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 Abstract. The learning environment must be designed to motivate students 
to acquire scientific knowledge while developing their scientific attitude. As 
essential learning for students, science learning must be responsive to this 
by facilitating the development of students' scientific attitudes. Gamification 
is an effort to spark interest, spur motivation, and encourage student 
engagement in the learning process. Much research on gamification has 
been done by adopting game mechanics and aesthetics in learning and has 
generally succeeded in improving student learning outcomes. However, the 
relationship between using gamification in learning and improving students' 
scientific attitudes has not been widely studied and discussed in theory. 
Therefore, this paper presents a literature review of fields in which 
gamification can intervene to improve students' scientific attitudes. 
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INTRODUCTION 

Throughout history, science has had tremendous 
authority and prestige because it has always suc-
ceeded in maintaining its existence as knowledge 
to explain how nature works [1]. Considering the 
importance of this knowledge, everyone should 
have a good understanding of science because it 
will be beneficial throughout their lives. Legend-
ary scientists such as Galileo, Newton, Darwin, 
and Einstein have provided profound insights 
about the universe. They passed on a lot of 
knowledge to humanity. Scientists' character can 
take many things. Besides their wisdom, the vital 
thing we can take from scientists is their scien-
tific attitude. Author [2] states that attitude 
comes from the Latin "aptitudo", which means 
ability, so attitude can be interpreted as a refer-
ence to one's ability to do specific jobs. Attitude 
measures the preferences and feelings the sub-
ject expresses towards an object [3]. The scien-
tific attitude is essential for students because it 
reflects the attitude and character of scientists. 
The scientific attitude in science learning is a per-
son's tendency to solve problems about nature 
and daily life by using scientific methods such as 
observation and experimentation to instil an atti-
tude of curiosity, not giving up easily, coopera-

tion, openness, responsibility, and critical think-
ing. 

Learning fun science starts from a sense of inter-
est in learning. Current learning needs to be fo-
cused on improving specific technical skills, new 
ways of thinking, and different learning ap-
proaches [4]. One approach that fits the charac-
teristics of 21st-century learning is gamification, 
or using game elements in education [5]. This 
paper describes gamification as an effort to 
arouse students' interest and motivation in learn-
ing science. One of the things that can be done to 
trigger motivation is using game design ele-
ments, game mechanics, aesthetics, and game 
thinking in non-game fields [6]. Gamification is a 
game thinking technique and mechanism to im-
prove non-game contexts [7]; in this case, the 
non-game context is a learning process. The idea 
behind the logic of gamification is the transfera-
ble motivational power of game elements in edu-
cational contexts [8]. Gamification in science 
learning can enrich and facilitate learning by 
adopting game designs, components, and me-
chanics. The relationship between the use of 
gamification and the improvement of students' 
scientific attitudes in education has not been 
much discussed in theory. A theoretical study 
that can be intervened in gamification so it can 
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increase students' scientific attitudes is essential 
to review. Therefore, writing this article tries to 
reveal it. 

 

METHOD  

This paper is a literature review of the relation-
ship between the use of gamification and the de-
velopment of students' scientific attitudes. The 
first steps in any research are finding, selecting, 
considering, and reading literature [9]. The liter-
ature review was conducted on the awareness 
that the knowledge and analysis carried out by 
people worldwide continue to grow. Research 
topics, samples, and areas or fields of study are 
likely to have been penetrated by others before 
so that researchers can learn from things that 
have been done [10]. The primary purpose of the 
literature review is twofold: first, to introduce 
new studies in a particular topic that need to be 
known by those who are involved in the case of 
science, and second, to relate to the importance 
of the research project itself, which is to enrich 
insight into the research topic [11]. The writing 
of this literature review paper refers to the sec-
ond point. The literature in this paper was found 
with the Publish or Perish search engine with the 
search area "Scopus" with the keyword "gamifi-
cation science attitude" restricted from 2019-
2023. From a total of 43 lists of articles that ap-
peared, articles were selected and considered by 
the field of science and full access. Next, the se-
lected papers were read and reviewed for sup-
porting studies. 

 

RESULTS AND DISCUSSION 

Science education is one of the most essential 
parts of the education system because it creates 
the next generation with the knowledge, charac-
ter, and skills needed in this 21st century and the 
future. Author [12] suggests some of the main 
problems that need to be addressed for sustaina-
ble and adequate science education are: lack of 
student motivation and low levels of confidence 
in learning, persistent achievement gaps in sci-
ence and mathematics among many subgroups of 
students, inadequate physical condition of 
schools (lack of opportunities for laboratory 
practice), intensive curriculum but insufficient 
time allocation for learning science, students are 
generally in a passive position (only listening and 
writing) while teachers are in an active role 
(writing on the board and teaching classically). 

These problems are seen to affect students' atti-
tudes towards science at school. 

