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Abstract — Physics is one of the fundamental school subjects 

in preparing students for the challenges of the 21st century. 

Therefore, improving students' learning outcomes in physics 

is crucial for modern education. To this end, the clear 

formulation of positive educational goals, streamlined 

teaching process, and diversified teaching methods should 

eliminate routine, unproductive, and tedious practices. 

Moreover, lifelong physics learning requires more than basic 

knowledge and skills. It depends largely on the attitudes that 

students develop towards physics. To achieve goals like 

understanding science and technology issues, actively 

participating in discussions, and making responsible and 

informed decisions, games and gaming practices have great 

potential because they directly and strongly involve 

participants in developing and co-creating outcomes, both 

individually and collaboratively. Introducing game elements 

in non-game environments is called gamification, a broad 

term that includes many variations and applications. This 

complexity makes applying gamification in education 

challenging, especially in a education physics settings. 

Considering the fact that gamification elements were most 

frequently used in computer science, while other science, 

technologay, engeenering anf math (STEM) areas have been 

neglected in this regard, we are pointing to a wide area with a 

great educational potential that has not yet been explored in 

great extend.  

Keywords — Physics, education, gamification, energy, 

work, momentum 

I. INTRODUCTION  

We witness how with the rapid development of science and 

technology in the world, the importance of science in 

education has also increased because "knowledge of basic 

science contributes to technological progress and ensures 

sustainable development on Earth" (Fuchs, 2011; 

Uzunboylu & Aşıksoy, 2014). In secondary schools, 

physics is often one of the core subjects because knowledge 

of physics is the basis for understanding many other 

vocational subjects. Therefore, it is important to improve 

students' academic achievements in physics. "Routine, and 

thus boredom, must be avoided by combining different 

types of work, teaching methods, and skillful lesson 

design." (Braš Roth, 2017) Moreover, a lifelong 

commitment to science requires more than just knowledge 

and skills, and therefore depends largely on students' 

attitudes toward science. Science education should ensure 

that students completing elementary school understand and 

actively participate in discussions about topics related to 

science and technology and make responsible and informed 

decisions (Braš Roth, 2017). 

In the Republic of Croatia, students are least interested in 

physics comparing to their interest for other STEM subjects 

like biology and chemistry, mainly because of its difficulty 

and connection to mathematics (Jokić, 2008; Marušić & 

Sliško, 2009). 50% of the surveyed students believe that it 

takes a lot of effort to master the content, and even more 

than 25% of them believe that the content is too much. In 

research from 2022 is stated that students found both 

biology and physics to be as intriguing as they had 

anticipated (Maltar Okun et al., 2022). This finding is 

surprising because, according to researches conducted in 

Croatia over the past 15 years (Marušić & Sliško, 2009; 

Šimičić & Pešut, 2021) physics is one of the least popular 

subjects, and students around the world frequently describe 
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it as difficult, difficult to understand, and overly abstract 

(Stefan & Ciomos, 2010). Therefore, it is important to 

consider the personality, expertise, and passion of physics 

teachers when interpreting such results since they have a 

significant impact on students' views about physics (Maltar 

Okun et al., 2022). In research conducted 2015 it is claimed 

that the amount of content affects the quality of physics 

education (Ćosić, 2015). A lower number of students like 

physics and find the reason in the interestingness of the 

subject or give the teacher as the reason. Students with 

higher average of grades show more positive attitude 

towards physics (Jokić, 2008). Most of the surveyed 

students recognize physics as a subject that develops 

scientific thinking, focuses on the application of the 

scientific method, and conducts interesting experiments 

(Ćosić, 2015). Nevertheless, only a very small number of 

students choose this subject as a future profession. In  

research from 2010 is reported that girls perform better in 

physics than boys, although they do not tend to continue 

learning the subject, and that it is equally important for girls 

and boys to be successful in solving problems in physics 

(Jugović, 2010). 

The 2015 PISA survey (Braš Roth, 2017) in the Republic 

of Croatia shows that 24.2% of students expect to study 

science at the age of 30, of which 26.8% are boys and 

21.8% are girls. 

Ultimately, students show negative attitudes towards 

physics due to the difficult, abstract and incomprehensible 

content associated with mathematics, which reinforces the 

negative attitude (Jokić, 2008). The same author states that 

the negative image of students towards science has not 

changed for decades, i.e., a continuous turning away of 

students from science can be observed. 

