 2010 in Journal of Chemical
Education was cited 31 times. Additionally, these journals are among the most influential
journals in the field.

Overall, the analysis conducted in this study showed that cooperation among authors in
the field of laboratory safety is relatively weak. Yang et al. (2019) also reported that

cooperation between countries, institutions, and authors is very low in this field.

Looking at the co-occurrence of keywords among the analyzed publications, the most
frequently used keywords were “laboratory safety” (37 occurrences), “safety hazards” (24
occurrences), “laboratory management” (23 occurrences), “safety” (18 occurrences),

“laboratory instruction” (14 occurrences), and “risk assessment” (11 occurrences).

This study examined laboratory safety in the context of the discipline of chemistry, and
it was limited to studies indexed in the WoS database. Databases such as Google Scholar,
ERIC, and SCOPUS were excluded from analysis. This study could be repeated using
different databases. Conducting further bibliometric analyses of laboratory safety in science
education could provide significant contributions to the field. In addition, the conduct and
interpretation of bibliometric analysis studies by scientists who are experts in laboratory

safety will make a great contribution to the field.
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Laboratuvar Giivenliginin Bibliyometrik Analizi: Kimya Disiplini icin Onemi

Ozet:

Laboratuvar giivenligi fen egitimi ve 6zellikle kimya disiplini i¢in olduk¢a dnemli ve multidisipliner bir
aragtirma alanidir. Bu ¢aligmada, kimya disiplininde laboratuvar giivenliginin kapsamina ve uygulanmasina
iligkin gelismeler, odak ¢alisma alanlart ve egilimler incelenmistir. Arastirmada, betimsel yontemlerden
tarama modeli kullanilmig ve bibliyometrik analiz teknigi uygulanmistir. Bu amag¢ kapsaminda, 1965 ve
2024 yillart arasinda laboratuvar giivenligi alaninda Web of Science (WoS) Veri Tabani’nda yayimnlanan
toplam 279 makale incelenmistir. Incelemelerde 60 iilke, 279 arastirma, 51 yazar ve 43 konu kategorisi
bulunmaktadir. Bulgular, VOSviewer ile bibliyometrik analiz yontemi ile analiz edilmistir. Elde edilen
bulgulara gore ; aragtirma alani ile ilgili en fazla yayin yapilan iilkenin Amerika Birlesik Devletleri(ABD)
oldugu, en fazla makale yayinlayan kurum University of California System , en fazla makale yaymnlanan
dergi Journal of Chemical Education, en fazla ¢alisma yapan aragtirmaci Nancy L. Wayne ve Xiaoyan
Wang oldugu ve bu arastirmacilari, Imke Schréeder, James H. Gibson ve Xinglong Jin izledigi tespit
edilmistir. Laboratuvar giivenligi konusunda ¢ok sayida bilim insani arastirma yapmis olsa da yazarlar
arasinda isbirliginin son derece zayif oldugu saptanmistir. En fazla kullanilan anahtar kelimeler laboratory
safety, safety hazards laboratory management oldugu belirlenmistir.

Anahtar Kelimeler: Bibliyometrik analiz, VOSviewer, laboratuvar giivenligi, kKimya disiplini.
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Abstract — The significance of mathematical reasoning skills is often highlighted in national and international
curricula. In recent years, the process aspect of mathematical reasoning has been examined through comparison,
generalization, and justification. Emphasizing these process abilities is crucial for creating learning settings that
develop mathematical thinking and enhance teacher's understanding. This study assessed middle school students'
comparation, generalization, and justification within reasoning activities. The participants were 27 sixth-grade
students engaged in a mathematical reasoning workshop. The research data were gathered via a reasoning
activity including three open-ended sub-problems addressed by the students. The data were analyzed using
content analysis. The results showed that middle school students were capable of comparison, although they had
difficulties in generalization and justification. Upon comprehensive evaluation, it was concluded that the number
of students who completed these three steps cohesively was considerably low.
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Introduction

Mathematical reasoning is essential for encouraging creative thinking and enhancing
students' comprehension in the mathematics teaching process (Carpenter et al., 2003).
Through the advancement of mathematical thinking, students will comprehend that
mathematics is logical and comprehensible (Pengmanee, 2016). Mathematical reasoning
necessitates procedural approaches to mathematical issues and the provision of explanations
for answers (Waluyo et al., 2021). This ability is incorporated into the mathematics
curriculum of several countries, interwoven with mathematics instruction at all grade levels
(Brodie, 2010; Carpenter et al., 2003; Hunter, 2006; Kilpatrick et al., 2001; Visnovska &
Cobb, 2009). Mathematical reasoning can be described as a universal mode of thought
(Lithner, 2008). Mathematical reasoning entails selecting a strategy and implementing it to
solve a problem (Séfstrom et al., 2024). Moreover, mathematical thinking is occasionally
characterised as a general aptitude and a problem-solving instrument (Hjelte et al., 2020).
Jeannotte and Kieran (2017) proposed a "concept blur" in the definition and conceptual
framework of mathematical reasoning. In fact, mathematical reasoning is a concept that is
sometimes difficult for teachers to recognize, let alone teach (Herbert & Williams, 2023).
This uncertainty complicates the comprehension of how students might be supported in
mathematical reasoning and the scientific research process associated with the idea (Hjelte et
al., 2020). Jeannotte and Kieran (2017) defined mathematical reasoning as a communicative
activity, either with others or internally, that facilitates the derivation of new mathematical
statements from existing ones. They also pointed out that mathematical thinking has both
structural and process aspects. Deductive, inductive, and abductive approaches characterize
the structural dimension of mathematical reasoning, while the processes of identifying
similarities and differences and verification methods represent the process dimension of
mathematical reasoning (Jeannotte & Kieran, 2017). The structural component of
mathematical reasoning includes more static situations, whereas the process component
includes cognitive actions aimed at generating outcomes through inference. Consequently, the
process dimension of mathematical thinking has garnered more attention in recent years
(Widjaja et al., 2021; Geteregechi, 2020). Nevertheless, this process dimension of thinking is
less examined in the literature (Jeannotte & Kieran, 2017). Numerous scholars have indicated
that various mathematical reasoning processes, including comparing and contrasting,
generalizing and justifying, conjecturing, persuading, and debating, are interconnected (Ellis,
2007; Jeannotte & Kieran, 2017; Lannin et al., 2011 as cited in Santos et al., 2022;
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Stylianides, 2007). Jeannotte and Kieran (2017) characterized the process aspect of
mathematical reasoning in two groups as "the process of investigating similarities and
differences™ and "the process of investigating justification ".They asserted that the process of
investigating similarities and differences encompasses generalization, pattern recognition,
hypothesis formulation, classification, and comparative analysis. They asserted that
justification and evidentiary acts comprise the process of investigative verification, while

exemplification serves as the action encompassing both processes.

Despite the inclusion of mathematical reasoning in the mathematics education standards
of many countries, its application in classrooms remains seldom (Smit et al., 2023). Educators
should comprehend their cognitive processes and inferential reasoning while addressing
mathematical problems to gain insights into their students’ learning (Yesildere & Tiirniikl,
2007). Consequently, evaluating students' mathematical reasoning processes is essential for
comprehending learning and teaching contexts (Giiler Baran, 2023). In this study, we will
analyze the reasoning processes of "comparing,” "generalizing,” and "justification” by

focusing on the process aspect of mathematical reasoning.

Theoretical Background
Comparing

The process dimension of reasoning involves the search for similarities and
differences, which encompasses generalizing, making assumptions, identifying patterns,
categorizing, and comparing (Widjaja et al., 2021). Comparing, as a reasoning process, is
associated with the identification of similarities and differences within mathematical
reasoning. This process involves the investigation of common and distinct features among
mathematical objects, followed by the establishment of connections (Jeannotte & Kieran,
2017). Comparing is defined by Vale et al. (2017b) as the process of comparing and
contrasting to identify a common aspect by recalling past information. These characteristics
allow for comparisons to occur in various processes of mathematical reasoning (Jeannotte &
Kieran, 2017). For example, consider the processes of pattern identification and conjecture
formulation when investigating the similarities and differences among mathematical objects.
Conjectures require the comparison of specific examples; likewise, identifying patterns
necessitates the comparison of situations or examples (Pedomente, 2002). Pattern

identification represents a progression beyond mere comparison. Comparison is confined to
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the construction of a narrative regarding similarities and differences (Jeannotte & Kieran,
2017).

Comparing is closely linked to generalizing during the examination of similarities and
differences (Jeannotte & Kieran, 2017). Identifying patterns and similarities within the
context during the comparison process serves as the foundation for generalization (Melhuish
et al., 2020). The enquiries "What is the same?" and "What is different?" regarding a
mathematical scenario necessitate a comparison and contrast of actions. The ability to
distinguish critical aspects from non-critical ones is essential for addressing these enquiries

and is crucial for facilitating generalization (Lo & Marton, 2012).
Generalizing

Generalizing is one of the indicators evaluated in the process dimension of
mathematical reasoning skills (Jeannotte & Kieran, 2017). Generalizing is employed by
mathematicians and mathematics educators to denote both a process and an outcome (Harel &
Tall, 1991). A formal rule created from a generalizing job is termed a generalizing, which is a
result (Chua, 2013); conversely, when a common or unifying quality is sought among a class
of objects, it is seen as a process (Venenciano & Heck, 2016). Nevertheless, when a
generalizing statement emerges from the generalizing process, both the method and the output
may be regarded collectively (Yerushalmy, 1993, as cited in Oflaz, 2017). Ellis (2007) posits
that generalization is a dynamic process wherein learners participate in at least one of the
following activities: discovering commonalities across examples, broadening their thinking,
or deriving overarching conclusions from particular instances. Numerous academics have
characterized generalizing by highlighting its inferential and extensional dimensions.
Jeannotte and Kieran (2017) describe generalizing as the process of deriving a link between a
collection of mathematical entities or elements from a subset of that collection. Mason et al.
(2010) define generalizing as the extension of outcomes derived from mathematical reasoning
and problem-solving to a broader context. Lannin (2005) describe generalizing as the activity
of contemplating analogous and ongoing occurrences within the broadest context. Kaput
(1999) described generalizing as the identification of common characteristics among sample
scenarios and the organization of communication and reasoning into a coherent pattern,
structure, or connection (Kaput, 2008). The process of generalization is founded on
recognizing patterns, delineating commonalities, and correlating analogous materials. The
crucial aspect of this approach is not to identify the parallels between occurrences but to

broaden and modify these similarities (Ayber, 2017). For instance, asserting that the elements

NFE EJSME Vol. 18, No. 2, December 2024



0z, T. & Ciftei, Z. 295

inthe sets 1, 3, 5, 7, and 9 are odd and increment by two exemplifies generalization
(Hargreaves et al., 1998). The crucial aspect is to provide an explanation that transcends the

dataset concerning the regularity of numerical features.

Mason's (1996) assertion that courses devoid of generalizations and assumptions do
not constitute mathematics lessons, irrespective of their designation, underscores the
significance of generalization in mathematical education. The capacity to generalize allows
pupils to engage in systematic thinking and apply principles to specific scenarios (Venenciano
& Heck, 2016). Moreover, generalization is a mathematical cognitive process that facilitates
students' comprehension of symbolic representations and the establishment of connections
with their existing arithmetic knowledge (Lannin, 2005). Generalizing involves utilizing
mathematical meanings and relationships to construct accurate assumptions regarding
mathematical structures (Melhuish et al., 2020). Generalization prompts the individual to
address the enquiries: "What is probable (assumption), why is it valid (justification), and in
what context is it applicable (general framework)?" Mason et al. (2010). Consequently,
generalization is inseparable from the validation of the derived assertion (Lannin, 2005).
While the formulation of a forecast, whether verbal or symbolic, serves as adequate evidence
for generalization (Chua, 2013), it remains only a prediction until its correctness is
substantiated (Watson, 1980). This research defines generalization as the extrapolation of

observed similarities (relations or qualities) from a sample context to a broader context.
Justifying

Justifying, substantiation, and formal proof fall under the category of verification
(Widjaja et al., 2021). Verification pertains to critical functions including systematization,
communication, integration, creation, and dissemination of new knowledge (Staples et al.,
2012). Hanna (2000) identifies two primary functions of validation: to demonstrate truth and
to elucidate the reasons for its truth. While it is often straightforward to ascertain "what,"
understanding "why" is considerably more complex. Addressing the why question
necessitates a compelling justification (Mason et al., 2010). Mathematical justification
necessitates an examination of existing knowledge and an assessment of the validity of
assertions (Staples et al., 2012). Justification, which encompasses the arguments employed to
validate and persuade, extends beyond mere explanation (Carpenter et al., 2003; Stebbing,
1952).

"Justifying" refers to the process of validating the truthfulness of information without

engaging in a comprehensive proof process (Jeannotte & Kieran, 2017). While justifying
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serves the same purpose as proof and proving—assessing the truth of a statement—it
diminishes the emphasis on the necessary level of formality and specificity that proof entails.
This approach facilitates access to pertinent concepts while ensuring that no ideas are
overlooked (Staples & Newton, 2016). A key distinction between mathematical proof and
mathematical justification is that justifications do not require logical completeness (Jaffe,
1997). Justifying entails employing mathematics to convince oneself or others, irrespective of
the completeness of the argument or its acceptance as incontrovertible evidence by the
mathematical community (Lesseig, 2016). Melhuish et al. (2020) redirected the focus on
student arguments from their completeness or correctness to the process of justification,
encouraging greater student engagement with justification. Justification need not be formal or
accurate; however, it remains a mathematical reasoning process (Lannin et al., 2011, as cited
in Santos et al., 2022).

A strong mathematical justification should effectively address the question of "Why?".
Addressing the why question elucidates the background of students' knowledge (Ozmusul,
2018). The act of "justifying" enhances students' comprehension of mathematical concepts
and aids them in uncovering the rationale behind mathematical principles, as well as
substantively articulating their disagreements (Hanna, 2000). Justification serves as an
effective learning practice and pedagogical instrument, enhancing students' comprehension of
mathematics and facilitating mathematical processes (Staples et al., 2012). Justification allows
students to comprehend mathematical concepts and to persuade others of the validity of the
procedures, strategies, assumptions, or generalizations they employ (Carpenter et al., 2003;
Dreyfus, 1999; Lannin et al., 2011 as cited in Santos et al., 2022; Lannin, 2005; Pedemonte,
2007).

This study defines justifying as the process of persuading the researcher by elucidating
the validity of generalizations derived from observed commonalities (relationships or shared

characteristics) within the sample context.
The Objective and Significance of the Research

Mathematical reasoning skills are crucial for attaining mathematics learning objectives
(Putra et al., 2020). The achievement of mathematics learning objectives has elevated the
significance of mathematical literacy. A primary objective of the mathematics curriculum is to
cultivate students capable of ‘developing and successfully utilizing mathematical literacy
abilities' (Ministry of National Education [MoNE], 2018). As stated in the OECD 2022 report,

the Program for International Student Assessment (PISA) 2022 and Trends in International
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Mathematics and Science Study (TIMSS) 2022 both investigated students' mathematical
reasoning skills when they made the framework for the mathematical literacy assessment.
The PISA (2022) Turkey Report indicates that Tiirkiye's reasoning performance is below the
OECD average. Consequently, there is a must to enhance reasoning abilities in our country.
National and international curricula emphasize the necessity of creating conducive
circumstances for the cultivation of mathematical reasoning skills. Indicators essential for
students to develop reasoning skills include 'defending the validity and truth of inferences,’
‘formulating logical generalizations and inferences,' and ‘articulating and applying
mathematical patterns and relationships when analyzing a mathematical context' (MoNE,
2013).

The National Council of Teachers of Mathematics (NCTM) (2000) asserts that
cultivating students' thinking relies on certain assumptions and principles and that students
should be motivated to defend and formulate assumptions. Much research has indicated that
justification and generalization are essential across all grade levels and are pivotal to the
learning process (Blanton & Kaput 2003; Carraher et al., 2006; Ellis 2007; Lannin 2005) as
quoted in Melhuish et al. (2020). By analyzing students' generalization of mathematical
concepts, educators can discern the extent of their conceptual comprehension. For secondary
school students, comprehending generalization is crucial for enhancing conceptual knowledge
(Angraini, 2023). Justification is essential for students to comprehend significant
mathematical structures, concepts, and procedures in the classroom (Thanheiser et al., 2021).
Staples et al. (2012) underscored the significance of centering justification as a pedagogical
activity and asserted that it should be incorporated into the K-12 curriculum. Furthermore, it
is asserted that reasoning and proof should be included in all educational processes beginning
from early life (Harel & Sowder, 2007; NCTM, 2000).

An examination of the literature reveals that studies are exploring mathematical
reasoning skills from diverse perspectives (Bragg & Herbert, 2018; Ciftci, 2015; Coban,
2010; Francisco & Mabher, 2011; Herbert, 2014; Herbert & Bragg, 2021; Herbert & Williams,
2023; Herbert et al., 2022; Lannin, 2005; Loong et al., 2018; Marasabessy, 2021; Mata-
Pereira & Ponte, 2017; Oz, 2017; Vale et al., 2017b). Jeannotte and Kieran (2017) noted that
the process aspect of mathematical reasoning is inadequately addressed in the literature (Ellis,
2007; Herbert et al., 2022; Jeannotte & Kieran, 2017; Lannin et al., 2011; Lin & Tsai, 2016;
Loong et al., 2018; Mason, 1982; Pedemonte, 2007; Peker, 2020; Stylianides, 2007, 2008;
Widjaja & Vale, 2021). Emphasizing comparison, generalization, and justification activities,
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which signify reasoning skills, is crucial in designing learning environments to foster these
skills and enhance teachers' knowledge. This study aimed to elucidate the current state of
middle school students' comparison, generalization, and justification thinking processes
during a mathematical task. Analyses of the students' reasoning and problem-solving
approaches are useful in elucidating the nature of reasoning and the dynamics of the processes
involved (Serrazina et al., 2024). Selecting suitable tasks or problems that will elucidate the
thinking processes under examination is crucial. Vale et al. (2017a) asserted, “"What else could
it be?" activities such as "Which one does not belong?" can offer thinking possibilities across
many mathematical ideas and different primary school levels (Small, 2011). The task “What
else might it be?” was employed in our study to elucidate the thinking processes of middle
school students transitioning from elementary school. The research is crucial for assessing the
comparison, generalization, and justification processes of secondary school students in our
country. The study's conclusions are significant since they offer insights for teachers and
academics. The study aimed to address the subsequent research questions:

» How are the comparing processes of secondary school students?
» How are middle school students' generalizing processes?

» How are the justifying processes of middle school students?

Method
Research Design

As the study's objective is to describe the reasoning processes of sixth-grade students
by implementing a reasoning activity that involves contrasting, generalizing, and justifying
processes within the scope of the research, a case study, which is a qualitative research
approach, was adopted. A case study is a research method favored for addressing "how" and
"why" questions, particularly in contexts where researchers lack control over events or
phenomena (Yin, 2009).

The study involved 27 sixth-grade students from two public schools who voluntarily
engaged in a mathematical reasoning workshop organized by the researchers. The schools
situated in the Eastern Anatolia Region of Tirkiye exhibit similarities in socio-economic

terms. The sample included 22 female students and 5 male students. The selection of 6th-
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grade students was based on the expectation that they would possess foundational skills

related to numerical phenomena.
Data Collection Tools

The study utilized Small's (2011) "What else could it be?" activity. The Turkish
version of the activity in the data collection tool received support from a language expert.
Furthermore, the perspectives of three researchers with expertise in mathematics education
were obtained regarding the implementation of the activity in the study. This activity enables
students to compare, generalize, and justify, as the numerical set in the question stem
encompasses multiple relationships and shared characteristics. The activity comprises three
open-ended sub-questions. The initial inquiry of the activity is, "These numbers (30, 12, 18)
belong together or not because...”. The subsequent question is, "Other numbers that belong
with this group are...”. The third question is “How do you know that all these numbers

belong and fit with your reason? Use words numbers or drawings to explain”.
Data Collection Process

The data were collected during the mathematical reasoning workshop. The participants
were informed in advance of the workshop's date, time, and location. The university provided
transport support for students to attend the workshop. The workshop took place in a meeting
room that accommodated students comfortably, facilitating ease of writing. Students engaged
in the workshop alongside their teachers. The comfort of students in the environment is
crucial for their active participation in the researchers' directives. The participants were
required to provide written responses independently. The preference for written data
collection was due to the presence of students from two different schools in the workshop, as
it was anticipated that they might feel uncomfortable expressing themselves verbally. During
the workshop, an overview was provided for the initial 15 minutes to enhance awareness of
mathematical reasoning skills. Subsequently, the participants were allotted 20 minutes to
engage in the "What else could it be" activity. The participants’ responses were collected and

retained for analysis after the session.
Data Analysis

Content analysis was implemented to analyze the research data. The data were
analyzed through continuous comparison and grouping of relevant information. The
researchers analyzed the data to generate codes, categories, and themes. The researchers

collaboratively finalized the analysis process and achieved consensus on all code categories
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and themes. The researchers drew inspiration for naming certain codes, categories, and
themes from the works of Ellis (2007), Vale et al. (2017b), and Widjaja et al. (2021). Two
weeks post-analysis, the data underwent re-evaluation, leading to the finalization of the

analysis.
Role of the Researcher

Before the implementation process, researchers invited teachers and students to
participate in the workshop voluntarily. At the outset of the workshop, the researchers
provided an overview of mathematical reasoning skills. The nature of mathematical reasoning
skills necessitates the frequent use of "why" and "if..." questions. Consequently, an effort was
made to highlight how the "if..." structure underpins these reasoning skills. Subsequently, the
researchers provided the data collection instrument to the students and remained available in
the environment to address any potential enquiries from the students. In addressing potential
student enquiries, efforts were made to avoid directing the students. The researchers
conducted data arrangement, preparation for analysis, and the analysis process following data

collection.
Credibility, Transferability, Consistency, and Verifiability of the Research

The research's credibility was established through a comprehensive presentation of the
methodologies employed, management of researcher biases (by engaging with an unfamiliar
group), and data analysis conducted by two expert mathematics educators. The research
stages were described in detail to enhance the transferability of the study. Using direct quotes
and comparing the data to one another helped to verify consistency. The confirmability of the
study was established through a detailed explanation of the analysis method, comprehensive
descriptions of the participants, data collection tools, data storage procedures, and the

researcher's role.
Ethical Issues

The students, accompanied by their teachers, participated in the workshop, with verbal
consent obtained for their involvement in the activities. In the data collection phase,
participants were instructed to articulate their ideas without restriction. In the research, the
actual names of the students who participated in the workshop were not utilized; instead, the
student names were assigned codes such as S1 and S2. The data were transferred directly and
unaltered. Ethics committee approval was secured (Atatiirk University Ethics Committee

05.07.2023/7).
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Findings

The analysis of data concerning the comparison, generalization, and justification
processes—indicators of students' mathematical reasoning skills—was elucidated through

tables, followed by examples that illustrate the diversity of analyses presented.
Findings Related to Students’ Comparing Process

The comparative situations of the students were derived from analyzing their
responses to the question, "These numbers (30, 12, 18) belong together or not because...” in
the data collection instrument. The responses to this question should demonstrate recognition
of features such as magnitude, order, place value, multiples, factors, and the classification of
numbers as odd or even. Table 1 displays the codes, categories, and themes obtained from the

evaluation of the students' responses.

Table 1 Codes, Categories, and Themes for the "Comparing" Process

Themes Categories  Codes Participants
Addition/ Addition relationship S6, S7, S8, S9, S10, S11, S15, S23,
Recognizing  subtraction S24, S25
the relationship  Subtraction relationship S1, S6, S8, S9, S17, S22, $23, S24
relationship — “porer Pattern finding S7, 510, 513, S15, S19
finding Inability to find a pattern S14
Having factors of 2,3,6 S1, S2, S4, S8, S10, S13, S18, S20,
) S21, S22, S23, S24, S25
Multiples/  Beging a multiple of 6 S7, S12, S15, S19, S26
factors Having factors of 2,3 $3, 57, 16, 527
Recognizing Hav?ng factors of 3,6 S9
the common Having a factor 2 S5
features Being an even number S1, 82, 4, S8, S11, S12, S17, S18,
S19, S20, S21, S22, S23, S24, S25,
Even/ odd $26. S27
number ’

The units digits are even and S17
the tens digits are odd

Being two digits S19, S20, S17
Digit value Increasing the number of ones  S11
digits

Analysis of Table 1 reveals that all students identified at least one relationship or
common feature. The predominant relations identified were the "addition/subtraction” relation
within the theme of recognizing relations and the "multiples/factors” common feature in the
theme of recognizing common features. Analysis of the codes reveals that the group elements

exhibit common characteristics: they are even, consist of multiples of 2, 3, and 6, and
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demonstrate an "addition/subtraction” relationship among them. Some students identified
multiple relationships or common features, resulting in a total frequency that exceeded the

number of participants. Figure 1 presents selected excerpts from the student responses.

{30, 12, 18} {30, 12, 18}

4 rile: \lar birbiriyle iliskilidir \ iligkili degildir, ¢ink0 a Erdy
1) Yukanda verilen sayilar birbiriyle iligkilidir | iigkiii deg 1) Yukanda verilen sayilar birbiriyle iliskilidir \ iligkili degildir, ¢ink(

"V"f{ k2l dir cin JL; heps 1 Lwn ka
Nepsi  <if T Sayisi
Nepst 67 ain ) ) s

ati1d,

hr(\,br' )'((." kq‘fwd-f

Figure 1 Respectively S11 and S2's Answers About Comparing

Figure 1 illustrates S11's assertion regarding the additive relationship among the group
elements, alongside S2's claim that the group elements possess factors of 2, 3, and 6. The
relationship indicating that the sum of the numbers 12 and 18 in the group equals 30 was
identified by numerous students through comparison. Furthermore, as indicated in S2's
response, numerous students identified a shared characteristic through comparison, noting that

all numbers within the group are multiples of 2, 3, and 6, and are classified as even numbers.
Findings Related to Students' Generalizing Process

The students' generalizing capacity was assessed through an analysis of their responses
to the question, " Other numbers that belong with this group are...”, within the data collection
tool. The provided answers (30, 12, 18) indicate the necessity to extend the number set by
incorporating additional values. All answers identifying the relationships or common features
established by the student for the number group (30, 12, 18) were categorised under the theme
"Expanding the group for the determined relationship/common feature." Answers that failed
to consider all relationships or common features identified by students in the generalisation
step were categorised under the theme "Inability to expand the group for the determined
relationship/common feature.” Table 2 presents the codes, categories, and themes derived

from the analysis of student responses.
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Table 2 Codes, Categories, and Themes for the "Generalizing" Process

Themes Categories Codes Participants
Expanding the Having a factor of 2 S5
group through a Addition relationship S6
single
) relationship/comm
Expanding the group  on feature
for the det_ermlned . Being even and having a S21
relationship/common  Expanding the factor of 2
feature group over Being even and having S27
multiple e
. . multipliers 2,3
relationships/com . )
mon features Be_mg a multiple of 6 and S26
being an even number
Having factors of 2,36 and  S1, S2, S8
_ being an even number
Formingagroup  Addition relationship S9
that provides Some  pagary finding 510
of the determined 5 o even number 517, 518, 520
relationships/com €Ing an even numbe o ' '
mon features Even number and two-digits ~ S19
Addition relation and having  S23, S24
factors of 2, 3, 6
Creating separate  Having a factor of 2 or 3 S3,54
Inability to expand ~ groups that fulfill  Being an even number S4

the group for the
determined
relationship/common
feature

some of the
determined
relationships/com
mon features

Creating separate
groups that fulfill
each of the
determined
relationship/comm
on features

Addition/subtraction
relationship

Being an even number

Increasing the number of
ones digits

Being a multiple of 6
Having factors of 2, 3, 6
Pattern finding

Having a factor of 2, 3 or 6

S7, 811, S14, S15,
S22, S25

S11, S12, S22, S25
S11

S7,812, S15

S7, 813, S25

S7, S13, S14, S15
S16, S22

Analysis of Table 2 reveals that only five students expanded the group based on the

relationships or common features identified during the comparison process. The other

students were unable to identify the relationships or common features collectively and

attempted to expand the group based on one or a few of these features. The students

experienced challenges in expanding the number group by integrating all related features

identified during the comparison process. However, they did not encounter difficulties in

adding new numbers associated with a specific feature. During the analysis, it was observed

that students who recognized both "addition relationship™ and "pattern finding" relations, or
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the combination of "addition relationship,"” "pattern finding," and "being two digits"
relations/common features simultaneously in the comparing phase, were unable to generalize
all of these relations/common features. A student who extends the group based on the addition
relation is unlikely to extend the group according to the -18+6 pattern rule. A student applying
the -18+6 pattern rule to expand the group cannot achieve a superset that meets the criterion
of being two-digit numbers. For this reason, students are expected to choose one of these
properties and make a generalization accordingly. Figures 2 and 3 present excerpts from the

students' responses.

{30, 12, 18) {30, 12, 18}

1) Yukanda verilen sayiar birbiriyle|jigkiicin ) ilighili dedildir, cOnko ’

Figure 2 Respectively S21 and S1's Answers About The Generalizing Process

Figure 2 illustrates that S21 successfully generalized the number group. S21 identified
the shared characteristics of "being an even number™ and "having a factor of 2," subsequently
incorporating additional numbers into the group that exhibited both traits, thereby broadening
the numerical set. S1, conversely, was unable to generalize the numerical group. S1 identified
the shared characteristics of "having factors of 2, 3, 6" and "being an even number," as well as
the "'subtraction relationship™ during comparisons. However, in the generalizing phase, S1
focused solely on the common features of "having factors of 2, 3, 6" and "being an even
number," neglecting the "subtraction relationship.” Consequently, the relations and common
properties identified by S1 for the specified number group do not precisely align with those of
the supergroup he attempted to establish, thus he cannot be regarded as having generalized the

set.
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{30, 12, 18}
{30, 12, 18)

Figure 3 Respectively S4 and S7's Answers About the Generalizing Process

Figure 3 illustrates that S4 was unable to generalize the number group. S4 identified
the shared characteristics of "being an even number" and "having factors of 2, 3, and 6"
during comparison, subsequently creating a distinct group by incorporating numbers that
exhibited some of the common features he discerned while generalizing. Although S4
identified "being a multiple of 6" as a common feature during comparisons, he failed to
incorporate this feature in his generalizations. S7 was unable to generalize the number group.
S7 observed the connections between "pattern finding™ and "addition relationship,” as well as
the shared characteristics of "having factors of 2, 3" and "being a multiple of 6." While
making comparisons, S7 attempted to expand the group individually for each scenario,
neglecting to consider all relationships and common features collectively. Upon careful
analysis, it is evident that the "addition relationship” and "pattern finding" relations cannot be
simultaneously established. Consequently, the student should either refrain from writing one

of the relations or indicate that the two relations cannot be simultaneously achieved.
Findings Related to Students’ Justifying Process

The students' capacity for justification was assessed through an analysis of their
responses to the prompt, “How do you know that all these numbers belong and fit with your
reason? Use words numbers or drawings to explain”. Students are required to justify the
expansion process undertaken based on the relationships and common features identified.
Table 3 presents the codes, categories, and themes derived from the analysis of student

responses.
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Table 3 Codes, Categories, and Themes for the "Justification" Process

Themes Categories Codes Participants
No answer/irrelevant No answer/irrelevant S2,516
Inability response response
to Writing the specified Writing the specified S1, S3, S4, S6, S7, S8, S9, S11,
justify  relationship/common relationship/common S12, S13, S14, S17, S18, S19,
feature verbatim feature verbatim S20, S22, S23, S24, S25, S26
To be able to make Pattern finding S10
partial justification for Being a multiple of 6 S15

the determined
To be relationship/common
ableto  feature

Having factors of 2, 3 S27

justify  To be able to make a Being an even number S21
justification for the and having factors 2, 3, 6
determined relationship/  Having a factor of 2 S5

common feature

Analysis of Table 3 reveals that the majority of students were unable to justify. The
students believed they justified by reiterating the relationship and common features identified.
This situation may stem from the students' insufficient experience in justification.
Participants' responses that the specified relationship or common feature characteristic
verbatim without any justification, as well as those that provided entirely irrelevant answers,
were categorized under the theme of "Inability to justify.” A subset of students conducted the
verification process for a single relationship or common feature. Only two students extended
the group by utilizing the initially identified relationship/common feature and successfully
justified this expansion. Participants' responses that justified were categorized under the
theme "To be able to justify.” The number of individuals capable of justifying is notably low.
Figures 4 and 5 present excerpts from student responses concerning the justification process.
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Figure 4 S20's Answer about Justifying Process

As seen in S20, there were many students who tended to write the determined relationship
exactly. As can be seen in Figure 4, S20 formed a number group without using all of the
relations/common features he identified in the comparing process. In the justification step, he wrote

the relationship/common features he found without providing any justification.
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Figure 5 Respectively S10 and S21's Answers about the Justifying Process
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The answer of S10, which was evaluated in the category of “to be able to make partial
justification for the determined relationship/common feature”, is presented in Figure 5. As can
be seen in the figure, S10 did not justify the relationship/common feature that he stated as
"numbers complement each other by 30" among the relationship/common features he found,
while he justified the other relationship/common features. The answer of S21 in the category
of "to be able to make justification for the determined relationship / common feature™ is given
in Figure 5. S21 expanded the number group for the relationship/common feature he

identified and was able to justify all the relationship/common features he found.
Discussion

Our findings are essential for enhancing students' higher-level reasoning by identifying
the common characteristics of this number group, extending the group to a broader set, and
providing justification for their assumptions when faced with a number group. Upon
examination of the students' responses, it was observed that they demonstrated at least one
reasoning action in the processes of comparison, generalization, and justification. Upon
comprehensive consideration, it was determined that the number of students who completed
these three processes in a connected manner was relatively low. The research allowed
students to articulate their thoughts freely through open-ended questions, mitigating grade-
related anxiety. Vale et al. (2017a) underscore the fact that open-ended tasks that necessitate

making assumptions about a shared characteristic offer an opportunity for reasoning actions.

The students demonstrated the ability to make comparisons to identify the relationships
and common features among the numbers in the specified group. The students identified
multiple relationships and common features within the given number group through their
comparisons. The predominant relationship identified within the theme of "recognizing the
relationship™ is the "addition/subtraction" relationship. The investigation of the number group
(30, 12, 18) primarily concentrated on the operations of addition and subtraction concerning
establishing a relationship among the numbers. Additionally, some students sought patterns
in their attempts to establish relationships between numbers. It is important to note that the
number of students (7) attempting to identify a pattern was limited. The recognition of the
"addition/subtraction™ relationship by the majority (18) may be attributed to its minimal
requirement for advanced reasoning in identifying common features among numbers.
Jeannotte and Kieran (2017) asserted that identifying a pattern extends beyond mere
comparison, as the process primarily highlights only similarities and differences. As an

example of higher-level reasoning in the process of comparing and contrasting, Ellis (2007)
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and Vale et al. (2017b) also mentioned recognizing relationships that call for deeper thought
rather than identifying relationships that are readily recognized. Our study indicates that
students demonstrated a greater awareness of the addition/subtraction relation compared to the
pattern-finding relation. Within the theme of "recognizing the common feature,” it was noted
that students identified the common features of "multiples/multipliers” and "even/odd
numbers" more frequently than other common features. Students identified that the common
divisors of the numbers in the group (30, 12, 18) are 2, 3, and 6. Although a minority of
students identified only one or two common divisors, the majority successfully recognized all
three common divisors. Furthermore, a notable characteristic that was often highlighted was
the property of being an even number. Students recognized that every number in the group is
an even number. Alongside these common properties, another category that some students
emphasized is "digit value." According to Vale et al. (2017a), when students compare, they
employ numerical information such as factors, multiples, place value, counting patterns, and
number order. The potential to identify a relationship or common feature may be associated
with students' prior knowledge of numerical phenomena. Consequently, students' capacity for

comparison is linked to gaps in their prior knowledge.

The majority of students were unable to generalize the provided number group. It was
observed that, during comparisons, the group could not be expanded by incorporating
additional numbers related to the identified relationships or common features. Similarly,
Rodrigues et al. (2021) highlighted that instructors and pre-service teachers struggle with
scenarios requiring the generalization process, and Ersoy et al. (2017) also highlighted that
secondary school students struggle with it. To achieve comprehensive generalization, it is
essential to consider all identified relationships and common features holistically.
Generalization necessitates that students recognize similarities and fundamental principles
across diverse examples or contexts (Angraini, 2023). Malara (2012) describes the
generalization process as a sequential cognitive activity that entails the analysis of specific
instances and shared characteristics, subsequently applying these insights to all established
common features. The groups formed by students who cannot generalize do not qualify as a
superset when considering the established relationships or common features. The students
demonstrated the ability to generalize across one or more relations or common features. It
remains unclear whether students generalized over a single relation or common feature due to
an inability to identify additional relations or because it was more straightforward to

generalize in this manner. Students may encounter difficulties in the process of generalization,
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even when they recognize relationships or common features during comparison. This may

lead them to concentrate on familiar relationships or features that they can easily manipulate.

The analysis of the justifying process revealed that students could not typically provide
justifications. Only two students successfully generalized and justified the relationship or
common feature identified within the number group during the comparison process. The
findings align with previous research indicating a low incidence of students providing
complete and convincing justifications (Ozmusul & Bindak, 2022) and a general unfamiliarity
among students with the practice of justifying their solutions (Reyes-Hernandez & Mooney,
2021). Furthermore, many studies indicate that students struggle with generalization and
justification (Chazan, 1993; English & Warren, 1995; Knuth et al., 2002). When the answers
of the students who could not justify are analyzed, it is noteworthy that the students tended to
write the same relationship/common features they found. Students experienced challenges in
generalizing the relationship or common feature identified within the number group to a
broader context. Additionally, they struggled to establish and interpret the causal connections
between the conjectures they developed. Understanding the rationale and methodology
behind a task is crucial for the development of mathematical thinking in students, rather than
merely executing tasks mechanically (Dikkartin Ovez & Ince, 2024). Lins (2001) asserts that
justifications offer insight into the overarching concept of generalization and its
characteristics. Generalizing and justifying are closely related concepts (Ellis 2007; Kirwan
2015; Lannin 2005). Furthermore, justifying serves as a mechanism that aids students in
uncovering the applications of various elements in mathematics, thereby enhancing their
comprehension of mathematical concepts (Hanna, 2000). Students' inability to justify may be
linked to their exposure to justifying activities within the learning environment and their
underlying conceptual understanding. Assigning students tasks that facilitate the
establishment of mathematical relationships, encourage discussion of their reasoning, and
require justification within the learning environment allows for opportunities to justify and
generalize (Staples & Newton, 2016; Stein et al., 2008). Bozkurt et al. (2017) indicated that
secondary school teachers predominantly employed questions that elicited short answers in
the classroom, while questions necessitating long answers and deeper comprehension, such as
those involving justification and criticism/interpretation, were utilized to a lesser degree.
Furthermore, a lack of emphasis on the rationale behind any procedure or phenomenon
presented to students will diminish their engagement in hypothesizing, justifying, and

generalizing activities (Mukuka et al., 2023). Jackson and Stenger (2024) emphasized that
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generalization should be conveyed through lessons designed to communicate overarching
statements regarding the subjects studied in the classroom environment. It is essential for
teachers to priorities comparing, generalizing, and justifying within their classrooms and to
incorporate these elements into their teaching methodologies. Teachers are essential in
facilitating students' engagement in mathematical reasoning (Ellis et al., 2019). Widjaja et al.
(2021) highlighted the necessity of offering primary school students opportunities to engage
in reasoning processes that involve comparing and contrasting, verifying conjectures, and
generalizing. This study examined the process aspect of mathematical reasoning and
concluded that the majority of middle school students were unable to complete the comparing,
generalizing, and justifying processes holistically. When these processes were analyzed
individually, the majority of students demonstrated the ability to make comparisons based on
more superficial reasoning compared to other processes. Nonetheless, the proportion of
students who engaged in the generalizing and justification processes necessitating higher-
level reasoning significantly declined. However, what is expected here, is necessary to
generalize the common features or relationships identified, to broaden the dataset, and to

provide justification for this scenario.

The study's findings and results led to recommendations for researchers, educators, and
program developers.

The process dimension of mathematical reasoning skills is gaining significance. Future
studies should incorporate a broader range of research participants and methodologies. Given
the extended duration necessary for students to develop a skill, further longitudinal studies are
essential. Given the variability in students’ modes of expression, it is beneficial to explore
alternative assessment methods beyond solely evaluating their reasoning through written

responses.

A conducive classroom climate is essential for fostering the development of
mathematical reasoning skills in educational settings. Creating a supportive and non-
judgmental environment is essential for facilitating student expression of thoughts. To address
deficiencies in students' mathematical reasoning skills, it is essential to provide additional
activities that facilitate reasoning opportunities and allow for individual reasoning

development.

The acquisition of the mathematical reasoning skills, often implicitly integrated into
curricula, can be emphasized more prominently. Teachers' professional development

activities, as implementers of the curriculum, can be enhanced through more effective
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methods and instructional strategies for teaching this skill to students, facilitated by both in-

service training and curricular improvements.
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Matematiksel Akil Yiiriitme Etkinligi: Karsilastir, Genelle, Gerekgele

Ozet:

Matematiksel akil yiirlitme becerisinin 6nemi hem ulusal hem de uluslararast miifredatlarda siklikla
vurgulamaktadir. Ozellikle son yillarda, matematiksel akil yiiriitmenin siire¢ yonii, karsilastirma, genelleme
ve gerek¢elendirme agisindan ele alimmustir. Bu siireg becerilerine odaklanmak, matematiksel akil yiiritme
becerilerinin gelistirilmesi i¢in 6grenme ortamlarinin hazirlanmasinda ve 6gretmenlerin farkindaliginin
artirtlmasinda olduk¢a dénemlidir. Bu ¢aligma ile ortaokul dgrencilerinin akil yiiriitme etkinligi kapsaminda
kargilagtirma, genelleme ve gerekgelendirme durumlart incelenmistir. Arastirmanm katilimcilarin
matematiksel akil yiirlitme atdlyesine katilan 6. sinif seviyesindeki 27 6grenci olusturmaktadir. Arastirma
verileri 6grencilerin cevaplandirdigi 3 agik uglu alt problemden olusan akil yiiriitme etkinligi ile
toplanmistir. Veriler icerik analizi ile analiz edilmistir. Aragtirmanin sonuglarina gore, ortaokul
Ogrencilerinin karsilagtirma yapabildiklerini fakat genelleme ve gerekcelendirme basamaklarinda problem
yasadiklarini gostermektedir. Bir biitiin olarak diisiiniildiigiinde ise bu ii¢ siireci de baglantili bir sekilde
tamamlayan 6grenci sayisinin ¢ok az oldugu sonucuna varilmistir.