Concerning student attitudes, science learning in 
schools should be designed to develop scientific 
attitudes, which are the characteristics of scien-
tists. Attitudes in science are divided into two: 
the attitude of science (scientific attitude) and 
the attitude towards science. Science attitude and 
attitude toward science are two different things. 
First, a scientific attitude is an attitude possessed 
by a person to solve problems systematically ac-
cording to scientific steps. This scientific attitude 
is the desire to know and understand, to question 
all statements, to seek data and their meaning, to 
seek verification, and to consider consequences 
[3, 13]. The scientific attitude in science learning 
is a person's tendency to solve problems related 
to nature and daily life using scientific methods 
such as observation and experimentation to instil 
an attitude of curiosity, not easily discouraged, 
cooperation, open attitude, responsibility, and 
critical thinking. The American Association for 
the Advancement of Science (AAAS) emphasizes 
four attitudes for elementary school students: 
honesty, curiosity, open-mindedness, and scepti-
cism.  

Second, attitude toward science is a feeling, be-
lief, and view of science, science learning, scien-
tists, and the impact of science and technology on 
society. The author [14] defines science as a set 
of affective behaviours in science learning that 
are manifestations of a good attitude towards 
science and scientists, acceptance of scientific 
inquiry as a way of thinking, adoption of a scien-
tific attitude, enjoyment in learning science, de-
velopment interest in science and science-related 
activities, and development interest in pursuing a 
career in science or science-related work. Stu-
dents' positive attitude towards science is a criti-
cal attitude to develop. The author [15] devel-
oped the Test of Science-Related Attitude, which 
is used to measure students' attitudes towards 
science in the form of 70 items with seven sub-
scales: social implications of science, normality of 
science, attitudes towards scientific inquiry, 
adoption of scientific attitudes, enjoyment of sci-
ence lessons, leisure interest in science, and ca-
reer interest in science. Students' positive atti-
tudes towards science should be a primary con-
cern for teachers because it affects students' 
views and participation in science classes. The 
author [16] states that students' positive atti-
tudes towards science are closely related to in-
creased interest in science learning and science 
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process skills. Students with a positive attitude 
will show increased attention to classroom learn-
ing and more participation in science activities 
[17, 18].  

The attitude discussed in this paper is the atti-
tude of students toward science. According to 
[15] in TOSRA (Test of Science Related Attitude), 
one subscale of the assessment of attitudes to-
wards science is the interest in a science career. 
This subscale has been highlighted in many stud-
ies over time and reveals that there has been a 
decline in student interest in pursuing careers in 
science [3, 19, 20]. Some researchers connected 
that condition to a general decline in science in-
terest among high school students [21, 22]. Stu-
dents' interest in science from age 14 will carry 
over into adulthood. The age of 11 to 14 years is 
the best period to encourage increased interest 
in science learning and determine their future 
career [23]. The age of 11 to 14 years is the gold-
en age in determining students' attitudes toward 
science, which takes place in elementary school 
phase C until the end of junior high school. Au-
thors [24] claim that it is necessary to conquer 
the decline in positive attitudes toward science 
by improving students' views on science from the 
early grades of elementary school. 

Students in elementary school generally have dif-
ficulty understanding abstract concepts. The 
conceptual ideas interfere with students' under-
standing of the content and negatively affect their 
attitudes toward related subjects [25]. Authors 
[26] state that students with negative attitudes 
towards difficult or tedious topics can change 
their attitudes by using digital games to make 
learning easy and fun. Games in learning have 
increased and can be adopted in various fields of 
education, including science learning. Game 
learning is believed to improve students' ability 
to learn multiple things and increase effective-
ness, job efficiency, cooperation, and a positive 
attitude [27]. Authors [28] revealed that using 
games in learning positively impacted the class-
room experience and improved students' atti-
tudes toward science.  

Gamification is a pedagogical strategy that intro-
duces the principles of the game in a learning en-
vironment by promoting participation and in-
creasing motivation. Authors [5] define gamifica-
tion as adopting game elements into non-game 
contexts. This paper's gamification of science 
learning uses game elements to motivate the stu-
dents to learn. The core idea of gamification in 

education is game mechanics to enrich and facili-
tate learning. The literature shows that their mo-
tivation increases significantly when students 
engage in an enjoyable learning experience com-
pared to usual learning activities. Learning in a 
distraction-free atmosphere helps students culti-
vate a positive attitude toward learning because 
they can learn and participate in learning at their 
own pace, free from peer and teacher pressure 
[29]. The development of gamification today fo-
cuses a lot on students' digital engagement by 
using platforms in digital devices such as tablets, 
smartphones, or computers [30]. All gamification 
apps have two goals: first, learning objectives 
that match the content, and second, fun goals re-
lated to the expected user experience [31]. 
Hence, a more meaningful learning environment 
can be designed where increased achievement 
and positive attitude development can be ex-
pected. 