 

Physics students also very often have difficulty learning 

scientific concepts because they have preconceived 

notions, usually called as misconceptions, alternative 

conceptions, or mental models. These types of alternative 

conceptions and mental models that students use before and 

after school (McDermott & Redish, 1999) are highly 

resistant to change. It is widely recognized that these beliefs 

and intuitions that students have about physical phenomena 

are mostly derived from their everyday experience and are 

usually not accepted by the scientific community (Novak 

& Gowin, 1984).  

II. GAMIFICATION 

Gamification is now a widely known term used in various 

areas of life such as business, health, entertainment, and 

even education. It is widely known that games appeal to 

students and stimulate their creativity. Therefore, it is 

important to include them in the educational process, 

especially in the field of physics education. 

If we wanted to define the concept of gamification, we 

would probably face a bigger problem, but we can state that 

the generally accepted definition is: "the use of game 

elements in a non-gaming context" (Deterding et al., 2011). 

The use of game strategies, its mechanics and aesthetics to 

motivate and activate stakeholders is the main idea of 

gamification. 

In education, gamification can be integrated into the 

mechanics themselves by introducing badges, points, 

rankings, levels, and rewards. This is a copy of the elements 

of the game, but adapted to an context that is not 

entertaining, in order to make the educational processes as 

interesting and dynamic as possible for students (Sandusky, 

2015). Gamification is often confused with the term of 

serious games, which includes the application of the game 

as a whole, and game-based learning, which complements 

traditional teaching with the use of technology (Plantak 

Vukovac et al., 2018). 

A. History of gamification 

It is difficult to pinpoint the beginnings of gamification 

itself, but many cite 1912 as the first appearance on the 

mass market. In 1912, the American popcorn brand Cracker 

Jack began including a free prize with each bag. While this 

was not yet gamification in the modern sense, the 

introduction of fun and prizes hinted at elements of 

gamification. While Cracker Jack's implemented the first 

and most basic application of gamification in marketing, 

another well-known application came  in education in the 

form of the Boy Scout movement in 1910, whose use of 

ranks and merit badges in various activities encouraged 



engagement and situational interest among children. 

Although the term gamification was used in early  practice 

around the world, it had not yet been validated. The 1980s 

saw the first academic papers and commercial books on 

gamification that focused specifically on education, at a 

time when digital games were first entering classrooms in 

the era of CD-ROM. Adoption increased slowly but 

steadily. In the 1990s, however, numerous factors led to a 

distorted view of the market and, eventually, its 

consolidation into a few major players, which prevented 

gamification from adapting quickly to schools. The term 

gamification originated in the digital media industry. The 

first documented applications date back to 2008, while it 

did not become widely used and accepted until the second 

half of 2010, when it went viral thanks to the development 

of the Internet and videoconferencing DICE (Deterding et 

al., 2011). 

In a survey conducted by the Joan Ganz Cooney Center, 

32% of the teachers surveyed reported using digital games 

2-4 times a week in their classrooms, with 18% used them 

daily (Millstone, 2012). Most of them use educational 

games, of which only 18% use commercial games adapted 

for classroom use (Millstone, 2012). 

Considering its popularity, there has also been an increased 

interest in researching this concept among educators. On 

the topic of gamification, a systematic review of scientific 

papers was conducted in 2014 (Caponetto et al., 2014), 

which showed that the number of scientific papers has 

increased extraordinarily in the period from 2000 to 2014, 

especially in the last part of this period.  

Another study was conducted in 2016, also in the form of a 

systematic review of the literature with the aim of 

identifying fundamental concepts and keywords related to 

the use of games in education (Martí‐Parreño et al., 2016). 

The authors proposed gamification as a new approach in 

education and a new concept in research. Some authors 

focused their research on the concept of gamification in 

science in higher education. Through a review of the 

literature, a focused analysis of 30 academic papers, they 

concluded that gamification is implemented with 

mechanisms such as points, badges, and progress 

monitoring scales that have a positive impact on student 

activity. The application of gamification in higher 

education has been most commonly related to computer 

science (Ortiz Rojas et al., 2016).  