Anahtar kelimeler: Matematiksel akil yiiriitme becerisi, karsilagtirma, genelleme, gerek¢elendirme.
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Introduction

In order to keep pace with the continuous change and development in mathematics
education worldwide, it is inevitable to focus on improvements in mathematics teaching. As
part of the ongoing effort to improve mathematics education, mathematics curricula need to
be regularly revised. Although research on the comparison of curricula for the renewal of
curricula is increasing both in Tiirkiye and worldwide (Bal incebacak, 2022; Chung & Chung,
2008; Deveci, 2018; Giiven & Giirdal, 2011; Ocal, 2017; Revina & Leung, 2018; Yang et al.,
2017; Yavuz Topaloglu & Balkan Kiyici, 2015; Xie & Carspecken, 2019), studies comparing
the curricula of Tiirkiye and other countries generally focus on the similarities and differences
of some or all of the curricula elements consisting of objectives, content, learning-teaching
process and assessment and evaluation approaches (Erbilge, 2019; Cetinbag, 2019; Coban,
2011; Giizel et.al., 2010; Karatasli, 2019; Yazicioglu & Pektas, 2018). In the process of
curricula renewal, the learning outcomes to be gained with the target element, which is one of
the basic components of the curricula, also have an important place. The fact that the changes
made in the number of learning outcomes in the curricula in many curriculum renewals
carried out many times in our country attract attention (Cobanoglu & Yildirim, 2021) suggests
that the quantity of learning outcomes that meet the content of the curricula is important and
is the first step in changing the quality of the curricula. In addition, there are study results in
the literature that reveal the importance of the number of learning outcomes such as the fact
that teaching leaves education behind due to the intensity of the programmes (Kahramanoglu
et al., 2016), that there are intensive programme contents (Cayci, 2018), and that the
programmes have not reached the desired level in terms of gaining the skills to be used in real
life (Kaya & Karakaya, 2012). In this context, this research is directed as a quantitative
comparison of the learning outcomes in the mathematics curricula of our country and different

countries.

When it comes to the renewal of mathematics curricula, one of the important criteria
taken into consideration is the international examinations that enable the determination of the
leading countries in achievement. The comparison of different countries with international
exams provides insights for countries in the revision, development and renewal of
mathematics curricula. In this respect, the large-scale international exams administered by the
Programme for International Student Assessment (PISA) provide countries with the
opportunity to see their global rankings in terms of achievement in mathematics performance

and their mathematical literacy levels, and to understand the literacy dimension in the
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curricula and the literacy skills reflected by the curricula elements. Since increasing
mathematical literacy is accepted as a common goal when countries design their programmes,
this study aims to examine the mathematical processes of mathematical literacy skills in the
programmes of the countries that are successful in the 2022 PISA exam in achieving this goal
and to identify both similarities and differences by comparing them with the Turkish
programme. This comparison will contribute to the literature by providing valuable

information in the following sections of the study.

Among the 81 countries that participated in the 2022 PISA, Denmark and Poland are
among the countries that stand out, ranking 13" and 15" in mathematics performance,
respectively. Sweden, another selected country, ranks 22nd and demonstrates remarkable
success by ranking among the top 25 countries in terms of 2022 PISA mathematics
performance. However, Tiirkiye ranks 39" in terms of mathematics performance. In addition,
2022 PISA defines eight proficiency levels from the lowest to the highest: 1a, 1b, 1c, 2, 3,4, 5
and 6 (MoNE, 2023). In terms of proficiency level, Tiirkiye is classified at Level 2, whereas
the other three countries in the study are at Level 3. It is thought that the mathematical literacy
skills reflected in the programmes play a role behind the proficiency levels and successful
rankings in PISA. In this sense, it will be important to make comparisons by considering the
target element of the programmes of these countries, which are selected because they are
more successful than Tiirkiye in terms of both proficiency level and ranking, and to see to
what extent mathematical literacy skills are included in mathematics lesson outcomes in order
to determine the missing or defective situations in the curricula. When the literature is
examined, it is seen that studies on the promotion and development of mathematical literacy
focus on improving students' mathematical literacy skills through the creation of appropriate
learning environments (Cilingir Altiner & Ding¢ Artut, 2017; Cilingir & Ding Artut, 2016;
Dibek et al., 2016; Giirbiiz, 2014; Karakas & Ezentas, 2021; Kdysiiren & Uzel, 2018; Var &
Altun, 2021). It has been realized that there is a need for research that focuses on the extent to
which and in which mathematical processes mathematical literacy is included by addressing
the goal element of the curricula. In this context, this study aims to compare the objectives in
the mathematics curricula of Poland, Sweden, Denmark and Tiirkiye in terms of the
mathematical processes of mathematical literacy, to examine their similarities and differences,
and to determine the qualitative situation in the context of mathematical literacy skills. Thus,
this study, which focuses on the subject, will provide an important reference point for future

research.
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The 21st century modern society needs not only content knowledge but also skills
such as critical thinking, problem solving, decision making, creativity, innovation,
questioning and reasoning skills. Mathematical literacy is one of the necessary components
for the development of 21st century skills. In this context, the student, who should have the
opportunity to directly experience these skills by building his/her own literacy, needs an
environment where curricula are implemented in which mathematical literacy skills are
structured as a whole by focusing on all processes. In the 2022 PISA assessment,
mathematical literacy is the capacity of an individual to reason mathematically, formulate, use
and interpret mathematics in order to solve various problems in real life. 2022 PISA measures
how effectively countries prepare their students to use mathematics in all areas of their lives,
including professional fields, as individuals equipped with 21st century skills (MoNE, 2023).

The processes of 2022 PISA-defined mathematical literacy skills are outlined in Table 1.

Table 1 Processes of Mathematical Literacy Skills

Mathematical reasoning

Formularisation Utilisation Interpretation and evaluation

-To be able to realise -To be able to do arithmetic -To be able to transform

mathematical concepts calculations, to solve equations, ~ mathematical solutions or
to make logical inferences based  reasoning into problem

-To be able to gain on assumptions, to make context

mathematical structure fora  symbolic arrangements

problem -To be able to determine
-To be able to extract whether the mathematical

-Formulate in mathematical ~ mathematical information using  results are reasonable and

terms tables and graphs, to be able to whether they make sense in
show and organise spatial the context of the problem

shapes, to be able to analyse data

The mathematical reasoning process, which is the first of the mathematical literacy
processes as outlined in Table 1, is the main process that covers the other processes. This
process is the capacity to use mathematical concepts, tools and logic to conceptualise real-life
problems or situations and to generate solutions for these problems or situations. Students
who are mathematically literate in the process of mathematically formulating problems or
situations have the ability to recognise mathematical concepts and ideas in the problems they
encounter and to provide a mathematical structure to these problems. Students who are
mathematically literate in using mathematical concepts, facts and processes in the third
process have the ability to solve mathematically formulated problems by using appropriate
mathematical tools to achieve mathematical results. In the last process, students who are

mathematically literate in interpreting, applying and evaluating mathematical outputs have the
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ability to reflect on mathematical solutions, results or inferences and interpret them in the
context of real life problems that initiated the process (MoNE, 2023). In order to raise
mathematically literate individuals who can cope with daily problems and to end the
unfamiliarity with mathematical literacy as soon as possible, it is necessary to integrate the
four processes mentioned in the curricula. Based on this necessity, this study is important in
terms of showing the extent to which the learning outcomes in the mathematics curricula of
the identified countries demonstrate mathematical literacy including the specified
mathematical processes and will provide important inputs to the literature in terms of focusing
on showing which processes of mathematical literacy the learning outcomes are equipped
with. In this context, the study aims to investigate the reasons for the differences in
mathematical literacy skills between Tiirkiye and Poland, Sweden and Denmark in terms of

learning outcomes in mathematics curricula.

As a result, this research is a guide for addressing the learning outcome dimension by
prioritising meaningful and in-depth learning in curricula and taking concrete steps to
simplify and deepen the content. On the other hand, using the informative and guiding nature
of PISA, which helps to predict the weight given to mathematical literacy by mathematics
curricula on a global scale, the fact that the learning outcomes of successful countries will be
compared with the learning outcomes of our programme for the purpose of raising
mathematically literate individuals has the quality of shedding light on the curricula
development process in order to develop and effectively use mathematical literacy skills.
Based on the idea that the quantity and quality of learning outcomes have a role in raising
individuals who have acquired literacy skills, it is thought that studies should be carried out to
use the appropriate quantity, meaningful and deepening knowledge structures instead of too
much information in the outcomes and to integrate essential skills, such as literacy, with the
knowledge structure. In this study, it is aimed to quantitatively examine the learning outcomes
in the mathematics curricula implemented in the second level of compulsory education in
Poland, Sweden, Denmark and Tiirkiye and their performances according to 2022 PISA
mathematics performances and mathematical literacy skills processes and to classify the
learning outcomes in these programmes according to mathematical literacy skills processes.

Within the scope of this main purpose, the following questions were answered.
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1) How do Poland, Sweden, Denmark and Tiirkiye's mathematics learning outcomes, 2022
PISA mathematics performance and mathematical processes of mathematical literacy skills

vary?

2) How are the mathematics learning outcomes of Poland, Sweden, Denmark and Tiirkiye
classified according to the mathematical processes of the 2022 PISA mathematical literacy
skills?

Method

The study, which aims to compare the learning outcomes of mathematics lessons in
Poland, Sweden, Denmark and Tiirkiye quantitatively and qualitatively in terms of
mathematical literacy skills, was carried out in order to reveal an existing situation. In this
section of the study, research design, data collection, data analysis and validity and reliability
are presented. In order to ensure conceptual integrity, the term "learning outcome" was used
in this study instead of different expressions such as objective, outcome, etc. used in the
selected countries to refer to the first element of the programme.

Research Design

This research was carried out using the document review approach, which is one of the
qualitative research methods, to achieve the determined purpose. Document review is an
approach that is effective in filling the gaps in the literature and enriching the knowledge in
the research field based on the information obtained by in-depth analysis of written sources
related to the research field (Creswell, 2017). In this context, the learning outcomes of the
current mathematics curricula and the 2022 PISA mathematics literacy scores of Poland,
Sweden, Denmark and Tiirkiye were examined in this study. The study analysed the
similarities and differences in the mathematical literacy processes reflected in the learning

outcomes of the mathematics curricula of these countries.
Data Collection

The data collection tools include the current mathematics curricula documents
obtained from the websites of official institutions such as ministries of education, universities,
and national education institutions of the identified countries, the 2018 mathematics curricula
implemented in Tiirkiye, and the 2022 PISA Tiirkiye report published by the Ministry of
National Education.
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Data Analysis

The first step to start the data analysis process involved analysing the learning
outcomes for mathematics in the current curricula of the selected countries and Tiirkiye. In
this step, numerical data on mathematics learning outcomes for each country and Tiirkiye
were collected and changes in the number of learning outcomes were analysed. Then, each
country's 2022 PISA mathematics performances, their performances in mathematical literacy
processes and their mathematical literacy levels were carefully analysed and compared to
assess the general situation of the countries. Finally, a comprehensive evaluation was made to
determine how the learning outcomes in the mathematics curricula of the countries were
classified according to the 2022 PISA mathematical literacy processes and to identify
similarities and differences in the classification. In this section, descriptive analysis technique
is the preferred method for data analysis. This method allows the data to be systematically
defined and organized based on certain themes (Yildirim & Simsek, 2008). In the context of
2022 PISA, formularisation, utilisation and interpretation mathematical processes constitute
the themes of this study. The learning outcomes presented by the curricula of the identified
countries were analyzed systematically in line with these themes. These analyses revealed
how the curricula of different countries develop mathematical literacy skills and in which
processes this skill is strong or weak. Finally, the findings of this analysis are meticulously

described, presented in detailed tables and interpreted.
Validity and Reliability

In order to evaluate the reliability of the collected documents, the authors of the
documents, the publication dates, the reliability of the publishing websites and the purpose of
the documents were examined comprehensively. In order to ensure validity, the research
process was planned in detail by the researchers, the agreement between the researchers was
compared for the data obtained, and the findings obtained after data analysis were supported

with numerical data and examples.
Findings and Discussions

The findings, which are presented in tables after analysing the data collected for the
purpose of the research, consist of two sections to answer the two sub-questions of the
research. In the first part, quantitative findings related to mathematics lesson learning
outcomes and mathematical literacy skills are discussed. In the second part, the qualitative
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dimension of the learning outcomes in mathematics curricula according to mathematical

literacy processes is discussed.

Quantitative Findings on Mathematics Lesson Learning Outcome and Mathematical

Literacy Skills
Number of Mathematics Learning Outcomes of Poland

In 2017, Poland undertook a comprehensive reform of its education system, to align it
with the demands of the 21st century. As part of this reform, it extended the duration of
compulsory education to 9 years, including pre-school education, by increasing the duration
of compulsory education to 8 years. After compulsory education, students are offered a four-
year general upper secondary education (Podstawa, 2018; Wojnak & Majorek, 2018). The
primary and secondary school programme is divided into two phases under the reform. The
first phase covers grades 1-3and aims to enable students to acquire basic skills and
knowledge. The second phase, covering grades 4-8, aims for students to develop their
knowledge and skills in more depth (Podstawa, 2017). The core programme for each lesson
includes specific objectives and learning outcomes that students should achieve at the end of
the lessons. The learning outcomes and learning areas determined for the mathematics lesson

are presented in Table 2 for grades 4-6th.

Table 2 Poland 4-6th Grades Mathematics Lesson Learning Outcomes and Learning Areas

Learning areas Number of learning outcomes

Numbers 54
Algebra 2
Geometry 36
Statistics 2
Problem solving 7
Total 101

Table 2 indicates that the Polish mathematics curricula for grades 4-6 includes 5
learning domains and 101 learning outcomes. Among these learning domains, the highest
number of learning outcomes is in the learning domain of numbers. The lowest number of

learning outcomes is in algebra and statistics learning areas.
Number of Mathematics Learning Outcomes of Sweden

Sweden changed its curricula in 2022, updating the curricula that had been in use since
2011 for all grade levels within compulsory education. The new curricula aims to simplify the

learning outcomes and to increase students' participation in the learning process and teachers'
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flexibility (Lidbéck, 2021). Compulsory education applies to all children between the ages of
6-16 and consists of four stages: pre-school, primary school, middle school and high school
(Skolverket, 2022). The learning outcomes and learning areas for grades 4-6 of the Swedish

mathematics curricula are presented in Table 3.

Table 3 Sweden 4-6th Grades Mathematics Lesson Learning Outcomes and Learning Areas

Learning areas Number of learning outcomes
Numbers

Algebra

Geometry

Probability and statistics
Relationships and change
Problem solving

Total 27

N W B~ 01 01

Table 3 shows that there are 6 learning domains and 27 learning outcomes in the
Swedish mathematics curricula for grades 4-6. Among these learning domains, the highest
number of learning outcomes is in the domain of numbers, while the lowest number of

learning outcomes is in the domain of problem solving.
Number of Mathematics Learning Outcomes of Denmark

In Denmark, education is offered as compulsory education in grades 1-9 and optional
education in grade 10 and is based on the national framework programme. Mathematics
curricula start from grade 1 and continue until grade 10. At primary school level, the
mathematics curricula for 2019 are organised into grades 1-3, grades 4-6 and grades 7-9
(Danmarks Laeringsportal [EMU], 2019). The number of learning outcomes and learning
areas of mathematics curricula in grades 4-6 are presented in Table 4.

Table 4 Denmark 4-6th Grades Mathematics Lesson Learning Outcomes and Learning Areas

Learning areas Number of learning outcomes
Mathematical competences 26
Numbers and algebra 18
Geometry and measurement 24
Statistics and probability 12
Total 80

According to Table 4, there are 4 learning domains and 80 learning outcomes in the

Danish mathematics curricula for grades 4-6. Among these learning areas, the area with the
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highest number of learning outcomes is mathematical competences and the area with the
lowest number of learning outcomes is statistics and probability.

Number of Mathematics Learning Outcomes of Tiirkiye

Tiirkiye has a 12-year compulsory education system. Mathematics curricula start from
grade 1 and continue through grade 12. Mathematics curricula of 2018 are used at primary,
middle and high school levels. The learning outcomes and learning areas of mathematics

curricula for grades 5-8 are presented in Table 5.

Table 5 Tirkiye 5-8th Grades Mathematics Lesson Learning Outcomes and Learning Areas

Learning areas Number of learning outcomes
Numbers and operations 106

Algebra 23

Geometry and measurement 67

Data processing 14

Probability 5

Total 215

According to Table 5, there are 5 learning areas and 215 objectives in the current
mathematics curricula. In the current mathematics curricula, the order from the highest
number of objectives to the lowest number of objectives is numbers and operations, geometry

and measurement, algebra, data processing and probability.

As a result, the total number of learning outcomes of the second level mathematics
curricula of the countries are listed as Tiirkiye, Poland, Sweden and Denmark, respectively.
The finding that Tiirkiye's mathematics curricula has the highest number of learning outcomes
compared to the curricula of other countries in the total number of learning outcomes of the
countries suggests that the content of the Turkish mathematics curricula is more intense

compared to other countries.
Performance of Countries in 2022 PISA Mathematical Literacy Skills

The mathematical literacy performances and proficiency levels of Poland, Sweden,
Denmark and Tiirkiye according to the 2022 PISA results and their performances according to

mathematical processes are presented in Table 6.
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Table 6 Countries' 2022 PISA Mathematical Literacy and Mathematical Processes Scores and

Proficiency Levels

Mathematics  athematics Mathematical processes
Country lit literacy
eracy score  hroficiency level ~ Formularisation Utilisation  Interpretation
Denmark 489 3 485 488 491
Poland 489 3 485 491 490
Sweden 482 3 474 481 478
Tiirkiye 453 2 451 452 455

As seen in Table 6, when the scores of the countries are analysed, it is seen that
Tiirkiye's mathematical literacy performance is lower than the performance of other countries.
In addition, while Tiirkiye's mathematical literacy proficiency level was 2, the other countries
were found to be at the 3rd proficiency level. When the scores according to mathematical
processes are analysed, it is seen that the performances in each process in Tiirkiye are
considerably lower than the performances of other countries.

Qualitative Findings of Mathematics Lesson Learning Outcomes in the Context of

Mathematical Literacy Skills

Mathematical reasoning, which is one of the processes needed to achieve
mathematical literacy, was not used in the classification since it covers the other three
processes. The processes of mathematical literacy skills included in the classification are
formulating situations mathematically, using mathematical concepts, facts and processes, and
interpreting, applying and evaluating mathematical outputs. The classification of the learning
outcomes in the learning domains of the mathematics curricula of the countries according to
these processes is given in tables for each country. In the tables, the number of learning
outcomes in each learning domain, which reflects which process predominantly, was written
in the relevant section of the table of the country and the classification of the existing learning

outcomes was made.
Poland

The classification of the learning outcomes in the learning areas of the Polish
mathematics curricula according to the mathematical literacy skill processes is given in Table
7.
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Table 7 Distribution of Poland’s Mathematics Learning Outcomes in Mathematical Processes

Mathematical processes

Learning areas Formularisation Utilisation Interpretation
process process process

Numbers 9 40 5

Algebra 2 - -

Geometry and measurement 11 17 8

Statistics - 2 -

Problem solving 2 1 4

As seen in Table 7, 24 learning outcomes of the Polish mathematics lesson are
concentrated in the 2nd process, 60 learning outcomes are concentrated in the 3rd process and
17 learning outcomes are concentrated in the 4th process. In this case, it can be concluded that
the learning outcomes are most concentrated in the 3rd process and least in the 4th process. As
an example of learning outcomes aligned with mathematical processes, the outcome "Uses letter
notation for unknown numerical quantities and writes simple algebraic expressions based on
embedded knowledge in a practical context™ is aligned with the formularisation process.
Another example learning outcome, "Draws angles less than 180°." is associated with the
process of utilisation. In addition, the learning outcome "Verifies the result of a text task.” is an
example of an outcome appropriate for the interpretation process. Although the number of
outputs in the 4th mathematical process is the lowest, the fact that it is close to the number of
outputs in the 2nd process shows that its amount is not to be underestimated. When we look at
the distribution of mathematical processes according to learning areas, it is seen that all
mathematical processes are mentioned in the areas of numbers, geometry and measurement and
problem solving. In the learning domains of algebra and statistics, it is seen that the number of
outcomes is low and there are mathematical processes that are not used in learning outcomes. It
was determined that the mathematical processes of utilisation and interpretation were not used
in the algebra learning area and the mathematical processes of formularisation and interpretation

were not used in the statistics learning area.

When the structure of the learning outcomes in the Polish mathematics curricula is
examined, it is seen that in most of the outcomes, the processes are included separately rather
than intertwined. For example, it can be said that the outcome "Separates two-digit numbers into

their prime factors™ belonging to the learning domain of numbers is only for the 3rd process.
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Sweden

The classification of the learning outcomes in the learning areas of the Swedish

mathematics curricula according to mathematical literacy processes is given in Table 8.

Table 8 Distribution of Sweden’s Mathematics Learning Outcomes in Mathematical Processes

Mathematical processes

Learning areas Formularisation Utilisation Interpretation
process process process
Numbers 5 2 1
Algebra 3 2 -
Geometry 2 1 2
Probability and statistics 1 2 1
Relationships and change 2 1 -
Problem solving 1 - 1

According to Table 8, it is seen that 14 of the 27 learning outcomes of the Swedish
mathematics lesson are concentrated in the 2nd process, 8 in the 3rd process and 5 in the 4th
process. In this case, it is seen that the learning outcomes are most concentrated in the 2nd
process and least in the 4th process. As an example of learning outcomes aligned with
mathematical processes, the outcome "Variables and their construction in simple algebraic
expressions and equations” is aligned with the formularisation process. Another example of a
learning outcome is "Using digital tools in calculations”, which is associated with the
utilisation process. In addition, the learning outcome "Evaluating the plausibility of
predictions and calculations” is an example of an outcome appropriate for the interpretation
process. However, although the distribution of outputs in the 3rd and 4th processes is low,
since the total number of outputs is also low, it is seen that they are not negligible compared
to the total number of outputs. When the distribution of mathematical processes according to
learning areas is analysed, it is seen that all processes are mentioned in the learning areas of
numbers, geometry, probability and statistics. In the learning outcomes in algebra,
relationships and change and problem solving learning areas, it is determined that there are
mathematical processes that are not used. It was determined that the mathematical process of
interpretation was not used in algebra, relations and change learning areas and the
mathematical process of utilisation was not used in problem solving learning area.

When the structure of the learning outcomes in the Swedish mathematics curricula is
analysed, it is seen that in a few of the outcomes, process components and topics are
intertwined rather than separately. For example, the outcome "Has knowledge about rational
numbers, including negative numbers, and their properties, and how they can be divided and
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used" belonging to the learning domain of numbers is utilised for both process 2nd and

process 3rd.

Denmark
The classification of the learning outcomes in the learning areas of the Danish

mathematics curricula according to mathematical literacy processes is given in Table 9.

Table 9 Distribution of Denmark’s Mathematics Learning Outcomes in Mathematical Processes

Mathematical processes

Learning areas Formularisation Utilisation  Interpretation
process process process

Mathematical competences 13 10 3

Numbers and algebra 9 7 2

Geometry and measurement 13 8 3

Statistics and probability 6 4 2

When Table 9 is analysed, it is seen that 41 of the learning outcomes of the
mathematics lesson in Denmark are concentrated in the 2nd process, 29 in the 3rd process and
10 in the 4th process. As an example of learning outcomes aligned with mathematical
processes, the outcome "The student can formulate simple algebraic expressions for
calculations.” is aligned with the formularisation process. Another example learning outcome,
"The student can translate between everyday language and expressions using mathematical
symbols™ is associated with the process of utilisation. In addition, the learning outcome "The
student can estimate and determine the perimeter and area." is an example of an outcome
suitable for the interpretation process. In this case, it is seen that the learning outcomes are
concentrated mostly in the 2nd process and least in the 4th process. It was determined that all
processes were mentioned in the learning outcomes of the mathematics lesson. When the
distribution of mathematical processes according to learning areas is analysed, it is seen that
mathematical competencies, numbers and algebra, geometry and measurement, statistics and

probability are mentioned in all areas.

When the structure of the learning outcomes in the Danish mathematics curricula is
analysed, it is seen that most of the outcomes are not intertwined with the process
components, but they are separated. For example, it can be said that the outcome "The student
can use simple mathematical models" belonging to the learning domain of mathematical

competences is only related to the 3rd process.
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Tiirkiye

The classification of the learning outcomes in the learning areas of the 2018
mathematics curricula used at the second level in Tiirkiye according to mathematical literacy

processes is given in Table 10.

Table 10 Distribution of Tiirkiye’s Mathematics Learning Outcomes in Mathematical Processes

Mathematical processes

Learning areas Formularisation Utilisation  Interpretation
process process process

Numbers and operations 30 70 6

Algebra 10 13 -

Geometry and measurement 27 39 1

Data processing 2 12 -

Probability 2 3 -

When Table 10 is analysed, it is seen that 137 learning outcomes are concentrated in
the 3rd mathematical process in the mathematics lesson in Tiirkiye. 71 learning outcomes are
concentrated in the 2nd mathematical process and the concentration in the 4th mathematical
process is the lowest with 7 outcomes. It was determined that the learning outcomes of the
mathematics lesson were not equally distributed among mathematical processes. When the
distribution of mathematical processes according to learning areas is analysed, it is seen that
all of the processes are mentioned in the areas of numbers and operations, geometry and
measurement; but there are no learning outcomes for the 4th process in the learning areas of
algebra, data processing and probability. As an example of learning outcomes that are
compatible with mathematical processes, the outcome "Recognizes the equation with a first-
order unknown and constructs an equation with a first-order unknown in accordance with the
given real-life situations.” is compatible with the formularisation process. Another sample
learning outcome, "Expresses rational numbers in decimal notation." is associated with the
process of utilisation. In addition, the learning outcome "Predicts the result of operations with
fractions.” is an example output suitable for the interpretation process.

When the structure of learning outcomes is analysed, it is seen that most of the
learning outcomes in Tiirkiye are structured in a way to cover more than one process. For
example, the outcome "Forms the surface area relation of a right circular cylinder; solves
related problems."” belonging to the 8th grade geometry learning domain is structured for both

the 2nd and 3rd process.
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Conclusions and Suggestions

Conclusions Related to The Quantitative Dimension

According to the findings of the quantitatively analysed learning outcomes, the
number of learning outcomes for Sweden's mathematics curricula is 27, Denmark's learning
outcomes is 80 and Poland's learning outcomes is 101, while the number of learning outcomes
for Tirkiye's mathematics curricula is 215. It is noteworthy that the number of learning
outcomes of the Danish and Swedish mathematics curricula is quite low compared to Tiirkiye.
In support of this result, Duygu (2013) and Coban (2011) state that Tiirkiye's mathematics
curricula has a higher number of learning outcomes compared to the other countries
compared. When compared according to learning domains, the learning outcomes in learning
domains such as "Numbers and Operations”, "Algebra”, "Geometry and Measurement", "Data
Processing" and "Probability™ in Tirkiye's curricula are higher than the numerical values of

learning outcomes in similar learning domains of other countries.

2022 PISA Mathematics literacy performances show that Sweden's score is 482,
Denmark and Poland's score is 489. Tiirkiye's mathematical literacy score is 452. With these
scores, it is seen that Poland, Sweden and Denmark are at the 3rd mathematical literacy
proficiency level and Tiirkiye is at the 2nd mathematical literacy proficiency level. This
suggests that there is a relationship between the number of learning outcomes and
mathematical literacy success. This idea is consistent with the fact that having too many
learning outcomes in a programme may have a negative effect on the depth and effectiveness
of teaching (Hook et al., 2007; Schoen et al., 2011). As a matter of fact, according to Ozgiin-
Koca and Sen (2002), the content density of the programmes has a negative effect on the
development of mathematical literacy, and according to Bulus Kirikkaya (2009), there are
teacher opinions that there is a need to simplify the content and the number of learning
outcomes in order to increase achievement. Similarly, according to Hobson (2001), one of the
biggest obstacles for students to become mathematically literate is the high level of dense
content in curricula. In addition, it is also stated in the literature that in programmes with a
high number of learning outcomes, teachers have difficulty in completing the learning
outcomes in the prescribed lesson times (Akpinar, 2004; Cayct, 2018), they cannot use
methods and techniques that will increase the active participation of students due to the
concern of the programme (Ayvaci & Durmus, 2013), and therefore the achievement of
students who experience a decrease in their motivation (Dursun & Dede, 2004). In the 2022

PISA assessment, the fact that the countries that were successful but not included in the study

Necatibey Faculty of Education Electronic Journal of Science and Mathematics Education



340 Quantitative and qualitative comparison of learning outcomes in mathematics curricula...

also had a low number of learning outcomes supports the findings of the study. For example,
it is seen that Singapore ranked first in the 2022 PISA with the highest scores in mathematics
performance and mathematical literacy processes, as in almost all of the international exams it
participated in. In the study by Erdogan et al. (2016) comparing the mathematics curricula of
Tiirkiye and Singapore, it was stated that there were fewer learning outcomes in the
mathematics curricula implemented in Singapore. Based on this result, it can be concluded
that reducing the number of learning outcomes in the curricula will positively affect

mathematics literacy.

In general terms, based on the finding that the mathematics curricula of the countries
ranked higher in PISA are generally simpler and the number of learning outcomes is lower, it
is recommended to make changes in the curricula of the mathematics lesson being
implemented in Tiirkiye in order to deepen the content and to reduce the number of learning
outcomes to a great extent. The significant decrease in the number of learning outcomes in the
renewed curricula will pave the way for the development of mathematical literacy skills by
further strengthening the educational approach that aims to build knowledge together with

skills and the belief that students should focus on holistic development.
Conclusions Related to The Qualitative Dimension

When the learning outcomes are analysed qualitatively, it is seen that the reflections in
the outcomes of the programmes designed to develop mathematical literacy differ. When the
distribution of the learning outcomes in the programmes according to the mathematical
processes of mathematical literacy is examined, it is seen that Poland's mathematics curricula
has more learning outcomes in the process of using mathematical concepts, facts and
processes, while Sweden and Denmark's curricula has more learning outcomes in the process
of formulating situations mathematically. However, in these countries, other mathematical
processes are also addressed to a sufficient extent and the processes are distributed to the
outcomes in a balanced way. In Tiirkiye's mathematics curricula, there are more learning
outcomes in the process of using mathematical concepts, facts and processes. This result
suggests that individuals educated in Tiirkiye may have more mathematical literacy capacity
in using mathematical concepts, facts and processes. In addition, it is seen that there are
sufficient learning outcomes in the process of formulating situations mathematically, which is
the second process; however, there are not enough learning outcomes that meet the fourth
process. Based on this result, it can be said that not all mathematical literacy processes are

sufficiently emphasised in mathematics lesson learning outcomes and the distribution is not
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balanced. In the programmes of the three successful countries, learning outcomes of
mathematical literacy skills were balanced in all processes, whereas in Tiirkiye, it was found
that learning outcomes had an unbalanced distribution in terms of mathematical literacy skill
processes. This situation suggests that there is a relationship between ensuring a balanced
distribution of mathematical processes to outcomes and mathematical literacy success. As a
matter of fact, a student with developed mathematical literacy benefits from mathematics at
the highest level (Altun, 2015). It is thought that the PISA results applied on a global scale
reflect this situation (MoNE, 2019; MoNE, 2023). This situation suggests that these three
successful countries, which stand out with PISA, give priority to the development of
mathematical literacy skills holistically while designing their curricula, and focus on the depth
of skill development with its processes by going beyond traditional knowledge transfer. Based
on this idea, it is considered important that mathematical literacy processes, which start with
mathematical reasoning and continue with formulating, using and interpreting mathematics,
should be handled in a holistic manner for a more effective mathematics teaching and
mathematics success. In this respect, an integrated structure can be created in the curricula by
placing the mathematical literacy skills and processes, which are necessary to include and use
the skills needed in the 21st century in daily life, more balanced in the learning outcomes of
the curricula and in the lesson contents that meet these outcomes. Aware that the practice and
development of 21st century skills are intertwined with literacy skills, the mathematics
teaching process is shaped around the idea that these skills are interrelated and necessary for
use in daily life. A new curricula proposal that covers all processes of mathematical literacy in
a balanced way will be a valuable resource for revising not only mathematics but also

curricula in various other fields.

When the distribution of the learning outcomes in each mathematics learning domain
in terms of mathematical processes is analysed, it is seen that in all of the countries
participating in the study, including Tiirkiye, there are missing mathematical processes in
some learning domains. This is thought to be due to the fact that the learning outcomes within
the scope of learning areas tend to provide knowledge such as numbers, algebra, geometry
and statistics rather than mathematical literacy. There is a need to include learning outcomes
that adequately address all mathematical processes both in general and within the scope of
each learning area in the curricula. Thus, it would be an important initiative to organise the
outcomes or include new outcomes in each learning area of mathematics in a way to enable

students to experience each process of mathematical literacy skills.
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Although the mathematical process emphasised in the Turkish curricula is the same as
in Poland, the reason for the difference in the achievement of Poland and Tiirkiye may be that
most of the learning outcomes in Tiirkiye are structured in such a way that they cover more
than one literacy process. The fact that the outcomes have a complex structure resulting from
the intertwining of the mathematical processes that constitute the skill may make it necessary
to follow teaching and learning practices in terms of mathematical literacy. As a matter of
fact, it is also important to ensure the integration of literacy into the classroom (Steinberg,
2011) in the development of literacy skills. In this case, in order to gain mathematical literacy
skills in the classroom, all the processes covered by the learning outcome must be fulfilled. In
teaching and learning practices, the need to elaborate the internal dynamics of each
mathematical process reflected in the learning outcome may affect the achievement of
mathematical literacy. For this reason, as in Poland and other countries, it is recommended
that the learning outcomes in the curricula should be arranged in a way that reflects a single
mathematical literacy process. In cases where this arrangement is not made in the curricula, it
can be said that it is a necessity to emphasise that its integration into the classroom is of vital
importance. Although the outcomes and content of the curricula include mathematical literacy
with all its processes in a holistic manner, it is the duty of teachers to effectively implement
and transfer this curricula to students. In the literature, Hofer and Beckmann (2009), Altun
and Akkaya (2014) and Lin and Tai (2015) state that one of the determining factors in the
development of mathematical literacy is the role of mathematics teachers. Therefore, it should
not be forgotten that teacher practices in the classroom have a great impact on student
achievement as much as the renewal of the curricula. As a matter of fact, various studies
emphasise the importance of teachers' mathematical literacy competencies in affecting their
students' mathematics performance and draw attention to the importance of teachers'

developing their own literacy skills (Botha, 2011; Geng, 2017).

This study, which was conducted to compare the distribution of the learning outcomes
of the mathematics curricula of different countries in terms of mathematical literacy skills,
was examined only depending on the learning outcomes specified in the curricula of the
countries in line with the mathematical processes of mathematical literacy determined in 2022
PISA. For this reason, the study cannot fully understand how mathematics teaching in these
countries is shaped in line with mathematical literacy. Based on the results obtained within
the limits of the current study, it is suggested to create a holistic framework for developing

mathematical literacy skills by examining the textbooks of the countries' mathematics lessons
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or making more detailed comparisons by observing the mathematics teaching in the learning
environment. In addition, in line with the results obtained from this study, the suggestion of
making necessary regulations in the curricula and presenting designs to support mathematical
literacy skills will contribute to the literature.
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Farkh Ulkelerin Matematik Ogretim Programlarindaki Ogrenme Ciktilarinin
Niceliksel ve Matematik Okuryazarhg: Becerisi Baglaminda Niteliksel olarak
Karsilastirilmasi

Ozet:

Farkli iilkelerin matematik &gretim programlarindaki dgrenme ¢iktilarmin niceliksel ve niteliksel boyutta
incelenmesi amactyla nitel modelde yiiriitiilen bu ¢alismada, iilkelerin 6gretim programlarina yonelik yazili
kaynaklar ve 2022 PISA sonuglar1 kullanilmistir. Niceliksel boyutta; diger iilkeler Tiirkiye'den daha az
ogrenme ¢iktisiyla daha yiiksek PISA puani ve siralamasina sahiptir. Niteliksel boyutta; Tiirkiye ve
Polonya’da iigiincii, Isve¢ ve Danimarka’da ikinci matematik okuryazarlig1 matematiksel siirecinde ¢iktilarmn
yogunlagtig1 goriilmustiir. Tiirkiye’deki ¢iktilarin digerlerine gore karmasik yapida oldugu ve matematiksel
siireglere dengeli dagilmadigi saptanmistir. Bulgulara dayanarak matematik 6grenme ¢iktilarinin azaltilmasi
ve matematiksel siireglere daha esit dagiliminin saglanmasiyla yenilenerek bilginin yaninda becerilerin de
derinlemesine gelistirilebilmesine olanak tantyan bir program énerilmektedir.

Anahtar kelimeler: Matematik okuryazarlig1 becerisi, matematiksel siirecler, matematik 6gretim programi,
ogrenme ciktisi.
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Introduction

Formative assessment is a method that entails collecting and utilizing data on student
learning to offer continuous feedback and assistance toward achieving academic objectives.
Black and Wiliam (1998a) characterize formative assessment as “the approach employed by
educators and learners to identify and address student learning to enrich that learning
throughout the instructional process.” Put differently, formative assessment strives to enhance
the teaching and learning experience by conducting evaluations and providing feedback that
aligns with learning objectives throughout the learning journey. If a student's understanding is

not checked, it becomes impossible to know what they have learned from the lesson (Kiiltiir,
2021).

Formative assessment is an essential tool for teachers and students. It enables instructors
to recognize struggling students early, foster student engagement and motivation, and
promote more profound learning. Therefore, it should be an essential component of any
curriculum. By providing feedback on their performance and guiding them to identify areas
where they require improvement, formative assessment can promote profound learning, boost
student motivation and engagement, and facilitate realizing their maximum potential (Black &
Wiliam, 1998a; Hattie & Timperley, 2007; Sadler, 1989).

While formative assessment is recognized as a valuable tool for learners at all stages,
fifth grade represents a crucial period in students' academic development. Students’ transition
from elementary foundational learning to more complex cognitive tasks at this stage, making
it an ideal time to examine how formative assessment can support this critical phase. Research
has shown that formative assessment is especially effective in promoting student engagement
and improving outcomes during this developmental stage, where the demands of the
curriculum increase and students are expected to demonstrate higher-order thinking skills
(Black & Wiliam, 1998a). Therefore, focusing on fifth-grade students allows the study to
address this critical juncture in learning, providing valuable insights into how formative
assessment can facilitate academic achievement during a pivotal time in students' educational

trajectories.
Features of Formative Assessment

As noted by Black et al. (2003), formative assessment comprises four fundamental
elements: (i) Clarifying learning objectives and achievement criteria, (i) Promoting the

quality of questioning/dialogue, (iii) Improving the quality of scoring/feedback/record
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keeping (iv) Using peer and self-assessment. The “big idea” is to leverage insights into
student learning to adapt instruction for enhanced responsiveness to individual student needs.

In other words, instruction is adaptable to the student’s learning needs.

Clarifying learning objectives and achievement criteria is fundamental to effective
teaching and learning practices. Learning objectives refer to the goals students should achieve
at the end of a lesson or unit, while criteria for achievement refer to the standards or
expectations for achieving those objectives (Black & Wiliam, 1998a; Rodriguez & Albano,
2017). Hattie (2009) contends that the effective communication and clarification of learning
objectives and achievement criteria for students represent a robust pedagogical strategy for
improving student achievement. More recent studies, such as those by Brookhart (2017), have
expanded on this by emphasizing that clear criteria improve academic outcomes and foster

student autonomy.

Questioning and dialogue are essential components of formative assessment (Hodgson
& Pyle, 2010; Walsh, 2022). Borich (2014) suggests that in a typical primary or secondary
school class hour, 50 or more questions may be asked and that up to 80 percent of classroom
time can be devoted to questioning and answering. Through meaningful dialogues, educators
and learners can engage in an interactive exchange of ideas to resolve misunderstandings and
promote a more profound level of learning (Black & Wiliam, 1998a; Heritage, 2007). Walsh
and Sattes (2016) highlight that high-quality questioning promotes engagement and fosters

metacognition, as students reflect on their thinking processes.

For formative assessment to be practical, improving the quality of scoring, feedback,
and record-keeping is imperative. As Hattie and Timperley (2007) emphasize, feedback is a
central formative assessment component. Andrade et al. (2015) contend that the efficacy of
formative assessment depends on the quality of feedback given to students regarding their
learning progress and teachers regarding their instructional practices. Feedback on formative
assessment wields a significant influence on both learning and achievement. Some researchers
even state that feedback is the most crucial element of students' learning (Bell, 2007; Brown,
2018; Shavelson et al., 2008; Wiliam, 2018).

Self and peer assessment are other effective formative assessment components (Nicol &
Macfarlane-Dick, 2006). The responsibility for offering feedback is not exclusive to teachers.
When properly instructed and guided, self and peer assessments can also provide students
with valuable feedback focused on learning (Andrade, 2019; Andrade et al., 2015; Huisman et
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al., 2019; Panadero et al., 2018). Peer assessment or feedback involves students providing
comments on the work of their peers (Topping, 2009).

Formative Assessment in Mathematics Education

The literature highlights that formative assessment is a powerful tool in mathematics
education, as it facilitates active engagement and provides real-time feedback, both of which
are essential for learning (Black & Wiliam, 1998b; Hattie & Timperley, 2007). However, a
deeper exploration into what has been written specifically about formative assessment within
the context of mathematics education is necessary. Research emphasizes that mathematics
plays a pivotal role in developing critical problem-solving abilities and logical reasoning
skills, which are crucial for academic and real-world success (Boaler, 2016; Schoenfeld,
2013). Given the abstract nature of many mathematical concepts, formative assessment
provides a scaffold for students to make connections between different concepts and correct

their misunderstandings before they become entrenched (Swan, 2006).

Despite its significance, many students may face significant challenges with
mathematics, leading to poor academic performance, decreased self-efficacy, and lower
motivation (Pajares & Graham, 1999; Wigfield & Eccles, 2000). Therefore, by providing
regular feedback and helping teachers adjust instruction based on students’ progress,
formative assessment has been proven to support learning in this field (Black & Wiliam,
1998a; Wiliam, 2011).

In mathematics, formative assessment practices include a variety of strategies such as
diagnostic questions, exit tickets, and real-time quizzes, which allow teachers to gather data
about student progress. These tools help identify common misconceptions (Fennell, 2011) and
provide an opportunity to differentiate instruction, ensuring that all students receive the
support they need to succeed (Clarke, 2005). However, this study needs to further engage with
what previous studies have specifically revealed about formative assessment in mathematics

to underscore its contribution to the existing body of knowledge.

Studying formative assessment in mathematics is crucial because it addresses academic
and affective challenges students face in this subject. The cyclical process of data collection,
analysis, and instructional adjustment inherent in formative assessment (Black & Wiliam,
1998a) is particularly beneficial for mathematics, where frequent misconceptions can hinder
students’ understanding. Recognizing these misconceptions and addressing them promptly

can significantly improve learning outcomes. Since mathematics is a cumulative discipline,

NFE EJSME Vol. 18, No. 2, December 2024



Akbas, C. & Ozan, C. 355

early identification of gaps through formative assessment can prevent future difficulties and
enhance students' problem-solving and logical reasoning abilities. The study’s focus on the
practical application of formative assessment techniques such as problem exploration, group
assessments, and peer collaboration (Lee, 2006) shows how tailored feedback and
instructional adjustments can lead to better outcomes in mathematics education. These
techniques highlight formative assessment's potential to foster a deeper understanding of

mathematics and its relevance to ongoing educational reforms.