De Byl and Hooper (2013) investigated the connection 

between gamification and curricula and its application as a 

tool in teaching. They conducted the research by applying 

a gamified curriculum. After implementation, they 

surveyed students to determine the impact of gamified 

instruction on their activity. In their analysis, they observed 

the correlation of activities with the dimension of 

gamification and an alternative approach. The result 

showed that the playfulness and alternative pedagogy 

categories showed the strongest association with student 

involvement. This positive connection shows that the 

students who were fun and valued learning with alternative 

pedagogies were the most engaged in the gamified classes.  

Researchers are pointing out  that the characteristics of 

playfulness and pedagogy itself did not significantly 

correlate, demonstrating that the more playful students 

were not necessarily those who chose alternative 

pedagogies and vice versa (De Byl & Hooper, 2013).  

B. Elements of gamification 

When we talk about gamification, we make a direct 

connection to the concept of play, which is one of the best 

ways of development at early age. In order to facilitate 

children’s learning, it is important to apply the game to the 

learning process itself and to include its most important 

elements. The use of game in education is not new, but we 

cannot call every use of game gamification (Deterding et 

al., 2011). 

On the other hand, there is a difference between 

gamification and didactic games.  

Didactic games are different from creative games played in 

kindergarten, when the instructor teaches concepts by 

narrating a tale and asking each student a question one at a 

time. This enhances student understanding. The games are 

quite different from this. 

First and foremost, didactic games should be used to teach 

and must be done at a level that is engaging, fun, and 

ultimately intelligible for students. Children play the game 



with all of their heart, becoming accustomed to performing 

each assignment flawlessly, which boosts their motivation 

in completing didactic activities. Didactic games aid in a 

better understanding of each lesson's objectives as well as 

the key points and objectives of each activity 

(Mukhtoraliyevna, 2023). 

Playing didactic games makes learning more visually 

appealing. As a result, the students are able to comprehend 

what the teacher is saying with ease and deliberately play 

the didactic game according to its rules. It is simple to 

analyze the behaviors of pupils thanks to the characteristics 

of the framework of educational games. Because of this, 

every child in elementary school participates in the game 

with a lot of enthusiasm (Mukhtoraliyevna, 2023). 

In research conducted in 2020. by Susman and Pavlin 

results show that the use of didactic games as an 

instructional strategy is appropriate for elementary school 

students aged 12 to 14 years. Although the didactic games 

that were produced did not fully achieve all of the proposed 

learning objectives, authors still consider them suitable for 

teaching the topic of light. However, they also found that 

students enjoy this method of learning and retaining the 

learning information and that it is a motivating tool that 

arouses their interest in the subject. The evaluation showed 

that the didactic games need to be optimized. The results of 

the study will provide educators with a better understanding 

of the design and critical components that must be 

considered when developing a didactic game (Susman & 

Pavlin, 2020). 

Back to the gamification, in their paper Nah et al. (2013) 

describes five basic principles of gamification, namely: 

goal orientation, success or achievement, encouragement, 

competition, and fun orientation (Nah et al., 2013). 

Jane McGonigal, in her work Superbetter, which is about 

learning how to be playful in the face of extreme stress and 

personal challenges, talks about being gameful means 

bringing the psychological strengths you naturally exibit in 

play - such as optimism, creativity, courage and 

determination – and applying them to your real life. She 

also list seven basic principles of gamification, "seven rules 

to live by," namely: challenge yourself , collect and activate 

power-ups, find and battle the bad guys, seek and complete 

quests , recruit allies, adopt a secret identity, and strive for 

epic victory (McGonigal, 2015). 

On the other hand, Chou constructs a complete framework 

for analyzing and developing strategies around the various 

systems that make games engaging. He notes that almost 

every successful game appeals to certain Core Drives 

within us and motivates us to make a variety of choices and 

engage in a variety of activities, and how different types of 

gaming techniques push people forward differently; some 

through inspiration and empowerment, others through 

manipulation and obsession. As a  result of his work, he 

developed a gamification design framework called 

Octalysis, which derives its name from an octagonal shape 

with 8 Core Drives representing each side (Chou, 2019). 

Eight Core Drives reprezented in Octalysis are: Epic 

Meaning & Calling, Development & Accomplishment, 

Empowerment of Creativity & Feedback, Ownership & 

Possession, Social Influence & Relatedness, Scarcity & 

Impatience, Unpredictability (Chou, 2019). 

Game design elements are the basic building blocks of 

gamification applications (Deterding et al., 2011; Werbach 

et al., 2012). For example, Reeves and Read (Reeves & 

Read, 2009) suggest “Ten Ingredients for Great Games”," 

which include self-expression, narrative context, feedback, 

competition, teams, avatars, time constrains, leaderboards, 

ranks and badges. Werbach and Hunter (2015) (Werbach & 

Hunter, 2015) identify 15 components, where they 

particularly emphasize what they call the “PBL triad”- the 

linking of points, badges, and leaderboards, which they see 

as characteristic of the use of gamification (Werbach et al., 

2012). 

In the educational context, gamification is used to enhance 

learning and problem solving. The mechanisms used are 

elements of the game and are adapted for the teaching 

process, which is considered an activity that is not a game. 

Therefore, it is assumed that students perceive it as 

something dynamic and entertaining (Kiryakova et al., 

2014; McGrath & Bayerlein, 2013). In addition to 

gamification, there are several concepts related to games 

that can be implemented in the educational process, and it 



is necessary to distinguish between them. Concepts that are 

often identified with gamification are: free play (a game 

without strictly defined rules), a game with rules (a 

structure with rules and a specific goal), game-inspired 

design (a visual animation or image that resembles a game), 

and serious games (the creation of simulations of real 

events) (Al-Azawi, 2016; Garris et al., 2002).  

When we use gamification, the teacher creates goals and 

progress monitoring mechanisms that allow them to 

evaluate student performance. 

In their 2015 study, Dicheva et al. point out that the most 

common elements of game mechanics are those used to 

monitor progress. Among these elements, those that foster 

a competitive spirit and allow comparison between students 

stand out (Dicheva et al., 2015). 

Different authors mention many game mechanics, the most 

commonly used are points, levels, challenges, badges, 

scales, awards, progress bars, stories, avatars, and feedback 

(Nah et al., 2013; Urías et al., 2016). 

C. Research in gamified classroom 

In this section we will present some research findings on 

gamified teaching. 

In 2017, Jagušt et al. investigated the implementation of 

gamification in mathematics teaching. As part of the study, 

they used an application in which students solved 

mathematical problems independently to implement 

gamification elements in the repeated version of the 

application. Students were shown a countdown on the 

tablet while seeing a progress bar on the screen. When 

analyzing and interpreting the research results, they 

concluded that students were more motivated by using an 

application with gamification elements. On the other hand, 

the progress monitoring scale was demotivating for some 

students, so they did not perform well (Jagušt et al., 2017). 

Laskowski and Borys investigated the level of teachers' 

familiarity with the gamification and serious games 

concepts and collected information about the application of 

certain concepts. The authors surveyed a group of higher 

education teachers in Poland about their use of and 

exposure to serious games and gamification, including how 

they use them, why they use them (or not), and when they 

use them. Analyzing the results, they found that 

respondents between the ages of 30 and 35 showed the 

greatest interest in using gamification in the classroom. 

"Most responses related to increasing student engagement 

and making the classroom more engaging." (Laskowski & 

Borys, 2016). Respondents cited current trends and the 

creation of materials as reasons why they would not use 

gamification in the classroom (Schrier, 2014).  

In 2012, it was predicted that 70% of global companies 

would use gamification in some form in their operations 

(Christians, 2018). Jane McGonigal, in her book "Reality is 

Broken, introduces the idea of using gamification to 

encourage the world's population to engage in global 

change (McGonigal, 2011). Despite the opinion that 

gamification is just a trend, there are a growing number of 

online courses that award points for acquired knowledge 

(e.g., Udemy, Coursera) that still exist in a similar form 

today. Gamification has had various applications and forms 

since its inception. It took almost over 30 years for the 

application to receive the official name by which it is 

known today (Pofuk, 2020). 

 

Reichelt (2015) examined the effects of gamification on 

achievement, motivation, and mastery in science. 

Students mastered the content of anatomy and 

physiology. The author found that "although the model 

increased the performance of excellent and non-

excellent students, the non-excellent students benefited 

more from the implementation than the excellent 

students" and observed a change in motivation before 

and after the treatment (Reichelt, 2015). 

Papastergiou (2009) examined the impact of learning 

through digital games. The aim was to observe how the 

treatment affected students' motivation and efficiency. 

The study involved 46 male and 42 female students who 

were randomly divided into two groups, an experimental 

group and a control group. The research showed that 

learning based on digital games effectively promotes 

students' conceptual knowledge of computer memory, 



and also motivates them to learn and work even more 

(Papastergiou, 2009). 