While there is substantial research supporting the benefits of formative assessment for
student achievement in mathematics (Black & Wiliam, 1998a; Hattie & Timperley, 2007,
Heritage et al., 2009; Sadler & Good, 2006), this study adds value by addressing specific
strategies and tools that can be used to identify students' learning gaps in real-time.
Furthermore, by focusing on formative assessment’s impact on students’ self-efficacy
(Schiefele et al., 2012), problem-solving skills (Cavanagh et al., 2016; Kramarski &
Michalsky, 2009; Beatty & Gerace, 2009), and motivation (Hounsell et al., 2008), this study
extends understanding of how formative assessment can influence not only academic
outcomes but also students' emotional and cognitive engagement with mathematics. The
present study emphasizes that formative assessment is not just about improving test scores but
about fostering a growth mindset and creating a more inclusive learning environment that
supports diverse learners. The findings of this research will help bridge the gap between
theory and practice, offering educators practical tools to enhance students’ learning

experiences in mathematics classrooms.
Research Questions

This research investigates the influence of fifth-grade students’ formative assessment on
mathematics achievements and attitudes toward mathematics in secondary schools. To
address this objective, this study outlines the following research questions:

1) Is there a significant difference between the control group’s pre-test and post-test
mathematics achievements?

2) Is there a significant difference between the experimental group’s pre-test and post-
test mathematics achievements?

3) Is there a significant difference between the control group’s pre-test and post-test
attitudes toward math?

4) Is there a significant difference between the experimental group’s pre-test and post-

test attitudes toward math?
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5) Is there a significant difference between the experimental and control groups’ post-
tests?
Method

Research Design

In this research, we utilized a non-equivalent group pre-test and post-test design. This
design is classified as experimental because it allows for comparing outcomes between an
experimental group that receives the intervention (formative assessment) and a control group
that does not. According to Campbell et al. (1963), pre-test and post-test measures help
establish a baseline for assessing the effectiveness of the intervention while controlling for
pre-existing differences between groups.

Due to logistical constraints, it was not feasible to randomly assign individuals to either
the experimental or control groups. However, we made every effort to ensure that participants
were assigned to the groups as randomly as possible, thereby minimizing potential biases and
confounding factors (Shadish et al., 2002). This approach aligns with the principles outlined
by Creswell (2014), emphasizing the importance of quasi-experimental designs when random

assignment is impractical, yet the need for causal inferences remains.
Study Group

The study group consisted of fifth-grade students enrolled in a secondary school located
in the Pasinler district of Erzurum province, Tiirkiye. The selection of the study group was
based on the researcher's accessibility and the possibility of attending mathematics classes and
extracurricular activities with the group on an individual basis. The researcher's presence
throughout the application process enabled the observation of students' interests, attitudes, and
behaviors. Although the study group's district is not particularly large, it can be described as
having a low-to-middle income level in general. Most students in the study group have a
middle-income level, while their parents' education levels are mainly at the primary school
level. The average class size throughout the county is currently 16. A total of 30 students
participated in this study, with 17 from the 5/B class and 13 from the 5/C class in the school
representing fifth-grade students in the county. Demographics of the study group are shown in
Table 1.

NFE EJSME Vol. 18, No. 2, December 2024



Akbas, C. & Ozan, C. 357

Table 1 Demographics of Study Group

Gender Control  Experimental Total

Female 5 10 15
Male 8 7 15
Total 13 17 30

The results regarding whether there was a significant difference between the
mathematics achievement and attitude scores of the experimental and control groups before
the experimental procedures are shown in Table 2.

Table 2 Results of Pre-tests

Group n X SS sd t p
Control (achievement) 13 461 198

Experimental (achievement) 17 5.88 1.79 28 1830 078
Control (attitude) 13 378 .37

Experimental (attitude) 17 422 49 28 2798 009

As shown in Table 2, it was determined that there was no significant difference between
the mathematics achievement scores of the experimental and control group students (t(28) =
1.830; p > .05). A significant difference was found in the mathematics attitude scores between
the experimental and control groups (t = 2.798; p <.05). The attitude scores of the

experimental group were significantly higher before the experimental procedures.
Process

This research was conducted over the course of 11 weeks in a fifth-grade mathematics
class at a secondary school. The lessons were taught by the mathematics teacher, the
researcher, to both groups. It should be noted that formative assessment practices were only
applied in the experimental group, while no such practices were implemented in the control
group. The lessons in the experimental group were designed with the intention of achieving
the same learning outcomes, while also incorporating formative assessment applications. The
teacher who conducted the practices in this study is a graduate student. Before the
experimental procedures began, the teacher received weekly guidance from the thesis advisor
on formative assessment practices. This training lasted one hour per week throughout the
entire semester, ensuring that the teacher had a clear understanding of how to implement
formative assessment techniques during this study effectively. However, it is recommended
that more comprehensive and structured professional development programs be provided to
teachers before such studies to enhance their capacity to apply formative assessment
effectively.

Necatibey Faculty of Education Electronic Journal of Science and Mathematics Education



358 The effects of formative assessment on student achievement and attitudes in math

Black et al. (2003) identified four key elements of formative assessment: (i) the
clarification of learning objectives and criteria for achievement, (ii) the promotion of the
quality of questioning and dialogue, (iii) the improvement of the quality of scoring and
feedback, and (iv) the utilisation of peer and self-assessment. The teaching process of Ozan
and Kincal's (2018) research included the following practices within the framework of the

four fundamental components of formative assessment:
The Clarification of Learning Objectives and Criteria for Achievement

This study employed the following strategies to elucidate the learning objectives and
achievement criteria: (i) The teacher introduced the learning objectives of each lesson and
engaged in a discussion with the students about the expected learning outcomes. (ii) The
teacher frequently reminded the students of the learning objectives throughout the lesson. (iii)
After completing the lesson, the teacher discussed with the students what they had learned and
how it related to the learning objectives. (iv) The criteria for achievement in the activities that
students would undertake in the classroom were made clear, including the necessary actions
and the means of attaining them. (v) The criteria for completing homework assignments

successfully were also made known to the students.
The Promotion of the Quality of Questioning and Dialogue

This study employed the following strategies to enhance the quality of questioning and
dialogue: (i) Collaborative group work was employed to facilitate student dialogue. (ii) The
teacher formed groups heterogeneously, considering factors, such as gender, academic
performance, and affective traits of the students. The study groups consisted of four groups
with four students each and one group with five students. (iii) At the conclusion of each unit,
the students were assigned to new groups through random selection. Students were
encouraged to provide feedback to each other during group work. (iv) The teacher employed
high-level thinking skill questions throughout the course. (v) Students were allotted time to
reflect before answering questions, with the amount of reflection time varying from 3 to 25
seconds, based on the complexity of the question. (vi) As part of assessing their higher-level
thinking abilities, students were given the opportunity to engage in peer discussions. (vii) The
"No Hands Up" strategy was employed to the teacher's questions. This strategy aimed to
enhance the participation and engagement of all students by prohibiting them from raising
their hands, thereby requiring each student to contemplate the answer and participate in the

lesson.
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The Improvement of the Quality of Scoring and Feedback

This study employed the following strategies to enhance the quality of scoring,
feedback: (i) Instead of assigning grades or points, the teacher primarily provided students
with immediate feedback on their classwork or homework. (ii) Students were given the
opportunity to amend their work in accordance with the feedback provided by the teacher. (iii)
Quizzes were administered at the conclusion of each topic and unit to identify students'
learning gaps and provide feedback. (iv) Students were provided with feedback on their
weaknesses following the quiz. (v) Based on the feedback students received on their quizzes,
assignments, and activities, adjustments were made in the classroom. Many arrangements
were made to address the identified weaknesses, including small group work, individual
activities, re-explaining, worksheets, teaching by showing and doing, internet research,
clarification of assessment criteria, additional reading, and concept mapping. Efforts were
made to create a learning-oriented classroom culture with student-centered practices in which
students are active. (vi) Both summative and formative assessment data were recorded when
assessing students. Student names were converted into codes. (vii) The assessment data on the
students' performance were shared with the following year's teacher to ensure continuity in
their learning. (viii) Rewards were given to recognize and encourage students' progress. (ix)
The awards were not used to reward students by comparing them with each other but by
considering their development levels. Rewards were provided to students who demonstrated

individual progress in quizzes.
The Utilization of Peer and Self-assessment

This study incorporated the following methods for utilizing self and peer assessment: (i)
The regular integration of self and peer assessments into the lessons. Self-assessment and peer
assessment activities were carried out after each unit. (ii) Guidelines were presented for each
activity, and students were educated on performing self and peer assessments. (iii) The
completed assignments were discussed among the students to assess whether they met the

expected standards.

The control group’s instructional sessions followed the standard curriculum without
incorporating formative assessment strategies. As a result, several key elements typically
associated with formative assessment were absent. For example, no cooperative group work
was facilitated, and high-level thinking questions were rarely posed. Additionally, there were
no short quizzes to gauge student understanding regularly, no awards or incentives were

provided to motivate student performance, and self-assessment and peer assessment activities
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were not part of the instructional process. This traditional approach focused on delivering the
material as per the curriculum guidelines without the additional scaffolding formative

assessment provides.
Data Collection Tools
Mathematics Achievement Test

The Mathematics Achievement Test was used to measure the mathematical
achievement of students in the experimental and control groups. The test was developed based
on the learning outcomes delineated in the "Mathematics Curriculum,” published by the
Republic of Tiirkiye Ministry of National Education (MoNE, 2017). The test encompassed 37
questions about 17 learning outcomes. The opinions of three mathematics educators from the
same educational institution and a curriculum and instruction expert were sought to ensure the
test’s reliability. Following careful consideration, the experts concluded that no changes were
required. The test was administered to sixth-grade students who had received mathematics
education the previous year. Item analysis was performed after a preliminary application of
the test to 22 sixth-grade students, and item difficulty and discrimination levels were
determined. We created 27 percent lower and upper groups to calculate item discrimination.

Table 3 shows the item difficulty and discrimination indexes of the pre-application test.

Table 3 Pre-application of the Achievement Test’s Degree of Item Difficulty and Discrimination

Item Difficulty Discrimination Item Difficulty Discrimination
number index index P number index index

1 0.90 -0.16 25 20 0.13 -0.16 .35
2* 0.63 0.66 .00 21* 0.68 0.66 .00
3 0.50 0.33 00 22 0.54 0.33 .00
4* 0.77 0.5 .00 23 0.31 0.16 .28
5 0.22 0.33 .00 24* 0.50 0.33 .00
6* 0.31 0.33 00 25 0.45 0.33 .00
* 0.27 0.33 .00  26* 0.09 0.33 .00
8 0.04 0.16 30 27 0.18 -0.16 .30
9* 0.18 0.50 .00 28 0.27 0 40
10 0.50 0.33 .00 29* 0.59 0.50 .00
11* 0.63 0.33 .00 30 0.40 0.16 .20
12 0.22 0.16 27 31 0.54 0.16 15
13* 0.27 0.66 .00 32 0.63 0 .50
14 0.22 0 40  33* 0.50 0.50 .00
15* 0.68 0.83 .00 34* 0.72 0.50 .00
16 0.54 0.50 .00 35 0.77 0.50 .00
17 0.77 0.33 .00 36 0.81 0.50 .00
18* 0.22 0.50 .00 37* 0.72 0.66 .00
19* 0.5 0.50 .00

*|tems taken to the final test
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According to Table 3, the degree of item discrimination varied from 0.16 to 0.83. Items
with discrimination of less than 0.30 were excluded from the test. When selecting one
question from each learning outcome based on their high degrees of discrimination, the
discrimination values of the 17 selected items ranged from 0.33 to 0.83. The mean
discrimination of the 17 selected items was 0.50. Each item in the test was assigned a point
value, and the total score ranged from 0 to 17. The reliability of the achievement test was
assessed by calculating the KR-20 reliability coefficient, yielding a value of 0.71. Tests with a
KR-20 coefficient greater than 0.7 were considered reliable. Therefore, the achievement test is

reliable.
Attitude Scale toward Mathematics

The assessment of shifts in students' attitudes toward mathematics before and after the
intervention relied on the utilization of “The Attitude Scale towards Mathematics” (ASTM),
formulated by Onal (2013). This scale comprises 22 items and four factors: anxiety, interest,
necessity, and work. There are 11 negative items on ASTM. The scale items are presented
utilizing a 5-point Likert scale format, where respondents can choose from options such as

“strongly disagree,” “disagree,” “undecided,” “agree” and “strongly agree.”

The overall scale demonstrated a Cronbach’s alpha of 0.90. The Cronbach's alpha
coefficients of the dimensions of anxiety (5 items), interest (10 items), necessity (3 items),
and working (4 items) were 0.74, 0.89, 0.70, and 0.69, respectively (Onal, 2013). In this

research, Cronbach’s alpha for the overall scale was 0.82.
Data Analysis

The normality of the data collected from the control and experimental groups was
assessed using the Shapiro-Wilk normality test. The Shapiro-Wilk test is known for its high
sensitivity in detecting deviations from normality, making it particularly effective for small
sample sizes (Razali & Wah, 2011). Table 4 shows the Shapiro-Wilk results.

Table 4 Shapiro-Wilk Results

Test Group Statistic  p
Mathematics achievement pre-test Control 0.960 75
Experimental  0.939 31
Mathematics achievement post-test Control 0.894 A1
Experimental ~ 0.954 52
Mathematics attitude pre-test Control 0.949 .58
Experimental  0.910 10
Mathematics attitude post-test Control 0.922 .26

Experimental  0.960 .63
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The Shapiro-Wilk test results indicated that both the control and experimental groups
exhibited normality in their mathematics achievement and attitude scores for both pre-tests
and post-tests, as all p-values were more significant than 0.05. After confirming that the
collected data showed normal distribution and had equal variance, we used independent
samples t-test to compare the mean differences between the control and experimental groups
in terms of mathematics achievement and attitudes toward mathematics and analysis of
covariance (ANCOVA) to compare the mean differences between the control and
experimental groups post-tests. ANCOVA helps assess the effect of the treatment while
accounting for the initial differences in pre-test scores, thereby providing a clearer
understanding of the impact of formative assessment on the students' achievements and
attitudes (Tabachnick & Fidell, 2019).

Threats to Internal Validity in Experimental Designs

In this study, the authors acknowledge that the research design may be considered weak
due to the use of non-equivalent groups. Non-equivalent groups can introduce threats to
internal validity, including selection bias, maturation effects, and history effects. To address
these potential threats and enhance the robustness of the findings, the authors implemented

several strategies:

1. Selection Bias: Although random assignment to groups was not feasible due to
logistical constraints, efforts were made to ensure that participants were assigned to
groups as randomly as possible within the given classes. This minimizes the
likelihood that pre-existing differences between the groups would confound the

results.

2. Maturation Effects: To control potential maturation effects, the study was conducted
over a relatively short duration (11 weeks). Additionally, pre-test scores were used
to assess the initial equivalence of groups, allowing for a more accurate comparison

of post-test outcomes.

3. History Effects: The authors took measures to reduce the impact of external events
that might influence student learning. By conducting the study in a controlled
classroom environment and maintaining consistent teaching practices across both
groups, the authors aimed to limit the influence of outside factors on the students’
achievement and attitudes toward mathematics.
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4. Regular Monitoring and Feedback: Throughout this study, regular assessments were
conducted to monitor student progress and provide feedback. This ongoing
evaluation helped identify any unforeseen issues affecting internal validity, allowing
for timely interventions.

Findings
Table 5 shows descriptive statistics regarding the scores of both groups, along with the

pre-test and post-test scores derived from the Achievement Test and ASTM.

Table 5 Descriptive Statistics

Groups n Mean Adjusted mean
Achievement Control 13 461
(Pre-test) Experimental 17  5.88
ASTM Control 13 3.78
(Pre-test) Experimental 17  4.22
Achievement Control 13 761 7.69
(Post-test)  Experimental 17  9.58  9.01
ASTM Control 13 3.75  3.99

(Post-test)  Experimental 17  4.09  4.00

As indicated in Table 5, the control group students exhibited a pre-test achievement
score of 4.61, which showed an increase to 7.61 in the post-test. In contrast, the experimental
group students started with a pre-test achievement score of 5.88, demonstrating an
improvement to 9.58 in the post-test. In terms of the ASTM scores, the control group students

began with a pre-test score of 3.78, rising to 7.61 in the post-test.

There was a significant difference in the mathematics achievement scores among the
control group students in favor of the post-test (t(12) = -2.98; p < .05). There was no
significant difference in the attitude scores toward mathematics among the control group
students (t(12) = 2.67; p > .05).

There was a significant difference in the mathematics achievement scores among the
experimental group students in favor of the post-test (t(16) = -5.370; p <.05). There was no
significant difference in the attitude scores toward mathematics among the experimental
group students (t(16) = 1.284; p > .05). The statistical significance of the difference in
students' post-test achievement scores was investigated using ANCOVA, with the results
detailed in Table 6.
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Table 6 Post-test Scores of Achievements

Source Sum of squares df Meansquare F p
Corrected Model ~ 85.920 3 28.640 2979  .050
Intercept 88.559 1 88.559 9.212  .005
Pre-test 32.858 1 32.858 3418 .076
Group 10.810 1 10.810 1.125 .299
Error 249.946 26 9.613

Total 2624.000 30

Corrected total 335.867 29

Table 6 shows no significant difference between the post-test achievement scores of the
groups (F, 26) = 1.125; p > 0.05). As a result, the implemented procedures did not yield a
statistically significant difference in the achievement of the experimental group students
compared to the control group students. Table 7 shows the ANCOVA results for ASTM post-

test scores.

Table 7 Post-test Scores of Attitudes

Source Sum of squares df  Meansquare F p
Corrected model  4.176 3 1.392 8.773 000
Intercept .305 1 305 1925 177
Pre-test 2.757 1 2.757 17.377 .000
Group 271 1 271 1.705 .203
Error 4,125 26 .159

Total 476.017 30

Corrected total 8.301 29

There was no significant difference in the post-test scores regarding the attitude toward
mathematics between the groups (F, 26y = 1.705, p > 0.05).

Conclusion, Discussion and Recommendations

In the present study, the observed difference was not statistically significant despite the
experimental group, where formative assessment interventions were implemented,
demonstrating higher mathematics achievement than the control group. In the literature,
several studies have shown that formative assessment and feedback positively affect students'
achievement. These studies include systematic reviews or meta-analyses studies, such as those
by Black and Wiliam (1998a), Hattie and Timperley (2007), Shute (2008), and Kluger and
DeNisi (1996). Moreover, recent studies have also focused on the effects of formative
assessment on specific skills and subjects (Bulunuz et al., 2017; Gedikli, 2018; Kincal &
Ozan, 2018; Kiiltiir, 2021; Ozan & Kincal, 2018; Sonmez, 2020; Unas, 2021).

In this study, the authors recognize that the absence of a significant difference in student
achievement and attitudes toward mathematics may be attributed to several factors. First, the
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literature reveals that some studies indicate no significant effect of formative assessment on
student achievement (Andrews, 2011; Collins, 2012; King, 2003; Tuominen, 2008; Yin et al.,
2008). This suggests that the effectiveness of formative assessment can vary depending on

various contextual and instructional factors.

One major challenge in the effective implementation of formative assessment is its
integration into classroom instruction. Successful enactment requires that teachers understand
effective formative assessment practices and have access to the necessary resources and
support. The authors emphasize that teachers must receive adequate training to utilize
formative assessment effectively (Black & Wiliam, 1998b; Earl, 2003; Heritage, 2007;
Popham, 2008; Ruiz-Primo et al., 2008).

Furthermore, implementing formative assessment can demand additional time and effort
from teachers, which may not always be feasible within the existing curriculum constraints.
For example, the authors noted that for students with lower overall achievement to benefit
from formative assessment fully, the time allocated to subjects might need to be increased.

In addition, the lack of access to essential technologies, such as smart boards and
internet resources in classrooms, may further hinder the development of effective formative
assessment practices. Without these tools, teachers may struggle to create engaging and
interactive learning environments conducive to formative assessment, which could explain the
lack of significant differences observed in the study's findings. By highlighting these
challenges, the authors underscore the complexity of implementing formative assessment in

educational settings and suggest that further research is needed to explore these dynamics.

Despite incorporating formative assessment practices within the experimental group in
this study, no statistically significant difference was observed in the mathematics achievement
of students when compared to the control group. Similarly, no significant difference was
noted in the attitudes of students in the experimental group toward math than those in the
control group. It is crucial to recognize that the pivotal components of formative assessment
encompass feedback and self-assessment. In line with the feedback given to students within
the scope of formative assessment, students must make various arrangements and try to guide
themselves in line with their self-assessment. Students need time to develop these skills.
Achievement did not increase at a statistically significant level in this study because the
students needed to follow the regulations adequately after the feedback given by the teacher
or the duration of one semester required to be increased. Kogak (2021) conducted a study with

geography teachers and found that while teachers' attitudes toward formative assessment were
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positive, there were deficiencies in theoretical and practical terms, and students could not be
sufficiently motivated to this assessment without grade concern. The existing education
system'’s focus on result-oriented assessment approaches was also stated as a difficulty in

practice.

The math curriculum issued by the Ministry of National Education in Tiirkiye (MoNE,
2017) includes only cognitive gains, and it is challenging to achieve affective gains for math
in a curriculum that does not give place to affective gains. Students in Tiirkiye mostly think
that mathematics is a complex subject, which creates anxiety and a negative attitude toward
the subject. Baykul (2005) suggests that changing students’ attitudes towards math is not
straightforward and is a long-term process. Therefore, implementing formative assessment
practices over an extended period and not only for certain subjects but also for all the subjects
in the curriculum with a formative approach may be more effective in changing students'

attitudes toward the lesson.

The main shortcomings of formative assessment are time and resource limitations
(Black & Wiliam, 1998a; Brookhart, 2013; Heritage, 2010; McMillan & Hearn, 2008;
Popham, 2011; Sadler, 1998). Formative assessment can be dysfunctional when teachers
cannot devote sufficient time to student feedback. In this case, teachers may be unable to
adequately assess students’ performance or provide feedback. Another notable limitation is
the teachers’ insufficient knowledge and experience regarding formative assessment methods.
In this case, teachers may not assess students correctly or give incorrect feedback (Chappuis,
2009).

This study highlights the critical role of formative assessment in enhancing students'
learning outcomes and improving teaching practices. Formative assessment has the potential
to elevate student performance by providing real-time feedback and insights into their
understanding. However, this study found no statistically significant differences between
groups, suggesting that the effectiveness of formative assessment may depend on various

contextual factors.

The absence of statistically significant differences in this study may stem from several
factors. First, the limited training and teachers’ knowledge in implementing effective
formative assessment strategies can hinder its impact. Additionally, logistical constraints,
such as insufficient time for providing feedback and inadequate resources like access to

technology, may have affected the implementation process. Moreover, the small sample size
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and the non-equivalent nature of the groups could also limit the generalizability of the
findings.

Several limitations may influence the study's results. The non-equivalent group design
poses a threat to internal validity, as it does not control for pre-existing differences between
the experimental and control groups. The reliance on self-reported data for attitudes toward
math may also introduce bias. Furthermore, the researcher’s dual role as the teacher may lead
to potential biases in assessment and feedback. Finally, external factors, such as classroom
dynamics and students' home environments, were not controlled for, which could have

impacted the outcomes.

For further research, it is recommended that studies explore the long-term effects of
formative assessment on student achievement and attitudes across diverse educational
contexts. Additionally, investigating the impact of teacher training programs on the effective
implementation of formative assessment could provide valuable insights. Further studies
should also consider using a larger sample size and random assignment to strengthen the
validity of the findings. Finally, examining the role of technology in facilitating formative
assessment practices could be beneficial, particularly in addressing the challenges of

accessibility and engagement.

In conclusion, while formative assessment is a powerful tool for enhancing learning and
teaching, its effectiveness is contingent upon proper implementation, adequate training, and
supportive resources. By addressing the identified limitations and building on the study's
findings, educators and researchers can better harness the potential of formative assessment in
educational settings.
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Matematik Egitiminde Bi¢imlendirici Degerlendirmenin Ogrencilerin Akademik
Basari ve Tutumlarina Etkisi

Ozet:

Big¢imlendirici degerlendirmenin amaci 6grenciye bir deger bigmek degil, 6grencinin 6grenme eksikliklerini
belirlemek ve bu eksiklikleri gidermeye yonelik 6gretimsel diizenlemeler yapmaktir. Arastirmanin temel
amaci, matematik 6gretimi siirecinde bigimlendirici degerlendirmenin besinci sinif 6grencilerinin akademik
basarilar1 ve matematik dersine yonelik tutumlarma etkisini incelemektir. Bagimsiz degisken, bigimlendirici
degerlendirme ile diizey belirleyici degerlendirme uygulamalaridir. Bagimli degiskenler ise 6grencilerin
akademik bagarilari ve matematige karsi tutumlaridir. Arastirmanin ¢alisma grubunu Erzurum ili Pasinler
ilcesinde belirlenen bir ortaokulun besinci smif 6grencileri olusturmaktadir. Yansiz atama yoluyla deney
grubunda 17, kontrol grubunda 13 6grenci yer almistir. Verilerin elde edilmesinde basari testi ve tutum dlgegi
kullanilmistir. Caligma, ortaokul besinci sinif matematik dersinde 11 hafta boyunca yiiriitiilmiistiir. Dersler
hem kontrol hem de deney gruplarinda ayni zamanda arastirmaci olan matematik Ggretmeni tarafindan
verilmistir. Arastirma sonuglarina gore, bi¢imlendirici degerlendirme uygulamalarinin oldugu deney
grubundaki dgrencilerin matematik dersi basarilari, kontrol grubundaki 6grencilere gore yiiksek bulunmustur
ancak elde edilen fark istatistiksel olarak anlamli degildir. Benzer sekilde, kontrol ve deney grubunun
matematik dersi tutumlarinda da anlamli bir fark bulunmamistir. Arastirma sonucunda gesitli Onerilerde
bulunulmustur.

Anahtar kelimeler: Bigimlendirici degerlendirme, matematik egitimi, matematik basarisi, matematik tutumu,
ortaokul egitimi, ortaokul.
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Abstract — Addressing complex global problems requires more comprehensive and holistic approaches that
highlight the necessity of systems thinking skills; however, existing studies indicate a significant gap in
understanding the systems thinking skills of pre-service teachers, emphasizing the need for further research in this
area. This exploratory case study research explored the systems thinking skills of pre-service science and
mathematics teachers through scenario-based assessments. Three case scenario examples focused on a specific
aspect of systems thinking: stock-flow, causal-loop, and dynamic thinking. The participants of this study were 14
pre-service teachers taking a systems thinking course at the teacher education program of a public research
university. The data were coded using the Systems Thinking Rubric and the Dynamic Thinking Skills Rubric. The
results revealed that participants made notable improvements in dynamic thinking. However, fewer participants
exhibited growth in stock-flow thinking comparing the participants’ disciplines, the results showed that pre-service
science teachers demonstrated greater advancements in systems thinking skills than their mathematics
counterparts. This exploratory research offers insights into assessing systems thinking skills in pre-service
teachers. Integrating a systems thinking approach into teacher training programs could enhance teachers'
preparedness to comprehend complex issues. Further studies employing systems thinking practices in teacher
training programs could elucidate the optimal development of systems thinking among aspiring teachers.

Therefore, this research demonstrates the potential of systems thinking to enrich pre-service teacher education.
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Introduction

Understanding complex issues may require a systems thinking approach (Forrester,
1994) because systems thinking may help individuals see how different components within a
system interact and potentially influence each other (Ben-Zvi Assaraf & Orion, 2010;
Evagorou et al., 2009). Developing systems thinking skills (STS) is crucial for identifying and
interpreting the systems in the interconnected world we live in (Bielik et al., 2023; Hmelo-
Silver & Pfeffer, 2004; Sweeney & Sterman, 2007). Integrating systems thinking into
education may enhance individuals’ comprehension of systems and hopefully manage real-
world challenges effectively (Fisher & Systems Thinking Association, 2023; Senge, 1990;
Eidin et al., 2023). Therefore, pre-service teachers (PSTs) need to develop strong STS to
navigate the complexities of learning and teaching the topics in their field (Ateskan & Lane,
2018; Karaarslan Semiz & Teksoz, 2020; Lee et al., 2019). Assessing these skills can help
teacher educators determine the preparedness of PSTs and highlight areas that may need
further improvement (Lavi & Dori, 2019; Lee et al., 2019).

Systems thinking focuses on the interrelationships of parts of a system, while system
dynamics utilizes conceptual or mathematical models to simulate these interactions over time
(Senge, 1990; Sweeney & Sterman, 2000). Systems thinking and system dynamics provide
frameworks that may make it easier to understand how systems work (Arnold & Wade, 2015).
Within these frameworks, stock flow thinking, dynamic thinking, and closed-loop thinking
are considered important skills in systems thinking (Dorani et al., 2015). Stock-flow thinking
involves recognizing and differentiating system quantities (stocks) and the rates at which they
change (flows) (Asik & Doganca Kiigiik, 2021; Sweeney & Sterman, 2000). Causal loop
thinking is about determining feedback loops, where changes in one part strengthen or
balance the changes within the system (Doganca Kucuk & Saysel, 2018). Dynamic thinking
includes perceiving the system from a long-term perspective, which helps the learner
anticipate the system’s development and adaptation over time, usually in response to internal
and external shifts (Dorani et al., 2015; Richmond, 1993).

Researchers emphasize the significance of developing skills like comprehending stock-
flow, causal-loops, and dynamic thinking for the management of systems within
environments (Hopper & Stave, 2008; Plate, 2010). These skills enable individuals to
navigate systems and make decisions to generate expected outcomes. However, assessing STS
has been challenging (Lee et al., 2019). The complexity and dynamic nature of systems pose

challenges in assessing these skills (Fisher & Systems Thinking Association, 2023).
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Conventional assessment methods, such as multiple-choice tests, are often considered
inadequate in effectively evaluating an individual’s STS (Dorani et al., 2015). Moreover,
there is no consensus among experts and educators regarding the definition and structure of
systems thinking, which complicates the development of assessments of STS (Hopper &
Stave, 2008; Lee et al., 2019; Stave & Hopper, 2007).

An individual's STS may be revealed by using scenarios to analyze how systems solve
problems (Dorani et al., 2015). A person's comprehension and use of STS may be reflected in
case-based scenarios. We can develop more effective methods of evaluating STS by
integrating approaches and resolving evaluation flaws (Lee et al., 2019). This study uses
three case scenarios from Dorani et al. (2015) to examine the STS of PSTs. The evaluation of
pre-service teachers' systems thinking skills is of paramount importance as it aids in
confirming their readiness to educate in an intricate and interlinked global context (Dorani et
al., 2015). By equipping them with systems thinking skills, teachers can lay the groundwork
for their students' success across various sectors, from the sciences and engineering to

business and politics (Peretz et al., 2023).

Evaluating pre-service teachers' systems thinking skills can assist in identifying areas
requiring further training or support (Karaarslan Semiz & Teksoz, 2020) and promote their
ability to impart systemic perspectives to their future students (Kriswandani et al., 2022). Our
research contributes to existing literature by offering examples for teacher education programs
to promote STS development and investigating how a course focused on systems thinking
impacts PSTs’ stock flow, causal loop, and dynamic thinking skills. This investigation
deepens our knowledge of how targeted interventions can nurture these skills in educators
potentially enhancing their ability to navigate complex educational systems and make well-

informed decisions in their professional roles.

The primary research question guiding this study is: How does a systems thinking-
oriented teacher education course change PSTs’ levels of stock-flow, causal loop, and

dynamic thinking skills? The study addresses the following sub-questions:

(1) How do pre-service teachers' levels of stock-flow thinking change from pre-survey

to post-survey?

(2) How do pre-service teachers' levels of causal loop thinking change from pre-

survey to post-survey?
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(3) How do pre-service teachers' levels of dynamic thinking change from pre-survey

to post-survey?

This study aims to add to the expanding body of work on systems thinking in teacher
training and provide ideas for creating teacher preparation programs that nurture these skills.
By investigating these inquiries, our goal is to illuminate the process by which future teachers
acquire STS and how teacher training programs can be improved to offer assistance in this
area. The results could shape strategies for incorporating systems thinking into fields, within
teacher education ultimately improving the thoroughness and effectiveness of preparing future

educators to address intricate classroom issues.
Systems Thinking in Education

Understanding how different parts of a system interact and influence each other is
essential in today’s world (Forrester, 2007; Peretz et al., 2023). This way of thinking is
especially important in education, because it may help future teachers grasp the dynamics
within classrooms and improve the effectiveness of their teaching on complex issues
(Karaarslan Semiz & Teksoz, 2020; Kriswandani et al., 2022; Uskola & Puig, 2022). Systems
thinking in education also offers a way to perceive issues from various perspectives, which
may empower teachers to create valuable learning experiences for their students (Boubonari
et al., 2023; Mehren et al., 2018).

Educators use systems thinking to identify and address topics in various fields of
education (Fisher & Systems Thinking Association, 2023; Meadows, 2008). This approach
covers fields, such as science, technology, engineering, and mathematics (STEM), social
sciences, and the arts, by integrating topics and relating them to real-world situations (Ben-
Zvi Assarraf et al., 2013; York et al., 2019). Moreover, it boosts creativity and innovation by
taking into account viewpoints (York et al., 2019). However, despite its advantages, the
implementation of systems thinking, in education, is constrained by a lack of comprehension

and resources (Fisher & Systems Thinking Association, 2023).

The incorporation of systems thinking into K-12 education faces obstacles because
teachers may not be adequately prepared (Bartus & Fisher, 2016; Taylor et al., 2020). While
educators often excel in skills, they may lack the know-how needed for systems thinking
(Bartus & Fisher, 2016). Experts stress the importance of having a systems thinking

framework in curriculum design as cross-disciplinary approaches can enhance education on a
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scale (Peretz et al., 2023). Many teachers lack training in this area, which hinders their
effectiveness, in teaching and understanding systems.

Courses that focus on Pedagogical Content Knowledge (PCK) have proven to be more
effective, in teaching systems thinking, compared to those that prioritize methods
(Rosenkrinzer et al., 2017). Professional development is crucial in aiding teachers in
instructing systems and using models in science education (Yoon et al., 2017). PCK involves
teaching systems through strategies rather than just definitions (Peretz et al., 2023;
Rosenkrinzer et al., 2017). A course on systems thinking does not have to cover all skills at

once; assessments should align with objectives (Plate & Monroe, 2014).

This research explored the changes in PSTs’ skills in stock flow, causal loop, and
dynamic thinking from pre- to post-survey. This research aimed to contribute to the study of
teaching and evaluating systems thinking in teacher education. Assessing the STS of PSTs is
crucial for investigating their competencies to teach complex topics effectively (Dorani et al.,
2015). Such evaluations assist in identifying areas that need improvement and supporting
PSTs’ skills to enhance their perspectives (Karaarslan Semiz & Tekso6z, 2020; Kriswandani et
al., 2022).

Assessment of Systems Thinking Skills

Various frameworks exist for evaluating STS in education (Arnold & Wade, 2015; Ben-
Zvi Assarraf et al., 2005; Stave & Hopper, 2007). Each offers distinct approaches to defining
and assessing systems thinking. Ben-Zvi Assarraf and colleagues (2005) categorized skills
based on proficiency levels in the Systems Thinking Hierarchy (STH) model. The STH model
emphasizes three core skills: (1) identifying the system’s components and processes, (2)
recognizing relationships among components, and (3) understanding the dynamic
relationships within the system. Using similar levels in the STH model, Stave and Hopper
(2007) developed a taxonomy including seven STS and identified commonly cited
characteristics of systems thinking in the literature as distinguishing between flows and
variables, understanding dynamic behavior, and recognizing feedback. Arnold and Wade

(2015) introduced a framework that focuses on problem definition and system analysis.

Our research uses the STH model as a framework because the STH framework offers
a comprehensive and structured approach to evaluating systems thinking by emphasizing the
three core skills. These fundamental abilities are in line with the goal of our study, which is to

evaluate how well teacher candidates understand the interdependencies and dynamic
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behaviors that are essential for climate teaching in addition to identifying system components.
Moreover, the STH framework’s focus on building from basic identification to understanding
complex system interactions provides a developmental approach to assessing how individuals
engage with systems thinking over time. Finally, the three core skills of the STH model are

critical for comprehending climate systems, which are inherently complex and interconnected.

Assessment of individuals’ STS includes diverse techniques including concept maps,
questionnaires, interviews, case-based real-world scenarios, and observations (Ateskan &
Lane, 2018; Batzri et al., 2015; Evagorou et al., 2009). Scenarios are used to evaluate
learners’ causal reasoning skills (Dorani et al., 2015). Detailed rubrics aligned with these
frameworks help standardize the evaluation processes (Lee et al., 2019). Integrating
assessment tools, with established frameworks, could improve the evaluation of STS (Budak
& Ceyhan, 2024; Karaarslan Semiz & Teksoz, 2020). While challenges exist, utilizing
qualitative and performance-based approaches has provided insights into the STS of

individuals.

Assessing stock flow, causal relationships, and dynamic thinking may provide insights
into individuals’ overall understanding of systems. Evaluations often involve scenario-based
tasks where learners explain the interaction between variables, create diagrams, predict
system states, and consider delays. Developing these interconnected skills may equip
individuals to effectively interpret and analyze real-world system complexities (Evagorou et
al., 2009). Research on systems thinking has been conducted with a variety of participants,
including elementary, secondary, and higher education; of fields, including science,
mathematics, and engineering; and topics including sustainability and healthcare (Peretz et al.,
2023). Peretz and colleagues (2023) stated that cross-disciplinary curricula that encourage
systems thinking may be beneficial for science and engineering courses as well as for

education in general.

The systems thinking approach has been studied in science education on biology (Ben-
Zvi Assaraf et al., 2013; Riess & Mischo, 2010; Sommer & Liicken, 2010; Tripto et al.,
2018); on chemistry (Delaney et al., 2021; Eaton et al., 2019); on earth science (Ben-Zvi
Assaraf & Orion, 2005; 2010; Evagorou et al., 2009; Kali et al., 2003; Lee et al., 2019;
Mehren et al., 2018); on Education for Sustainable Development (ESD) (Ateskan & Lane,
2018; Doganca Kucuk & Saysel, 2018; Karaarslan Semiz & Teksoz, 2020; Meilinda et al.,
2018); on physics (Nuhoglu, 2010). On the other hand, studies conducted with students,

teachers, or teacher candidates in the field of mathematics education are limited (Salado, et
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al., 2019). Research in the literature reveals that different participant groups have exhibited a
variety of skills across various aspects of systems thinking. These studies indicated that
students' systems thinking skills are limited in understanding systems, highlighting the need

for a systems thinking approach in teaching these subjects (Karga & Ceyhan, 2024).
Method

This study used qualitative research methodology, which allows for an in-depth
understanding of the phenomenon under investigation (Gay et al., 2012). Specifically, an
exploratory case study design was used in this study, which sought to answer the how and
why of the phenomenon under investigation (Yin, 2009). Three case-based scenarios were
implemented, each focusing on stock flow, causal loop, or dynamic thinking to evaluate the
STS of PSTs. Participants were asked to fill out surveys before and after the course
implementation where they were asked to answer open-ended questions based on case studies
validated by Dorani et al. (2015). The researchers delve into the intricacies of how
participants perceive science and math education by analyzing their written responses using

predefined evaluation criteria and coding systems.
Context of the Study and Participants

This research was carried out at a public research university in Tirkiye, with a
reputation for offering undergraduate and graduate programs in various fields such as
engineering, applied sciences, and social sciences. Purposive sampling is when the researcher
deliberately selects a sample by identifying criteria (Gay et al., 2012). In this study, purposive
sampling was used because the effect of the systems thinking course on the participants' skills
was to be measured. The study focused on science and math educators in the Mathematics and
Science Education Department who were taking a course on systems thinking in science and
math education. The group of participants included 14 PSTs. Nine were from the science
education program and five were from the math education program. These individuals were
preparing to teach middle school students (grades five to eight). Among them, there were 13
female participants and one male participant. Twelve of them were nearing completion of
their studies, while two were starting their year of a master’s program focusing on science and
math education. Their ages ranged from 22 to 25 years, with a mean age of 23.7 years
(standard deviation = 1.26).

The elective course undertaken by study participants served as an introduction to

systems thinking, tailored specifically for Mathematics and Science Education contexts.
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Throughout the course, participants explored the definition and practical application of
systems thinking processes. They received a comprehensive overview of fundamental
concepts and systems dynamics tools. The curriculum provided a broad introduction to the
systems thinking approach, examining in depth the characteristics of complex systems as
outlined in Table 1. This course aimed to equip PSTs with the conceptual framework and
analytical tools necessary to apply systems thinking principles in educational settings. By
focusing on applications relevant to mathematics and science instruction, the course sought to
enhance participants' skills to navigate and address multifaceted classroom challenges using a

systems-oriented perspective.

Table 1 Flow of the Systems Thinking in Science and Mathematics Education Course

Weeks Content

Week 1-2  Introduction to systems thinking approach and its relevance in science & math
education (pre-survey)

Week 3 Behavior over time graphs and its applications in science & math education
Week 4-5  Stock & flow diagrams and its applications in science & math education
Week 5-6  Causal loop diagrams and its applications in science & math education
Week 7-8  Dynamic thinking and its applications in Science & Math Education

Week 9 Exploring systems thinking tools in lesson plans

Week 10-11 Modeling systems in education (STELLA)

Week 12-13 Developing lesson plans with systems thinking tools

Week 14 Wrap up the course (post-survey)

As shown in Table 1, the course also included integrating systems thinking principles
into instructional design. The intention was to harmonize traditional pedagogical techniques
with the holistic outlook of systems thinking. Additionally, the course advocated for
implementing inquiry-based instructional strategies that align with the systems thinking
approach. This approach highlights the significance of active participation and asking
questions, which helps promote essential skills needed to understand and navigate the

difficulties of complex system dynamics.
Procedure

This research used surveys before and, after a semester to assess changes in
participants’ STS (refer to Table 1). Three scenario-based cases, which were developed by
Dorani et al. (2015), were used to assess participants’ stock flow, causal loop, and dynamic

thinking skills. The university’s ethics committee approved the study and participants gave
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their consent to participate in the study. The research included three scenarios representing
varying levels of system complexity. The first case illustrated a system with a minimal
number of variables. The second case presented a system with multiple variables and
feedback loops. The third case, the one depicted a dynamic system with numerous feedback
loops and nonlinear relationships between variables. By using these scenarios, the research
aimed to assess how well PSTs could apply systems thinking across levels of complexity.