In 2013, Dominguez's study focused on the practical 

effects and outcomes of the gamified experience for 

first- and second-year college students, who were also 

divided into two groups. The study found that students 

in the experimental group "performed better on all tasks 

related to the practical application of concepts." It also 

found that "gamification can have a great emotional and 

social impact on students, as reward systems and 

mechanisms of social competition seem to be motivating 

for them." (Domínguez et al., 2013). 

Finally, in a 2015 study, Hanus and Fox measured 

student motivation, satisfaction, and academic 

performance at four time points during a sixteen-week 

study. The study showed the negative effects of 

gamification, i.e., student motivation, satisfaction, and 

empowerment tend to decrease in a gamified 

environment compared to a non-gamified environment, 

and participants in a gamified environment were "less 

intrinsically motivated and accordingly scored lower on 

tests than participants in a non-gamified environment.“ 

(Hanus & Fox, 2015). 

In research conducted 2020 which aimed at investigating 

how gamification influences freshman engineering 

students' enthusiasm for physics. Experience points 

(XP), badges, leaderboards, and repeatable tasks were 

used to make the Physics for Engineers 2 course, which 

covers the fundamentals of electricity and magnetism, 

gamified. The Wilcoxon Signed Rank Test was used to 

assess student responses to the physics motivation 

questionnaire completed before and after 

implementation to determine if gamification had a 

significant impact on student motivation. Results 

showed significant improvement in each of the five 

motivational factors for physics students, including 

intrinsic motivation, self-efficacy, grade incentive, 

career motivation, and self-determination (Cruz et al., 

2020).  

One year later Ahmed and Asiksoy conducted research 

that examined how the Gamified Flipped Learning 

(GFL) technique affected students' inventiveness and 

physics self-efficacy in a virtual physics laboratory 

course. The study involved 70 first-year engineering 

students who were randomly separated into two groups. 

It was conducted using a true experimental design. The 

control group received training using the Classical 

Flipped Learning (CFL) approach, whereas the 

experimental group received training using the GFL 

method. A physics self-efficacy questionnaire, a 

questionnaire on inventive talents, and a form for semi-

structured interviews were used to gather the data. The 

findings of the study demonstrated that, despite a little 

gain in students' self-efficacy brought about by 

gamified-flipped learning, the GFL approach had a 

beneficial effect on students' innovative skills. 

Additionally, the student interviews demonstrated a 

favorable opinion of gamification by identifying several 

significant components of the procedure that were very 

advantageous (Ahmed & Asiksoy, 2021). 

The latest research from 2023 showed that gamified 

learning robots could significantly increase learning 

motivation by increasing students' interest in the 

appearance of the robot. The teaching robot provided 

instruction to students and prompted them to ask 

questions. This finding shows that a gamified learning 

robot has a better affinity with the students and can 

engage with them better because it lacks human 

characteristics such as gestures, voice, and facial 

expressions. The gamified learning robot gives students 

the opportunity to engage with real people while 

learning in an engaging way, which builds their 

confidence when they have questions. In summary, the 

gamified learning robot allows students to develop 

confidence in their ability to learn, as well as increase 

their engagement and motivation in the classroom so 

they can enjoy learning more (Chen et al., 2023). 



D. Motivation and gamification 

If we consider motivation from many aspects, it is a very 

complex phenomenon (Gardner, 1980). Student motivation 

can be both external (extrinsic) and internal (intrinsic). 

Extrinsic motivation generally consists of recognition and 

praise for good work, while intrinsic motivation generally 

consists of an internal desire to learn about a particular 

subject. 

According to Vansteenkiste, et al. (2004), intrinsically 

motivated students process content such as reading material 

more intensively achieve better grades and show more 

persistence than extrinsically motivated students. Student 

motivation is widely considered to be a key factor 

influencing the pace and success of learning. There are 

many factors that can lead to students' lack of knowledge, 

and they can also be attributed to students' motivation for a 

particular subject (Vansteenkiste et al., 2004). McDonough 

(1983) believes that student motivation is still the most 

important factor influencing student success or failure. A 

better understanding of motivation itself can be of great 

benefit to curriculum designers in designing instructional 

programs that significantly influence student acceptance of 

particular subjects (McDonough, 1999). 

Because of the above problems, Chou (2019) has worked 

over the past decade to create a complete framework for 

analysis and strategy development around the various 

systems that make games and their elements engaging and 

motivating. He concluded that almost every successful 

game can be described by a particular "core drive" (Core 

Drives) that moves and motivates us to make various 

decisions and engage in various activities (Chou, 2019). 

As he explains in his book, everything is based on one or 

more basic drives. If none of them is behind the desired 

action, there is neither motivation nor action. In addition, 

each of the drives carries different natural powers. Some 

make people feel powerful but do not create pressure, while 

other triggers do, such as obsessions and even addictions, 

making people feel bad. Some are more extrinsically 

oriented in the short term, while others are intrinsically 

oriented in the long term. Thus, these eight basic drivers are 

drawn into the octagon not just for esthetic reasons, but 

because their position determines the type of motivation. 

The Octalisys framework is arranged so that the basic 

drives that focus on creativity, self-expression, and social 

dynamics are positioned on the right side of the octagon, 

which is why Chou (2019) calls them the basic drives of 

the right hemisphere. The basic drives commonly 

associated with logic, analytical thinking, and possession 

are located on the left side of the octagon and are called the 

main drives of the left hemisphere of the brain. As he notes, 

the left and right hemisphere  of the brain are not to be taken 

literally in terms of actual brain geography, but merely a 

symbolic distinction between two different brain functions. 

Interestingly, left brain drives are usually based on extrinsic 

motivation – you are motivated because you want to 

achieve something, whether it is a goal, a good, or 

something you cannot achieve. Right hemisphere drives, on 

the other hand, are usually related to internal motivations - 

you do not’ need a goal or a reward to use your creativity, 

to be with friends, or to feel uncertainty or unpredictability 

- the activity itself is rewarding. 

There is another factor worth noting within the Cho’s 

(2019) Octalisys framework, namely upper basic drivers in 

the octagon, which the author considers positive 

motivators, while the lower ones are considered negative 

motivators (Chou, 2019). The author also calls them "white 

hat gamification," while the techniques that use the lower 

part of the Octalisys framework are referred to as "black hat 

gamification". If something is attractive because it allows 

you to express your creativity, makes you feel successful 

by mastering skills, and gives you a sense of greater 

meaning, then you feel very good and strong. If, on the 

other hand, you are constantly doing something because 

you do not know what will happen next, because you are 

constantly afraid of losing something, or because you are 

struggling to achieve the unachievable, then this experience 

often leaves a bad taste in your mouth, even if you are 

consistently motivated to take these actions. 

 



III. WHY TO EXPLORE CONCEPTS OF MECHANICAL 

ENERGY, WORK AND MOMENTUM? 

The term "energy" holds significant importance in the daily 

lives of students. It refers to the vital abstract concept that 

powers various activities and processes around us. From 

the moment they wake up, students utilize energy to fuel 

their bodies and minds. Whether it's the energy derived 

from food that provides physical stamina or the mental 

energy required for learning and problem-solving, energy 

is a constant companion throughout their day. 

In the classroom, students use their mental energy to 

concentrate, comprehend, and engage in lessons. They also 

employ energy in extracurricular activities, sports, and 

social interactions. Understanding the sources and 

conservation of energy becomes crucial as students grow, 

aiding them in making sustainable choices and managing 

their resources efficiently. In essence, the concept of energy 

is an ever-present concept that impacts every facet of a 

student's routine, reminding them of the dynamic interplay 

between their actions and the resources they expend. 

Of all the areas of physics, students exhibited the most 

misconceptions in mechanics, which attracted the attention 

of researchers for this reason (Duit, 2009). Much research 

has been conducted on the concepts of force and motion. 

Although they are among the most fundamental concepts 

in physics, little research has been done on energy and the 

momentum. 

Energy, as one of the fundamental topics of physics, has 

significant content and a wide range of applications both in 

science and in our daily lives. Inevitably, the concepts of 

energy in all respects occupy a rather important place in the 

teaching of physics in schools and universities. In fact, in 

many traditional mechanics courses, energy concepts, 

although of fundamental importance, are often introduced 

quite late in the course and are therefore considered by 

students to be secondary or even tertiary topics in the 

course. In addition, certain widely used physics textbooks, 

which initially attempted to reduce ideas of energy to real-

world facts, sometimes contain inaccurate or inadequate 

information about energy. In response to these problems, 

research in physics education is attempting to update the 

subject matter to provide students with a contemporary 

understanding of the most fundamental ideas, such as 

energy (Ding, 2007). 