Data Collection

Different data collection tools have been used in the literature to evaluate participants'
systems thinking skills, including multiple-choice and skill-based tests, questionnaires,
concept maps, and interview questions (Ben-Zvi Assaraf & Orion, 2005; Lee et al., 2019;
Mambrey et al., 2020). However, Dorani's (2015) context-independent scenarios were chosen
as a data collection tool because context-independent scenarios ensure that assessment
outcomes are not affected by teachers' specific content knowledge, thus offering a more
accurate evaluation of their overall systems thinking skills (Karga & Ceyhan, 2024). It was
also noted that scenario-based questions are arguably better at assessing participants' potential

behavior in realistic situations (Daniel & Mazzurco, 2020).
The Case on Stock-Flow Thinking

A stock-flow thinker can distinguish stocks and flows. This individual understands that
changes in stock variables can only be achieved indirectly through adjustments in flow
variables with a delay. To illustrate this concept, the study referenced a scenario where a city
dealt with a rat infestation (Dorani et al., 2015). Despite implementing a temporary resolution
by deploying rat poison, the problem reemerges due to disregarding the rat birth rate. A
possible reply might mention the factor of the disrupted balance, where the high rate of rat

reproduction has caused an increase in the rat community.
The Case of Causal Loop Thinking

A causal loop thinker recognizes that every action and decision can trigger unexpected
outcomes, which subsequently shape the context for future decision-making. The scenario-
based example of a farming village that opted to use a pesticide to combat a green bug
infestation, not realizing that these green bugs also prey on detrimental red bugs, was used in
this study (Dorani et al., 2015). Despite their efforts, the villagers continued to encounter crop
damage. This unforeseen outcome was the surge in the population of red bugs due to the

elimination of their natural predators. Participants were anticipated to discern that the decision
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to exterminate the green bugs has indirectly reshaped the future state of the problem, resulting
in an escalation in the red bug population.

The Case of Dynamic Thinking

By definition, a dynamic thinker can discern incremental shifts and accurately recognize
trends and behavior patterns over in a while. A question that can effectively evaluate this skill
might present a decision-making scenario with two choices. In this study, the research focused
on a situation where a person was comparing two real estate investments; a property, in a
desirable city area and a bigger house, in a growing but affordable neighborhood (Dorani et
al., 2015). An appropriate response would involve explaining the effects of different
stakeholder perspectives, gradual changes, potential feedback loops, and delays on systemic

behavior.
Data Analysis

Two rubrics were used to analyze participants' responses to the three cases. The
Systems Thinking Rubric, developed by Lee et al. (2019), was used for the first two cases:
stock-flow and causal loop thinking. Lee et al. (2019) used an inductive approach to develop
the rubric to define different levels of STS and explore their application in proposed lessons

on the water cycle.

The rubric manifested four distinct proficiency levels, with each participant's response
accordingly coded to a specific level. The categorization of these levels was founded on an
assessment of participants' responses, utilizing components of the Systems Thinking
Hierarchical (STH) Model (Ben-Zvi Assaraf & Orion, 2005), interrelationships among
subsystem processes and components, as well as the Next Generation Science Standards
(NGSS) crosscutting concepts (NGSS, 2013). Lee et al. (2019) named the four levels novice,
recognition, beginning, and intermediate. Regarding the advancement of the levels and to be
aligned with the other rubric used in this study, the names of the four levels were revised as

novice, developing, intermediate, and advanced (Table 2).
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Table 2 The Systems Thinking Rubric (Adapted from Lee et al., 2019)

Level Description
Novice (Level 0) Lack of response or an explicit implication of unfamiliarity with the given
system

Developing (Level 1) Identifying a single part, process, or pattern within the system
Lack of elaboration on the relationship between the parts and processes
Intermediate (Level 2) Identifying at least two parts or processes

Limited to one-directional cause and effect (e.g., A causes B) or recognizing
a relationship solely between two components

Advanced (Level 3)  Identifying three or more parts or processes, with an understanding that
involves at least two or more interacting parts

Multiple interactions are recognized, demonstrating an increased
complexity in understanding the system

The third case assessed participants’ dynamic thinking skill levels using the revised
rubric developed by the authors (Karga & Ceyhan, 2024). The rubric was developed based on
the revised System Thinking Rubric (Lee et al., 2019) to ensure consistency when analyzing
data from the different scenarios. In developing the Dynamic Thinking Skills Rubric, an
expert view was obtained regarding content coverage, criteria selection, and descriptor clarity
(Karga & Ceyhan, 2024). The level descriptions of the Dynamic Thinking Skills Rubric are

given in Table 3.

Table 3 The Dynamic Thinking Skills Rubric

Level Description
Novice (Level 0) No comprehension or application of dynamic thinking concepts

Decisions are made based solely on personal preferences or immediate costs

Developing (Level 1) Demonstrating an understanding of behavioral patterns within a system or
over time, with consideration of short-term or temporary factors

Intermediate (Level 2) Expanding the mental models to include past and future trends, with an
awareness of potential growth or stability

Advanced (Level 3)  Explaining how different stakeholder views, gradual changes, feedback
loops, and delays affect overall system behavior

Two of the researchers independently coded each participant's pre- and post-survey
responses to the three cases using the Systems Thinking Rubric (Lee et al., 2019) for stock-
flow and causal-loop thinking, and the Dynamic Thinking Skills Rubric (Karga & Ceyhan,
2024) for dynamic thinking. The first researcher has a Ph.D. in science and has conducted

various research on systems thinking. The second researcher has a master's degree in science
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education and specializes in systems thinking in science education. Interrater agreement was
calculated using the formula: # agreements / (# agreements + # disagreements) x 100 (Cooper
et al., 2019). The researchers met and compared their scores for each participant, with initial
agreement rates of .75 for stock-flow thinking, .71 for causal loop thinking, and .86 for
dynamic thinking. Then, the researchers explained to each other the logic of the codes that
they had done differently. They discussed their conflicts until they reached a complete

agreement across their codes.
Results

To answer the research question in more detail, under three sub-research questions, this
study examined PSTs’ levels of stock-flow thinking, causal loop thinking, and changes in
dynamic thinking from pre-survey to post-survey. The results of the sub-questions were

presented in three categories under this heading.

How do pre-service teachers’ levels of stock-flow thinking change from pre-survey to

post-survey?

The pre-survey to post-survey levels of PSTs’ stock-flow systems thinking for Case 1
are shown in Figure 1. When the pre-survey responses of fourteen participants were analyzed
to determine the stock-flow thinking levels, two participants were at Level 1, eleven were at
Level 2, and one was at Level 3. When the participants' responses to the post-survey were
analyzed, it was found that five participants were at Level 1, four were at Level 2, and five

were at Level 3. No Level 0 respondents were recorded in either the pre- or post-survey.

12

10

| .
0 [

Level 0 Level 1 Level 2 Level 3

B pre-survey post-survey

Figure 1 Participants’ Pre- and Post-survey Stock-flow Thinking Levels
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Table 4 shows the sample quotes given by participants for Case 1 on the pre-and post-

surveys.
Table 4 Participants' Stock-flow Thinking Levels and Sample Quotes for Case 1

Levels Example quotes for pre-survey Example quotes for post-survey

Level 0 - -

Level 1 “The rest of the rats that survived can  “I think the rats can become resistant to the
breed new ones. And as | know, they  poison.” (S1)
give birth to more than one at a time.”

(M3)

Level 2 “A few mice that did not die may have “Since the mice did not all die at the same time,
developed resistance and multiplied  the remaining mice may have developed a defense
due to the poison placed in the against the poison over time. Mice unaffected by
environment.” (S6) the poison may have reproduced.” (M4)

Level 3 “Pollution is seen more in tourist “The increase in the number of rat species

places due to population. Since rats
generally live in dirty environments, it
causes the mouse population to
reappear. Since rat populations are not
common in a clean environment, the
main solution should be to give
importance to environmental
cleanliness.” (M5)

unaffected by the poison over time led to an
increase in the number of rats in the city. The fact
that the remaining species now ate the food
sources of the poisoned mice and that they could
easily find food, may have contributed to this.
Eliminating just one of the environmental
conditions does not solve the whole problem.”
(S5)

S stands for science PSTs, and M stands for mathematics PSTs.

[T3RL

stands for no answer.

How do pre-service teachers' levels of causal loop thinking change from pre-survey to

post-survey?

Figure 2 shows the participants' pre- and post-survey causal loop thinking levels for

Case 2. When the pre-survey responses of a total of fourteen participants are analyzed to

determine the participants' causal thinking levels, it can be seen that one of the participants

was at Level 0, four were at Level 1, six were at Level 2, and three were at Level 3. When the

participants' responses to the post-survey were analyzed, it was found that three participants

were at Level 2 and eleven were at Level 3. No Level 0 and Level 1 respondents were

recorded on the post-survey.
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Figure 2 Participants’ Pre- and Post-survey Causal Loop Thinking Levels

Table 5 shows the sample quotes given for Case 2 on the pre-and post-surveys.

Table 5 Participants' Pre-and-post Surveys Causal Loop Thinking Levels and Sample Quotes for Case 2

Levels

Example quotes for pre-survey

Example quotes for post-survey

Level O

Level 1

Level 2

Level 3

“Because they broke the system. Even though

they think they have found a solution, it has
created new problems.” (S1)

“The villagers have destroyed the food chains. -

It is a cycle and it causes problems for every
part of the pieces of the system.” (S8)

“Just as in the food web, the extinction of the

“The farmers did not focus on the main

green insects led to the reappearance of the red problem. They just tried to solve their

insects, and at the same time there were
changes in the number of animals, which
increased and decreased as the system of the
food chain was disrupted.” (S5)

“The farmer should try to destroy the red bugs

so that the population of green bugs will

decrease and his crops will remain healthy.”
(M5)

problem in a way that was more
appropriate for them. So they used the
pesticide to kill the green bugs. To find the
right solution, they have to find out why
these things happen. This requires them to
look at deeper levels of abstraction within
the system that are not immediately
obvious.” (S4)

“Because the farmers had found a short-
term solution. They did not consider the
future possibilities. For a certain period
after using this pesticide, the insect may
become resistant, or the plants may be
damaged by the pesticide.” (S7)

S stands for science PSTs, and M stands for mathematics PSTs.

9

stands for no answer.
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How do pre-service teachers' levels of dynamic thinking change from pre-survey to post-

survey?

Figure 3 shows the participants' pre-survey and post-survey levels of dynamic thinking

for Case 3. When the pre-survey responses of fourteen participants were analyzed to

determine the dynamic thinking levels, six participants were at Level 0, seven were at Level

1, one was at Level 2, and no one was at Level 3. When the participants' post-survey

responses were analyzed, it was found that two participants were at Level 0, two were at

Level 1, nine were at Level 2, and one was at Level 3.

10

n

N

Level 0 Level 1

B pre-survey

Level 2 Level 3

post-survey

Figure 3 Participants’ Pre-and Post-survey Dynamic Thinking Levels

Table 6 shows the sample quotes given for Case 3 on the pre-and post-surveys.

Table 6 Participants' Dynamic Thinking Levels and Sample Quotes for Case 3

Levels Example quotes for pre-survey

Example quotes for post-survey

Level 0 “I would choose a small house near the
heart of the city because it is time efficient.
Also, there are plenty of opportunities to
socialize.” (S4)

Level 1 “I would choose a large house in a less
expensive but up-and-coming
neighborhood. The big house is
advantageous both in terms of area and
budget, and I think it is the right choice
because it is already developed.” (M1).

“If I were Kramer, I would choose a big
house because | think a big house is more
useful. Also, it is less expensive, and | think
the place where the big house is located is
quieter than the big house.” (S3)

“I would prefer the second house because it is
mentioned as an emerging neighborhood. So,
it not only provides a comfortable living
space for not but also has potential to be
valuable.” (S1)
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Table 6 (continued)
Levels Example quotes for pre-survey Example quotes for post-survey

Level 2 “I choose the second home because I prefer “I would choose the big house. because it is
a place that is open to innovation rather than both affordable and highly likely to increase

the existing one. Even if it is a cheaper in value in the future. and also for investment
house, I think it can be advantageous if it is purposes, so it's better to have a big house.”
bigger than the other one and the (M1).
surrounding area is also developing.” (S5).

Level 3 - “If I were Kramer, I'd choose the house in the

developing area. In the beginning, he will
have both a larger and more affordable house,
and at the same time, many different factors
will change and develop, and he will have the
advantage of the location of the first house in
the future. Even if it is the case of choosing
the first house, it should be taken into account
that the conditions of the environment there
may also change over time.” (S5)

[73R1

S stands for science PSTs, M stands for mathematics PSTs. stands for no answer.

This study examined the contribution of a course using inquiry-based teaching
strategies compatible with the systems thinking approach to developing STS of PSTs. This
study evaluated how participants' stock-flow thinking skills for the first case, causal loop
thinking skills for the second case, and dynamic thinking skills for the third case changed
from the pre-survey to post-survey across three cases. Table 7 provides a holistic view of the
participants' levels by scoring their responses to pre- and post-survey cases. The table shows
which systems thinking skill(s), if any, changed for mathematics and science PSTs during the

course from the pre- to post-survey.

Table 7 Pre and Post-survey Results of the Three Cases

Case 1: Stock-flow thinking  Case 2: Causal loop thinking Case 3: Dynamic thinking
Pre-survey Post-survey  Pre-survey Post-survey  Pre-survey Post-survey
M1 [Level 2 Level 1 Level 2 PESVEISI Level 1 Level 2

M2 Level 1 Level 1 DEGVEISI DEEVEISIN Level 0 Level 2
M3  Level 1 Level 1 BECVEISI DEGVEISIN Level 0 Level 2

M4 | Level 2 Level 2 Level 1 Level 2 Level O Level 0

M5 [ECVEISIN NECVENSIN NECVENCIN NIEVEISIN Level 1 Level 2

S1 Level 2 Level 1 Level 0 Level O Level 1

S2  [Level2 ‘Level3  Level2 PESVEISIN Level 1 Level 2

S3 Level 2 Level 1 Level 1 Level 2 Level 0 Level O
S4 Level 2 Level 2 Level 2 Level 2 Level 0 Level 1

S5 Level2  (ESVEISHNN Level2  (LSVEISHNN Level2 (VeI

S6 | Level2 FLevel3 1 Level 2 PESVEISIN Level 1 Level 2
S7  Level2 Level 2 Level 1 PESVEISIN Level 1 Level 2
S8 |lLevel2 DECVEISI Level 1 PESVEISIN Level 1 Level 2
S9  [Level2 Level 2 Level 2 PESVEISIN Level 1 Level 2

[73R1

S stands for science PSTs, M stands for mathematics PSTs. stands for no answer.
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Stock-flow Thinking

When Table 7 is analyzed in terms of levels of stock-flow thinking, the number of
participants at Levels 1 and 3 increased from the pre-survey to the post-survey, while the
number of participants at Level 2 decreased. Two participants who were at Level 1 on the pre-
survey showed no improvement on the post-survey and remained at Level 1. Eleven
participants were at Level 2 on the pre-survey. On the post-survey, three dropped to Level 1,
four remained at the same level, and four moved up to Level 3. The only participant at Level

3 on the pre-survey remained at the same level post-survey.

When the participants' stock-flow thinking level was evaluated regarding majors, it
was determined that two of the five mathematics PSTs were at Level 1, two were at Level 2,
and one was at Level 3 on the pre-survey. In the post-survey, both Level 1 participants, one
Level 2 participant, and one Level 3 participant did not improve and remained at the same
level. 1t was also noted that one Level 2 participant unfortunately dropped back to Level 1.
Interestingly, the pre-survey found that all nine science PSTs were at Level 2. Unfortunately,
two participants dropped to Level 1 in the post-survey, and three remained at the same level,

showing no improvement. Fortunately, four of them moved up to Level 3.
Causal Loop Thinking

When Table 7 is analyzed in terms of levels of causal loop thinking from the pre-
survey to the post-survey, the number of Level 2 respondents decreased, and the number of
Level 3 respondents increased. Surprisingly, one participant at Level 0 on the pre-survey
moved up to Level 3. Two of the four participants at Level 1 in the pre-survey moved to Level
2, and the other two moved to Level 3. Of the six participants at Level 2 on the pre-survey,
one stayed the same, and the other five moved up to Level 3. Three participants at Level 3 on

the pre-survey did not change levels on the post-survey.

When the participants' level of causal loop thinking was evaluated in terms of majors,
it was found that one of the five mathematics PSTs was at Level 1, one was at Level 2, and
the remaining three were at Level 3 in the pre-survey. In the post-survey, it is good to see that
the Level 1 participant moved to Level 2 and the Level 2 participant moved to Level 3. The
Level 3 participants did not progress and remained at the same level. In the pre-survey, one of
the nine science PSTs was at Level 0, three were at Level 1, and the remaining five were at
Level 2. In the post-survey, surprisingly, the Level 0 participant moved up to Level 3, one

Level 1 participant to Level 2, and the remaining two Level 1 participants to Level 3. Four out
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of five Level 2 participants progressed to Level 3, but one remained at the same level and did

not progress.
Dynamic Thinking

When Table 7 is analyzed in terms of levels of dynamic thinking from the pre-survey
to the post-survey, it can be seen that the number of participants at Level 0 and Level 1
decreased, and the number of participants at Level 2 and Level 3 increased. Of the six
participants at Level 0 on the pre-survey, two remained at the same level, two moved to Level
1, and the remaining two moved to Level 2 in the post-survey. All participants at Level 1 in
the pre-survey moved to Level 2 in the post-survey. The participants at Level 2 in the pre-

survey moved up to Level 3 in the post-survey.

When the dynamic thinking level of the participants was evaluated in terms of majors,
it was found that three of the five mathematics PSTs were at Level 0, and the remaining two
were at Level 1 in the pre-survey. In the post-survey, two participants at Level 0 moved up to
Level 2, while one remained at the same level. It is good to see that all the participants at
Level 1 in the pre-survey moved up to Level 2. In the pre-survey, three of the nine science
PSTs were at Level 0, five were at Level 1, and the remaining one was at Level 2. In the post-
survey, it can be seen that two of the three participants who were at Level 0 moved up to
Level 2, and the remaining one remained at the same level with no improvement. It is nice to
see that all of the participants at Level 1 in the pre-survey moved up to Level 2 in the post-
survey. Only one participant at Level 2 on the pre-survey moved up to Level 3 on the post-

survey.
Discussion

A society with the potential to be systems literate and adept may be hampered in dealing
with complex and dynamic situations by limited awareness and grasp of systems thinking.
This study explored the change in STS among PSTs after participating in a systems thinking-
oriented teacher education course. Jordan and colleagues (2013) demonstrated that
instructional techniques based on the Structure-Behavior-Function Theory significantly
improved understanding of the various factors involved, particularly concerning behaviors
and functions. Similarly, improvements in the ability of pre-service teachers to answer
scenario-based questions about structure, behavior, and purpose were observed in the current

study.
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Hmelo-Silver et al. (2007) identified challenges novice teachers face in understanding
complex systems. PSTs focused on static system components, while in-service teachers
focused on structural, functional, and behavioral elements (Hmelo-Silver & Pfeffer, 2004).
Similarly, Lee et al. (2019) found that both in-service and PSTs struggled to identify system
components, processes, and hidden dimensions. The present study's results align with these
barriers, showing STS levels of PSTs before instruction were consistent with these
difficulties. Their STS levels in the stock flow case before the course were slightly more
advanced than in the causal loop and dynamic thinking cases, but still did not include novice-

level data.

After the systems thinking course, the results from the developing level increased, and
differences in skill levels were observed in the PSTs' performance in the scenario focusing on
stock and flow thinking skills compared to the pre-survey. As mentioned in Asik and
Doganca Kiigiik's study (2021), individuals' difficulty in understanding and solving stock-
flow scenarios may be due to their decision-making processes rather than a lack of contextual
knowledge about the tasks. Moreover, the majority of participants were unfamiliar with stock-
flow scenarios, which could potentially impact their performance (Asik & Doganca Kiigiik,
2021). This situation underscores a key area for development in science education and
suggests that strengthening teachers' decision-making abilities, especially in the context of
complex systems, could greatly enhance their understanding and teaching of stock-flow
concepts, leading to improved student learning outcomes in science classrooms (Karga &
Ceyhan, 2024).

Perkins and Grotzer (2000) showed that when participants are asked to explain a
collection of complicated systems, they frequently provide relatively basic causal
explanations, as seen in the current study before instruction. Understanding the behavior and
functions of a system requires a more detailed understanding of the underlying phenomena
and their interrelationships. It was seen that after the intervention, the development of
participants in causal loops and dynamic thinking cases was improved more explicitly. On the
other hand, Davis et al. (2020) revealed that students who found more connections between
variables performed better at identifying feedback. In the current study, although PSTs
performed better in identifying causal interactions, they did not explicitly mention balancing
or reinforcing causal loops as seen in the study conducted with science teachers (Karga &

Ceyhan, 2024). In addition, another reason for the significant increase in participants' success
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in causal loops compared to the pre-survey may be that they worked on identifying stock-flow
relationships before causal loops in the course timetable during the semester.

Ateskan and Lane (2018) found that after the workshop in the context of Education for
Sustainable Development (ESD), teachers were more likely to see problems as a series of
interconnected problems and that systems are constantly changing, which are the aspects of
dynamic thinking. Also, Palmberg and colleagues (2017) showed that none of the PSTs
acquired an intermediate or advanced level of systems thinking, incorporating
interconnections, feedback, and behavioral components. Teachers struggle to deliver suitable
learning experiences if they don't comprehend the nature of complex systems. In the study of
Karaarslan Semiz and Tekso6z (2020), science PSTs showed improvement in twelve ESD
context aspects of systems thinking, including dynamic and cyclic thinking skills. Most of the
teacher candidates had advanced to the developing or mastery level. Therefore, the findings of
this study underscore the necessity for well-designed interventions designed to enhance the
systems thinking skills of pre-service teachers across all three dimensions as emphasized by
Yoon and colleagues (2017) the critical importance of professional development for teachers

to effectively instruct on complex systems.

Although the current study used a context-independent measurement approach with
scenarios, the PSTs showed improvement in dynamic thinking skills, as mentioned in the
literature (Palmberg et al., 2017). However, the number of participants who still reach the
highest level of dynamic thinking skills is very limited or low. This could be because
interpreting gradual changes in a system, potential causal loops, and delays requires a deeper
understanding and skills. Therefore, the initiatives to develop PSTs in the context of systems
skills, such as those explored in this study, are important in preparing PSTs for the profession,
as it was seen that fewer PSTs reached the upper level in terms of thinking with stock-flows
and dynamic thinking skills. In addition, one of the interesting results of this study is that
when the STS levels of mathematics and science PSTs are compared, the improvement in all

three skills is more evident.

Moreover, the difference between the STS of mathematics and science PSTs may be
due to less exposure to courses and learning materials that may contribute to the development
of STS levels (Peretz et al., 2023). Considering the fluctuating systems thinking skill levels of
pre-service teachers in three aspects, as indicated by the results, this finding suggests that
improving and standardizing the duration and quality of both theoretical education and

practical classroom experience in systems thinking may be beneficial. Such enhancements
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could lead to more consistent and developed systems thinking skills among teachers. On the
other hand, the scenario-based questions employed in this study illuminate on the degree to
which teachers' responses can be used to gauge students' systems thinking abilities.
Addressing the shortcomings of assessments allows us to develop new techniques and

improved instruments for assessing systems thinking abilities.

This exploratory research serves as a foundation for larger studies to validate and
expand upon the results. While this study focuses on science and math PSTs, STS are relevant
across various educational contexts and disciplines. Future research could include PSTs from
other disciplines, such as social studies or language arts, to explore STS development in
different domains. Future research could also involve longitudinal studies that follow the STS
of PSTs as they progress through their teacher education programs and transition into their
careers. By tracking participants' development over time and examining how they implement
STS in real-world teaching scenarios, researchers can better understand the long-term impact
of systems thinking-oriented interventions and identify potential barriers or facilitators to

successfully integrating systems thinking into educational practice.

Furthermore, this study shows that involving PSTs in systems thinking is feasible and
beneficial, even in the early stages of their education. Therefore, further research on systems
thinking should inform curricula that integrate systems thinking into higher education
programs (Elsawah et al., 2022; Karaaraslan Semiz & Teksoz, 2024). To gain a more
comprehensive understanding of the impact of systems thinking-integrated courses across
different educational levels, it is recommended to conduct studies with undergraduate and

graduate programs.

In conclusion, this study contributes to the growing body of research on systems
thinking in teacher education. However, future research should aim to build upon and extend
its findings. By pursuing the suggested directions, researchers can further advance our
understanding of how to foster and assess STS among PSTs effectively. This will ultimately
prepare PSTs to navigate the complexities of the modern educational landscape and equip

their future students with the tools to thrive in an increasingly interconnected world.
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Fen ve Matematik Ogretmen Adaylarimin Sistem Diisiincesi Becerilerinin Vaka
Senaryolar1 Araciligiyla Degerlendirilmesi

Ozet:

Karmagik kiiresel sorunlarin ele alinmasi, sistem diisiincesi becerilerinin gerekliligini vurgulayan daha
kapsamli ve biitiinciil yaklagimlar gerektirmektedir; ancak mevcut galismalar, 6gretmen adaylarinin sistem
diisiincesi becerilerini anlamada 6nemli bir bosluk oldugunu gostermekte ve bu alanda daha fazla arastirma
yapilmasi gerektigini vurgulamaktadir. Bu kesifsel vaka ¢alismasi arastirmasi, fen ve matematik d6gretmen
adaylarmin sistem diisiincesi becerilerini senaryo tabanl degerlendirmeler yoluyla arastirmistir. Ug vaka
senaryo Ornegi, sistem diislincesinin belirli bir yoniine odaklanmistir: stok akig, nedensel dongii ve dinamik
diigiinme. Bu calismanin katilimcilari, bir devlet arastirma iiniversitesinin dgretmen egitimi programinda
sistem diisiincesi dersi alan 14 6gretmen adayidir. Veriler Sistem Diisiincesi Rubrigi ve Dinamik Diisiinme
Becerileri Rubrigi kullanilarak kodlanmistir. Analizler, dinamik diisiinme becerilerinde gelismeler oldugunu
gostermis, ancak daha az sayida katilimer stok akisi diisinme konusunda gelisme gostermistir. Fen ve
matematik disiplinleri karsilastirildiginda, fen bilgisi Ogretmen adaylarinin sistem odakli diisiinme
becerilerinde matematik 6gretmen adaylarina gore daha fazla ilerleme kaydettikleri goriilmiistiir. Bu 6n
aragtirma, egitimcilerde sistem diislincesinin degerlendirilmesi ve gelistirilmesine yonelik i¢gériiler
sunmaktadir. Sistem diisiincesi yaklagiminin 6gretmen egitimi programlarina entegre edilmesinin, gretmenleri
karmasik sorunlarla etkili bir sekilde basa ¢cikmaya daha iyi hazirlayabilecegini 6ne siirmektedir. Ogretim
yontemlerinin kullanildigi daha ileri galismalar, 6gretmen adaylari arasinda sistem diigiincesi gelisiminin
optimize edilmesine 151k tutabilir. Oziinde bu arastirma, sistem diisiincesinin 6gretmen egitimini zenginlestirme
potansiyelinin altin1 ¢izmektedir.

Anahtar kelimeler: Ogretmen adaylari, sistem diisiincesi becerisinin 6l¢iilmesi, sistem diisiincesi becerileri,
Ogretmen 6grenmesi.
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Abstract — This study aimed to investigate undergraduate physiotherapy students' conceptual understanding
levels of simple electric circuits and the misconceptions they brought to introductory physics courses, over five
years, from 2018 to 2023. This retrospective study adopted an exploratory research methodology. Using
purposive sampling, undergraduate students majoring in physiotherapy and rehabilitation and attending the
Physics 11 course at a private university from 2018 to 2023 were selected as participants. In total, the results of
the Simple Electric Circuit Diagnostic Test (SECDT) voluntarily taken by 296 students (209 females and 87
males) aged 18 to 22 were included in the study. The students' responses in the SECDT were analyzed using MS
Excel and further analysis with IBM PASW18. The researcher calculated the frequency of each misconception
category by adding up the students' responses to all questions related to that category. The independent samples
Kruskal Wallis test with post-hoc analysis (pairwise comparisons) was conducted to determine whether student
groups in different academic years were statistically different regarding SECDT scores. The results showed that
students held five common misconceptions over five years: clashing current model, short circuit misconception,
power supply as constant current source model, sequential reasoning, and local reasoning. Moreover, the study
revealed a peak in 2021-2022 regarding students having better conceptual understanding levels than other years.
Five-year data showed that minimal changes have occurred, and that prevalent misconceptions did not change
over time. These findings can help educators when designing their courses, explicitly focusing on these

misconceptions to promote a better conceptual understanding of electricity.
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Introduction

Physics is often perceived as abstract and disconnected from students' everyday
experiences (Kolloffel & de Jong, 2013; Ramma et al., 2017). Research in physics education
has revealed that many introductory physics students struggle to grasp physics concepts
(Neidorf et al., 2020). Developing these concepts is intricate and influenced by individuals'
perceptions, experiences, and information acquisition habits. Life experiences differ from
person to person, resulting in varying interpretations of the same subject. Language used in
the classroom, textbooks, and even teachers can be primary sources of misconceptions
(Hammer, 1996). It is crucial for instructors to identify and address these misconceptions to
foster student engagement and facilitate a better grasp of scientific principles (Uwamahoro et
al., 2021).

One abstract concept that deserves attention is electricity. Although invisible, it is
omnipresent and essential to numerous crucial processes, such as powering electronic devices
and enabling medical equipment. Understanding electricity is fundamental across all
educational levels in physics, as it establishes a strong foundation for comprehending more
complex subjects (Mbonyiryivuze et al., 2019; Mulhall et al., 2001). Studies in science
education have focused on grasping conceptual understanding, particularly in simple electric
circuits, both in practical and theoretical contexts (Unal, 2022). Earlier studies have identified
misconceptions about electricity (Chambers & Andre, 1997; Engelhardt & Beichner, 2004;
Pesman & Eryilmaz, 2010; Shipstone, 1984).

It is important for students to have a good understanding of electricity, as it plays a
significant role in various fields such as engineering, technology, and medicine (Melzer et al.,
2012). The fundamental principles of electric circuits are crucial, as they form the basis for
students’ comprehension of technology (Onder et al., 2017). In this regard, physics courses
designed for health science students should aim to provide essential conceptual
understanding, building on their existing knowledge of physics, as argued by Ozmen (2024).
Physics is a fundamental science relevant to numerous professions (Ozdemir et al., 2020).
Professionals such as physiotherapists rely on a foundational understanding of electricity
(Espejo-Antinez et al., 2022; Kolloffel & de Jong, 2013; Martellucci, 2015). This knowledge
helps them use electrical modalities safely and effectively, comprehend the bioelectrical
functions of the human body, keep up with technological advancements, and collaborate
efficiently in healthcare settings (Melzer et al., 2012). Ultimately, this understanding

contributes to improved patient care and treatment outcomes. Accordingly, this study aimed
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to investigate the misconceptions undergraduate physiotherapy students brought to
introductory physics courses over five years, from 2018 to 2023.

This paper focuses on the conceptual understanding levels of physiotherapy and
rehabilitation (PR) students related to simple electric circuits and investigates the following
research questions:

i.  How did PR students’ conceptual understanding levels of simple electric circuits
change between 2018 and 2023?
ii.  Which misconceptions about simple electric circuits persisted among PR students
between 2018 and 2023?
iii.  Were there any significant differences between PR students’ conceptual understanding

levels and misconceptions of simple electric circuits over five years?
Background of the Study

Understanding key electrical concepts and the distinction between short and open
circuits is essential for grasping the workings of simple electric circuits. The literature
contains ample evidence of misconceptions about simple electrical circuits, common even
among students who have received formal instruction in the relevant material (Quezada-
Espinoza et al., 2023). Many students often deem electric circuits complex and abstract, with
several studies highlighting their learning challenges (Taslidere & Yildirim, 2023).
Consequently, extensive research has identified misconceptions surrounding simple electric
circuits (Chambers & Andre, 1997; Pesman & Eryilmaz, 2010; Turgut et al., 2011). Early
research on the subject demonstrated that students struggle with the concept of electricity
(Chambers & Andre, 1997; Shipstone, 1984).

Previous research has extensively documented several common misunderstandings
about simple electric circuits. For instance, students often incorrectly assume that electric
current is used up as it travels through a circuit, which can hinder learning about current
conservation and the Kirchhoff's laws (Shipstone, 1984). Another prevalent misconception is
that batteries provide a constant current rather than a constant voltage, which can confuse
students when analyzing circuit behavior under various loads (McDermott & Shaffer, 1992).
Confusion about the direction of current flow, particularly the difference between
conventional current (positive to negative) and electron flow (negative to positive), is also
widespread (Dupin & Johsua, 1987).
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Students often misunderstand the role of a voltage source, thinking that it pushes the
current through a circuit without realizing that it actually establishes a potential difference
driving the current (Fredette & Lochhead, 1980). Many students incorrectly assume that the
voltage is the same at all points in a circuit, failing to recognize that the potential difference
between two points which drives the current flow. Misconceptions about series and parallel

circuits are also common, especially regarding the voltage and the current distribution.

Students frequently fail to understand that the voltage across each branch is the same in
parallel circuits, while in series circuits, the current through each component is identical
(Cohen et al., 1983). In parallel circuits, they may fail to understand how the current is
divided among branches, affecting each branch's total resistance and their individual currents
(Chambers & Andre, 1997). Researchers have also reported specific misconceptions about
electricity and electric circuits in the literature (Engelhardt & Beichner, 2004; Pesman &
Eryilmaz, 2010).

In their review, Duman and Avci (2014) examined the studies that identified the
misconceptions of secondary school students and pre-service science and technology teachers
in science education between 2003 and 2013 in Tiirkiye-based university journals available
electronically. They detected two studies related to misconceptions: about simple electric
circuits (Ates & Polat, 2005) and about the electric current (Yildirim et al., 2008). In a similar
study, Yeltekin-Atar et al. (2021) examined the studies on misconception and conceptual
understanding in physics education published between 2010 and 2019 within all volumes of
the faculty of education journals. The results showed that “electricity and magnetism” is the
third most common physics content in misconception and conceptual understanding studies
(in 13 out of 90 studies).

However, previous studies differ in their prevalence of common misconceptions related
to simple electric circuits. Ates and Polat (2005) identified the following misconceptions in
their study with university students: sequential reasoning (41%), the power supply as a
constant current source model (38%), the shared current model (27%), the attenuation model
(7%), the unipolar model (4%), and the clashing current model (5%). Another study by
Yildirim et al. (2008) focused on 6-8"-grade students and their understanding of electricity. It
revealed that most students had misconceptions about electric currents, consistently across all
three grades, and that students often struggled with basic and abstract concepts of current and
voltage. Additionally, when changes were made to electric circuits, such as adding a

resistance, students had difficulty in distinguishing between equivalent current and voltage

Necatibey Faculty of Education Electronic Journal of Science and Mathematics Education



408 Uncovering the undergraduate physiotherapy students’ conceptual understanding levels...

concepts. They also faced challenges in grasping the effects of resistance on current and
voltage, leading to misconceptions.

Looking at the studies in the literature, Cepni and Keles (2006) listed the most common
misconceptions as: the power-consumption model, the clashing currents model, and the
attenuation model. In a study conducted with pre-service science teachers, Altun (2009)
reported that short circuit, shared current, attenuation, and clashing currents models are the
most common misconceptions. Pesman and Eryilmaz (2010) found the shared current model,
the clashing current model, short circuit misconception, power supply as a constant current

source, and the local reasoning model as the most common misconceptions.

In Karakuyu and Tiiysiiz's (2011) study involving tenth-grade students, one common
misconception was the belief that adding or removing a resistance from the circuit would
always increase or decrease the total resistance, regardless of how the resistors were

connected.

Another extensive study conducted by Eryilmaz et al. (2016) aimed to assess
misconceptions across different regions in Tiirkiye by administering the Simple Electric
Circuits Diagnostic Test (Pesman, 2005) to a large sample of high school students (N=11550).
The study revealed that the most prevalent misconception (31%) among students regarding

simple electrical circuits was the clashing current model.

In a study conducted with students in physiotherapy and rehabilitation major, the
clashing current and the local reasoning models were found to be more common
misconceptions (Ozmen, 2019). Similarly, in Ozmen's (2022) study, the most common
misconceptions among the students in audiology major were the clashing current and the local
reasoning models, where the students consider the electric circuit locally ignoring that the

events in the whole circuit coincide.

These misconceptions can significantly impact learning, leading to difficulties in
understanding more advanced topics and applying theoretical knowledge in practical
situations (Reiner et al., 2000). Misconceptions can persist despite instruction, suggesting that
traditional teaching methods may be ineffective in addressing these issues (Ozmen, 2024;
Vosniadou, 1994). Previous research has shown that misconceptions about electric circuits are
resistant to change because they are often based on intuitive but incorrect interpretations of
physical phenomena (Reiner et al., 2000). Therefore, it is crucial for educators to identify

these misconceptions early and address them through targeted instructional interventions.
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Educators can develop more effective teaching strategies that enhance student learning and
comprehension in introductory physics courses by understanding the most frequent

misconceptions related to simple electric circuits.
Assessment of Misconceptions with Multiple Choice Diagnostic Tests

Multiple-choice tests are commonly used in educational assessments as they evaluate
the knowledge of the students and pinpoint misunderstandings (Kaltakci-Gurel et al., 2015).
To address these misunderstandings, researchers have developed one, two, and three-tier
multiple-choice tests, each providing varying levels of diagnostic precision. One-tier multiple-
choice tests are the most conventional type, consisting of a single question and several answer
choices. These tests are efficient and straightforward to administer, making them popular in
large classroom settings. However, one-tier tests often do not fully uncover the reasoning
behind students' choices. While they can identify incorrect answers, they do not offer insight

into the misconceptions that led to those answers (Haladyna, 2004).

Two-tier multiple-choice tests were created to tackle this limitation. The first tier
comprises a traditional multiple-choice question, while the second tier requires students to
explain their choice. This format enables educators to gain insight into the students' thought
processes and pinpoint specific misunderstandings. For example, when assessing
understanding of Ohm's Law, the first tier might inquire about the current through a resistor
given a certain voltage and resistance, while the second tier would request the student to
explain their reasoning (Treagust, 1988). This additional layer of questioning helps
differentiate between different types of misunderstandings and provides more detailed

diagnostic information.

Three-tier multiple-choice tests add another layer of depth by incorporating a
confidence rating. After answering the initial question and providing a reason, students
indicate their confidence in their answers. This tier helps to identify not only the presence of
misunderstandings but also the students’ certainty in their incorrect beliefs (Caleon &
Subramaniam, 2010; Pesman & Eryilmaz, 2010). For instance, in a three-tier test on electric
circuits, a student might select an incorrect answer about parallel circuit behavior, provide a
flawed explanation, and then rate their confidence as high. This combination of responses
indicates a strong and potentially resistant misconception that requires targeted instructional

intervention.
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Method
Research Design

This retrospective study used exploratory research methodology in a longitudinal
manner. Longitudinal studies involve collecting continuous or repeated data to track specific
individuals over long periods (Caruana et al., 2015). These studies are typically observational,
as researchers gather quantitative and/or qualitative data on various exposures and outcomes
without introducing any external influence (Rezigalla, 2020). Longitudinal research can take
various forms and this study adopted a "repeated cross-sectional™ research design, where

participants differed entirely on each sampling occasion.
Participants

Using purposive sampling, the study retrospectively analyzed the results of the Simple
Electric Circuit Diagnostic Test (SECDT) voluntarily taken by undergraduate students in
physiotherapy and rehabilitation major enrolled in the Physics 11 course at Bagkent University
from 2018 to 2023. In total, 296 students were included in the study, with 209 females and 87

males. Table 1 presents the distribution of participants by gender over the five-year period.

Table 1 The Gender Distribution of the Participants across Five Years

Female Male Total
Year N (%) N (%) N (%)
2018-2019 50 (84.7) 9 (15.3) 59 (19.9)

2019-2020 39(72.2)  15(27.8)  54(18.2)
2021-2022 55(82.1)  12(17.9)  67(22.6)
2022-2023 23(605)  15(395)  38(12.8)
2023-2024 42 (53.8)  36(46.2)  78(26.4)
Total 209 (70.6)  87(29.4) 296 (100)

Instrument

The Simple Electric Circuit Diagnostic Test (SECDT) was utilized in this study to
evaluate students' conceptual understanding level. The SECDT is a three-tier diagnostic test
developed by Pesman (2005) that measures 11 misconception models related to simple
electric circuits through 12 questions (p. 157). The first set of questions consists of multiple-
choice queries with typically two or three options. The subsequent set requires justifications
for the chosen answer from the first tier, and the final set evaluates the students' confidence in
their responses to the previous questions. By combining answers from the first and second
tiers and responding to "sure" in the third tier, specific misconception models based on the

answers are represented. These models include the sink model (M1), the attenuation model
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(M2), the shared—current model (M3), the clashing current model (M4), the empirical rule
model (M5), the short circuit model (M6), the power supply as a constant current source
model (M7), the parallel circuit model (M8), the sequential reasoning model (M9), the local
reasoning model (M10), and the current flow as water flow model (M11). For a
comprehensive understanding of the SECDT structure, it is advisable to refer to Table 1 in
Pesman and Eryilmaz’s (2010) study (p. 212). The reliability coefficient of the test provided
in the original research was calculated to be 0.33 for misconception scores and 0.69 for
correct scores using the Cronbach's alpha. For the current study, the reliability coefficient is
calculated as 0.41 for misconception scores; and as 0.70 for correct scores. The reliability
coefficients computed from the misconceptions scores are typically lower than those
calculated from the correct scores (Kaltakci-Gurel et al., 2017). The reliability coefficients in
this study are similar to those in Pesman (2005) , representing the nature of misconception
tests (Ar1 et al., 2017).

Data Collection

The study was approved by the Baskent University Institutional Review Board and
Ethics Committee (Project no: KA23/284) and supported by the Baskent University Research
Fund. Data collection occurred yearly at the beginning of the spring semester during the
second week of the Physics Il course. Students were informed about the study during the first
week of the course, and additional (bonus) points were given to students who participated
voluntarily. Data collection was completed within a 50-minute lecture. Data was not collected
during the 2020-2021 spring semester because the author was on maternal leave.
Additionally, due to February 2023 Kahramanmaras earthquakes, the data collection was
conducted online during the 2022-2023 spring semester. A low response rate was noted due to
the Council of Higher Education’s (CoHE, 2023) declaration that made the participation in

online courses non-mandatory.
Data Analysis

The students' responses in the SECDT were analyzed using the MS Excel and the IBM
PASW18. The researcher calculated the frequency and percentage of each misconception
category by adding up students' responses to all questions related to that category. Any
misconception with a rate of 10% or higher is regarded as a serious misconception in this
study, as Caleon and Subramaniam (2010) recommended. Since the assumption of normal
distribution for the dependent variables was violated, the independent samples Kruskal Wallis

test with post-hoc analysis (pairwise comparisons), a non-parametric test, was conducted to
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determine whether student groups (clusters) in different academic years were statistically

different in terms of SECDT scores.
Results
Descriptive Results of PR Students’ Responses to the SECDT

The descriptive statistics of SECDT across different academic years indicate variations
in students' performance (Figure 1). The mean scores varied, with the lowest in 2019-2020 at
3.76 and the highest in 2021-2022 at 5.91. The maximum score varies slightly between 9 and
10 within years, except the peak at 12 in 2021-2022. The data suggests varying student
performance levels across different years, with notable improvements in certain periods and

declines in others.
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Figure 1 Descriptive Statistics of the SECDT scores from 2018 to 2023

Table 2 outlines the percentage of correct responses students gave in the SECDT. Out of

12 questions, students had a correct response rate of less than 30% in five questions (Q2, Q3,
Q5, Q9, and Q10).
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Table 2 Percentage of Students' Correct Responses for Each Question in SECDT

Question Correct responses - percentage (%)

No. 2018-2019  2019-2020 2021-2022 2022-2023 2023-2024
Q1 42.4 42.6 70.1 447 39.7
Q2 8.5 7.4 15 5.3 5.1
Q3 15.3 14.8 10.4 13.2 9.0
Q4 50.8 42.6 82.1 86.8 67.9
Q5 51 0.0 6.0 7.9 2.6
Q6 59.3 51.9 86.6 76.3 65.4
Q7 64.4 53.7 77.6 84.2 61.5
Q8 59.3 38.9 58.2 447 43.6
Q9 23.7 16.7 26.9 28.9 12.8
Q10 10.2 7.4 13.4 15.8 14.1
Q11 67.8 64.8 85.1 81.6 67.9
Q12 61.0 35.2 73.1 60.5 52.6

*Boldface numbers refer to the highest percentages within year clusters.

Q2 analyzes a parallel circuit to determine the current flowing through each branch. Q3
examines how the magnitude of electric current changes in a series of bulb connections.
Similarly, Q5 requires students to compare the magnitude of electric current when a new bulb
is connected in parallel to a simple electric circuit. In Q9, students are asked to compare the
brightness of a bulb connected with two identical resistors in series (10£2-bulb-10#). This is
done by increasing the resistance of one resistor in the electric circuit (10£2-bulb-20) and
changing the location of resistors (2002-bulb-1042). Lastly, Q10 inquires whether a bulb gives

light if one point of the bulb touches the current-carrying wire.

Distribution of Misconception Models Related to Simple Electric Circuits

The distribution of the sink model misconception (M1) across different academic years
is detected by three alternative responses given to Q1 and Q10 (M1 1:1.14a,1.24a,1.33;
M1 2:10.14a,10.2Db,10.3a; M1 _3:10.1 b, 10.2 b, 10.3 a). Q1 asks whether a lamp will give
light if it is connected to the positive terminal of a battery with a connecting wire. On the
contrary, the same question is asked in Q10 when a wire is connected to a battery's negative
and positive terminals while the lamp touches the wire. If a student believes that a lamp will
light up when connected to the positive terminal of a battery with a wire, they might have the
sink model misconception. Similarly, if a student confidently explains that the lamp will or
will not light up because "the bulb is connected to the positive terminal,” they may also have
the sink model. Occurrences of the misconception were relatively low. However, the

frequency and percentage of M1_3 increased considerably over time, reaching 14.1% in
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2023-2024. The data underscores the persistence and increase of specific misconceptions
about the sink model among students over the years (see Appendix).

The attenuation model misconception (M2) across different academic years was
measured with two alternative responses to Q4 in the SECDT (M2_1:4.1c,4.2¢, 4.3 3;
M2_2:4.1b,4.2c,4.3a.). In Q4, two identical bulbs are connected with a battery in series,
and the magnitudes of currents in each connection and the brightness of the bulbs are
compared. If the students confidently explain that the magnitude of electric current will decay
as the bulbs consume it, they may hold the attenuation model misconception. M2_1 shows a
gradual increase in occurrences, from 1.7% in 2018-2019 to 7.7% in 2023-2024, indicating a
rising trend in this alternative response over the years (see Appendix). However, the findings
suggest that this misconception has either been non-existent or has not been effectively

addressed recently.

The shared current model misconception (M3) across different academic years was
measured by five alternative responses to Q3, Q4, and Q5 (M3_1: 3.1 b, 3.2 ¢, 3.3.a; M3_2:
31a,32c33a;M3 3:41d,42c,43a,M3 4:51b,5.2c¢,53a, M3 5:5.13,5.2¢,5.3
a). In these questions, students have a misconception that electrical devices equally share an
electrical current independent of how they are connected. The occurrence of the
misconception varied slightly over the years, especially for M3_1, M3_2, and M3_5 (see

Appendix). For example, M3_2 shows notable fluctuations, peaking at 10.5% in 2022-2023.

The distribution of the clashing current model misconception (M4) across different
academic years is presented in Table 3. This model is detected by two alternative responses to
Qland Q10 (M4 _1:1.1b,1.2b,1.3a; M4 _2:10.1 a, 10.2 a, 10.3 a). If students respond to
these questions that positive and negative charges should meet in the bulb to give light, they
may have a clashing current model. M4 _1 shows a marked increase over the years, beginning
at 27.1% in 2018-2019 and rising to 48.7% in 2023-2024, indicating a growing prevalence of
this misconception among students. Similarly, M4_2 began at 10.2% in 2018-2019, dropped
to 3.7% in 2019-2020, then surged to 11.9% in 2021-2022, peaking at 21.1% in 2022-2023
before slightly declining to 7.7% in 2023-2024. These trends highlight a persistent challenge

with the clashing current model misconception, with particularly high occurrences of M4_1.
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Table 3 Distribution of Clashing Current Model Misconception (M4)

Year M4_1 M4_2

f % f %
2018-2019 16 27.1 6 10.2
2019-2020 13 24.1 2 3.7
2021-2022 16 23.9 8 11.9
2022-2023 18 47.4 8 21.1
2023-2024 38 48.7 6 7.7

*M4_1:1.1b,1.2b,1.3a; M4_2:10.14a,10.2a,10.3a.

The empirical rule model misconception (M5) was assessed through three different
responses to Q4, Q7,and Q12 (M5 _1:4.1b,4.2a,4.3a; M5 2:7.1b,7.2b, 7.3 a; M5_3:
12.14a,12.2 b, 12.3 a). The questions inquire how students perceive the brightness of bulbs
when they are connected in series (Q4), connected in parallel (Q7), and connected in parallel
with a conductive wire (Q12). Students who hold empirical rule model respond to these
questions as the bulb will shine brighter if it is positioned near the battery in a circuit. The
responses for M5_1, M5_2, and M5_3 consistently remained low (see Appendix). Overall, it
seems that empirical model misconceptions are less frequent compared to other
misconceptions.

The distribution of misconceptions about short circuits (M6) among students in different
academic years is presented in Table 4. The model is identified through four responses to
questions 8, 10, and 12 (M6_1:8.1b,8.2hb,8.3a; M6_2:8.1¢, 8.2, 8.34a; M6_3: 10.1 g,
10.2 ¢, 10.3a; M6_4:12.1 b, 12.2 d, 12.3 a). Students who hold short circuit misconception
responds to these questions without recognizing the conductive wire connections in an electric
circuit. M6_1 is the most commonly chosen alternative, with occurrences rising significantly
from 11.9% in 2018-2019 to a peak of 19.2% in 2023-2024. M6_2 remains consistently low
with minimal variation. On the other hand, M6_3 showed fluctuations, reaching a notable
high of 15.8% in 2022-2023. Similarly, M6_4 also displayed variations, peaking at 9.0% in
2023-2024. These trends indicate that while M6_2 is less common, M6_1 and M6_3 are more
frequently observed, signaling ongoing challenges in students' comprehension of the short

circuit concept.

Necatibey Faculty of Education Electronic Journal of Science and Mathematics Education



416 Uncovering the undergraduate physiotherapy students’ conceptual understanding levels...

Table 4 Distribution of Short Circuit Misconception (M6)

Year M6_1 M6_2 M6_3 M6_4

f % f % f % f %
2018-2019 7 11.9 2 3.4 1 1.7 3 5.1
2019-2020 10 185 2 3.7 3 5.6 2 3.7
2021-2022 9 13.4 3 45 7 10.4 1 15
2022-2023 3 7.9 4 10.5 6 15.8 3 7.9
2023-2024 15 19.2 2 2.6 10 12.8 7 9.0

*M6_1:8.1b,82h,8.3a;M6_2:81¢c,82c,83a M6_3:10.14,10.2¢, 10.3 a; M6_4:
12.1b,12.2d,12.3 a.

Table 5 provides an analysis of the distribution of the power supply as constant current
misconception (M7) across five academic years by four alternative responses to Q3, Q5, and
Q9(M7_1:3.1c¢, 324,333, M7 _2:3.13,3.2a,3.3a;M7_3:5.1¢c,5.2¢,53a, M7_4:9.1
d, 9.2 d, 9.3 a). The data reveals a varying prevalence of these misconceptions over the years.
M7_1 gradually increased from 11.9% in 2018-2019 to 32.1% in 2023-2024, peaking at
34.3% in 2021-2022. M7_2 and M7_4 responses were consistently low. M7_3 showed a
significant rise, starting from 37.3% in 2018-2019, peaking dramatically at 77.6% in 2021-
2022, before slightly declining to 50.0% in 2023-2024. Overall, the data highlights persistent
and fluctuating trends in misconceptions about constant current in power supplies, with M7_1

and M7_3 being notably prevalent, while M7_2 and M7_4 remained relatively uncommon.

Table 5 Distribution of Power Supply as Constant Current Misconception (M7)

Year M7 1 M7 _2 M7_3 M7 4
f % f % f % f %
2018-2019 7 119 0 0.0 22 373 0 0.0
2019-2020 6 111 0 0.0 12 222 0 0.0
2021-2022 23 34.3 1 15 52 776 2 3.0
2022-2023 13 34.2 0 0.0 21 553 0 0.0
2023-2024 25 321 1 1.3 39 50,0 5 6.4
*M7_1:31¢,324a33a; M7 2:313,324a,33a, M7 _3:51c,52¢,53a;M7_4:9.1d,

9.1d,93a.

One response alternative to Q5 in SECDT measured the parallel circuit misconception
(M8) distribution (M8_1: 5.1 a, 5.2 a, 5.3 a.). The findings indicated that this misconception
was not very common among students (see Appendix).

Table 6 displays the distribution of misconceptions related to sequential reasoning (M9)
over five academic years, considering two alternative responses to Q9 (M9 1:9.1a,9.2a, 9.3
a; M9_2:9.1c¢, 9.2 b, 9.3 a). The data reveals consistent and fluctuating patterns in
misconceptions about sequential reasoning with M9_1, while M9_2 remained relatively

uncommon.
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Table 6 Distribution of Sequential Reasoning Misconception (M9)

Year M9 1 M9 2

f % f %
2018-2019 4 6.8 1 1.7
2019-2020 7 13.0 0 0.0
2021-2022 16 23.9 0 0.0
2022-2023 6 15.8 6 15.8
2023-2024 15 19.2 2 2.6

*M9_1:9.1a,9.2a,9.3a;M9_2:9.1¢,9.2b,9.3a

In Table 7, the distribution of local reasoning misconception (M10) is displayed across
different academic years by three alternative responses to Q2, Q5, and Q12 (M10_1:2.1 43, 2.2
a,2.3a;M10 2:5.13,5.2b,5.3a; M10_3:12.14a,12.2c, 12.3 a). The response to M10_1 is
quite prevalent throughout the years, peaking at 85.1% in 2021-2022. However, the
prevalence of responses to Q5 and Q12 are quite low when compared to the M10_1 response
given for Q2.

Table 7 Distribution of Local Reasoning Misconception (M10)

Year M10_1 M10_2 M10_3

f % f % f %
2018-2019 29 49.2 1 1.7 0 0.0
2019-2020 32 593 4 7.4 2 3.7
2021-2022 57 85.1 2 3.0 4 6.0
2022-2023 30 789 1 2.6 0 0.0
2023-2024 60 76.9 3 3.8 2 2.6

*M10_1:2.1a,2.24a,23a;,M10 2:514,5.2b,534a;, M10_3: 12.1
a,12.2c¢,12.3a

Lastly, the current flow as water flow misconception model (M11) was measured by
three alternative responses to Q6, Q7, and Q11 (M11 1:6.1a,6.24a,6.3a;, M11 2:7.1¢c, 7.2
a,7.3a;M11_3:11.14a,11.2 b, 11.3 a). The analysis revealed that this misconception was not
very common among students (see Appendix).

To sum up, over five years, the results indicated that students held five common
misconceptions that they might bring from K-12 education and/or their daily life experiences:
the clashing current model (M4), the short circuit misconception model (M6), the power
supply as constant current source model (M7), the sequential reasoning (M9), and the local
reasoning model (M10).
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Comparison of PR Students’ Conceptual Understanding Levels of Simple Electric
Circuits Across Five Years

The student responses to the SECDT were coded as correct (i.e., 1% tier: correct, 2"
tier: correct, 3" tier: sure), as misconception (specific combinations of tiers as reported by
Pesman and Eryilmaz (2010)), and as incorrect (e.g. all “not sure” responses to 3' tier, any
response does not fit into misconception category but incorrect, neglecting confidence level).
Incorrect answers also indicate “lack of knowledge” about the electricity concept.

Kruskal-Wallis tests indicated that there were significant differences in PR students’
correct response scores ( ¥ (4, 296) =30.146, p <.001), incorrect response scores (x° (4,
296) =50.570, p <.001), and misconception scores (¥ (4, 296) = 49.368, p <.001) across
different academic years. Post-hoc comparisons are conducted by using the Bonferroni
correction for multiple tests, indicating the mean rank of students’ correct responses, incorrect
responses, and misconception scores in the SECDT. The pairwise comparisons for correct,

incorrect, and misconception scores across academic year clusters are displayed in Figure 2.

2022-2023 2022-2023 2022-2023
171,46 1114 172,97

2021-2022 2021-2022 2021-2022
187 87 10515 168,23

2019-2020 2019-2020
112,96

20192020
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Figure 2 Pairwise Comparisons Across Years of PR Students’ (a) Correct Response Scores, (b)
Incorrect Response Scores, and (c) Misconception Scores in the SECDT.

The SECDT correct response scores of PR students enrolled in the 2021-2022
academic year were significantly higher than those of students enrolled in the 2018-2019
cluster, p = 0.047, students enrolled in 2019-2020, p < .001, and students enrolled in 2023-
2024, p <.001. On the other hand, the SECDT incorrect response scores of PR students
enrolled in the 2021-2022 academic year were significantly lower than those of students
enrolled in the 2018-2019 cluster, p < .001, students enrolled in 2019-2020, p <.001, and
students enrolled in 2023-2024, p = 0.035. Even though PR students in the 2021-2022 cluster

have higher correct and lower incorrect responses in the SECDT, their misconception scores
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were significantly higher than those of students enrolled in the 2018-2019 cluster, p <.001,
and students enrolled in 2019-2020, p < .001.

The SECDT correct response scores of PR students enrolled in the 2022-2023
academic year were significantly higher than those enrolled in the 2019-2020 cluster, p =
0.047. Conversely, the SECDT incorrect response scores of PR students enrolled in the 2022-
2023 academic year were significantly lower than those of students enrolled in the 2018-2019
cluster, p = 0.001, and students enrolled in the 2019-2020 cluster, p <.001. When the SECDT
misconception scores of PR students enrolled in the 2022-2023 academic year were
considered, they were significantly higher than those of students enrolled in the 2018-2019
cluster, p <.001, and in 2019-2020, p < .001.

Discussions and Suggestions

The current study tracked health science students’ conceptual understanding levels of
simple electric circuits within five academic years to determine the trend of prevalent
misconceptions brought to the university level. The results revealed a peak in 2021-2022
regarding better conceptual understanding level (see Figure 1 and Figure 2a). This might
imply that these students were positively affected by the school closures during the COVID-
19 pandemic. Attending online classes can create a sense of being in a physical classroom.
When instructors use a video camera, students feel more motivated, and watching the
instructor explain the topics helps them concentrate better (Al-Kumaim et al., 2021).
Gokbulut (2021) identified a moderate positive association between the level of educational
perception among higher education students and their readiness for mobile learning. This
association was attributed to the fact that individuals can access information through mobile
devices at any time, regardless of their location, thereby taking advantage of the benefits of
distance education. The current study showed that this temporary effect due to a novelty
(online education) has declined throughout the years. Moreover, the same effect was not
observed for the 2022-2023 cluster affected by online education due to the Kahramanmaras
earthquakes. The difference may stem from the attendance not being mandatory.

However, considering misconception scores across the years (see Figure 2c), students of
the 2018-2019 and 2019-2020 groups, who were not exposed to online education during high
school, have fewer misconceptions than the other groups. Similarly, according to Koto and
Ilhami (2023), students have been found to develop misconceptions about dynamic fluids

following the shift to online learning during the COVID-19 pandemic. This can be attributed
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to reduced interaction between students and teachers, technical issues, and difficulty grasping
key concepts.

The SECDT questions that were rarely answered correctly (Q2, Q3, Q5, Q9, and Q10)
within five years indicate that students did not have a sound conceptual understanding related
to how electric current flows through the series or parallel circuits, how the magnitude of
electric current changes in a series of bulb connections, how the magnitude of electric current
affected when changing the place of circuit elements, and lastly, how a bulb should be

connected with a conducting wire and a cell to give light.

There is a thin line between having a good conceptual understanding and holding less
misconception, and it cannot be stated that there is a linear relationship between them. The
results of pairwise comparisons of PR students’ performances over five years (see Figure 2)
provide evidence for this. When the students’ performances are evaluated from a
misconception point of view, 7 out of 11 misconception models diagnosed by the SECDT
were rarely detected within five years. These are the unipolar/sink model (M1), the
attenuation model (M2), the shared current model (M3), the empirical model (M5), the
parallel circuit misconception (M8), and the current flow as water flow misconception (M11).
Even though students did not have a sound conceptual understanding of electric current, the
aforementioned misconception models were not prevalent among students in different year

clusters. We can conclude that students lack knowledge of these concepts.

In a prior analysis, Mackay and Hobden (2012) utilized diagrams to explore the
preconceived notions of South African university students regarding electric circuits. The
findings revealed that 34% of the "errors” stemmed from unipolar thinking. The researchers
discussed that the unipolar model tends to resist prolonged instruction. However, in the
current study, the percentage of PR students in each academic year cluster holding the
unipolar/sink model was apparently lower than that proposed by Mackay and Hobden’s
(2012) findings. Tsai et al. (2007) suggested that the variation among studies might have

resulted from various researchers' use of different diagnostic tools.

The study detected five prevalent misconception models between 2018 and 2023
clusters with percentages of more than 10%: the clashing current model (M4), the short circuit
misconception (M6), the power source as constant current source model (M7), the sequential
reasoning model (M9), and the local reasoning model (M10). Similar findings were reported
in Manunure et al.’s study (2020), which identified the secondary students’ misconceptions.

Pretest results on the SECDT of control and experimental groups showed that the clashing
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current and short-circuit misconception models were the most prevalent misconceptions

among students.

Moreover, these results are comparable to Pesman and Eryilmaz's (2010) and Aligo et
al.’s (2021) findings. Pesman and Eryilmaz (2010) reported the most common misconception
models among high school students as the shared current (M3), clashing current (M4), short
circuit (M6), power supply as a constant current source (M7), and local reasoning (M10)
models. In the current study, the shared current model was uncommon among students except
for the 2022-2023 cluster (10.5%). As the trend of M3 declines through the following year, it
is difficult to note that the shared current model is prevalent among PR students. In the latter
study, the most common misconception model among high school students was found as the
clashing current model (M4), which is followed by short circuit (M6), empirical rule (M5),
shared current (M3), local reasoning (M10), and current flow as water flow (M11) models. In
the same study, researchers examined the prevalence of misconceptions among science
teachers of these high school students and found that the short circuit model (M6) was the
most common misconception, followed by current flow as water flow (M11), clashing current
(M4), shared current (M3), local reasoning (M10), and parallel circuit (M8) misconception
models. This finding may be projected in the current study, which shows that potential source
of common misconceptions might be the K-12 teachers’ misconceptions. Further research
may focus on longitudinal studies to update the sources of alternative conceptions starting

from early years in new era.

Taslidere and Yildirim (2023) found that many university students held onto the
misconception of the clashing current model (M2) before and after receiving instructions. The
researchers concluded that providing conceptual change texts enhanced with concept cartoons
could improve primary preservice teachers’ understanding of simple electricity. However,
even after instruction, students were still inclined to think that the clash between positive and
negative electricity in an electrical device made it operate. The current study's findings also
showed that, over the years, the clashing current model has been quite persistent among
students, implying that this might not have been addressed adequately through K-12
education. These results might also imply that there is not a single solution to remediate each
misconception, and that new teaching strategies should be developed and implemented in the

early stages of education, especially for the clashing current model.

In conclusion, PR students hold various misconceptions that might impede their

practical work, which should be addressed in introductory physics courses. Five-year data
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shows minimal changes occurred, and the prevalent misconceptions did not change over time.
These findings can help educators in designing their courses by explicitly focusing on these

misconceptions to promote a better conceptual understanding of electricity.
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Fizyoterapi Lisans Ogrencilerinin Basit Elektrik Devrelerine Iliskin Kavramsal
Anlama Diizeylerinin ve Kavram Yamilgilarinin 2018-2023 Doneminde Incelenmesi

Ozet:

Bu ¢alismanin amaci, 2018-2023 yillar1 arasinda, fizyoterapi lisans dgrencilerinin basit elektrik devreleri ile
ilgili kavramsal anlama diizeyleri ile fizik derslerine getirdikleri kavram yanilgilarinin ortaya ¢ikartilmasidir.
Bu retrospektif calismada acgiklayict bir arastirma metodolojisi benimsenmistir. Katilimcilar, amaca uygun
ornekleme yontemi kullanilarak, 2018-2023 yillar1 arasinda bir vakif iiniversitesinde Fizik II dersine kayit
olan fizyoterapi ve rehabilitasyon lisans d6grencilerinden secilmistir. Yaglart 18 ila 22 arasinda degisen toplam
296 6grenci (209 kadin ve 87 erkek) tarafindan goniillii olarak doldurulan Basit Elektrik Devreleri Tani Testi
(BEDTT) sonuglar1 calismaya dahil edilmistir. Ogrencilerin BEDTT'ye verdikleri yanitlar MS Excel programi
kullanilarak analiz edilmis ve IBM PASW18 programu ile ileri analizler yapilmistir. Her bir kavram yanilgist
kategorisinin frekansi, ogrencilerin o kategoriyle ilgili tim sorulara verdikleri yanitlari toplayarak
hesaplanmistir. Farkli akademik yillarda olusturulan &grenci gruplarinin BEDTT puanlari agisindan
istatistiksel olarak farkli olup olmadigini belirlemek i¢in bagimsiz érneklem Kruskal Wallis testi ve post hoc
analizi (ikili karsilastirmalar) yapilmistir. Sonuglar, 6grencilerin bes yi1l boyunca bes ortak kavram yanilgisina
sahip oldugunu gostermistir: Bunlar, ¢arpisan akimlar modeli, kisa devre kavram yanilgisi, sabit akim
kaynagi olan gii¢ kaynagi modeli, sirali muhakeme (akil yiiriitme) ve boélgesel muhakeme modelleridir.
Ayrica, ¢aligma 2021-2022 yillarinda Ggrencilerin diger yillara kiyasla daha iyi bir kavramsal anlama
diizeyine sahip olduklarini ortaya koymustur. Bes yillik veri, genel olarak kavram yanilgilarinin ¢ok az
degistigini, yaygin kavram yanilgilarinin ise zaman iginde aym kaldigimi géstermistir. Bu bulgular goz
oniinde bulundurularak, egitimcilerin derslerini tasarlarken ozellikle bu kavram yanilgilarina odaklanarak
elektrik konusunun kavramsal olarak daha iyi anlagilmasimi saglamalarina yardimci olabilecegi
diistintilmektedir.

Anahtar kelimeler: Fizik¢i olmayanlar igin fizik, fizik dis1 bilim dallari, saghk bilimleri, kavramsal anlama
diizeyi, kavram yanilgisi, fizyoterapi, basit elektrik devreleri.
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Abstract - The study aims to gather the opinions of classroom teachers about the reflections of game-based
assessment in mathematics lessons in primary school. The study followed a phenomenological design, which is
one of the qualitative research methods. The participants consisted of eight classroom teachers working in
public schools in Edirne and Kirklareli provinces in the 2023-2024 academic year. Participants were selected
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Introduction

Assessment and evaluation processes are critical to ensure mathematics teaching
success and improve students' learning processes. These processes are vital in determining
how much knowledge students acquire, which skills they develop, and in which areas they
need support (Birgin & Giirbiiz, 2008; Kutlu et al., 2010). Effective assessment and
evaluation in education requires a systematic approach to accurately determine student
performance and develop teaching strategies (Karasar, 2005). These processes generally
include observation and evaluation stages. Comparisons made according to the criteria
determined after observation using specific tools are necessary to evaluate the student's
development and the effectiveness of the educational process (Turgut & Baykul, 2019).

Modernizing education and training processes has brought student-centered and
innovative approaches. In this context, new approaches that observe the student's
development at every stage and care about the process have been adopted by moving away
from traditional evaluation methods (Acat & Uzunkol, 2010). These reforms in education
systems have made assessment processes more dynamic and student-oriented (Pellegrino et
al., 2001). This transformation includes increasing teachers' assessment competencies and

improving students' academic achievement (Looney, 2009).

Assessment and evaluation processes guide teachers by determining students'
knowledge and skill levels (Black & Wiliam, 1998). Therefore, appropriate methods that
vary according to the course, subject, and outcome should be selected for assessment. In
traditional assessments, students are evaluated with a single exam after a long period of
education and teaching, disregarding their status. However, efforts have been made to
change this, and the student's performance during the learning process has become
significant. In contrast to the evaluation that emphasizes only paper and pencil when it
comes to measurement and evaluation, new and various evaluations are made in which the
student himself/herself, his/her interests, and abilities come to the forefront (Gelbal &
Kelecioglu, 2007). While one of these assessment methods, diagnostic assessment, shows in
which areas students need help, formative assessment provides instant feedback during the
learning process and enables updating teaching strategies (Shepard, 2000). Outcome-
oriented assessment measures students' overall performance (Harlen, 2007). Studies
conducted in Tiirkiye and internationally show that formative assessment increases student
achievement (Black & Wiliam, 1998; Kutlu et al., 2010). International programs such as

PISA and TIMSS use these assessments to compare education systems (Organisation for
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Economic Cooperation and Development [OECD], 2019). In addition, Arnold (2011)
emphasizes that formative assessment significantly contributes to student achievement when

it is a feedback-based process.

In Tiirkiye, the Ministry of National Education (MoNE, 2023) has made various
regulations to adapt to changes in assessment and evaluation processes. The regulation
published in 2023 emphasized that students' academic and social development in grades 1, 2,
3, and 4 should be continuously monitored. For this purpose, it was requested that students
be evaluated through game-based assessments and observation forms for participation in
individual and group activities (MoNE, 2023). It also encouraged the adoption of process-
oriented approaches in evaluating in-school work (MoNE, 2024a). In parallel with these
developments, in the 2024 primary school mathematics curriculum, students are expected to
be able to transform their skills into actions when necessary. For this purpose, supportive
studies should be conducted to develop dispositions, which can be expressed as the
predispositions needed to transform skills into actions. As mental patterns can be learned
and developed, dispositions (curiosity, independence, empathy, assertiveness, playfulness,
focus, original thinking, etc.) are triggering in exhibiting skills. The tendency of playfulness
also comes to the fore as making learning a subject or behavior fun and enjoyable. In the
curriculum, it is vital to create learning environments that will enable the emergence and
support of dispositions and include learning experiences that offer the opportunity to
observe dispositions concretely (MoNE, 2024a). Therefore, game-based assessments are
necessary for providing concrete and enjoyable experiences to support the tendency of

playfulness foreseen by the curriculum.

Game-based assessment is an essential innovation in education. While traditional
assessment methods usually measure students' knowledge and skills with a single exam,
game-based assessment can offer various advantages to students. Learning through games
aims to increase the student's interest in the lesson, increase motivation, and make learning
fun (Offenholley, 2012; Tayfur, 2019). Therefore, using games to assess mathematical skills
may potentially provide realistic feedback to students, as it will contribute to a more fun and

active assessment process.

Games support learning processes and provide opportunities to reduce students'
anxiety about the lesson, relax, and have fun (Cil & Sefer, 2021; Offenholley, 2012; Tayfur,
2019). In these ways, games can effectively solve the perception of mathematics lessons as

boring and intimidating. International literature emphasizes that game-based learning and
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assessment practices positively affect students' learning experiences (Gee, 2003; Papert,
1993). In particular, the potential of games to increase student motivation and make learning
processes more effective is widely recognized. Game-based assessments in mathematics
courses can reveal this potential, make students participate more in the lesson, and make
learning processes more effective. Such assessment methods can help students experience
mathematical concepts more concretely and reduce their prejudices against mathematics.
Linking games to mathematics in this way, rather than seeing them as the opposite of work

or leisure activity, will lead to greater student engagement and success (Offenholley, 2012).

Recently, it has been decided to abolish exams at the primary school level and replace
them with game-based assessment in Tiirkiye (MoNE, 2023). This points to a new approach
at the primary school level, unlike the preschool period. In this context, questions like “How
can game-based assessment be applied in elementary school mathematics lessons?”” “What
form should such assessments take?” and “What are the difficulties encountered in
practice?” constitute the rationale for this study. However, there have been many studies
using play as an assessment tool at the international level (Chiu & Hsieh, 2017; Gomez et
al., 2023; Kiili & Ketamo, 2018; Leong & Toh, 2021; Skillen et al., 2023) at the national
level, it is seen that studies on game-based assessment have been conducted mainly at the
preschool level (Celik & Demirbas, 2023; Isikoglu Erdogan & Canbeldek, 2017; Okatan &
Tagay, 2021). Therefore, this study, which was conducted to determine how game-based
assessment can be an effective tool in mathematics teaching at the primary school level and
how these practices can be improved, is considered necessary to provide essential findings

for teachers and policymakers.

In the literature, it is known that many studies have been conducted on using games in
education, and their effects have been examined using different variables. When these
studies are examined, it is seen that games can be used as an assessment tool (Okatan &
Tagay, 2021) and in value transfer (Giindiiz et al., 2017), effective in the treatment of
developmental and psychological disorders (Geng & Cakmak Tolan, 2021); and effective in
variables such as problem-solving (Pintér, 2010; Sahin, 2019), concentration (G6ziim &
Kandir, 2020), motivation (Yazicioglu & Cavus-Giingoren, 2019), retention (Demir, 2016),
attitude (Sanhdag & Aykag, 2021), achievement (Donmez et al., 2021; Ergiil & Dogan,
2022). In addition, game-based activities have positive contributions such as fun,
concretization, active participation, social interaction, time-saving, student motivation,

permanent learning, attracting attention and instant feedback (Cil & Sefer, 2021; Demir,
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2016; Giir & Kobak Demir, 2016; Katmada et al., 2014); it was evaluated that they would
have positive effects on breaking the prejudice against mathematics lessons and increasing
interest in the course (Demir, 2016; Ozata & Coskuntuncel, 2019). It has also been
determined that the use of games in mathematics lessons has limitations such as not being
suitable for crowded classes, not being applied due to lack of materials and environment in
schools, taking too much time, and making classroom management difficult (Cil & Sefer,
2021; Ergiil & Ersen, 2023; Giir & Kobak Demir, 2016; Ozata & Coskuntuncel, 2019).

In 2023, the Ministry of National Education amended the measurement and evaluation
regulation: “In primary schools, the success of students is monitored by taking into account
their developmental levels, their participation in teacher-guided lesson activities, observation
forms for participation in individual and group activities, game-based assessments and
measurement tools for fulfilling the assigned tasks. It is shown on the report card as “very
good,” “good,” “sufficient,” and “should be improved.” (MoNE, 2023). Therefore, starting
from the 2023-2024 academic year, the evaluation of students with game-based tools and the
formation of report card opinions (very good, good, sufficient, should be improved)
according to these results have brought up the issue of how the game will be used as an
evaluation tool in mathematics lessons and what its effects will be. In this context, the
purpose of this study is to obtain the opinions of classroom teachers about the reflections of
game-based assessment in mathematics lessons in primary school, a recent change in the

education system. The research questions were formulated as follows:

1. What are the opinions of classroom teachers about game-based assessment in

mathematics lessons?

2. What are the opinions of classroom teachers about the difficulties encountered

during game-based assessment in mathematics lessons?

3. What are the suggestions of classroom teachers for game-based assessment in

mathematics lessons?
Method
Research Design

This study, in which teachers' views on game-based assessment in mathematics
lessons were taken, was structured according to the phenomenological design, one of the
qualitative research designs. Qualitative research involves a qualitative process in which

qualitative data collection methods such as observation, interview, and document analysis
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are carried out and examine events and phenomena in their reality (Yildirim & Simsek,
2021, p. 37). In phenomenology, which is based on personal experiences, a phenomenon is
identified, and people's experiences, perceptions, and the meanings they attribute to this
phenomenon are tried to be understood (Bas & Akturan 2017, p. 87). In other words,
phenomenology investigates how people experience an existing situation, what meaning
they attribute to it, and how it appears in its nature (Patton, 2018, p. 104). This study
considered that the teachers participating in the research had experience with play-based
assessment. Interviews were conducted with teachers working in public schools in the
second semester of the academic year to obtain their opinions on this new practice. In
addition, by conducting interviews with teachers working at different grade levels, the
experiences and opinions of these teachers on game-based assessment for all grade levels at
the primary school level were analyzed, and it was tried to reveal how they attributed

meaning to the determined phenomenon.
Participants

The study participants comprised eight classroom teachers working in public schools
in Edirne and Kirklareli provinces in the 2023-2024 academic year. The fact that one of the
study's authors is a classroom teacher played a significant role in identifying and selecting
the participant teachers. As a result of the author's conducting a series of interviews in his
school and at the point of identifying teachers with experience in this practice, the research
was carried out by identifying teachers who had experience in game-based assessment and
who volunteered to participate in the study. Again, care was taken to ensure that teachers
worked at all grade levels in determining the teachers participating in the study. There was
also one teacher with whom a pilot interview was conducted before teacher selection. As a
result of the interview with this teacher, it was evaluated that it was essential to include 4th-
grade teachers in the study, and three 4th-grade teachers were included in the study. The
reason why 4th-grade teachers were specifically selected is that written exams will no longer
be used to evaluate students in the interview's academic year. For these reasons, the
convenience sampling method, one of the purposeful sampling methods, was used to
determine the study participants. The convenience sampling method, preferred for speeding
up the research and being practical, generally includes the immediate environment the
researcher can easily reach. Therefore, it is a way that saves time for the researcher
(Yildinm & Simsek, 2021, p. 121). The reason for choosing this method is that one of the

authors of this study is a teacher. The study included teachers whom the researcher knew in
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the school where the researcher worked and in her immediate surroundings and who
volunteered to participate in the study. Information about the participants is presented in
Table 1.

Table 1 Characteristics of Participants

Teacher Gender Education level Experience  Occupational title  Age Class of service
Tl Male Master's degree 7 Teacher 33 4th grade

T2 Female Master's degree 10 Expert teacher 38  4th grade

T3 Female Master's degree 8 Expert teacher 34 2nd grade

T4 Female Bachelor's degree 7 Teacher 32 3rd grade

T5 Female Bachelor's degree 16 Expert teacher 43 3rd grade

T6 Female Bachelor's degree 10 Expert teacher 36  1stgrade

T7 Male Bachelor's degree 8 Teacher 34 4th grade

T8 Female Bachelor's degree 8 Teacher 34  2nd grade

Table 1 shows two male and six female teachers participating in the study. Three of
the teachers have master's degrees, and five have bachelor's degrees. The teachers'
professional experience ranged between 7 and 16 years; four of them were expert teachers,
and four were teachers. Their ages ranged between 32 and 43. One of the teachers is a first-
grade teacher, two are second-grade teachers, two are third-grade teachers, and three are
fourth-grade teachers. In addition, the teachers who participated in the interview were coded
as T1 and T2, and these codes were used in the quotations. For example, T1 represents the

number one teacher interviewed.
Data Collection

The study data were collected using a semi-structured interview with six questions. As
in this study, if the reflection of an issue on people, their thoughts and feelings on that issue
are tried to be determined, the most accurate answer will be given by those people. For this
reason, a semi-structured interview form was used to obtain answers to open-ended

questions in a natural and free environment (Tiirniikli, 2000).

Both expert opinions were taken when preparing the interview form, and a pilot
interview was conducted. For this purpose, a 10-question draft form covering the research
problems was prepared first. This form was submitted to the opinion of an expert in
mathematics education, and two questions that needed to be more suitable for the research
were removed. Then, eight questions in this draft form were applied by conducting a pilot
interview with a 4th-grade classroom teacher. During the interview, it was seen that two
questions could be evaluated within the other six questions. In addition, it was decided that it

would be appropriate for the teachers to be aware of the changes made in the Ministry of
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National Education's measurement and evaluation regulation and to add personal
information (gender, education level, experience, professional title, age, and grade) to the
interview form. Sample questions in the interview form are: What are your thoughts about
using game-based assessment in your mathematics lessons? What are the advantages of
using game-based assessment in your mathematics lessons? What difficulties do you
encounter while implementing game-based assessment activities in your mathematics
lessons? What are your opinions on how game-based assessment can be done more

qualitatively in your mathematics lessons?

After the interview form was prepared, appointments were made to conduct interviews
with teachers who volunteered to participate in the study. Interviews were conducted by
meeting at the interview place on the day and time of the appointment. Before starting the
interview, the teachers were informed about the purpose of the research, that the answers
they shared would not be shared with anyone, and that their names would be kept
confidential. They were also informed that the interview would be recorded with a voice
recorder, and the interviews began. The interviews lasted approximately 30 minutes. Short

notes were taken during the interviews to serve as a reference for the researchers.
Data Analysis

In this study, the data were analyzed using the content analysis method, codes were
extracted, and categories were created. When conducting content analysis, criteria should be
determined depending on the research question, and the data should be compared internally
or with an external criterion. The raw data obtained here should be systematically
transformed into categories (Ogiilmiis, 2019). Content analysis provides a closer approach to
the numerical and more apparent dimension in quantitative research, one of the most
obvious differences between quantitative and qualitative research. In other words, it helps to
understand and explain the emerging themes and patterns when analyzing qualitative data.
Qualitative content analysis consists of four steps: coding data, finding themes, organizing
codes and themes, and describing and interpreting findings (Yildirnm & Simsek, 2021, p.
240).

In the first step of this analysis, the second author initially identified 57 codes from the
interview data, and together with the first author, they reduced this number of codes to 54.
They also divided the codes into positive and negative expressions. In the second stage,
categories were created by considering the sub-problems. Out of 54 codes, 26 codes

determined for the first sub-problem were categorized in terms of teacher, student, and
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course by considering positive and negative expressions. The 14 codes determined for the
second sub-problem were divided into subcategories, such as before, during, and after the
implementation of this assessment, which is a new practice. For the third sub-problem, 14
codes were categorized into three subcategories: teachers, students, and course. The
researchers placed the codes into the categories independently and then came together. The 7
codes identified for the first sub-problem, such as “lack of materials,” “lack of information,”
and “lack of time,” were included in the other sub-problems. For the second sub-problem, it
was decided to change the code “games do not include the learning outcomes” to the code
“games cannot be prepared for each learning outcome.” It was decided that it would be
appropriate to add the codes “application in the form of competition” and “combining
learning outcomes” to the 14 codes determined for the third sub-problem. In addition, it was
decided that it would be more appropriate to change the name of the subcategory of
suggestions for the “lesson” in this category to “other.” In this way, the number of codes,
initially determined as 57, decreased to 48 after the authors came together and made
evaluations and the procedures in the analysis process were completed. After completing
these procedures, the findings were presented with direct quotations from the teachers'
opinions that were thought to explain the codes and categories in the best way. In the
presentation of the findings of the codes and categories, the frequency values of the teachers'

opinions for each code were included.
Validity and Reliability

The most important criterion for ensuring validity and reliability in research is to reach
the same objective results and observe similar situations no matter how many people
examine the research. In addition, the most crucial criterion in validity is that the
measurement tool focuses on what it aims to measure and measures it in the best way.
Reliability is a prerequisite for validity; however, it is not sufficient on its own (Ogiilmiis,
2019). Unlike quantitative research on validity and reliability, qualitative research may be
skeptical because it is not based on numerical values. However, more methods used in
measurement increase validity and reliability. Among these methods, credibility (internal
validity), transferability (external validity), consistency (internal reliability), and
confirmability (external reliability) are methods to increase validity and reliability (Creswell,
2013).

In order to ensure credibility in the research, participant characteristics were presented

in detail by making detailed descriptions from participant views. The researchers decided to
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transfer the participants' views into codes and categories. In order to ensure transferability,
participants' views were analyzed individually and independently of each other and grouped
under standard codes. Direct quotations from the participants' views that best explained each
code were included. In order to ensure consistency, expert opinions and supervision were
frequently obtained during the interviews with the teachers participating in the interviews. In
addition, consistency was checked by constantly comparing the findings and interpretations
with each other. Throughout the research, the expert suggestions were taken into
consideration. In order to ensure confirmability, the researchers tried to reflect on how the
teachers approached the phenomenon of game-based assessment with an objective approach.
In order to control objectivity, the interview data obtained from the participants were

recorded in writing.
Results
Classroom Teachers’ Opinions on Game-Based Assessment

Regarding the first sub-problem of the study, the positive and negative opinions of
classroom teachers on the use of game-based assessment in mathematics lessons were

determined in three categories: teacher, student, and course.

The data on the positive and negative aspects of game-based assessment for teachers
are presented in Table 2.

Table 2 Positive and Negative Aspects of Game-Based Assessment for Teachers

Category Subcategory Code

Long-term observation

Seeing the acquisition that turns into behavior
Inability to make an objective assessment
Low reliability of the assessment

From the Positive aspects
Teacher's
Perspective Negative aspects

0o 00|~ O1|—h

When Table 2 is examined, in the subcategory of positive aspects, five teachers
expressed the code of game-based assessment in mathematics lessons providing the
opportunity to make long-term observations, and seven teachers expressed the code of
providing the opportunity to see the acquisition that turns into behavior. Teacher opinions in
this subcategory are exemplified below.

T5: In the old system, when we did exams, we evaluated a long process in a short

time; that is, with an exam, this was insufficient, in my opinion, but when we play
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games, we evaluate children in a process again, which allows us to observe them

during the game.

T7: When they play games, | don't just say this to evaluate them; I sit and watch the
children. I have an idea about their behavior. Thanks to the game, | had the

opportunity to see how acquisition turns into behavior in children.