The literature review shows that research in the field of 

conceptual understanding of energy and the momentum has 

also been studied modestly. On the other hand, some of 

them study the concepts separately. For example, research 

conducted in 1967, 1976, and 1996. studied the momentum 

as a separate topic with the aim of finding an effective 

method of conveying the concepts as well as describing the 

subconcepts leading to the understanding of the concept of 

the momentum (Raven, 1967; Williams, 1976) 

In his 1967 study, Raven notes that children as young as 

five have an intuitive sense of the concept of momentum, 

regardless of the fact that they are unfamiliar with the 

concept and that their intuition does not depend on 

knowledge of the concepts of velocity or mass (Raven, 

1967). 

Singh and Rosengrant (2003) emphasize that many 

students lack a coherent understanding of the concepts of 

energy and momentum and point out that students have 

difficulty applying them in different situations. The authors 

also observed that students of mechanical engineering had 

significant problems applying the law of conservation of 

energy and momentum in many situations presented to 

them (Singh & Rosengrant, 2003). 

A study on 10th grade students’ misconceptions about 

momentum and impulse, in which a conceptual 

understanding test with 8 open-ended questions was 

administered to 139 students from 5 randomly selected 

secondary schools, revealed that 92.8% of the students 

could not explain the momentum conservation principle 

(MCP) at a scientifically acceptable level (Şekercıoğlu & 

Kocakülah, 2008).  

In 2014 research using EMCS (Energy Momentum 

Conceptual Survey) researchers found that the average 

student score on the energy and momentum concept survey 

was 32.5%. It was found that most students did not 

recognize the importance of the relationship between 

energy and momentum and that they had difficulty 

qualitatively interpreting the basic principles of energy and 



momentum and applying them in physical situations. In 

addition,  the authors of the research stated that there was  

no statistically significant difference between genders 

(Dalaklioğlu et al., 2015). 

Liu and Fang (2017) investigated the misconceptions 

students have related to the concepts of work and 

mechanical energy. The authors identified a total of 23 

misconceptions. As noted in the study, mechanical energy 

and work are high-level abstract concepts, so it is difficult 

for students to develop a correct understanding if they only 

learn them from textbooks. Students therefore use 

analogies and metaphors to help themselves, which in turn 

can easily go wrong because of the students' previous 

experiences. The authors also state that students' 

misconceptions are due to placing concepts into incorrect 

categories and suggest the use of Chi's Category Change 

Theory. Chi’s theory emphasizes the dissociation of overly 

general categories by recognizing differences (Chi, 2008; 

Chi & Brem, 2009). They also note that students' 

misconceptions may also be caused by "vernacular 

misunderstandings," due to a student’s insufficient or even 

deficient reading skills, or the lack of clarity of textbooks 

and other reading materials (Liu & Fang, 2016) meaning 

that students do not fully understand the textbook material 

(Liu & Fang, 2017). 

In one of the most recent studies from 2022, the authors 

used five conceptual questions from the Energy 

Momentum Conceptual Survey (EMCS) on a sample of 66 

high school students, which they adapted to meet the needs 

of the study. The results of the analysis showed that the 

percentage of students that showed understanding of the 

concept of energy and momentum in high school through 

the prism of correct answers was 54%. The item analysis 

results for each question on the concept of energy and 

momentum also showed that some students still 

misunderstand some of the concepts (Yana et al., 2022). 

IV. METODOLOGY, QUESTIONS AND OBJECTIVES 

The purpose of our future doctoral thesis is to investigate 

the influence of the application of gamification elements on 

students' understanding of the concepts of energy, work, 

and momentum, as well as the relationship between 

students' attitudes towards learning physics in relation to 

these concepts. It is assumed that students' attitudes 

towards learning physics as a subject are influenced by 

gamification elements, which then lead to different 

educational outcomes. 

This leads to the assumption that students who use 

gamification elements have a more positive attitude 

towards learning than those who approach physics 

education traditionally, and therefore have a better 

understanding of energy, work, and momentum concepts. 

Considering the above research objectives, the following 

hypotheses were formulated: 

H1 Understanding of energy and momentum concepts will 

be statistically significantly better among students who 

used elements of gamification in class than among those 

who approached physics instruction in a traditional 

manner. 