In the negative aspects subcategory, the answers given by eight teachers formed the

codes that made it difficult to make an objective evaluation and low the reliability of the

evaluation. Some of the negative opinions are exemplified below.

T1: Equal conditions and standard criteria are required for an unbiased evaluation,
and it is tough to provide them. Because game assessment is open to all kinds of

interpretations.
T2: Since we have yet to get an evaluation scale, everyone makes their own judgments.
This situation creates confusion and causes unfairness.

Data on the positive and negative aspects of game-based assessment for students are

presented in Table 3.

Table 3 Positive and Negative Aspects of Game-Based Assessment for Students

Failure to comply with game rules
Inability to follow instructions
Exclusion by peers

Inability to adapt to group games

Negative aspects

Category Subcategory Code f
Learning with fun 8

Willingness to win 3

Positive aspects  Active participation 7

Gaining competition experience 7

From the Reducing exam stress 5
student's Lack of attention and interest 3
perspective Focus on having fun 7
4

6

5

6

When Table 3 is analyzed, in the positive aspects subcategory, eight teachers

expressed the code of learning by having fun, three teachers expressed the code of desire to

win, seven teachers expressed the code of active participation, seven teachers expressed the

code of gaining competition experience, and five teachers expressed the code of reducing

exam stress. Teacher views on this subcategory are exemplified below.

NFE EJSME Vol. 18, No. 2, December 2024



Divrik, R. & Topal, H. N. 441

T2: Even the word "game" brings joy to children in the classroom. At least my class is
like this. Children have fun and learn. Math lessons are fun.

T5: | already try to use competition in my class, especially with hardworking children.

It makes them want to win even more.

T3: When playing games, even if the student is sick, he/she eventually becomes

involved in the game, which is very nice.

T1: If a competitive environment can be established in the classroom, the lessons will
always be more fun and faster in my teaching life. Children get excited when they feel

the spirit of competition.

T8: I think stress and fear will decrease in my class if | even try to say, "No more

exams; we will play games."

In the negative aspects subcategory, the code for lack of attention and interest was
formed by three teachers, the code for focusing on having fun was formed by seven teachers,
the code for not following the game rules was formed by four teachers, the code for not
following the instructions was formed by six teachers, the code for being excluded by peers
was formed by five teachers, and six teachers formed the code for not adapting to group

games. Some of the negative opinions are exemplified below.

T2: Attention deficit affects the evaluation result if students act with the game's logic

and focus only on having fun.

T7: Since the first thing that comes to children's minds when they think of games is to
have fun, just like we do, there is a possibility that they focus on having fun and

getting away from the learning environment.

T1: Just like the evaluation criteria are not common, a healthy evaluation can only be
made when the rules of the games are followed. If a student gets a low score because

of such a game, it may cause injustice.
T2: Students may have difficulty following instructions due to a lack of interest.

T3: In case of any exclusion by the group, the child may not be able to reflect this even
in a subject he/she knows and may get a low grade. In other words, the group will

have a negative effect on the evaluation of this child.
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T4: There will necessarily be games to be played with the group rather than

individually, and the group is an entirely different issue. Not every child can adapt.

Table 4 presents the data on the positive and negative aspects of game-based

assessment regarding mathematics lessons.

Table 4 Positive and Negative Aspects of Game-Based Assessment for Mathematics Lesson

Category Subcategory Code f
Conducting fun lessons 8
Breaking the prejudice against the course 6
8
8

Positive aspects

In terms of

mathematics lesson Failure to keep up with the subjects

Negative aspects  Failure to prepare appropriate games for
each achievement

When Table 4 is analyzed, in the subcategory of positive aspects, eight teachers
expressed the code for the lessons being fun, and six teachers expressed the code for
breaking the prejudice against the course. Teacher views on this subcategory subcategory

are exemplified below.

T4: Exam anxiety is a reality, and it affects even us. The effect of games on children is
indisputable. Using the game at every stage means more fun lessons in the simplest

form.

T7: Whenever we play games in math class, they do not want the lesson to end. In this

way, even they want to do math. I think this shows that the game reduces prejudice.

In the negative aspects subcategory, the answers given by eight teachers formed the
codes of not keeping up with the subjects and not preparing games suitable for each

outcome. Some of the negative opinions are exemplified below.

T1: Since the game will take more time than normal written assessments and time must
be allocated for each student individually when evaluating each student with the

game, | think I will have problems keeping up with the subjects.

T3: Some of the objectives will be ignored because no matter how many games there
are, | don't think there can be a game that will fit every objective in every lesson at

every grade level.
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Difficulties Encountered While Conducting Game-Based Assessment

Regarding the second subproblem of the study, the difficulties encountered by
classroom teachers while conducting game-based assessments in mathematics lessons were

grouped under three subcategories: before, during, and after the implementation.

Table 5 Difficulties Encountered During Game-Based Assessment in Mathematics Lessons

Category Subcategory  Code f
Lack of knowledge 7

Lack of an application guide 8
6

Before the . .
L Failure to prepare appropriate games for each
application .
achievement
Lack of knowledge of evaluation criteria 8
Lack of time 4
Difficulties During the Lack of materials 4
encountered ngt The game does not match the level of the student 3
application .
Fast lesson processing 5
Textbooks do not support game-based assessment 7
Failure to evaluate personal success 5
After the Gains that cannot be assessed 7
application Differences in scoring 4
Assessment not aligned with achievement 4

When Table 5 is examined, among the codes before the application subcategory, the
code for lack of information was formed with the opinions of seven teachers, the code for
lack of an application guide was formed with the opinions of eight teachers, the code for not
being able to prepare a game suitable for each outcome was formed based on the opinions of
six teachers, and the code for not knowing the evaluation criteria was formed with the
opinions of eight teachers. Some of the related teacher opinions are as follows.

T4: Honestly, | learned about this innovation thanks to this interview. | had not

received any information about implementing it at school or in any other way before.

T5: We are expected to produce games that include all the outcomes, but if each
teacher tries to produce and implement easy and difficult games, there will be
confusion and a waste of time. In other words, the biggest need right now is a rich

guide full of games that include the learning outcomes for all of us.

T6: Evaluating each outcome or topic with games requires a long time. However, one
day was enough for exams. I think it has become very difficult to complete the subjects

or to complete the assessment in its entirety.
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T8: Games are something that both students and teachers facilitate, but if we are
going to evaluate and grade a student according to games, there should be specific

criteria. Otherwise, it is a vast spectrum. This issue is inextricable for me.

Among the codes in the subcategory during the application, the code for the shortage

of time and materials was formed with the opinions of four teachers, the code for the fact

that not every game appeals to the level of every student was formed with the opinions of

three teachers, the code for fast lesson processing in order to apply the games was formed

with the opinions of five teachers and the code for the fact that textbooks do not support

game-based assessment was formed with the opinions of seven teachers. Some of the related

teacher opinions are as follows.

T1: In the past, allocating one class hour for exams while grading was enough, but

now it takes a lot of time even to play a game. We had a lot of trouble with this.

T5: Games set up in a more material-rich environment will appeal to more senses, but

the evaluation will not be qualified without material.

T4: Every game may only work for some students. While hardworking students may
get bored in a game with straightforward content, we may not be able to evaluate low-

level students in challenging games.

T8: I tried to teach the lesson faster by arguing that games should be designed and

applied to include each outcome, but | cannot say that it was very productive.

T1: I find the number of games in the textbooks insufficient. Games are at the center of
primary school children’s lives. Therefore, more games should be included in the
books.

Among the codes in the “after the application” subcategory, the code for the inability

to evaluate personal achievement was formed with the opinions of five teachers, the code for

the gains that could not be evaluated was formed with the opinions of seven teachers, and

the codes for the differences in scoring and the incompatibility of the evaluation with the

achievement were formed with the opinions of four teachers. Some of the related teacher

opinions are as follows.

T1: Evaluating students during a game becomes difficult. We also set up games that
emphasize a single person's performance, but inevitably, there are also group games,

and here, | had to give points to the group.
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T5: I had the most difficulty designing games to evaluate all the outcomes. There were
some outcomes that | could not fully evaluate. There was inevitably a deficiency.

T2: 1 think | prepared the games with a little difficulty. But this was not so challenging
for every student; some got high scores from easy games. We need common evaluation
criteria and games for all of us. Otherwise, there will be scoring differences between
teachers.

T8: I have some children who are very active and successful in class but cannot show
themselves in games. | have seen this in socially weak children. They deserve a much

better score than the one they got in the game.
Suggestions for Game-Based Assessment

Regarding the third subproblem of the study, classroom teachers' suggestions for using
game-based assessment in mathematics lessons were grouped into three subcategories:

suggestions for teachers, suggestions for students, and other suggestions.

Table 6 Suggestions for Game-Based Assessment in Mathematics Lessons

Category Subcategory Code

Cooperation

Identify common evaluation criteria
Material completion

Identifying level-appropriate games
Group evaluation

Application in the form of a competition
Gain consolidation

Time planning

Separation into groups

Active participation

Following instructions

Cooperation

Application guide

Providing instructions

Material support

Supporting textbooks

To teachers

Suggestions

To students

Other

~NO 00 OOIUIT N WO WNDN WO O™

When Table 6 is analyzed, eight codes for teacher suggestions and four for student and

other suggestions are found.

For teachers, the codes are as follows: Cooperation five, determining common
evaluation criteria eight, completing materials three, identifying level-appropriate games
two, group evaluation two, competition three, combining learning outcomes six, and time

planning four. The opinions of the teachers in this category are exemplified below.
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T7: To tolerate the lack of a guide, it would be easier if the teachers at least determine
games among themselves. Cooperation can be done through social platforms or

among themselves to exchange games and evaluation criteria.
T2: Teachers can form groups and evaluate with standard criteria.

T3: The materials of the identified games can be listed, and the missing materials can
be obtained in advance.

T3: Games that are neither difficult nor easy for the class level should be produced by

adhering to the principle of student relativity.

T2: Itis impossible to evaluate a student alone in games played with a group; students
can be evaluated by making a general scoring.

T1: Games can be applied as competitions, and time can be saved.

T5: Since it will be challenging to find games for each outcome for assessment with

games, close outcomes can be combined and measured in a single game.

T6: Assessment with games creates time problems, so a plan should be made and

proceed accordingly.

The codes for students are as follows: separation into groups, three; active

participation, seven; following the instructions, five; and cooperation, five. The opinions of

the teachers in this category are exemplified below.

T4: Students will find it easier to apply the games by separating into groups. They will

progress in cooperation.

T6: Producing games that appeal to the whole class should ensure active
participation. Students' participation in the evaluation will ensure that the evaluation

is qualified. Students should not say, "I don't want to play this game."

T8: To provide a practical and accurate assessment, we must ensure that children
understand and apply the instructions correctly. Their full compliance with the

instructions will ensure that the assessment is correct for them.

T5: Students who are more familiar with the games and lessons can help others and

play games together.
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Other codes are as follows: support for the application guide eight, providing
instructions seven, material support six, and supporting textbooks seven. The opinions of the

teachers in this category are exemplified below.
T1: Teachers can be guided by sending a guidebook or a list of games in another way.

T7: 1 would expect instructions to manage the process of implementing the games well.

It would be less tiring. We could better plan the application time.

T3: The materials should be complete, and the class size should be appropriate in

order to apply the designed games quickly and effectively.

T7: 1 need help finding textbooks for the game. If we make the game indispensable for

so many lessons, it should be included more in the textbooks.
Conclusions and Discussion

Based on the study's findings, it was revealed that there are positive and negative
aspects of game-based assessment in elementary school mathematics lessons in terms of
teachers, students, and the lessons themselves.

According to the results obtained regarding the positive aspects of play-based
assessment, game-based assessment was a positive development because it allowed teachers
to make long-term observations and observe behavior during the game. This result is
important in allowing teachers to make objective and permanent evaluations. The fact that
teachers use games to get to know the child in the preschool period overlaps with our
research results and indicates that games can be an evaluation tool (Celik & Demirbas, 2023;
Okatan & Tagay, 2021; Skillen et al., 2023). Giir and Kobak Demir (2016) found that using
games in mathematics lessons provides instant feedback and supports permanent learning,
consistent with our research results. According to this result, it is understood that classroom
teachers can use game-based assessments to closely observe their students' mathematics

performances in mathematics lessons.

While game-based assessment is supported because it will contribute to students'
social aspects, such as having fun during a game, desire to win, active participation, and
gaining competition experience, it is seen as an application allowing students to escape
exam stress. A study conducted with higher education students revealed that their exam
anxiety decreased, and their exam performance increased significantly in game-based

assessment (Mavridis & Tsiatsos, 2017). Using game-based activities is seen as having
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positive effects in providing active participation, learning with fun, and increasing social
interaction between students (Cil & Sefer, 2021; Sentiirk, 2020). Unlike traditional methods,
measurement and evaluation have become a process today. This study investigated whether
games can be used as a process assessment tool in mathematics lessons. Unlike traditional
assessment and evaluation practices, process-based assessments give permanent and
successful results (Ergiil & Dogan, 2022). Therefore, teachers can use game-based

assessments to distract students from exam stress and socialize them.

When examined in terms of mathematics lessons, it was evaluated that they would
positively contribute to making boring and fearful mathematics lessons fun and breaking
prejudice against the lesson. It has been revealed in related studies that using games in
mathematics lessons develops a positive attitude in children, increases interest (Demir,
2016), and increases student motivation (Tayfur, 2019). Mathematics teachers stated that
game-based applications would reduce prejudices against mathematics and thus make the
mathematics lesson more concrete and fun by getting rid of abstractness (Ozata &
Coskuntuncel, 2019) in the study in which the systems in our body unit of the science course
was evaluated using game-based assessment, an increase in students' motivation and
academic achievement was observed, indicating that game-based assessments can be used in
other courses (Tayfur, 2019). Games are used in mathematics courses to develop
mathematical skills beyond procedural skills, including mathematical reasoning (Olson,
2007), conceptual understanding (Clarke & Roche, 2010), and problem-solving (Karayol &
Temel, 2018; Pintér, 2010; Russo et al., 2021). Based on the results obtained in this study, it
is understood that games can be used in the assessment and evaluation processes of

mathematics courses in primary school.

According to the results obtained regarding the negative aspects of game-based
assessment in the study, it was stated that it would not be possible to conduct game-based
assessments in mathematics lessons due to the lack of common criteria and application
guidelines. It was revealed that this situation would lead to results that could not be
evaluated objectively and reliably. This result shows that scoring by using teachers' personal
opinions or by observing students' instant performances will vary from person to person.
However, it is essential to evaluate each student's mathematics performance in a way that
does not change according to objective criteria and personal opinion. Students need to see
and complete their deficiencies according to their performance in terms of measurement and

evaluation principles. In order to comply with these principles, the primary school
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mathematics curriculum requires teachers to use tools such as checklists, follow-up tests,
observation forms, portfolios, performance tasks, and rubrics to assess learning outcomes
(MoNE, 2024a). However, although teachers express positive opinions about alternative
assessment and evaluation approaches, it is known that they do not use these tools and prefer
written exams and tests instead (Karakusg, 2010). Since formative assessment positively
affects mathematics achievement, attitudes toward mathematics, and recall, teachers should
be supported using these tools (Tekin, 2010). Therefore, teachers should be encouraged to
use assessment tools they cannot use personal judgment for; teachers should be supported

with implementation guides to objectively carry out assessment and evaluation processes.

The student's inability to focus on the mathematics subject by focusing only on having
fun emerged as a negative opinion. In addition, not following the instructions during a game,
not adapting to group games, and not following the game's rules may prevent the evaluation
process from being carried out in a qualified manner. It may cause students to be excluded
by their peers. Even each student's performance cannot be fully observed because they
cannot adapt to group games. Therefore, it would be helpful to use interview forms,
checkilists, rating scales, and rubrics to evaluate students' performances according to the
criteria specified in the forms and provide feedback (MoNE, 2024a). Monitoring practices
aimed at identifying and raising such learning deficiencies will give the student the idea of
recovering, participating in the lesson, paying attention, and thus reminding them of their
responsibility for learning (Hotaman, 2020). In addition, Zengin et al. (2017) determined
that Kahoot! and Plickers software have positive contributions, such as being applicable in
the formative assessment process of mathematics teaching, facilitating assessment, and
saving time by providing detailed and instant data analysis, which shows that student's
attention can be attracted with digital tools. Therefore, students for whom having fun is of
secondary importance should be assessed with appropriate assessment tools that reveal their
actual performance. Ketamo and Devlin's (2014) finding that students who play too many
games experience major conceptual misunderstandings during the game also supports our
research findings. In addition, related research also stated that real-time game-based

assessment is not yet ready to replace PISA to assess students “at the global level.”

The lack of time for the subjects and the inability to prepare appropriate games for
each subject were negative assessment features with games in mathematics lessons. Trying
to assess each subject with a game, taking more time than planned, or not having a suitable

game for each outcome will negatively affect the quality of the lesson. Skillen et al. (2023)
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examined the effects of a game-based assessment tool developed to measure the
mathematical competence of preschool children. While the developed game was successful
in at least 80% of low-achieving children, a negative feature emerged due to the time-
consuming implementation of the game. Similarly, the fact that the preparations for the
activities and in-class applications take too much time and that the activities make classroom
management difficult are defined as the adverse effects of game-based activities (Cil &
Sefer, 2021). Preparing games in which more than one subject or outcome will be assessed
with a single game and assessing students at appropriate times will minimize the negative

aspects of game-based assessment.

The difficulties encountered during game-based assessment in primary school
mathematics lessons were grouped into three categories: before, during, and after the
implementation. According to the results obtained from these categories, it was concluded
that the lack of knowledge of teachers before starting the application, the lack of an
application guide, the inability to prepare a game suitable for each outcome, and the lack of
predetermination of evaluation criteria by teachers led to the results that the evaluation
results could not provide reliable results. Regarding using educational mathematics games in
mathematics teaching, mathematics teachers stated that it was challenging to prepare games
for each outcome (Ozata & Coskuntuncel, 2019). Similarly, pre-service classroom teachers

9% ¢

failed to design games at a satisfactory level in the dimensions of “game rules,” “goals and
objectives,” “outcomes and feedback,” and “interaction” (Pilten et al., 2017). The fact that
teachers know the games they will use before starting game-based assessment and are

prepared for the materials, duration, scoring instructions, etc., required by these games will

ensure that the assessment is carried out more healthily.

During the application, it was determined that the game took too much time, there
were no materials suitable for the assessment, the game was not suitable for the level of the
students, and the textbooks did not support game-based assessment, which would lead to the
lessons to be taught quickly or to be completed before they were fully completed, so the
assessment could not achieve its purpose and valid results could not be obtained. The
limitations encountered regarding the lack of materials and time in game-based mathematics
lessons can be considered similar results (Giir & Kobak Demir, 2016). Another study
concluded that games in game-based mathematics activities took too much time and made
classroom management difficult (Cil & Sefer, 2021). In addition, teachers stated that

educational mathematics games make classroom management difficult; games take too
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much time and are difficult to use in crowded classes (Ozata & Coskuntuncel, 2019).
Therefore, it can be considered an important variable that the necessary materials and
textbook support should be completed in order for the game-based assessment to be carried
out in a qualified manner and that the process should be carried out without being rushed

during the evaluation.

After the implementation, teachers evaluated assessment with games negatively
because personal assessment cannot be made when group games are played, there will be
incomplete scoring because there is not a game suitable for every outcome, there will be
differences in scoring according to the student or teacher, and scoring cannot be done in
accordance with personal success due to the performance brought by group games. While it
has been determined that classroom teachers mainly apply performance assessment,
portfolio, project, and self-assessment techniques and that feedback is the most common
performance indicator of the techniques applied, it is known that classroom teachers are
inadequate in alternative measurement and evaluation (Ozeng & Cakir, 2015). The results of
this study show that having appropriate assessment tools and rubrics for group or individual

games ready in advance will enable objective scoring after the implementation.

The suggestions of the interviewed teachers for game-based assessment in primary
school mathematics lessons were grouped into three categories: teachers, students, and
others. According to the results obtained from these categories, it was suggested that
teachers cooperate in determining common games, sharing materials, determining common
assessment criteria, and combining learning outcomes to make a qualified assessment with
games in mathematics lessons. In addition, it is recommended that games appropriate for
each student level be determined in the classroom, and games should be designed in the
form of competitions or in a way that supports group assessment to save time. Cil and Sefer
(2021) determined that classroom teachers need inexpensive and easy-to-prepare materials
to implement game-based activities, which coincides with our research findings. In addition,
allowing teachers to organize the outcomes and the time allocated to the outcomes more
freely will reduce classroom teachers' concerns about time and use game-based mathematics
activities more frequently (Cil & Sefer, 2021). Based on this result, it would be appropriate
for teachers to determine appropriate games to evaluate all their students, cooperate to
complete the necessary materials, and apply these games in groups or in the form of

competitions.
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The teachers' suggestions for students to be divided into groups, to actively participate
In this process by acting according to the instructions, and to cooperate were presented by
the teachers as suggestions for the students to assess with games in a more qualified way.
This result shows that game-based assessment in mathematics lessons should be handled not
only with the teacher dimension but also with the student dimension. Similarly, Skillen et al.
(2023) supported our research results by stating that there is a need to take the opinions of
experienced teachers and children about game-based assessment and to conduct studies that
reveal the advantages or disadvantages of game-based assessment compared to traditional
tests. Students exposed to assessment should take this process seriously and actively
participate to demonstrate their performance accurately.

Apart from these suggestions, having a guide that shows the game list, materials,
duration, application instructions, and in which achievements the game can be used,;
organizing the activity and assessment sections (such as theme assessment) in the textbooks
in a way to support the games are presented as important suggestions for a more qualified
assessment with games. The inclusion of game-based activities in the first-grade
mathematics textbooks prepared in accordance with the 2024 primary school mathematics
curriculum can be considered a positive development in this respect (MoNE, 2024b).
However, it is among the responsibilities of teachers to determine the criteria for these
activities to evaluate students' mathematical skills. The research results suggest that the
Ministry of National Education should prepare a booklet for classroom teachers to use in
mathematics lessons for each grade level. This booklet provides teachers with a detailed
description of each stage, from the game they can use to the scoring key.

Limitations

This study was conducted using a phenomenology design, one of the qualitative
research designs. The research is limited to eight classroom teachers working in Edirne and
Kirklareli provinces in the 2023-2024 academic year who volunteered to participate in the
interview. The data obtained are limited to the semi-structured interview form containing six
questions created for this study. The data obtained from interviews with each teacher is

limited to approximately 30 minutes.
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Matematik Dersinde Oyun Temelli Degerlendirmeye iliskin Simif Ogretmenlerinin
Goriisleri: Fenomenolojik Bir Arastirma

Ozet:

Arastirmanin amaci ilkokulda oyun temelli degerlendirme yapmanin matematik dersindeki yansimalaria
iligkin smif Ogretmenlerinin goriislerini almaktir. Calisma nitel arastirma desenlerinden olgu bilim
(fenomenoloji) desenine gore yapilandirtlmistir. Calismanin katilimcilart 2023-2024 egitim 6gretim yilinda
Edirne ve Kirklareli illerindeki devlet okullarinda gorev yapan sekiz siif dgretmeninden olusmaktadir.
Katilimeilar amacgh 6rnekleme yontemlerinden kolay ulasilabilir 6rnekleme yontemiyle belirlenmistir.
Calismanin verileri alt1 sorudan olusan yari-yapilandirtlmig goriigme formu ile toplanmistir. Veriler igerik
analizi yontemiyle analiz edilmistir. Elde edilen bulgular 1s1ginda; 6gretmenler agisindan uzun siireli gézlem
yapma ve davranisa doniisen kazanimi gérme; dgrenciler agisindan eglenerek dgrenme, kazanma istegi, aktif
katilim, yarigma deneyimi kazanma ve sinav stresini azaltma; ders agisindan derslerin eglenceli yiiriitiillmesi
ve derse olan 6n yarginin kirilmasi kodlari ile oyun temelli degerlendirme olumlu bir gelisme olarak
degerlendirilmistir. Tarafsiz degerlendirme yapamama ve degerlendirme giivenirliginin disiik olmasi
ogretmenler acgisindan; dikkat ve ilgi eksikligi, eglenmeye odaklanma, oyun kurallarina uymama ve
yonergeleri uygulayamama o6grenciler agisindan; konularin yetismemesi ve her kazanima uygun oyunun
hazirlanamamasi matematik dersi agisindan olumsuz yonler olarak gériilmiistiir. Matematik derslerinde oyun
temelli degerlendirme yapilirken karsilasilan giigliiklerin giderilmesine yo6nelik; degerlendirme kriterlerinin
belirlenmesi, isbirligini ve aktif katilimi tegvik etme, kazanim birlestirme, yonergelere uyma, uygulama
kilavuzu hazirlama ve materyal tamamlama gibi dnerilerde bulunulmustur.

Anahtar kelimeler: Oyun temelli degerlendirme, ilkokul matematik dersi, 6gretmen goriisleri, fenomenoloji.
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Abstract — Drawing and interpretation graphs, as key mathematical skills, are widely used in teaching various
subjects within science education. Population ecology, a topic in the environmental education course within the
elementary education curriculum of Tiirkiye, is one such subject. In the context of this environmental education
course, graphs are employed to teach and interpret the factors influencing the growth and decline of populations.
This qualitative study aimed to examine the graph drawing and interpretation skills of preservice elementary
school teachers in relation to population size. Fifty-seven preservice elementary school teachers from the
elementary education department of a university in the Central Anatolia region of Tiirkiye participated in the
study. These preservice teachers were provided with growth rate vs. time graphs of different populations and
were asked to draw and interpret graphs representing change numbers of individuals vs. time. The findings
revealed that many preservice teachers struggled with both drawing and interpreting population graphs.
Specifically, most participants encountered difficulties while drawing and interpreting linear and particularly
curvilinear graphs, as they failed to account for the simultaneous changes in two variables. The study’s findings
are expected to raise awareness about the importance of mathematical skills and the need for interdisciplinary

collaboration in environmental education, as well as providing direction for future research.
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Introduction

The teaching of many subjects in science requires the use of mathematics (Ministry of
National Education [MoNE], 2018). Graph drawing and interpretation are among the essential
mathematical skills used in science teaching and are crucial for science literacy, which
involves interpreting and understanding scientific data (Osborne & Allchin, 2024). Graphs, as
visual representations of quantitative and qualitative data, depict relationships between
variables and enable comparisons by visualizing the data. Additionally, graphs help in
summarizing, organizing, interpreting, and presenting data (Ates et al., 2019). In this context,
drawing graphs that align with specific research purposes based on observation and
measurement results, as well as using tools such as frequency distributions, bar graphs, tables,
and physical models, are integral parts of the science curricula currently and previously
implemented in Tiirkiye (MoNE, 2005; MoNE, 2013; MoNE, 2018; MoNE, 2024). In current
teaching practices within the updated science curriculum, students are often asked to create
graphs based on data or interpret existing ones (MoNE, 2024).

Graph drawing and interpretation can be classified as mathematical and logical skills
that contribute to the development of scientific processes, reasoning, visual literacy, and
scientific reasoning skills, as noted in the literature (Ates et al., 2019; Costu et al., 2017; Krell
et al., 2020). Since graph creation involves considering how two variables change together,
covariational thinking/reasoning skills have been highlighted in recent studies (Altindis et al.,
2024; Basu & Panorkou, 2019; Gonzalez, 2021, 2024). Covariational thinking is a complex
cognitive process that requires understanding how two quantities change simultaneously
(Carlson et al., 2002). In international exams, covariational reasoning skills involving graph
drawing and interpretation are necessary to answer certain mathematics and science questions
(Gant et al., 2023). Although research on covariational reasoning has traditionally focused on
mathematics education, recent studies have extended that research into science education
(Altindis et al., 2024; Gonzalez, 2021, 2024). Carlson et al. (2002) categorized covariational
reasoning into five mental action (MA) levels. At the lowest level, MAL, students typically
coordinate changes in one variable with changes in another. At the MA2 level, students
recognize the direction of change; at MA3, they understand how much the dependent variable
changes in relation to the independent variable; at MA4, they grasp the rate of change
concerning the independent variable; and at the highest level, MA5, students comprehend
how the instantaneous rate of change varies with consistent changes in the independent

variable.
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Many studies have been conducted to assess the graph reading and interpretation skills
of students at various educational levels (Aydan & Donel Akgiil, 2021; Aydin & Tarakgt,
2018; Costu et al., 2017; Erbilgin et al., 2015; Sezek, 2022; Siiliin & Kozcu, 2005; Sahinkaya
& Aladag, 2013). Research has shown that students at the secondary school level (Erbilgin et
al., 2015; Siiliin & Kozcu, 2005; Tairab & Khalaf Al-Nagbi, 2004) and even at the university
level (Aydan & Donel Akgiil, 2021; Aydin & Tarakgi, 2018; Costu et al., 2017; Sahinkaya &
Aladag, 2013) encounter difficulties in drawing and interpreting graphs, skills that should be
developed beginning in primary school. In the study by Costu et al. (2017), it was found that
preservice science teachers were more proficient in reading graphs in chemistry than
interpreting them. Other researchers (Aydan & Donel Akgiil, 2021; Tairab & Khalaf Al-
Nagbi, 2004; Tasar et al., 2002) have also indicated that students struggle more with drawing
graphs than with reading or interpreting them. In a graphic drawing, difficulties may be
experienced in issues such as determining and naming the axes, assigning numerical values to
the axes, scaling and naming the graphic, determining the intersection points, starting the
graphic axis from the appropriate place and continuing it (Aydan & Dénel Akgiil, 2021;
Aydin & Tarake1, 2018). Research suggests that graph construction should be mastered before
learning to read and interpret graphs (Ates et al., 2019). Domain knowledge plays a critical
role in interpreting scientific graphs, as the use of quantities during the interpretation process
helps to form mental images and facilitates the development of covariational reasoning skills,

particularly in cases of complex topics (Altindis et al., 2024).

A literature review revealed that a limited number of studies have focused on the
integration of mathematical skills in environmental education courses (Altindis et al., 2024;
Aydan & Donel Akgiil, 2021; Basu & Panorkou, 2019; Gonzalez, 2021, 2024; Mumu et al.,
2021; Ozdemir, 2021; Siiliin & Kozcu, 2005). For instance, in the study by Altindis et al.
(2024), university students were provided with two graphs representing the growth of two
populations over time (exponential and logistic growth) and shown a video illustrating how
the number of individuals changed over time. After watching the video, students were asked
to explain the relationships depicted in each graph, compare the exponential and logistic
graphs, and draw graphs showing how the number of individuals changed over time for each
scenario. The results indicated that students with prior knowledge of graphing made more
accurate predictions and interpretations. Another experimental study focused on 6th-grade
students. It found that using simulations of the greenhouse effect was beneficial for exploring

covariational relationships and developing complex reasoning (Basu & Panorkou, 2019).
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Gonzalez (2021, 2024) investigated the development of preservice mathematics teachers’
covariational reasoning skills while modeling the relationship between carbon dioxide levels
and global warming. The findings showed that as preservice teachers completed the tasks,
their covariational reasoning improved, and using these skills enhanced their understanding
and modeling of climate change. These results suggest that science topics can be better
understood and explained when supported by mathematical skills. In a study by Mumu et al.
(2021), middle school students’ abilities to solve mathematical problems related to
environmental education were examined. Solving problems about toxic waste, clean water,
and flooding required knowledge of decimals, exponents, and fractions. Students’ responses
were categorized into four groups: (1) students who could solve mathematical problems and
had environmental awareness, (2) students who could solve mathematical problems but had
no interest in environmental issues, (3) students who could not solve mathematical problems
but were interested in environmental issues, and (4) students who could not solve
mathematical problems and were indifferent to environmental issues. The study found that the
largest group consisted of students in the fourth category. In Ozdemir’s (2021) study,
activities were developed that integrated environmental and mathematics education for 5th-
grade students and the impact of those activities on students’ views of sustainability was
examined. The findings showed that combining mathematical and environmental concepts

deepened students’ superficial knowledge.

Population size, a topic covered in the environmental education course of the classroom
teaching program, requires the use of covariational thinking and mathematical skills such as
performing calculations and interpreting tables and graphs. Population size refers to the
number of individuals that make up a population at a given time, and it is influenced by
several factors, including birth rate, death rate, and migration. The population growth rate is
determined by the sum of births and in-migration minus deaths and out-migration. In a
population with a constant growth rate, the number of individuals increases steadily. In a
population with a zero growth rate, the population size remains stable. If the growth rate
increases smoothly over time, the population will experience an accelerating increase in the
number of individuals per unit of time. Conversely, if the growth rate decreases linearly over
time, the population size-and thus the rate of increase in the number of individuals-will

decline per unit of time.

The development of preservice teachers’ covariational reasoning skills related to graph

drawing and interpretation is crucial, both for them to become scientifically literate
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individuals and to enhance the quality of their future classroom applications in this area.
Integrating mathematics into environmental education not only fosters a deeper understanding
of the subject matter but also improves mathematical skills and raises environmental
awareness. As noted earlier, the existing literature highlights the need for more research on
graph drawing and interpretation, often referred to as covariational reasoning, within
environmental education. In light of this gap, the present study aimed to examine the
population graph drawing and interpretation skills of preservice elementary school teachers.
Specifically, the study sought to answer the following question: “How proficient are
preservice teachers in drawing and interpreting individuals vs. time graphs for populations
based on given growth rate vs. time graphs?”

Method
Research Model

In this study, preservice elementary school teachers were provided with growth rate-time
graphs of different populations and asked to draw and interpret corresponding graphs of the
number of individuals vs. time. The findings obtained from the qualitative data were
interpreted. Therefore, this research was conducted using a basic qualitative approach
(Merriam, 2013).

Participants

The study involved 57 first-year preservice teachers enrolled in the elementary
education department at a university situated in a small city center in Tiirkiye's Central
Anatolia region. The average age of the participants was 18 years. These preservice teachers
were taking courses related to science and mathematics at the university, such as Basic
Mathematics in Elementary School, Basic Science in Elementary School, and Environmental

Education.
Data Collection Tool and Process

A form prepared by the researchers was used as the data collection tool. Data were
collected at the end of the courses in the spring semester of 2024. The form presented the
participating preservice teachers with growth rate-time graphs for four distinct populations
and asked them to draw and interpret the corresponding graphs of number of individuals vs.
time. It was initially explained to the participants that the populations did not start with zero
individuals. The first graph depicted a constant growth rate, the second a zero growth rate, the

third a linearly increasing growth rate, and the fourth a linearly decreasing growth rate. To
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ensure the validity of the form, it was reviewed by three field experts, one language expert,

and one expert in measurement and evaluation.
Data Analysis

In the analysis process, an existing conceptual framework for classifying covariational
thinking (e.g., Carlson et al., 2002; Thompson & Carlson, 2017) was not used. Instead, the
preservice teachers’ ability to draw and interpret graphs of number of individuals vs. time
based on the given population size graphs was examined. During the data analysis, patterns
were identified in the participants’ responses (Merriam, 2013). In this process, data were
coded for each graph given to the preservice teachers and categories were established. The
types of graphs drawn and interpreted based on the given graphs were accepted as themes.

Finally, the findings were interpreted.

The forms were coded by assigning numbers to each participant (PsT1, PST2, ...,
PsT57). Two researchers, one being an expert in science education and the other in
mathematics education, independently evaluated the graphs drawn and the explanations
provided by the preservice teachers. For each graph and its corresponding explanation, the
researchers recorded whether the response was correct or incorrect and noted the reasoning
behind their evaluation in a table. Any discrepancies between their evaluations were
discussed until a consensus was reached, ensuring reliability. To enhance the credibility of the
research, examples of the graphs drawn by the participants and their explanations are
presented in the findings. The graphical drawings and explanations made by the preservice
teachers regarding the given growth rate-time graph were analyzed independently of each
other.

Findings

In this study, preservice teachers were provided with four population growth rate-time
graphs. The data obtained from their drawings (D) and explanations (E) were organized based

on those four graphs and findings are presented below under the corresponding headings.
Findings Related to the Drawing and Explanation of the First Graph

For the first question, preservice teachers were provided a graph showing a constant
growth rate and were asked to draw a corresponding graph of number of individuals vs. time
and explain their drawing. The findings obtained from the drawings and explanations for the

first question are presented in Table 1.
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Table 1 Findings Regarding Drawings and Explanations of Number of Individuals vs. Time Graph
for the Graph with Constant Growth Rate*

D/E  Categories Frequency  Codes
Correct 6 g( ipso(s(;';lvely sloped linear graph drawn starting from the y-

A graph drawn parallel to the x-axis (23)

A positively sloped linear graph drawn from the origin (16)
A graph that is not linear (4)

A graph drawn parallel to the y-axis (1)

A negatively sloped linear graph (1)

A graph for multiple time periods (1)

Incorrect 46

Drawings

No drawing 5 No drawing

It was stated that the number of individuals would increase
steadily over time (25)

It was explained that the number of individuals should initially
be at a certain value and increase steadily over time (1)

Correct 26

The number of individuals is balanced or constant (24)
Type 1 growth (3)

The number of individuals decreases (2)

Type 2 growth (1)

Incorrect 30

Explanations

No

. No explanation
explanation

* Graphical drawings and explanations were analyzed independently of each other.

As can be seen in Table 1, 6 of the preservice teachers drew the graph of number of
individuals vs. time correctly for the graph with a constant growth rate. The participants who
drew it correctly depicted the graph as a positively sloped linear graph starting from the y-
axis. A total of 46 participants produced incorrect drawings. Their inaccuracies were caused
by drawing the graph parallel to the x-axis (n=23), starting it from the origin (n=16), not
drawing it as a linear graph (n=4), drawing it parallel to the y-axis (n=1), drawing it as a
negatively sloped linear graph (n=1), or combining different graphs (n=1). Five participants
did not produce any drawings. Figure 1 shows examples of the drawings and explanations
provided by these preservice teachers. Of the explanations given for the graphs, 26 were
correct while 30 were incorrect. One participant did not provide an explanation.

As shown in Figure 1, PsT10 provided both a correct drawing and explanation. PST10
drew the graph as linear with a positive slope starting above the +y-axis. PsT25, however,
drew the graph linearly with a positive slope but started from the origin, making PsT25’s
answer incorrect. The participants were informed that the population did not start with zero
individuals. Therefore, the drawings of those who produced a linear graph with a positive
slope starting from the origin, like PsT25, were marked incorrect, and this mistake was made
by 16 of the preservice teachers, as seen in Table 1. Additionally, it was observed that PST10
carefully considered the variables of population size and time while drawing the graph. Most
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participants who gave incorrect explanations believed that the population size remained in
equilibrium or was constant (n=24). They assumed that with a constant growth rate, the
population size would stay the same, attributing this to equal birth and death rates, which
influenced both their drawings and explanations. The drawing and explanation provided by
PsT21 in Figure 1 illustrate this common misunderstanding. Some participants also confused
this graph with survival curves, interpreting it as a type 1 (n=3) or type 2 (n=1) survival curve.
For instance, PsT49 stated that the population size would not be significantly affected by
environmental factors, linking this to a type 1 survival curve in the provided explanation and
drawing. In contrast, two participants thought that the population size would decrease in a
population with a constant growth rate. PsT6’s drawing and explanation exemplify this
mistake, as PsT6 assumed that since the growth rate was constant, no new individuals were

added, leading to a decrease in the population size.
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Figure 1 Examples of Drawings of Preservice Teachers Who Correctly and Incorrectly Drew Graphs
of the Number of Individuals vs. Time for a Population with Constant Growth Rate
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Findings Related to the Drawing and Explanation of the Second Graph

For the second question, the preservice teachers were given a population graph with a
zero growth rate and were asked to draw and explain the related graph for number of
individuals vs. time. The findings obtained from the preservice teachers’ answers to the

second question are presented in Table 2.

Table 2 Findings Regarding Drawings and Explanations of Number of Individuals vs. Time Graph for
the Graph With Zero Growth Rate*

D/E  Categories Frequency Codes

Correct 22 Graph drawn parallel to the x-axis (22)
Graph coinciding with the x-axis (17)

§ Linear graph with negative slope (8)
= Incorrect 31 Nonlinear graph (4)
5 Linear graph with positive slope (1)
Graph with multiple time intervals (1)
No drawing 4 No drawing
Correct 26 The number of individuals remains constant (26)
The number of individuals decreases over time (13)
The number of individuals is zero because the growth
& rate is zero (6)
= J-type growth (4)
< Incorrect 28 No individuals are born (1)
?% The number of individuals increases over time (1)
w Type 2 growth (1)
Type 3 growth (1)
Explanation unrelated to the number of individuals (1)
No explanation 3 No explanation

*Graphical drawings and explanations were analyzed independently of each other.

Twenty-two of the participants correctly drew the graph of number of individuals vs.
time as a line parallel to the x-axis based on the graph with zero growth rate. The majority of
those who drew the graph incorrectly assumed that the number of individuals would also be
zero, reflecting this in their graphs (n=17). Some participants drew linear graphs with a
negative slope, indicating a decrease in the number of individuals over time, since they
interpreted a zero growth rate as causing a decline in population (n=8). Additionally, the
responses of participants who did not draw a linear graph for the number of individuals vs.
time (n=4), who drew a linear graph with a positive slope (n=1), or who combined different
graphs (n=1) were also deemed incorrect. Based on the graph with zero growth rate, 26 of the
preservice teachers drew the graph of number of individuals vs. time graph correctly,

indicating that the number of individuals would remain constant over time.
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Figure 2 shows the answer of PsT16, one of the participants who produced both a
correct drawing and explanation. PsT16 explained that the number of individuals would
remain constant over time and drew the graph parallel to the x-axis. Most participants who
provided incorrect explanations stated that the number of individuals would decrease over
time (n=13). Figure 2 includes PsT20’s drawing and explanation as an example. Some
participants, such as PsT30, thought that the number of individuals would be zero because the
growth rate was zero (n=6), thus drawing the graph of number of individuals vs. time to
coincide with the x-axis (n=17). It was also observed that some participants whose answers
were considered incorrect made explanations referencing type 2 and type 3 growth curves, as
seen in survival curves of populations, like PsT49, or referenced J-type growth, a pattern seen
in populations with exponential growth. Three participants did not provide any explanation.
Interestingly, 4 participants drew the graph incorrectly but provided a correct explanation for
the zero growth rate.

Birey saysi

Aglklama:%ujg,u, e S scu'\jes»‘tdc Birey sayst
SOLEKIT yoni irey soysido herhony!

Aanlama:@jfma by 0 'so.

e

U ortus geyo %0 S Eauge bir A i
Aéé‘\uir @\, u&p\g birey oy Sobbwr 3 ‘

———y Zam'.;n
“ The growth rate is constant at zero level, that is,
there is no increase or decrease in the number of
individuals. Therefore, the number of individuals is
constant.” (PsT16)

Zaman

“If the growth rate is zero, the number of
individuals gradually decreases. ” (PsT20)

Birey sayast A;]Hamaj 6‘)»{ i o ok ey sayst ;\gllilamai TP 2 L"({(,:gt,,‘u (,\kﬁmmglzhwn
hve 598 da O d "mh,“’ b‘ub,r‘g ha 3(0'( e cok
POP"“)W"“ 5] kads 00 p, da damh dhwor b
Zaman '(,u Fu't/. Kl‘a’!w\(dM ("d (lk’-l :&‘; LM
. A ° L 1 4 =
Zaman drnck ; L’:cik?ﬁl!ﬁiﬁ/’,{w TP § gubwae girmelele,
“If the population growth rate is O, the number of | think it is Type 3. Because its growth rate is
individuals will also be 0.” (PsT30) almost non-existent. This means that this

creature is greatly affected by the environment.
For this reason, it falls into the type 3 group.
Example: Fish, insects.” (PsT49)

Figure 2 Examples of Drawings of Preservice Teachers who Correctly and Incorrectly Drew Graphs
of the Number of Individuals vs. Time for a Population with Zero Growth Rate

Findings Related to the Drawing and Explanation of the Third Graph

For the third question, the preservice teachers were given a graph where the growth
rate increased linearly over time and were asked to draw and explain the graph of number of

individuals vs. time accordingly. The findings are shown in Table 3.
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Table 3 Findings Regarding Drawings and Explanations of Number of Individuals vs. Time Graph for
the Graph with Linearly Increasing Growth Rate*

D/E  Categories Frequency  Codes

Correct 5 Exponentially drawn graph starting from the +y-axis (5)
Linearly drawn graph with positive slope (36)

§ Graph covering multiple time periods (9)

% Incorrect 51 Linearly drawn graph with negative slope (3)

5 Exponentially drawn grap_h starting from the origin (2)

Graph parallel to the x-axis (1)

Nodrawing 1 No drawing made
Correct 10 The number of individuals increases more over time (10)
Partially 32 The number of individuals increases over time (32)
correct

" S-shaped growt_h (4)_

5 The number of individuals decreases (2)

§ The number of individuals increases, remains constant, then

‘_g_ decreases (1)

oy Incorrect 14 The number of individuals is in equilibrium or remains

constant (1)
The number of individuals increases then remains constant
1)

The number of individuals increases logarithmically (1)

*Graphical drawings and explanations were analyzed independently of each other.

As can be seen in Table 3, only 5 of the preservice teachers drew the graph correctly.
These participants represented the graph exponentially on the +y-axis. It was observed that
the majority of participants (n=51) incorrectly drew the graph of number of individuals vs.
time based on the graph with linearly increasing growth rate. Most of those who drew it
incorrectly (n=36) represented both the growth rate and the number of individuals as
increasing linearly over time. The answers of participants who combined different graphs
(n=9), drew a linear graph with a negative slope (n=3), drew an exponential graph starting
from the origin (n=2), or drew a graph parallel to the x-axis (n=1) were also considered

incorrect. One participant did not make a drawing.

As seen in Table 3, 10 participants provided a correct explanation, stating that the
number of individuals would increase exponentially over time. PsT52’s response in Figure 3
is an example of a correct drawing and explanation. PsT52 drew the graph of number of
individuals vs. time for the population with a linearly increasing growth rate as being
exponential on the +y-axis, explaining that the number of individuals would increase more per
unit of time. Responses of the participants that were considered partially correct (n=32)
included accurate observations about the rise in the number of individuals over time.
However, these increases were depicted as linear rather than exponential in their drawings.

The explanations were generally similar to PST3’s response, shown in Figure 3, wherein the
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increase in the number of individuals was mentioned, but not in detail. A small number of

participants (n=5) produced both correct drawings and comments. However, 14 participants

provided incorrect explanations. Some explained and drew the number of individuals as

decreasing when the growth rate increased over time, possibly because they were thinking

about the later stages of S-shaped growth curves. Additionally, 5 participants made correct

explanations but drew their graphs incorrectly, and 1 did not provide any explanation.
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Figure 3 Examples of Drawings of Preservice Teachers who Correctly and Incorrectly Drew Graphs
of the Number of Individuals vs. Time for a Population whose Growth rate Increases Linearly over
Time

Findings Related to the Drawing and Explanation of the Fourth Graph

For the fourth question, the participating preservice teachers were asked to draw and

explain the graph of number of individuals vs. time graph for a graph whose growth rate

decreases linearly over time. The findings obtained from the participants’ answers to the

fourth question are shown in Table 4.
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Table 4 Findings Regarding Drawings and Explanations of Number of Individuals vs. Time Graph for
a Population whose Growth Rate Decreases Linearly Over Time*

D/E  Categories Frequency  Codes

Correct 1 Logarithmic graph drawn starting from the +y-axis (1)
Linear graph with a negative slope (22)

Graph with multiple time intervals (13)

Linear graph with a positive slope (9)
Non-logarithmic graph starting from the +y-axis (8)
Logarithmic graph starting from the origin (2)

Graph parallel to the x-axis (1)

No drawing 1 No drawing

Incorrect 55

Drawings

Correct 12 The number of individuals increases more slowly (12)
Partially correct 2 The number of individuals increases over time (2)
The number of individuals decreases (30)
Number remains stable or constant (2)
Sudden deaths occur (1)
S-type growth (1)
Incorrect 39 Decreases, then remains stable (1)
Type 3 growth (1)
Increases, then decreases (1)
Increases very rapidly (1)
Explanation unrelated to the number of individuals (1)

Explanations

*Graphical drawings and explanations were analyzed independently of each other.

As seen in Table 4, only one participant produced a correct drawing. The majority of
participants who produced incorrect drawings (n=22) drew the graph of number of individuals
vs. time based on a decreasing linear growth rate as a linearly decreasing graph. Additionally,
some participants combined different graphs in their drawings (n=13). As can be seen in
Table 4, only 12 of the participants stated that the number of individuals would increase but
the increase would occur at a decreasing rate. Some participants who correctly stated that the
number of individuals would decrease over time drew this decrease linearly rather than
logarithmically (n=11). Only one participant (n=1) produced both a correct drawing and
explanation. Two participants whose answers were considered partially correct stated that the
number of individuals would decrease over time and did not elaborate on the nature of the
decrease. Most of the participants whose answers were deemed incorrect explained that the
number of individuals decreased (n=30). Additionally, 11 participants drew the graph
incorrectly but provided a correct explanation. Some participants produced explanations and
drawings suggesting that the number of individuals would increase as the growth rate
decreased over time. Furthermore, some interpreted the graph as a J-shaped graph. Figure 4
provides examples of the drawings and explanations of the participants who correctly and
incorrectly drew the graph of number of individuals vs. time for a population whose growth

rate decreases linearly over time.
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Figure 4 Examples of Drawings of Preservice Teachers who Correctly and Incorrectly Drew Graphs
of the Number of Individuals vs. Time for a Popu_lation whose Growth Rate Decreases Linearly Over
Time

Only PsT52 stated that the number of individuals in a population with a linearly
decreasing growth rate increases at a decreasing rate over time and made a correct drawing.
Most of the participating preservice teachers, like PsT43, thought that the number of
individuals would decrease over time and drew a linear graph with a negative slope. From the
drawings and explanations of PsT25 and PsT10, it can be understood that some preservice
teachers predicted that the number of individuals would increase at a decreasing rate over
time; they made correct explanations but could not accurately transfer those explanations to

the graph.
Conclusions, Discussion, and Suggestions

In this study, preservice primary school teachers were given growth rate-time graphs of
different populations and asked to draw and interpret the corresponding graphs for number of
individuals vs. time. The results showed that these preservice teachers had difficulty in
drawing and interpreting population graphs and particularly in interpreting linear and
especially curvilinear graphs. Only one participant drew and interpreted all the graphs
correctly. This participant is a graduate of a science high school where science and

mathematics courses are predominant. In this respect, it can be said that this participant has a
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basic background. The most common mistakes can be listed as follows: (1) Starting from the
origin when drawing the graph of the number of individuals vs. time, even though they were
initially told that the number of individuals in the population is not zero; (2) believing that the
number of individuals in a population with a constant growth rate will also remain constant;
(3) thinking that the number of individuals in a population with a zero growth rate will also be
zero; (4) assuming that the number of individuals in a population with a linearly increasing
growth rate will also increase linearly over time; and (5) believing that the number of
individuals in a population with a smoothly decreasing growth rate will also decrease over
time. This may be due to the fact that the preservice teachers did not sufficiently understand
and inquiry the graph, and lacked prior knowledge (Shah & Hoeffner, 2002). It is thought that
the most common mistakes in graph drawing are due to the fact that the preservice teachers do
not reflect the relationships between the data on the graph, but rather think of this relationship
as in the first graph and transfer it to the second graph as a picture. This reveals that they have
a misconception of graphs as pictures (Roth & Bowen, 2001). Also these results indicate that
most of the preservice teachers could not account for the simultaneous change of two
variables. They had more difficulty drawing curvilinear graphs than linear graphs. This may
be due to the fact that preservice teachers tend to create linear graphs because they do not
evaluate the relationship in the graph by not looking at the whole graph (Leinhardt vd., 1990).
Similarly, some research results related to physics showed that students struggled to interpret
rates of change in nonlinear or curvilinear graphs, which was associated with deficiencies in
their mathematical knowledge (McDermott et al., 1987; Planinic et al., 2013). Furthermore, in
a study conducted with calculus students, it was observed that the students had difficulty
creating images of the rate of change and could not accurately represent or interpret the
increasing and decreasing rates of functions (Carlson et al., 2002). In addition, as a result of
this research, the difficulty experienced by preservice teachers in determining the starting
point of the graph is similar to the study of Aydin and Tarake¢1 (2018).

In the present study, some of the participating preservice teachers interpreted the graphs
given to them correctly, but they could not transfer their correct interpretations into the
drawing and interpretation of a new graph. This was particularly evident in the responses to
the first and second questions, which required drawing and interpreting linear graphs. From
this perspective, it can be inferred that the majority of participants remained at the
comprehension/understanding level in graph drawing and interpretation; they had not
progressed to higher levels such as application, analysis, and synthesis. These results align

with findings from several previous studies on graph interpretation and drawing. For instance,
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Tairab and Khalaf Al-Nagbi (2004) and Tasar et al. (2002) found that students had more
difficulty drawing graphs than reading and interpreting them. In a study on preservice science
teachers, it was determined that, similar to the results of this research, the preservice teachers’
levels of reading and interpreting graphs were better than drawing graphs in most cases
(Aydan & Donel Akgiil, 2021).

In light of the findings of this study, it may be beneficial to support preservice teachers
in developing the ability to draw and interpret graphs through modeling. In this process, the
initial number of individuals should be determined, tables should be created for the number of
individuals at specific time intervals, and graphical drawings and interpretations should be
made based on the created tables. Using numbers during the process of interpreting and
creating graphs can help provide a more concrete understanding and promote correct thinking
(Altindis et al., 2024). As indicated in the findings of this study, some preservice teachers
drew graphs of the number of individuals vs. time by assigning values to the growth-rate time
graph. Additionally, there should be an emphasis on questioning the operations performed.
Otherwise, the interpretation of graphs that are consistently explained and observed may be
incorrect, resulting in a lack of skill development in this area. Furthermore, the results
obtained from this study highlight the necessity of integrating different disciplines.
Difficulties in graph interpretation and drawing may hinder the understanding of concepts that
are intended to be taught (Costu et al., 2017). In this context, it is essential to know and utilize
the mathematical skills, methods, and techniques specific to mathematics education. When
needed, lecturers working in mathematics and science disciplines can work together and
support teaching practices, thus enabling interdisciplinary collaboration. Another suggestion
based on the results of this research is that the environmental education course should be
designed and implemented to provide not only knowledge but also practical skills. These
skills could include not only the ability to draw and interpret graphs, as evaluated in this
study, but also probabilistic thinking and proportional reasoning (Lawson et al., 2000). Some
subjects may inherently be more suitable for teaching certain skills. Therefore, it is crucial to
first determine which skills can be developed within the context of the environmental
education course and to design appropriate teaching environments accordingly. Future
research may focus on the design, implementation, and evaluation of a skills-based

environmental education course.
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Cevre Egitiminde Matematik: Ogretmen Adaylarimin Popiilasyon Biiyiikliigii
Grafigi Cizme ve Yorumlama Becerilerinin Incelenmesi

Ozet:

Matematiksel bir beceri olan grafik ¢izme ve yorumlama, fen egitiminde pek cok konunun 6gretiminde
kullanilmaktadir. Sinif dgretmenligi programinda yer alan ¢evre egitimi dersindeki popiilasyon ekolojisi bu
konulardan biridir. Cevre egitimi dersi kapsaminda bir popiilasyonun biiylime ve kiigiilme nedenlerinin
Ogretimi ve yorumlanmasinda grafiklere basvurulmaktadir. Nitel olarak yiiriitilen bu calismada sinif
O0gretmen adaylarinin popiilasyon grafigi ¢izme ve yorumlama becerilerinin incelenmesi amaglanmistir.
Aragtirmaya Tiirkiye’nin I¢ Anadolu Bélgesinde yer alan bir iiniversitenin sinif egitimi boliimiinde grenim
goren 57 oOgretmen aday1 katilmistir. Sinif 6gretmen adaylarma farkli popiilasyonlara ait biiytime hizi-zaman
grafikleri verilmis, onlardan birey sayisindaki degisimleri zamana gore gosteren grafikler g¢izmeleri ve
yorumlamalar1 istenmistir. Sonuglar 6gretmen adaylarinin popiilasyon grafigi cizme ve yorumlama
konusunda giiclik yasadigini gostermistir. Dogrusal ve Ozellikle egrisel grafiklerin ¢izim ve
yorumlanmasinda 6gretmen adaylarmin ¢ogu iki degiskenin es zamanli degisimini hesaba katamamustir.
Arastirma sonuglarinin ¢evre egitiminde matematiksel becerilerin kullanimina ve disiplinler arasi isbirliginin
gerekliligine iliskin farkindalig1 artiracagi, yapilacak caligmalara rehber olacag: diisiiniilmektedir.

Anahtar kelimeler: Cevre egitimi, matematik egitimi, grafik ¢izme becerisi, grafik yorumlama becerisi,
popiilasyon ekolojisi, 6gretmen adaylari.
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Abstract — This study aimed to identify themes that indicate trends in the nature of science (NoS) in science
education. The Web of Science (WoS) database was used for this purpose. A bibliometric approach was adopted,
and the VOSviewer software was used to identify and systematically map research trends in the field of scientific
innovation and to identify intellectual relationships in this network. In this context, the study covered the years
2013-2023. The categories “Education & Educational Research” and “Education Scientific Disciplines” were
selected in the WoS database, and only article-type studies were included by excluding other publication categories
obtained in the breakdown of the results. Finally, 263 articles were analyzed . According to the findings, the
“Education Educational Research” WoS category is at the forefront. The publications made according to the years
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Introduction

The primary purpose of science is to explain natural phenomena in a logical and
organized manner, develop theories, and discover basic principles and concepts. By
integrating scientific methods into educational environments, the goal is for students to
conduct research to understand the world and actively participate in the scientific process to
understand how scientific knowledge and the nature of science (NoS) are formed (Ministry of
National Education [MoNE], 2018).

The NoS is defined as a discipline that seeks answers to issues such as the working
methods of scientists, the definition of science, the interaction between science and society,
and the values and beliefs in scientific knowledge (Lederman 2007). The literature reveals
that the NoS is handled on the basis of dimensions (Khishfe & Abd-El-Khalick, 2002;
Lederman, 2007). These dimensions are considered the changeability, empiricism, theoretical
basis, and imaginative and creative aspects of scientific knowledge, as well as the influence of
the social and cultural environment, and the theoretical, observational, and inferential nature

of scientific knowledge.

Khishfe and Abd-El-Khalick (2002) proposed three approaches for teaching NoS:
historical, indirect, and direct reflective. On the other hand, the Family Resemblance
Approach can be integrated into science curricula to enable students to learn and understand
science holistically in its epistemic, cognitive, and social dimensions (Kaya & Erduran, 2016).
Therefore, in the related literature, various approaches are used in the field of science
education to teach the NoS (Goren & Kaya, 2023).

NoS in Science Education

An important research area in science education is the NoS (Goéren & Kaya, 2023), and
one of the main goals of this education is to enable students to understand the NoS (AAAS,
1993; NRC, 1996; McComas, 2004; NGSS, 2013; Voss et al., 2023). Therefore, it is argued
that curricula should be organized and implemented to develop an understanding of science
and NoS (Abd-El-Khalick, F., & Lederman, N. G.,2000). When evaluated globally, science
education reform documents and curricula include outcomes related to the development of
NoS understanding (NGSS Lead States, 2013; NRC, 1996). In the context of science
education, NoS plays a critical role in teaching students the basic principles, methods, and
processes of science. One of the main objectives of our country's Science Curriculum, which

aims to raise all individuals to be science-literate, is to help them understand how scientific
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knowledge is created by scientists, the processes through which this knowledge is created, and
how it is used in new research (MoNE, 2018).

Effective teaching of the NoS is not only limited to the transfer of knowledge in science
education (Cakici, 2009), but also aims to improve students’ abilities to apply knowledge,
generate new questions, and question existing knowledge (Ayvaci & Akdemir, 2017). In this
context, teaching strategies and curricula must be designed to support students’ scientific
thinking and problem-solving skills. Such teaching helps students develop a deeper
understanding of the NoS and gain perspectives on the social, ethical, and practical
dimensions of science (Hwang et al., 2015). Indeed, understanding the NoS in science
education not only increases the scientific knowledge of individuals, but it also develops
social consciousness and responsibility (Crowther et al., 2005) and enables individuals to
think critically by understanding the production of scientific knowledge (Jimenez-Aleixandre
et al., 2000). Therefore, in the literature, both teachers (Adsiz & Kutluca, 2023; Kurt & Kaya,
2023) and students (Giilmez Giingérmez & Akgiin, 2020; Ozan & Ulugimar Sagir, 2020;
Stadermann & Goedhart, 2020; Yacoubian, 2021) identify or develop an understanding of the
NoS in the context (Bugingo et al., 2024), or it is observed that various methods are used for
effective teaching (Goren & Kaya, 2023).

The ESERA conference, organized by the European Science Education Research
Association, encompasses worldwide research in the field of science education. When the
studies on NoS in the ESERA-2009 conference were examined, it was found that the studies
on NoS were directly related to science subjects: NoS and student-teacher views, conceptual
understanding, the relationship between NoS and teaching methods, and even epistemological
beliefs (Oztiirk & Kaptan, 2014). Studies focusing on various components have been
conducted to determine or develop NoS understanding in the global context. In this context, it
is important to identify trends in the current literature on the Nature of Science (NoS) and
teaching in the field of science education. One of the studies that has frequently been used

recently to identify trends in terms of various components is bibliometric analysis.
Bibliometric Analysis and Study Importance

Bibliometric analysis is preferred to obtain information about the breadth and quantity
of the topic (Comaru et al., 2021), as well as for a general understanding of its nature and to
guide future studies (Pradana et al., 2023). While it allows us to reveal the evolutionary

nuances of a particular field, it also sheds light on emerging areas in that field. Bibliometric
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analysis involves the application of quantitative techniques to bibliometric data (Donthu et al.,
2021).

When the related literature is examined, it is seen that there are studies on science
education (Comaru et al., 2021; Effendi et al., 2021; Maryanti et al., 2023; Solehuddin et al.,
2022; Sonmez & Hastiirk, 2020; Tosun, 2024) and limited bibliometric studies on NoS
(Kurtulus & Bilen, 2021; Yanuarti & Suprapto, 2021). Kurtulus and Bilen (2021) conducted a
bibliometric analysis of studies on NoS in science education, published in science, physics,
chemistry, and biology education journals indexed in the WoS database between 1986-2019.
On the other hand, Yanuarti and Suprapto (2021) conducted a bibliometric analysis of studies
on NoS in science education between 2011 and 2020 based on the Scopus database. However,
studies on bibliometric analysis of NoS in science education remain limited. One of the
important goals of science education is for students to understand the NoS (AAAS, 1993;
NGSS Lead States, 2013; NRC, 1996), and goals related to the NoS are included in science
education reform documents and curricula (AAAS, 1993; NGSS Lead States, 2013; NRC,
1996). On the other hand, since NoS teaching has critical importance in the dimension of
raising scientifically literate individuals (Widowati et al., 2017), and since the understanding
of NoS has long been among the goals of science education (\Voss et al., 2023), it is important
to know the trends of studies on NoS in science education.

It is thought that presenting the trends of the studies on the NoS in science teaching and
the innovations at the current point through a bibliometric analysis will shed light on the
researchers who will work in this field in terms of identifying the gaps, new scientific paths,
and study topics, and will make a significant contribution to the establishment of scientific
cooperation globally. This approach will assist in establishing scientific cooperation globally.
The bibliometric analysis on science teaching aims to provide researchers with important
information on existing literature and to help them determine which areas are more
extensively studied and which topics are not sufficiently researched. This provides an
opportunity to focus on previously unexplored topics and is expected to contribute to the
identification of new research topics by addressing research gaps. The analysis of the existing
findings will enable scientists to develop innovative research questions and new methods in
the field. By examining collaborations between research conducted in different countries and
institutions at the global level, bibliometric analysis provides a broader perspective on the
research community and increases opportunities for international collaboration. As a result,

this study is expected to serve as a guide for new and existing researchers and to make a
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significant contribution to the development of the field, by providing a roadmap for science

teaching and NoS.
In this context, this study was designed to answer the following questions.

1. Regarding research on NoS in science education;

a. What is the WoS category distribution?

b. How is the distribution based on years?

c. What is the ranking of the top 10 authors with the most studies?

d. What is the distribution of journals in which their articles were published?

e. What is the citation analysis network of the authors?

f. What is the co-author analysis network?

g. What is the keyword analysis network?

h. What is the analysis network for the most frequently used words in the article
abstracts?

1. What is country citation analysis network?

Method
The research design, data collection, and analysis processes are described below.
Research Design

In this research, a bibliometric approach was adopted to identify and systematically map
research trends in the field of scientific innovation (Prahani et al., 2024) and intellectual
relationships in this network (Li & Xu, 2022). The VOSviewer program, a visualization tool
used in the bibliometric approach, was applied. VOSviewer uses elements such as scientific
publications, journals, researchers, research institutions, organizations, countries, keywords,
and terms to create and visualize networks of relationships through links such as
coauthorship, collaboration, citation, and cocitation (Aria & Cuccurullo, 2017; Van Eck &
Waltman, 2022).

Data Collection and Analysis

In this study, the widely used Web of Science (WoS) database (Sarkar et al., 2022),
which hosts scientific documents in all disciplines, was used to obtain data. WoS, the first
bibliometric database established by the Institute for Scientific Information (ISI) (Pranckute,
2021), was preferred because it is widely used for academic literature search and selection
(Agrifoglio et al., 2021). It is a multidisciplinary and selective database consisting of various
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specialized indexes grouped according to the type or theme of the indexed content. It is a core
collection of six major citation indexes (Pranckute, 2021).

On 21.07.2024, access to the WoS was provided through the university database
affiliated with the researcher, and the contents indexed there were used as criteria. In the
WoS database, a search using the keywords “nature of science” and “science education”
under the title "topic" yielded 722 results. The nature of science has gained an important
place in educational curricula in recent years because of its foundational impact and
comprehensive scope. Prior to 2013, scientific studies generally showed an increasing trend.
Between 2013 and 2023, scientific studies showed fluctuating trends, and the importance
given to science in the education system increased, which makes it important to analyze these
periods. Moreover, the fact that data will continue to flow as of 2024 provides an important
context for understanding the trends and developments over the last decade. Therefore,
analyzing studies from this decade is of primary importance, to better understand the changes
in the nature and practices of science. Given that the NoS is a very broad and long-established
subject, has recently gained an important place in education curricula, and will continue to
have active data flow in 2024, the aim was to analyze studies from 2013 to 2023 to determine
the trend over the last ten years. In this context, 502 publications were identified. In the next
stage, the categories of “Education & Educational Research” and “Education Scientific
Disciplines” were selected in the WoS database, and only articles as document type were
analyzed. A total of 263 publications were identified and analyzed. Papers, book chapters,
article reviews, early access, editorial material, and book reviews were not included in the
dataset or evaluated. The selection process of the articles to be included in the study with the
PRISMA flow diagram (Moher et al., 2009) is shown in Figure 1.

* A search in the WoS database under the title “topic” with the keywords “nature of science” and
“science education” yielded 722 results.

*Selected on 21.07.2024.
+2013-2023 (N=502) was narrowed down and studies outside this range were excluded

«'Education & Educational Research' and 'Education Scientific Disciplines' categories (N=263)

*Proceedings, book chapter, article review, early access, editorial material and book review were
published.

«Studies on NoS in science education included in the bibliometric analysis (N=263)

Figure 1 Selection Process of the Articles to be Included in the Study
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Findings
WoS Category Breakdown

Firstly, the distribution of the first ten categories reached in the research conducted
using the keywords “nature of science” and “science education” is given in Table 1. The
distribution of the categories of ‘Education & Educational Research’ and ‘Education

Scientific Disciplines’ are given in Table 2.

Table 1 WoS Category Distribution of Studies on Nos in Science Education

Category Number of Top 10 web of science categories
articles
Education & educational
research 532 Psychology...
History philosophy of science 103 P h¥51‘35~ -
. S Chemistry...
Education scientific disciplines 94 Psychology ..
Cultural studies 21 Geosciences. .
Biology 15 Biology

Cultural Studies
Education Scientific...
History Philosophy...
Education...

0 200 400 600

Geosciences multidisciplinary
Psychology educational

7
6
Chemistry multidisciplinary 4
Physics multidisciplinary 4

4

Psychology multidisciplinary

Table 2 WoS Category Breakdowns Selected within the Scope of the Research

Category Number of 250
articles 200
Education & educational
150
research 231 100
50
0 e
. TP Education Education
Education scientific disciplines 45 Educational Scientific
Research Disciplines

When Tables 1 and 2 are examined together, it can be seen that the “Education &
Educational Research” category is at the forefront of the WoS category distribution of the

studies on the NoS in science education.
Distribution of Research on NoS in Science Education by Year

Table 3 shows a distribution of research conducted between 2013 and 2023.
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Table 3 Distribution of NoS Research in Science Education by Year

35

Distribution by years

30
20

15
10

2023 2022 2021

2019 2018 2017 2016 2015 2014 2013

An analysis of the yearly distribution reveals that f=24 articles were published in 2013,
f=21in 2014, =23 in 2015, f=28 in 2016, f=20 in 2017, f=26 in 2018, f=29 in 2019, f=21 in
2020, =28 in 2021, =21 in 2022 and f=22 in 2023. Considering the number of studies by
years, it is seen that there was an increase in 2015, 2016, 2018, 2019 and 2021, and a decrease
in 2017, 2020, and 2022. Starting from 2023, considering the increase in the number of

studies, it can be said that studies on the NoS in science education will increase in the coming

years 2024 and 2025.

Findings of the Top 10 Authors with the Most Number of Studies

Table 4 lists the top 10 authors who conducted the most studies on NoS in science

education between 2013 and 2023, as revealed in the analysis.

Table 4 Top 10 Authors with the Most NoS Work in Science Education

Author name Number
of articles

Erduran, S. 10
Garcia-Carmona, A. 6
Lederman, N.G. 4
Dogan, N. 4
Demirddgen, B. 4
Forbes, A. 4
Hansson, L. 4
Leden, L. 4
Skamp, K. 4
Vazquez-Alonso, A. 4

Top 10 authors with the most publications

12
10
8
6
4
2
0
Q?‘) (b"v. ‘ee Q,ﬂ% Qs) %”Y”. Q}) Qﬂ\) Q:k' 0“?7.
F & T F L F TS
Qb o ‘5(& g > QO @60 <¢° «2&0 ) (g& @(\),?"O
& F F N
Q‘D QY
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When Table 4 is examined, the author who conducted the most studies on the subject

was Erduran, S.
Distribution of journals in which research on NoS in science education is published

The findings regarding the distribution of the journals in which the studies were published are

presented in Table 5.

Table 5 Distribution of Journals in which Articles Related to the NoS in Science Education were
Published

Number
Journals of
articles

Publication Titles

- - Ensefianza de las Ciencias [l
Research in science 36 s¢ ¢ las Ciencias

educatio_n ] Research in Science..
International journal

. . 23 . .
of science education Science Education
Journal of research in
science teaching
Intematlonal journal Canadian Journal of Science
of science and 13
mathematics Journal of Scince Teacher

education . .
Journal of science International Journal of Science
11

]
]

.. I

.. I

.. I

teacher education Journal of Research in Science. . I

.. I

|

16 Journal of Baltic Science Education

Canadian journal of

science, mathematics, 10 International Journal of Science
and technology o )
education Research in Science Education
Journal of baltic

science education

Science education 10
Research in science

and technological 8
education

Ensefanza de las

ciencias

10

o

20 40

According to Table 5, the studies on NoS in science education were mostly found in

Research in Science Education and International Journal of Science Education.

Citation Analysis Network of Authors in Research on the NoS in Science Education
(Citation of Authors)

At least 2 publications and at least 2 different citation criteria were used in the
bibliometric analysis to identify author networks. The results that met the criteria are

visualized in Figure 2.
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Figure 2 Citation Analysis of the Authors

In the author citation network map in Figure 2, the most cited authors are Lederman,
N. G. (365 citations, 5 publications), Lederman, J. S. (352 citations, 3 publications), Erduran,
S. (201 citations, 10 publications), Schwartz, R. S. (198 citations, 2 publications), and
Allchin, D. (146 citations, 3 publications). A total of 8 clusters, 194 links, and 286 total link

strengths were determined over 59 units with links between authors.

Analysis Network of Co-Authorship of Authors in Research on NoS in Science
Education (Co-Authorship of Authors)

A bibliometric network was created based on the criteria; at least 1 publication and at
least 1 citation, to identify the most contributing, connected, and collaborating authors. The
bibliometric network of the data is presented in Figure 3.

akbayrals melike
kaya, ebru

akguny selin

msimangg, audrey

elhowegis, hala . dagher, g@ubeidar

’ - caramaschi, martina gandoff) haira
alamirgh, iman erdu@smel s cullinage, alisong @ abdgel-ki@lick #ouad
“ rabbagiplutfieh park, wpnyong

takritigrachel kelly,gegina
alhosagh najwa

tairabgpassan

kaya-capocci, sila

birdthistle, naomi

‘  VOSviewer

Figure 3 Co-authorship of the Authors Analysis
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According to Figure 3, the bibliometric network formed consisted of 71 links merging
into 6 clusters with a total of 83 link strengths obtained. The authors with the highest total link
strength are Erduran, S. (10 publications, 201 links, total link strength 27), Dogan, N. (4
publications, 32 links, total link strength 18), Cakmake1, G. (4 publications, 33 links, total link
strength 17), Yalaki, Y., and Irez, S. (3 publications, 28 links, total link strength 15), and
Furman, M. (2 publications, 29 links, total link strength 13).

Analysis Network of Keywords in Research on Nos in Science Education (Co-

Occurrence of Author Keywords)

To determine the analysis network of keywords in the studies on NoS in science
education, the analysis type was selected as “Co-occurrence,” and the analysis unit was
selected as “Author Keywords” in the VOSviewer program. The network obtained as a result

of the analysis is shown in Figure 4.

covid-19

>
family resemblance approach
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. secondarysedueation
professlopawevelopmem self-efficacy
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-
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Figure 4 Co-occurrence Analysis of the Author Keywords
According to Figure 4, 99 out of 687 words were found in the keyword analysis to

meet this threshold of occurring at least 2 times in frequency. Thus, 20 clusters, 288 links, and

475 total link strengths were identified. Among the keywords in the published articles,
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“nature of science” was the most frequent (138), followed by “science education” (76),
“scientific literacy” (16), “history of science” with 12 occurrences, and “teacher education”
with 12 occurrences. As a result of the analysis of 209 related items, a total of 24 clusters, 790
links, and 1278 total link strengths were identified. Since the 2020s (Figure 4, yellow areas),
keywords such as “family resemblance approach; early childhood; content analysis; special

education” have begun to appear in the studies.

Analysis Network of the Most Frequently Used Words in the Abstracts of Articles in

Research on the NoS in Science Education

“Abstract field” and “binary counting” methods were selected, and the total number of
terms in the abstracts, of the publications was determined as 5889. The minimum number of
repetitions was set to 10, and the analysis was performed on the 92 terms that met this

criterion. The word network obtained as a result of the analysis is shown in Figure 5.

nos. Te;chmg
s (importance )

importance
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Figure 5 Most Frequently Used Words in the Abstracts

The map revealed 4 thematic clusters [Cluster 1 red (f=37), Cluster 2 green (f=26),
Cluster 3 blue (f=18), and Cluster 4 yellow (f=11)]. The largest circle in each cluster
represents the dominant keyword. When Figure 5 is analyzed, the most frequently repeated
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words in the abstracts of the related articles are questionnaire (f=51, blue cluster,) interview
(f=49, green cluster,) participant (f=49, green cluster,) issue (f=48, red cluster,) and course
(f=40, green cluster).

Citation Analysis Network of Countries in Research on The Nos in Science Education

(Citation of Countries)

To create a network map based on the citations received by the countries from which
the publications originated, 31 observation units were analyzed in accordance with the
condition that a specific country published at least two works and received at least two

citations. The network map is shown in Figure 6.
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Figure 6 Analysis of Country Citations

In the citation analysis network of countries, the top three countries in terms of total
link strength and the most cited countries were the USA (2135 citations, 78 publications),

England (606 citations, 15 publications), and Tirkiye (735 citations, 41 publications). The
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level of relationships among the 31 units is explained by 7 clusters, 113 links, and 256 total
link strengths.

Conclusions, Discussions, and Suggestions

In this study, a bibliometric analysis of articles related to NoS studies in science
education in the categories of “Education & Educational Research” and “Education Scientific
Disciplines” in the WoS database was presented. The studies included in this context cover
the years 2013-2023. According to the findings, most articles in the Web of Science category

distribution were in the “Education & Educational Research” category.

When the findings regarding the distribution of the studies by year were evaluated, the
intensity of the studies increased in 2016 (f=28), 2019 (f=29), and 2021 (f=28). It then started
to decline in 2023 (f=22). However, in general, studies on NoS in science education fluctuate
over time. There are concrete suggestions on how to make changes in science curricula to
transform various aspects of the NoS into a more holistic and inclusive form (Caramaschi et
al., 2022). From a global perspective, considering the goals related to the NoS in science
education reform documents and curricula (AAAS, 1993; NGSS Lead States, 2013; NRC,
1996) and similarly in our country in both the primary education curriculum (MoNE, 2018)
and teacher training programs (CoHE, 2018), we expect that studies on the subject will gain

intensity.

Erduran, S. and Garcia-carmona, A. are the authors who conducted the most studies on
the subject, with Research in Science Education being the journal where their work is most
frequently published. On the other hand, the authors with the highest number of citations are
Lederman, N. G., Lederman, Judith S., and Erduran, S. The authors with the highest total link
strength are Erduran, S., Dogan, N., and Cakmakgi,. G. Tosun (2024) concluded that
Lederman N.G. is one of the most cited authors in science education research, indicating that

the subject of the NoS is intensively studied.

The most frequently repeated keywords in the published articles were “NoS,” “science

29 ¢

education,” “scientific literacy,” “history of science,” and “teacher education.” This can be
interpreted as the studies mostly focused on teachers’ scientific literacy, and the history of
science conceptions. Tosun (2024) found that one of the frequently used keywords and core
topics in the results of bibliometric analysis of science education research articles from the
past 40 years was NoS and that NoS was among the most preferred topics between 2007 and

2021. In the current study, it was concluded that keywords such as familial approach, early
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childhood, content analysis, and special education started to be included in studies in the
2020s. As a result of a systematic review of studies on the family resemblance approach to the
NoS in science education, it was determined that the number of studies using FRA has
increased in the last decade (Cheung & Erduran, 2023), which supports the findings of the
current study.

On the other hand, although there has been limited interest in teaching NoS in early
childhood in the past years (Bell & Clair, 2015), a study based on the NoS approach in early
childhood found that conversations about the NoS are possible for the youngest children, and
that focusing on science at an early age will contribute to the NoS literature (Hansson et al.,
2020). In recent years, there has been a focus on the importance of understanding the NoS in
early childhood. It will represent one of the important research topics in this field. In recent
years, content analysis studies have been conducted analyzing the NoS under various
components (Bett et al., 2023; Cheung & Erduran, 2023; Jaenudin et al., 2021; Okan & Kaya,
2023; Suryani et al., 2022). the NoS is an important subject that can be examined under a
wide variety of variables; therefore, it can guide different study topics. Considering that
content analyses, like bibliometric analyses, are conducted to determine trends and tendencies
related to any subject, it is important to repeat them at certain time intervals. Similarly, studies
on the NoS in the field of special education have been included in recent years (Librea-Carden
& Mulvey, 2023; Librea-Carden et al., 2021), and this field offers potential for further study
on the NosS.

According to the findings related to the most frequently used words in the abstracts of
the articles, the research priorities of the NoS researchers in science education were identified
as questionnaire, interview, participant, issue, and course. In this case, the studies focused on
obtaining teachers’ opinions on NoS, derived from course and subject/activity practices.
Finally, it was concluded that the countries in the top three in terms of total link strength in
the citation analysis network of countries and the countries with the highest number of
citations were the USA, the UK, and Tiirkiye. The finding that the USA and the UK are the
leading countries in science education research (Tosun, 2024) supports the findings of this
study. On the other hand, just as teachers’ views on the NoS play a key role in how they
teach science (Takriti, et al., 2024), it is also important to obtain their students’ perspectives
on the NoS as a result of activities and practices to understand and succeed in science
(Karatas Oztiirk et al., 2023; Yacoubian, 2021). It can be concluded that there has been an

increase in questionnaire and interview studies on the NoS. After the review of the studies on
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FRA in the NoS in science education, it was found that interviews and questionnaires were
the leading methods (Cheung & Erduran, 2023). Considering that views and students are
among the most used keywords in a bibliometric study on the NoS (Kurtulus & Bilen, 2021),
in another content analysis study, students were the sample in a significant portion of the
studies (Taskin, 2021), and recent studies have progressed on determining student views
(Giilmez Giingérmez & Akgiin, 2020; Ozan & Uluginar Sagir, 2020; Stadermann &
Goedhart, 2020), it can be considered that what is meant as participant in the results of the
current study constitutes the group of students. However, because one of the most frequently
repeated words among the keywords of the articles of the current study was “teacher

education,” the group characterized as “participants” in this study consists of teachers.

In future research, it should be considered that teachers should receive quality training
to effectively transfer knowledge. In this context, a model in which different practices are
implemented and evaluated in undergraduate teacher training programs (e.g., see Wahbeh &
Abd-El-Khalick, 2014) or a model based on science teachers’ pedagogical content knowledge
resources can be used for more effective teaching of NoS. In addition, it may be
recommended to conduct similar studies using domestic databases such as ULAKBIM and
Council of Higher Education (CoHE) Thesis Archive, and internationally using databases

such as Scopus and PubMed.
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Fen Egitiminde Bilimin Dogasi Uzerine Egilim Gosteren Temalar: VOSviewer ile
Bibliyometrik Bir Analiz

Ozet:

Bu arastirmada, fen egitiminde bilimin dogasi iizerine egilim gosteren temalarin belirlenmesi amaglanmustir.
Bu amag dogrultusunda Web of Science-WoS veri tabani kullanilmistir. Bilimsel inovatif alanindaki arastirma
egilimlerini tanimlamak ve sistematik bir sekilde haritalamak ve bu agdaki entelektiiel iligkileri belirlemek
amacityla bibliyometrik yaklasim benimsenmis ve VOSviewer yazilim programi kullanilmistir. Bu kapsamda
calismaya 2013-2023 yillar1 baz alinmig, WoS veri tabaninda Education & Educational Research’ ve ‘Education
Scientific Disciplines’ kategorileri se¢ilmis ve sonuglarin dokiimiinde elde edilen diger yaym kategorileri
¢ikarilarak sadece makale tiirlindeki ¢aligmalar veri setine dahil edilerek nihayetinde toplamda 263 makale
incelenmistir. Elde edilen bulgulara gore, ‘Education & Educational Research” WoS kategorisinin 6n planda
oldugu, yillara gore yapilan yayinlarin artip azalan bir egilim gosterdigi, en fazla ¢alisma yapan yazar Erduran
S., en fazla atif alan yazarin Lederman, N. G ve aralarinda toplam baglanti giicii en fazla yazarin ise Erduran,
S oldugu, en fazla yayinin ‘Research in Science Education’ dergisinde yer aldigi, anahtar kelimelerden “nature
of science”, “science education” den sonra en sik “scientific literacy” ve “history of science” kelimelerinin;
makalelerin 6zetlerinde yer alan en sik tekrar eden kelimelerin ise questionnaire ve interview kelimelerinin
kullanildig1 ve son olarak ise toplam baglanti giicii agisindan ilk iigte yer alan ve ayn1 zamanda en fazla atif alan
tilkeler sirasiyla ABD, Ingiltere ve Tiirkiye olarak tespit edilmistir.

Anahtar kelimeler: Bilimin dogasi, fen egitimi, bibliyometrik analiz, VOSviewer, bilim tarihi ve bilimsel
okuryazarlik.
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Introduction

With the rapid development of science and technology, it is known that the use of
smartphones, tablets, computers, etc. has increased and products such as videos, photographs,
and designs are created using these tools and shared on various social platforms (Kocaman
Karoglu, 2015). In societies exposed to this situation, it is known that there is an increase in
curiosity about technology, active use of technology, and an increase in the desire to improve
their knowledge and skills on how to use technology. While technology is used so actively in
daily life, the fact that educational environments lag in the use of technology has led to digital
incompatibility (Atal & Kocak Usluel, 2011).

The quality of the education provided is directly proportional to the quality of the
education provided by teachers blending technology, pedagogy, and field knowledge. In the
literature, the blending of these three knowledge is called Technological Pedagogical Content
Knowledge (TPACK) (Mutluoglu & Erdogan, 2016). When we look at the common
intersection set of the components, TPACK defines the course designs prepared by integrating
technological-pedagogical-field knowledge. (Koehler & Mishra, 2009). In the updated
curricula by the Ministry of National Education (MoNE), the necessity of imparting eight key
competencies to students during the educational processes is mentioned, including digital
competence, competence in science and technology, learning to learn, and mathematical
competence (MoNE, 2018).

The FC Model is a learning model that emerged to present the subject to the student
with formats such as slides, videos, interactive content, etc. on digital platforms so that
students who cannot come to class for various reasons do not fall behind (Baker, 2000).
According to this learning model, students learn the subject through digital platform content
and then come to the educational environment to reinforce the subject with activities. At first,
this method was used only for students who could not come to class, but after receiving
positive feedback, the researchers started to apply this method to the whole class. With this
method, while saving the time allocated for lecturing in the lesson, it also created an
opportunity for students who lacked knowledge or missed the subject to complete the subject
(Bender, 2018; Bergmann, 2011).