H2 Students' attitudes toward physics instruction who have 

used gamification elements in class will be statistically 

significantly more positive than those who approach 

physics instruction in a traditional manner. 

H3 Attitudes toward learning physics of students who used 

only gamification elements in class will be statistically 

significantly more positive than those of students who 

approach physics instruction traditionally. 

H4 Level of thinking skills of students who used only 

gamification elements in class will be statistically 

significantly higher than those of students who approach 

physics instruction traditionally 

In preparation for a future doctoral dissertation, we would 

conduct a study of an appropriate sample of first grade 

secondary school students in the Republic of Croatia during 

the 2023/2024 school year. The sample would be 

determined based on convenience sampling. 

The application of gamification elements would span the 

entire school year in order to effectively introduce students 

to gamification elements. 

For each school (gymnasium and vocational school), there 

will be a control group and an experimental group that will 



be randomly selected. For teachers involved in the research 

process, we plan to prepare materials and lesson plans for 

teaching both the control and experimental groups. We will 

also ask teachers to take field notes after each lesson. 

Data will be collected by the following instruments: EMCS 

(Energy Momentum Conceptual Survey), TOLT (Test Of 

Logical Thinking), summative assessments prepared for 

teachers, individual interviews and field notes of teachers. 

Student performance on the summative assessment will be 

used to identify the impact of introducing gamification 

elements on concept understanding and problem solving. 

By administering a pretest and a posttest EMCS (Energy 

momentum conceptual survey), we would examine the 

effects of the gamification elements specifically on 

understanding the concepts of energy and momentum. The 

EMCS consists of 25 multiple-choice questions was 

introduced by Singh and Rosengrant (2003). It is designed 

to cover topics related to work and energy, conservation of 

energy and momentum, and collisions in one dimension 

(Singh & Rosengrant, 2003). For the purpose of our 

research, it will be translated to Croatian language and 

piloted. 

The TOLT provides a reliable method for assessing formal 

thinking skills. The ten-item test has a high degree of 

internal consistency, and several subtests show sufficient 

reliability to allow subtest-level decisions. The test can be 

used for diagnostic assessment, in a research context, or in 

studies designed to promote specific formal thinking skills, 

as the reliability coefficients are of a magnitude that makes 

them suitable for use in these contexts (Capie, 1981). 

Individual interviews will be done by randomly selected 

students in the experimental groups. By triangulating the 

summative test scores, the EMCT test, with the responses 

of the TOLT test and the responses of the interview 

samples, we will attempt to determine, from both 

quantitative and qualitative perspectives, the effects of 

gamification on secondary school students' understanding 

of the concepts of conservation of energy and momentum. 

We also plan to have each teacher keep an observation 

diary with prepared rubrics to observe the impact of the 

introduction of gamification on teachers. 

The research methodology will be submitted to the 

Ministry of Science, Education and Sports of the Republic 

of Croatia and the Agency for Education to obtain approval 

from the relevant institutions. 

V. CONCLUSION 

The use of gamification can be beneficial at many levels of 

education, from school to university, according to the 

comprehensive literature review. Through the systematic 

review we found that gamified learning has a number of 

benefits for students, including increasing their motivation, 

engagement, and academic achievement. The main 

gamification components used in education are points, 

medals, leaderboards, and stories. It is believed that the 

impact on student motivation is lower or even negative 

when only one or two gamification components such as 

points or badges are used.  On the other hand, energy is one 

of the fundamental concepts of physics, encompassing a 

considerable amount of content and a variety of 

applications in both the physical sciences and daily life. 

Inevitably, energy concepts occupy a relatively significant 

place in both secondary and university education. In many 

traditional mechanics courses, energy concepts are taught 

relatively late, although they are fundamental, so students 

consider them secondary or even tertiary topics in the 

course. 

We believe that the proposed research will fill the research 

gap in evaluating physics teaching strategies and that the 

results will be useful both for physics teachers to apply the 

conclusions in developing new educational strategies using 

gamification and for the broader scientific community to 

use as a starting point for new research in physics 

education. We can also conclude that in a wide range of 

research, the notion of gamification is being replaced by the 

notion of GBL and serious games, often ignoring what 

gamification really is. In general, according to the previous 

research and scientific papers, gamification has positive 

effects on students' motivation, engagement and academic 

achievement, while on the other hand we can say that it is 

either little used or little researched in educational physics, 

which indicates a wide area to be explored. 
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