When the studies in the literature are examined, it is seen that the lessons taught with
the FC model increase students’ academic achievement, active participation in the classroom,
self-regulation skills, retention of the subject, teacher-student communication, make the

lesson more understandable, fun and remarkable, and students begin to develop positive
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attitudes towards mathematics lessons (Arslan, 2021; Bolatli, 2018; Bulut, 2019; Giig, 2017,
Houston, 2020; Ozdemir, 2016; Wei et al., 2020).

When the studies on the use of the FC Model were examined, it was found that there
was no study in which students from all grade levels were studied at the secondary school
level, and that interview forms were used as data collection tools to determine the opinions of
students, and that there was no scale with proven validity and reliability. It is thought that the
research conducted in this direction can contribute to these deficiencies identified in the

literature.

It was determined that there were few studies on the use of the FC Model in secondary
school mathematics courses and the problem situations (attitudes, opinions, academic
achievement, etc.) examined in the studies were similar. Considering the study group, it was
observed that the study was generally conducted with a single grade level. Upon examination,
it was determined that there was no scale for the evaluation of the FC Model and that there
was no study conducted with all grade levels at the same time. Accordingly, this study aims to
develop a scale with proven validity and reliability for middle school students to evaluate the
use of the FC model in mathematics education and to contribute to the deficiencies in the

literature.
Method
Research Design

As the aim of this study is to develop a scale, the research design is a survey design
from quantitative research methods. The survey design enables the quantitative presentation
of the attitudes, opinions or tendencies of the population by conducting studies with a sample
selected from the population (Creswell, 2017) and obtaining information by reaching many

participants (Biiyiikoztiirk et al., 2018).
Participants

The schools and classes to be included in the study group were determined by a simple
random sampling method. According to this sampling method, each individual is equally
likely to be selected for sampling and it is the most powerful and valid method compared to

other sampling methods in terms of representing the universe (Biiyiikoztiirk et al., 2018).

The study group of the research included a total of 871 secondary school students from
six public schools in Sancaktepe district of Istanbul province, studying in grades 5-6-7-8 in
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the second semester of the 2020-2021 academic year. Of these 871 students, 512 were female

and 359 were male. In terms of grade level, there are 236 students in 5th grade, 289 students

in 6th grade, 200 students in 7th grade, and 146 students in 8th grade.

Data Collection

Process of Scale Development

In the process of scale development in line with the purpose of the study, the process in

Figure 1 was followed based on Yurgudiil’s (2005) scale development scheme.

A literature review was
conducted on the use of the FC
model in secondary school
mathematics education.

Mathematics instruction was designed for grades 5,6,7
and 8 based on the FC model. The teaching was
conducted by the researcher and with the students in
the institution where she teaches.

After the instruction, 16 students were interviewed
based on their volunteerism.

!

An item pool was
created in line with
the opinions of the [——>

literature.

The draft scale
prepared by the

researcherswas f———>
students and the submitted for expert

opinion.

Adjustments were
made to the draft
scale as a result of the
experts’ evaluations.

|

In line with the permissions obtained
from the Ministry of National
Education, teaching in accordance
with the FC model was carried out in
the designated schools and the

Scale” was administered to the
students after the teaching.

Reliability and
S validity analyses of
the scale were

“Flipped Classroom Model Evaluation conducted.

The final scale
was created as a

Figure 1 Scale Development Process

In the national literature, graduate thesis studies on scale development were examined

result of the
analyses.

through the YOKTEZ database. Since this study is a scale development study for the

evaluation of a FC model and the AMOS program of structural equation modeling was used,
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the combinations of the keywords “flipped, scale development, structural equation, AMOS”

were searched by keeping the keyword “scale development” constant.

The literature review was limited with the criteria of being between 2012 and 2022 to
cover the last 10 years and being in the field of education and training. When the words
“flipped, scale development, AMOS”, “flipped, scale development, structural equation” were
searched in the thesis name, abstract, subject and index sections of the theses from the
detailed search section provided by YOKTEZ, no study was found. Then, when the words
“flipped, scale development” were searched, three thesis studies in which a scale was
developed related to the FC model were found and one article was found as a result of the
literature review. When the words “structural equation, scale development” were searched, 14
thesis studies were found. Six of these studies were excluded from the literature review

because they did not use structural equation modeling during scale development.

In addition to these studies, the study titled “Scale development process in the field of
education: a content analysis study” by Sahin and Boztung Oztiirk (2018), which examined 69
articles developed in the field of education in Tiirkiye between 2010 and 2016, was also
included in the review. For this reason, a total of 13 studies were analyzed under the title of

“studies on scale development”.

In the literature review, four scales related to the flipped classroom model were found.
One of these studies is Durak's (2017) adaptation of the scale developed by Hao (2016) to
measure students' readiness into Turkish. In his study, Kurtoglu (2019) used the scale adapted
into Turkish by Durak (2017) and adapted it to teachers by conducting reliability studies.
Erensayin (2019) developed self-efficacy and perception scales for teachers regarding the
applicability of the FC model; Akgiin (2015) developed a scale aiming to examine the effect

of the FC model on students' academic achievement and opinions.

When the thesis studies in which the structural equation model was used among the
scale development studies in the field of education were examined, it was determined that the
analysis program used varied. It can be said that the use of different analysis programs such as

AMOS and LISREL in the studies depends on the preference of the researchers.

In the thesis study conducted by Balkaya (2022), it was aimed to develop the “YouTube
Usage Scale” for middle school students. For this purpose, a total of 644 students from Sth,
6th, 7th and 8th grades were included in the study. The draft scale, which was initially

prepared with 47 items, was reduced to 42 items after expert opinion. Then, EFA and CFA
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analyses were conducted with SPSS and AMOS programs. As a result of these analyzes, the
final scale was determined as 25 items. The reliability coefficient of the final scale was found
to be .91.

In the study conducted by Nanto (2021), the effect of error management culture and job
attraction behaviors on organizational creativity was examined. Accordingly, the researcher
developed the “Error Management Culture” scale for quantitative data. The sample of the
study consisted of 747 primary and secondary school teachers. For the scale, a 41-item draft
scale was first created as a result of the literature review. The number of items was reduced to
26 by removing 15 items from the draft scale sent to expert opinion. Then, EFA and CFA
analyses conducted with SPSS and AMOS programs resulted in a final scale consisting of 16

items. The reliability coefficient of the scale was found to be .846.

The validity and reliability analyses of the scales developed by Erensayin (2019),
Kurtoglu (2019) and Durak (2017) were included in the studies. However, in the scale study
developed by Akgiin (2015) for the evaluation of the FC model, it was found that no

information on validity and reliability analyses was provided.

The draft scale was prepared in a 5-point Likert scale and named the “Flipped
Classroom Model Evaluation (FCME) Scale”. Due to the structure of the FC model, teaching
takes place in two phases: “video lesson teaching” and “face-to-face teaching”. Due to this
structure of the FC model, the FCME scale consists of two subscales, namely the “Evaluation
of Teaching Conducted with Video Lessons (ETCVL) Subscale” and the “Evaluation of
Teaching Conducted with Face-to-Face Lessons (ETCFFL) Subscale”. This nomenclature

was chosen because the scale consists of two subscales.
Process of Creating the Substance Pool

In accordance with the decision taken at the meeting of Balikesir University Science
and Engineering Sciences Ethics Committee dated 20.04.2021 and numbered 2021/2, it was
approved to collect the data of the study.

In the training given to create an item pool, content was prepared in Edpuzzle according

to the gains below and teaching was carried out.

- M.5.3.1.2. Collects data related to research questions and shows them in a frequency

table and column graph.
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- M.6.1.5.3. Makes multiplication of a natural number and a fraction and makes sense of
it.
- M.6.1.5.4. Makes multiplication of two fractions and makes sense of it.

- M.7.1.3.2 Multiplies and divides rational numbers.

- M.8.1.3.4. Performs multiplication and division operations with square roots.
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Figure 2 An Example of Video Lessons

After the instruction, the step of creating an item pool for the scale was started. At this
stage, volunteer students were contacted to get their opinions on the evaluation of teaching
with the FC model. The following open-ended questions were asked to the 16 students who
volunteered to give their opinions and the opinions of the students were obtained.

- “Has studying the topic beforehand had any effect on the desire to participate in

solving problems during the lesson? If so, what kind of impact did it have?
- What are your thoughts on interactive questions in video lessons?

- What are your thoughts on feedback provided for interactive questions in video

lessons?

- What do you think about using Edpuzzle and online quizzes/games at the end of video

lessons? What are the positive and negative aspects?

- How did you feel using a site like Edpuzzle, Wordwall, Quizizz, etc., which you had

never used before?
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- Can you make a comparison between math lessons taught with the FC model and

those not taught with it?”

“In this application, I think it is better because there is not a specific time like a
lecture because some of us may be in another place, for example, they may not have
internet, so they cannot open it, so it is good that there is not a specific time, they

watch it the next day and then they go to class (Student C)”
Based on this student's opinion, items 1, 2, and 21 of the ETCVL subscale were created.

“When someone gets it right, you write the correct answer bravo, and when they get it

wrong, they can see why they got it wrong. I think this is very nice (Student N).”

Similarly, Student N's opinions helped to write the 4th and 8th items of the ETCVL

Subscale.

When examining the qualitative data resulting from the interviews, it was observed that
students responded to the “evaluation of teaching conducted with video lessons”, “evaluation
of teaching conducted face-to-face”, “the use of technology in mathematics instruction”, and
“their attitudes towards mathematics” within the FC model. When the responses from the
students were analyzed, the idea that the evaluation of teaching should consist of two stages

emerged.

These two stages are named “Evaluation of Teaching Conducted with Video Lessons”
and “Evaluation of Teaching Conducted Face-to-Face,” and accordingly, an item pool has
been created. At the stage of creating the item pool, the scale was prepared in 5-point Likert
type from multiple scales. In the Likert scale, various statements are directed to the sample
and it is expected to determine the degree of agreement or disagreement with these statements
(Altunisik et al., 2005). After reviewing the responses, the draft scale was prepared as 90

items. These items were prepared and organized using the Microsoft Form tool.
Content Validity

It was aimed to ensure the content validity of the scale by applying expert opinion. A
form was prepared in which “Appropriate, Should be improved, Not appropriate” options
were added to each of the scale items. If the option “should be improved” was selected, a text

box was opened and the experts were asked to indicate their suggestions.
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The draft scale was sent via e-mail to a total of 11 experts, including 3 mathematics and
1 Turkish teacher with at least 5 years of experience, 1 measurement and evaluation, 1

Turkish education, 3 mathematics education, and 2 educational experts from other fields.

The content validity index of the draft scale was calculated based on the opinions of the
experts. The Content Validity Ratio (CVR) approach is used in scale development studies to
quantify the opinions of experts regarding the content validity of the items in the developed
scale (Yurdugiil & Bayrak, 2012). For each item in the draft scale, a calculation was made

using the content validity ratio formula.

Since the number of experts was 11, the content validity criterion for each item was
determined as .59 (Yurdugiil, 2005). The CVR value was found to be higher than .59 for each
item on the scale. With the content validity index (CV1), a value is calculated for the entire
scale. CV1 is calculated by averaging the CVR values of the items decided to be included in
the scale (Yurdugiil & Bayrak, 2012). The experts evaluated the 90 items from different
perspectives, such as the FC model, grammar, suitability for the purpose, comprehensibility of
the items, and the presence of similar items. Edits were made by taking into account the
opinions of the experts and 26 of the 90 items were deleted and a draft scale consisting of 64
items was formed. Accordingly, at a = .05 level of significance, the content validity index
value of the FCME scale was calculated as 0.98 and it was concluded that the content validity

of the scale had a high value.

Scoring for the scale items was done as 1=Strongly disagree, 2=Disagree, 3=Neither
agree nor disagree, 4=Agree, 5=Strongly agree for the positive items, and the reverse for the

negative items.

Students who scored high on the scale can be said to have positive evaluations of

mathematics teaching according to the FC model.
Teaching Process Based on the FC Model and Collection of Scale Data

In the six public secondary schools included in the study, mathematics teaching based
on the FC model was implemented. Before the implementation, care was taken to ensure that
there were students from all levels (5th, 6th, 7th, and 8th grades) of each secondary school
included in the implementation. Instruction was carried out with a total of 871 students and

then the instruction was evaluated by applying the draft scale.

In the process of teaching based on the FC model, content was prepared according to the

following acquisitions and teaching was carried out.
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- M.5.2.2.3.Determines and draws the elements of rectangle, parallelogram, rhombus

and trapezoid.
- M.6.3.2.2.Form the area relation of a parallelogram and solve related problems.
- M.7.3.2.1.Explain the side and angle properties of regular polygons.

- M.7.3.2.2.Determines the diagonals, interior and exterior angles of polygons,

calculates the sum of the measures of interior and exterior angles.

- M.8.3.1.3.Relates the side lengths of a triangle to the measures of the angles opposite

these sides.
Data Analysis

Structural Equation Modeling was preferred in the data analysis of the study. Structural
Equation Modeling (SEM) adopts a confirmatory approach by analyzing all direct or indirect
effects between variables at the same time, while also taking into account the errors of the
variables (Demir, 2016).

After the implementation of mathematics teaching according to the FC model, the draft
scale was applied to the students. The data received after the application were transferred to
the computer environment. Data analysis was conducted using the SPSS 24.0 program for
factor analysis, t-test, and reliability analysis, and the AMOS 24.0 program for factor analysis
within the scope of SEM.

Validity analyses (exploratory factor analysis, confirmatory factor analysis) and
reliability analyses (item analysis, t-test, Cronbach’s alpha coefficient) were conducted
separately for the two subscales of the FCME scale, namely, “Evaluation of Teaching
Conducted with Video Lessons (ETCVL) subscale” and “Evaluation of Teaching Conducted
with Face-to-Face Lessons (ETCFFL) Subscale”.

Results

Analyses Related to the Evaluation of Teaching Conducted with Video Lessons (ETCVL)

Subscale

The ETCVL subscale was determined as 49 items after expert opinion. First, the Kaiser
Meyer Olkin (KMO) value was calculated to determine the suitability of this subscale for
factor analysis. Since the KMO value of the ETCVL subscale was found to be .93, it was

determined that the scale data were suitable for factor analysis.
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Five exploratory factor analyses were applied to the ETCVL subscale and a total of 21
items with loadings below .50 or overlapping items were removed from the scale.

Table 1 Results of the Rotated Components Matrix of the Items in the ETCVL Subscale

Rotated component matrix

Factors
Items 1 2 3 4 5 6
videolesson14 720 .021 -.054 .106 .076 -.016
videolesson13 .708 .028 .054 .046 .033 -.054
videolesson12 .706 .031 .156 .069 -.010 -.037
videolesson23 .682 .060 .011 .083 -.039 -.122
videolesson26 .676 12 291 122 -.003 -.014
videolesson25 .659 191 191 .168 .057 -.029
videolesson22 .652 .083 215 127 .018 -.030
videolesson16 .626 -119 -.007 .209 149 .061
videolessonl1 .612 .016 152 178 .085 021
videolesson9 579 .005 141 .092 267 .096
videolesson10 573 .059 .188 .092 .183 071
videolesson4 .558 .083 .090 .039 252 -.101
videolessonl18 .262 123 -.196 -.022 -.216 .007
videolesson30 .096 713 -.010 .057 -.037 120
videolesson19 223 .643 -.019 .059 -174 114
videolesson35 153 .643 .136 -.125 -.050 107
videolesson29 -.155 .610 222 -.067 .188 077
videolesson31 -.279 .594 .138 .027 .233 .040
videolesson34 .253 .065 792 .096 .026 -.017
videolesson37 193 .081 781 161 -.031 -.033
videolesson33 407 .055 .587 .084 .048 .029
videolesson40 176 -.069 127 .750 .022 .066
videolesson38 224 .032 221 .685 .070 -.147
videolesson39 .258 -.011 .000 .668 162 -.002
videolesson2 213 -.022 .071 .070 746 -.053
videolesson3 .265 -.085 -.082 162 677 -.010
videolesson45 -.009 .198 -.056 -.022 .067 .799
videolesson47 -.090 179 .032 -.024 -127 787

It was determined that the lowest loading values of the items constituting the scale were
.558 and the highest .799.

The items belonging to the ETCVL subscale were coded as “videolesson...”. In
addition, it was found that the subscale of the ETCVL consisted of six factors. These factors
were named “positive attitude” (items 4, 9, 10, 11, 12, 13, 14, 16, 22, 23, 25, 26),

“negative attitude” (items 18, 19, 29, 30, 31, 35), “self-efficacy” (items 33, 34 and 37),
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“advantages” (items 38, 39 and 40), “accessibility” (items 2 and 3) and “safety” (items 45 and
47).

Confirmatory factor analysis was conducted to determine the construct validity of the
remaining 28 items in the ETCVL subscale. As a result of the analysis, items 4, 29 and 31
were removed from the scale because their standardized regression weights were below .5.
Improvement was made by creating covariance between items with high error percentages.

Table 2 shows the fit values obtained as a result of these procedures.

Table 2 Confirmatory Factor Analysis Fit Values of the Items in the ETCVL Subscale

Model fit indices Good fit Acceptable fit Found value
CMIN/DF x?/sd<3 x?/sd<5 2.520
NFI .95 < NFI .90 < NFI .906
Comparative fit indices  CFI .97 <CFlI .95 <CFI 941
RMSEA RMSEA < .05 RMSEA < .08 .042
Absolute fit indices GFI .90 < GFlI .85 < GFlI .942
ﬁﬁ;'cde‘;a"Based Fit RMR 0<RMR< 05 O0<RMR< .08 .041

According to the fit values of x2/df = 2.520 < 3, .90 < NFI = .906, .95 < CFI = .941,
RMSEA = .042 < .05, .90 < GFI = .942, RMR = .041 < .05 for the final scale items of the
ETCVL subscale, there is an excellent fit between the model and the data (Karagoz, 2021).

Based on the findings obtained as a result of the analyses, the validity of the final six-

factor version of the ETCVL subscale was proved.

The AMOS diagram of the ETCVL subscale obtained as a result of confirmatory factor

analysis is shown in Figure 2.
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Figure 2 AMOS Diagram of the Items in the ETCVL Subscale

Analyses Related to the Evaluation of Teaching Conducted with Face-to-Face Lessons
(ETCFFL) Subscale

The ETCFFL subscale was determined as 15 items after expert opinion. First, the Kaiser
Meyer Olkin (KMO) value was calculated to determine the suitability of this subscale for
factor analysis. Since the KMO value of the ETCFFL subscale was found to be .851, it was

determined that the scale data were suitable for factor analysis.
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Three exploratory factor analyses were applied to the ETCFFL subscale and a total of 6
items with loadings below .45 or overlapping items were removed from the scale.

Table 3 Results of the Rotated Components Matrix of the Items in the ETCFFL Subscale

Rotated component matrix

Factors

Items 1 2
facetofacelesson? 781 231
facetofacelesson6 .759 .168
facetofacelesson5 122 229
facetofacelesson10 .704 .057
facetofacelesson13 .600 -.168
facetofacelessonl .548 .394
facetofacelessonll .545 -.109
facetofacelesson?2 .025 .891
facetofacelesson3 .058 .882

It was determined that the lowest loading values of the items constituting the scale were
.545 and the highest .891.

The items belonging to the ETCFFL subscale were coded as “facetofacelesson...”. In
addition, it was found that the subscale of the ETCFFL consisted of two factors. These factors
were named “positive attitude” (items 1, 5, 6, 7, 10, 11, and 13) and “negative attitude” (items

2 and 3).

Confirmatory factor analysis was conducted to determine the construct validity of the
remaining 9 items in the ETCFFL subscale. As a result of the analysis, items 11 and 13 were
removed from the scale because their standardized regression weights were below .5.
Improvement was made by creating covariance between items with high error percentages.

Table 2 shows the fit values obtained as a result of these procedures.

Table 4 Confirmatory Factor Analysis Fit Values of the Items in the ETCFFL Subscale

Model fit indices Good fit Acceptable fit Found value
CMIN/DF x?/sd <3 x?/sd<5 4.117
NFI .95 < NFlI .90 < NFI 976
Comparative fit indices CFI .97 <CFlI .95 <CFI .982
RMSEA RMSEA< .05 RMSEA< .08 .060
Absolute fit indices GFI .90 < GFI .85 < GFI .984

Residual-based fit indices RMR O<RMR< .05 O0<RMR< .08 .039
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According to the fit values of x2/df=4.117 <5, .95 <NFI = .976, .95 < CFI = .982, .05
<RMSEA = .060, .90 < GFI = .984, RMR = .039 < .05 for the final scale items of the
ETCFFL subscale, there is an excellent fit between the model and the data (Karagoz, 2020).

Based on the findings obtained as a result of the analyses, the validity of the final two-

factor version of the ETCFFL subscale was proved.

The AMOS diagram of the ETCFFL subscale obtained as a result of confirmatory factor
analysis is shown in Figure 3.
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Figure 3 AMOS Diagram of the Items in the ETCFFL Subscale

As a result of the exploratory and confirmatory factor analyses of the FCME scale,

- Twenty-four of the 49 items in the ETCVL subscale were removed from the scale,
leaving 25 items in the final scale. Items 2, 3, 9, 10, 11, 12, 13, 14, 16, 18, 19, 22, 23,
25, 26, 30, 33, 34, 35, 37, 38, 39, 40, 45, 47 remained in the final version of ETCVL
subscale.

- Eight of the 15 items in the ETCFFL subscale were removed from the scale and 7
items remained in the final scale. Items 1, 2, 3, 5, 6, 7 and 10 remained in the final
version of the ETCFFL subscale
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Table 5 and Table 6 show the factors formed in the two subscales of the final version of

the FCME scale and the items included in these factors.

Table 5 The Factors and Items in the ETCVL Subscale and the Items in These Factors

Evaluation of teaching conducted with video lessons subscale

Factor 1: Positive attitude

videolesson9

videolesson10
videolesson1l
videolesson12
videolesson13

videolesson14

videolesson16
videolesson22

videolesson23

videolesson25
videolesson26

Even if I mark the wrong answer in interactive questions, | can easily learn the
correct solution thanks to the feedback.

I like the feedback in the interactive questions to find out where | went wrong.
There must be an interactive question in the video lesson.
I wonder where | went wrong in interactive questions.

Seeing where | went wrong in interactive questions makes it easier for me to
understand the topic.

I like to see an encouraging statement that my answer to the interactive questions is
correct.

Feedback is necessary in interactive questions.

When | do the activities at the end of the video lesson, | also realize which subjects
I lack knowledge about.

I would like to see my name at the top of the points ranking of the activities at the
end of the video lesson.

The activities at the end of the video lesson help me to reinforce the topic.
The activities at the end of the video lesson increase the retention of my learning.

Factor 2: Negative attitude

videolesson18

videolesson19
videolesson30

videolesson35

When | cannot solve a question in interactive questions, | stop watching the video
lesson.

Learning the subject from video lessons is boring.

I do not continue the activity at the end of the video lesson when | cannot meet the
time limit.

I only watch video lessons because my teacher gives me homework.

Factor 3: Self-efficacy

videolesson33

videolesson34
videolesson37

I always search for the correct solutions to the questions | cannot solve in the
activities at the end of the video lesson.

I watched the video lesson several times before coming to the face-to-face lesson.
I can watch the video lessons over and over again without getting bored.

Factor 4: Advantages

videolesson38
videolesson39
videolesson40

It allows me to determine the most appropriate time for my learning environment.
It increases my level of active participation in the lesson.
It allows me to manage my own learning process.

Factor 5: Accessibility

videolesson2
videolesson3

I can watch video lessons wherever | want (at home, outside, on the go, etc.).
I can watch video lessons whenever | want.

Factor 6: Safety

videolesson45
videolesson47

I do not find it safe to use unfamiliar learning platforms.

I do not want to provide my personal information to learning platforms, even for
educational purposes.
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Table 6 The Factors and Items in the ETCFFL Subscale and the Items in These Factors

Evaluation of teaching conducted with face-to-face lessons subscale

Factor 1: Positive Attitude

facetofacelessonl At the beginning of a face-to-face lesson, my teacher summarizes the topic,
which helps me to remember what | have learned.

facetofacelesson5 | learn better when | attend a face-to-face lesson by watching a video lesson.
facetofacelesson6 | feel more confident when | attend a face-to-face lesson by watching a video
lesson.

facetofacelesson7 | would like to participate more in face-to-face lessons as | have knowledge
about the subject by watching videos.

facetofacelesson10 | would like to be the first person to answer questions when | attend a face-
to-face class by watching video lessons.

Factor 2: Negative Attitude

facetofacelesson2 It is a waste of time for my teacher to summarize what | have learned in
video lessons in face-to-face lessons.

facetofacelesson3 | get bored when my teacher summarizes the topic in video lessons at the
beginning of a face-to-face lesson.

When the items in the final version of the FCME scale that emerged as a result of the
explanatory and confirmatory factor analyses were examined, it was found that 24 items were
positive and 8 items were negative. Items 10, 11, 16, 19, 24 and 25 in the ETCVL subscale
and items 2 and 3 in the ETCFFL subscale are negative and the remaining items are positive
(Appendix 1).

Reliability Analyses

Item analysis, the differences between the item mean scores of the lower 27% and upper
27% groups formed according to the total scores of the scale were examined using an
unrelated t-test. If the differences observed between the groups are significant, it can be
interpreted that the internal consistency of the scale is ensured. According to the results of
item analysis, it shows to what extent the items distinguish individuals in terms of the

measured behavior (Biiyiikoztiirk, 2019).

The FCME scale consists of two different scales, namely the evaluation of teaching
conducted with video lessons (ETCVL) subscale and the evaluation of teaching conducted
with face-to-face lessons (ETCFFL) subscale. Reliability analyses were therefore conducted

separately for both subscales.

With the analyses performed here, a) t-test for the significance of the differences
between the item mean scores of the lower 27% and upper 27% groups to be formed
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according to the scale total scores, b) the reliability of the scale items using item-total

correlations, and c) the reliability of the scale using Cronbach’s Alpha.

Table 7 Item Analysis Results of the Items in the Subscales of the ETCVL and ETCFFL

ltem 1o Item-tot_al t
correlation? (lower %27 — upper %27)2

videolesson2 246 -8.010
videolesson3 .235 -7.290
videolesson9 497 -511
videolesson10 519 -15.227
videolessonl1 535 -15.633
videolesson12 572 -16.301
videolesson13 537 -15.158
videolesson14 .546 -16.678
videolesson16 .488 -13.481
videolesson18 323 -13.725
videolesson19 .368 -15.832
videolesson22 .580 -16.418
videolesson23 .538 -16.647
videolesson25 .646 -19.164
videolesson26 .638 -19.356
videolesson30 312 -12.564
videolesson35 344 -14.850
videolesson37 409 -13.868
videolesson34 .458 -14.692
videolesson40 325 -9.304
videolesson38 391 -11.386
videolesson39 .352 -10.168
videolesson45 .064 -4.322
videolesson47 .021 -3.515
videolesson33 516 -16.777
facetofacelessonl 518 -15.376
facetofacelesson?2 322 -14.064
facetofacelesson3 391 -15.492
facetofacelesson5 .558 -17.650
facetofacelesson6 .596 -18.707
facetofacelesson7 .624 -19.656
facetofacelesson10 496 -15.630

In=871,

2 n=n;= 236,

***p <.001

Table 7 shows that the item-total correlations for all items in the ETCVL subscale
ranged between .021 and .646 and the t-values were significant (p<.001), while the item-total
correlations for all items in the ETCFFL subscale ranged between .322 and .624 and the t-
values were significant (p<.001). These results suggest that the reliability of the items in the
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ETCVL and ETCFFL subscales is high and that they are discriminative and intended to

measure the same behavior.

Table 8 shows the Cronbach’s alpha and McDonald's Omega reliability coefficients of
the subscales of the ETCVL and ETCFFL.

Table 8 Cronbach’s Alpha and McDonald's Omega Values of the FCME Scale and Subscales

Cronbach’s Alpha McDonald's Omega

FCME scale reliability coefficient _reliability coefficient
ETCVL subscale  .846 840
ETCFFL subscale .775 735
Total 886 879

Regarding the reliability of the FCME scale, Cronbach’s alpha coefficient was found to
be .846 for the ETCVL subscale, .775 for the ETCFFL subscale, and .886 for the total scale.
Since these values are greater than .70 (Biiytikoztiirk, 2019), it was found that the FCME
scale is reliable (Table 8). In addition, since McDonald's Omega () values are above .70, it is
understood that the reliability of the scale is sufficient and structural reliability is also
provided (McDonald, 1985).

Table 9 shows Cronbach’s alpha and McDonald's Omega reliability coefficients of the
factors belonging to the ETCVL subscale and the ETCFFL subscale of the FCME scale.

Table 9 Cronbach’s Alpha and McDonald's Omega Values of the Subscales and Factors of the

Subscales
Subscales Factors Crc_)nb_a_c h’s Alp.h".’l M(;Do_n_ald's O”.‘e.ga
reliability coefficient reliability coefficient
Positive attitude .851 .888
Negative attitude 751 752
Evaluation of teaching conducted Self-efficacy 740 752
with video lessons (ETCVL) Advantage .630 .630
Accessibility* .548 -
Safety* .555 -
Evaluation of teaching conducted Positive attitude 813 .816

with face-to-face lessons (ETCFFL) Negative attitude* .804 -

* Omega cannot be estimated because the number of items is less than 3.

The Cronbach’s alpha reliability coefficients of the positive attitude, negative attitude,
and self-efficacy factors of the ETCVL subscale were found to be .851, .751, and .740,
respectively. In addition, McDonald's Omega (o) values for the factors of the subscales

ranged between .630 and .888.
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Since these values were between .70 and .90, these three factors were accepted as
reliable. The Cronbach’s alpha reliability coefficient of the advantage factor was found to be
.630, which is acceptable as it is between .60 and .70. The Cronbach’s alpha reliability
coefficients of the accessibility and safety factors were calculated as .548 and .555,
respectively. Since the reliability coefficients of the reliability factor are between .50 and .60,
it is known that the reliability of this factor is weak. However, since the items in this factor
are important and necessary for the evaluation of the teaching according to the FC model, it

was deemed appropriate to keep it as it is.

The Cronbach’s alpha reliability coefficients of the positive attitude and negative
attitude factors of the ETCFFL subscale were calculated as .813 and .804, respectively. Since

these values were between .70 and .90, these two factors were accepted as reliable.
Conclusion, Discussion, and Suggestions

This study aims to develop a scale for middle school students’ evaluation of
mathematics teaching according to the FC model. According to the FC model, students are
taught the subject with a video lesson before coming to class, and during class, the subject is
summarized and reinforced with various activities. Therefore, the FCME scale developed
within the scope of the research consists of two subscales, namely the “Evaluation of
Teaching Conducted with Video Lessons” (ETCVL) subscale and the “Evaluation of
Teaching Conducted with Face-to-Face Lessons” (ETCFFL) subscale

In the first stage of the scale development process, a literature review was conducted.
Within the scope of the information obtained, mathematics teaching was designed according
to the FC model, and a sample application was made to middle school students. The opinions
of the students about the model were obtained by interviewing the volunteer students who
took part in the implementation. An item pool consisting of 90 items was obtained in line with
the opinions of the students. This item pool was sent to 11 experts and expert opinions were
received. Edits were made by taking expert opinions into consideration and a draft scale
consisting of 64 items was obtained. A pilot study was conducted with this draft scale.
Validity and reliability analyses were conducted according to the data obtained after the

application and a final 5-point Likert-type scale consisting of 32 items in total was obtained.

Sahin and Boztung Oztiirk (2018) examined the scale development studies according to

the “group size” variable and found that only 12 articles out of 69 articles had group sizes in
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the range of 500-999. Based on this result, it can be said that this study, in which 871 students
participated, is one of the few scale development studies.

Sahin and Boztung Oztiirk (2018) examined scale development studies according to the
“ratio of participants per item”. The number of articles with a ratio of 20 and above is only 4
out of 69 articles. In this study, the ratio of participants per item was 27.22 (871:32), making
it one of the few scale development studies in the literature. Similarly, the number of articles
using “exploratory factor analysis, confirmatory factor analysis” among the methods of
determining construct validity is 32 out of 69 articles. 19 articles use sub-upper group analysis
and item-test correlation in item analysis and 45 articles examine internal consistency in

determining reliability.

In this scale development study, internal consistency was examined to determine
reliability, and Cronbach alpha values were calculated. According to the results of EFA and
CFA, the ETCVL subscale consists of 25 items and a 6-factor structure. The factors in the
ETCVL subscale are named positive attitude, negative attitude, self-efficacy, advantage,
accessibility, and safety when analyzed in terms of the items they contain. The reliability
coefficient of the ETCVL subscale was calculated as .846 and it was concluded that it was

reliable. When the reliability coefficients of the factors were calculated,

e The positive attitude factor consists of 11 items and its reliability coefficient was
found to be .851,

e The negative attitude factor consists of 4 items and its reliability coefficient was found
to be .751,

e The self-efficacy factor consists of 3 items and its reliability coefficient was found to
be .740,

e The advantage factor consists of 3 items and its reliability coefficient was found to be
630,

e The accessibility factor consists of 2 items and its reliability coefficient was found to
be .548 and

e The safety factor consists of 2 items and the reliability coefficient was found to be
.555.

The reliability coefficients of the advantage, accessibility, and safety factors were lower

than .70. However, it was decided to keep these items and factors in the scale because the

Necatibey Faculty of Education Electronic Journal of Science and Mathematics Education



524 A scale development study to use the flipped classroom model in mathematics education

items in these factors were considered to be necessary for the scale, they could not be
gathered under a single factor in terms of the characteristics they measured, and the final

version of the ETCVL subscale was calculated to be reliable.

According to the results of EFA and CFA, the ETCFFL subscale consists of 7 items and
a 2-factor structure. When the common characteristics of the items that make up the factors in
the ETCFFL subscale were examined, these factors were named positive attitude and negative
attitude.

The reliability coefficient of the ETCFFL subscale was calculated as .775 and it was

concluded that it was reliable. When the reliability coefficients of the factors are calculated;

e The positive attitude factor consists of 5 items and its reliability coefficient was found
to be .813, and

e The negative attitude factor consists of 2 items and the reliability coefficient was
found to be .804.

After calculating the reliability coefficients of the two subscales of the FCME scale, the
reliability coefficient of the scale as a whole was found to be .886 and it was concluded that

the FCME scale was reliable.

There are 24 positive and 8 negative items in the FCME scale. The scores that can be

obtained from the scale vary between 32 and 160.

In the literature review, four scales related to the FC model were found. Of these scales,
two are scale development studies (Akgiin, 2015; Erensayin, 2019), one is the adaptation of
an existing scale in the literature into Turkish (Durak, 2017), and the other is the adaptation of
a scale for students in the literature for teachers (Kurtoglu, 2019). When these four studies
were evaluated in terms of disciplines, it was determined that they were not in the field of
mathematics. Within this scope, no scale was found in the literature for the evaluation of the
use of the FC model in mathematics teaching. In conclusion, a valid and reliable scale for the
evaluation of the use of the FC model in mathematics teaching was developed in this study.

The validity and reliability analyses of the scales developed by Erensayin (2019),
Kurtoglu (2019), and Durak (2017) are available. Nevertheless, it was found that the scale
developed by Akgiin (2015) did not provide information on validity and reliability analyses.
Detailed information on the reliability and validity analyses of the FCME scale was given and

the scale was found to be reliable and valid.
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Akgiin (2015) developed a scale titled “Opinion Questionnaire on flipped classrooms”.
However, it is important that the study did not include validity and reliability studies.
Furthermore, the scale items evaluated the “inverted-flat classroom practice” in general,
which negatively affects the content validity of the scale. In this study, unlike Akgiin (2015),
there are more detailed items for the evaluation of teaching and items that allow the
evaluation of every dimension of teaching. Another difference is that in this study, the two
phases of the teaching of the FC model (teaching with video lessons and teaching with face-
to-face lessons) were handled separately. Studies also differ in terms of the online platforms

used in the teaching phase with video lessons.

The scale items developed in Erensayin’s (2019) study and the scale items developed in
this study have similar items. The difference between this study and Erensayin’s (2019) study

is that there is a negative attitude sub-dimension belonging to both stages of the instruction.

It was determined that the study conducted by Durak (2017) and this study were similar
in terms of items. The difference between this study and Durak’s (2017) study is that there are
negative items in the scale developed and it is a scale for the evaluation of two important

stages of teaching.

When the scale development studies were evaluated in terms of the study group, they
were conducted with secondary school teachers from different branches (Erensayin, 2019),
middle school teachers from different branches, and middle school (5th and 8th grade)
students (Kurtoglu, 2019), middle school 5th and 6th-grade students (Durak, 2017), and
middle school 5th-grade students (Akgiin, 2015). This study was conducted with all grade
levels (5th, 6th, 7th, and 8th grade students). In this way, a scale was created for all grade

levels at the secondary school level.

Erensayin (2019) used exploratory factor analysis in the scale development study and
Durak (2017) used confirmatory and exploratory factor analysis in the study. In the study
conducted by Durak (2017), although it is not specified which program was used, it is seen
that the visuals and fit criteria of the Structural Equation Model were used for the
confirmatory factor. In this direction, it can be said that the scale of LCME, whose validity
was increased with the AMOS statistical program compatible with the Structural Equation

Model, was introduced to the field.

In conclusion of this study, suggestions for researchers are given below.

Necatibey Faculty of Education Electronic Journal of Science and Mathematics Education



526 A scale development study to use the flipped classroom model in mathematics education

e This scale can be used to evaluate the teaching of mathematics according to the FC

model.

e The scale can also be used for primary school, high school, and university students by
conducting a reliability study.

e Since the items in the scale are general statements, they can be used for the evaluation

of instruction for each learning area or sub-learning area of mathematics.

e Although the FCME scale was prepared for the mathematics course, it does not
contain mathematical terms, so it can be used in the evaluation of teaching based on
the FC model for different branches.

e This scale can be used in the studies to be conducted by teachers, lecturers, and

prospective teachers on education.
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Matematik Egitiminde Ters Yiiz Edilmis Simif Modelinin Kullanimina Yoénelik Bir
Olcek Gelistirme Calismasi

Ozet:

Bu arastirmada ortaokul matematik O6gretiminde Ters Yiz Edilmis Simuf Modelinin kullaniminin
degerlendirilmesini saglayacak gegerli ve giivenilir bir 6lgek gelistirmek amaglanmistir. Aragtirmanin deseni
tarama deseni olarak belirlenmistir. Olcegin gelistirilme siirecinde ilk olarak madde havuzu olusturulmus ve
uzman goriisii alinmistir. Uzmanlarin goriislerine gore diizenlemeler yapilmigtir. Caligma grubu basit segkisiz
orneklemeyle belirlenmis olup 5,6,7 ve 8.smiflardan olmak {izere toplam 871 ortaokul dgrenciyle uygulama
gerceklestirilmistir. Elde edilen verilere gore oOlgegin gecerlik ve giivenirlik analizleri SPSS ve AMOS
programlartyla yapilmistir. Ters Yiiz Edilmis Simif Modeli Degerlendirme(TYESMD) 6lcegi, “Video Ders ile
Yapilan Ogretimin Degerlendirilmesi(VDYOD) Alt Olgegi” ve “Yiiz Yiize Ders ile Yapilan Ogretimin
Degerlendirilmesi(YDYOD) Alt Olcegi” olmak iizere iki alt dlgekten olusmaktadir. Yapilan analizler
sonucunda toplamda 32 maddeden olusan TYESMD bl¢egi gelistirilmistir. VDYOD alt 6lgeginin giivenirlik
katsayis1 .846, YDYOD alt &lgeginin .775 ve bir biitiin olarak dlgegin giivenirlik katsayis1 .886 olarak
bulunmustur. Yapilan analizler sonucunda TEYSMD Olgeginin gegerli ve giivenilir bir 6lgcek oldugu tespit
edilmistir.

Anahtar kelimeler: Ters yiiz edilmis sinif modeli, matematik egitimi, ortaokul 6grencileri, dlgek gelistirme.
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Appendix 1

The Flipped Classroom Model Evaluation (FCME) Scale

[<B]
. . . . o 3
Evaluation of Teaching Conducted with Video olg S "g) o 124
Lessons (ETCVL) Subscale S8E|C8 |2 |2¢
coc s |2 oo
S ®l.e |5 | s <
=20 |'g o n
w0 Zz C

1 | I can watch video lessons wherever | want (at home,
outside, on the go, etc.).
2 | | can watch video lessons whenever | want.

3 | Even if I mark the wrong answer in interactive
questions, | can easily learn the correct solution
thanks to the feedback.

4 | 1 like the feedback in the interactive questions to find
out where | went wrong.

5 | There must be an interactive question in the video
lesson.

6 | I wonder where | went wrong in interactive questions.

7 | Seeing where | went wrong in interactive questions
makes it easier for me to understand the topic.

8 | I like to see an encouraging statement that my answer
to the interactive questions is correct.

9 | Feedback is necessary in interactive questions.

10 | When I cannot solve a question in interactive
questions, | stop watching the video lesson.

11 | Learning the subject from video lessons is boring.

12 | When | do the activities at the end of the video lesson,
| also realize which subjects I lack knowledge about.
13 | I would like to see my name at the top of the points
ranking of the activities at the end of the video lesson.
14 | The activities at the end of the video lesson help me to
reinforce the topic.

15 | The activities at the end of the video lesson increase
the retention of my learning.

16 | 1 do not continue the activity at the end of the video
lesson when | cannot meet the time limit.

17 | 1 always search for the correct solutions to the
guestions | cannot solve in the activities at the end of
the video lesson.

18 | 1 watched the video lesson several times before
coming to the face-to-face lesson.

19 | I only watch video lessons because my teacher gives
me homework.
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(continued)

L o
Lo
- - - - > 8 % ;’ (6] Z\G.)
Evaluation of Teaching Conducted with Video S| 5 - 3 o |20
Lessons (ETCVL) subscale s¥| 8 €% | I1EX
e Z <
20 | can watch the video lessons over and over again
without getting bored.
21 It allows me to determine the most appropriate time for
my learning environment.
29 It increases my level of active participation in the
lesson.
23 It allows me to manage my own learning process.
24 | do not find it safe to use unfamiliar learning platforms.
o5 | do not want to provide my personal information to
learning platforms, even for educational purposes.
&8
. . . o | @ D5 >
Evaluation of Teaching Conducted with S8 | € °g | 8 [28
Face-to-Face Lessons (ETCFFL) Subscale 68| 8 2% | 2I1EF
52 | [/l 25 &
(YA Z €

At the beginning of a face-to-face lesson, my teacher
summarizes the topic, which helps me to remember
what | have learned.

It is a waste of time for my teacher to summarize what |
have learned in video lessons in face-to-face lessons.

| get bored when my teacher summarizes the topic in
video lessons at the beginning of a face-to-face lesson.

| learn better when | attend a face-to-face lesson by
watching a video lesson.

| feel more confident when | attend a face-to-face
lesson by watching a video lesson.

| would like to participate more in face-to-face lessons
as | have knowledge about the subject by watching
videos.

I would like to be the first person to answer questions
when | attend a face-to-face class by watching video
lessons.
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