Authors [32] highlight gamification in learning as 
an effort to influence students' psychological fac-
tors to mediate learning outcomes. The applica-
tion of gamification in education intervenes in 
three main areas of the individual: cognitive, 
emotional, and social [33]. First, in the mental 
area, the experience of playing in a gamification 
system that students explore will indirectly raise 
the students' efforts in learning more to stay en-
gaged in the game. The author [34] shows that 
the degradation of students' attitudes toward 
science occurs because the topics in science class 
are not related to student's preferences, inter-
ests, and contexts of daily life. On the other hand, 
authors [35] state that students' negative atti-
tudes toward science are related to traditional 
approaches to learning, while students' positive 
attitudes toward science are related to construc-
tivist learning. Success in the use of conventional 
learning approaches as well as constructivist 
learning depends on students' willingness to 
learn. Gamification can facilitate the realization of 
a learning environment that motivates students 
to learn, even unconsciously, because they are 
busy following the game's flow. The game system 
will guide students to master potentially complex 
tasks in-game learning [36]. 

Moreover, gamification accommodated by in-
formation computers and technology (ICT) can 
contribute significantly to student motivation 
[37, 38, 39]. Gamification with technology can 
motivate students' learning because the human 
brain processes visuals faster than text. When 
students have been in a state of "flow" in the sci-
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ence learning game, they unconsciously acquire 
scientific knowledge while choosing a positive 
attitude towards science learning. Authors [40] 
found gamification's effectiveness in developing 
motivation and learning attitudes. Therefore, 
gamification can act as a place to foster students' 
interest, motivation, and positive attitudes to 
learning science better. 

Second, in the emotional area, gamification raises 
various strong emotions, such as optimism and 
pride [41] and curiosity and excitement [42]. 
These forms of emotion can affect students' be-
haviour/attitudes toward learning. On the other 
hand, this emotion is closely related to motiva-
tion since it is an individual psychological condi-
tion. This causes stimulation and can also affect 
student behaviour/attitudes toward learning. 
High motivation synergizes with a positive atti-
tude, such as increased effort, perseverance, and 
improved performance [43]. Authors [44] state 
that motivation and a positive attitude are need-
ed to achieve a successful learning experience. 
Students with a positive attitude and high moti-
vation will be more successful than their peers 
[45]. Highly motivated learners with positive atti-
tudes tend to generate opportunities for activity 
engagement [46]. Student engagement in science 
learning activities is one of the forms of a positive 
attitude toward science. In this case, gamification 
can increase motivation, problem-solving skills, 
and cooperation [47, 48, 49] and encourage stu-
dent learning [6]. A satisfactory sense and 
achievement in learning will upgrade students' 
capacity to solve problems and increase their in-
dependence and learning motivation [50]. Gami-
fication in education can make students survive 
and even be able to turn negative emotional ex-
periences into positive ones. When engaging in a 
learning game, students face the chance of win-
ning and losing, such as two sides of a coin. The 
author [51] states that game learning makes stu-
dents always learn because the only way to learn 
how to play is to experience losing first. Through 
gamification, students will learn that losing is not 
a reason to give up but instead learning to 
achieve winning [4]. Therefore, gamification can 
direct students' attitudes to be more positive in 
viewing losing as an essential part of learning 
and more motivated to achieve winning and suc-
cessful learning. 

In the social area, gamification can provide op-
portunities for students to try new identities or 
roles and make decisions from a unique point of 
view [51, 52]. Authors [53] revealed that social 

factors are significantly related to students' atti-
tudes toward science: gender, socioeconomic sta-
tus, and teacher-student relationships. Gender is 
the most significant variable in students' atti-
tudes toward science [13, 24, 54, 55, 56, 57]. 
Male students with better socioeconomic status 
and better teacher-student relationships had 
more positive attitudes toward science [53]. One 
of the goals of science education is to develop a 
positive attitude toward science regardless of 
individual differences [58], so a positive attitude 
towards science should be developed in both 
male and female students. Several other studies 
have also shown that classroom learning envi-
ronments strongly determine students' attitudes 
toward science [59, 60, 61, 62]. In line with this, 
the author [63] also suggests that the ability of 
science teachers and schools has a significant 
role in developing scientific students' attitudes 
and encourages them to build their interest and 
tendency toward science. In other words, the sci-
ence learning environment in class correlates 
with students' attitudes toward science. In re-
sponse to these various social factors, gamifica-
tion systems can provide a constructive and so-
cially interactive learning environment [64], safe 
and natural for students to experiment without 
harm [65], and also offer social credibility and 
recognition of academic achievement that may 
not be seen or even denigrated by other stu-
dents [33]. Integrating gamification in learning 
can increase engagement, excitement, and moti-
vation [66]. In the future, students will become 
more receptive and accustomed to engaging in 
similar gamification learning environments [8]. 
Therefore, various problems and difficulties in 
learning science, especially related to students' 
attitudes toward science, can be fostered through 
gamification. 

 

CONCLUSIONS 

Gamification in learning will make the learning 
atmosphere more enjoyable, encourage students 
to complete their learning activities well, help 
students focus more on understanding the sci-
ence topics, and give them opportunities to com-
pete, explore, and excel in class. Based on the lit-
erature review, gamification is seen as develop-
ing student attitudes through three main areas in 
which gamification can intervene. First, in the 
cognitive area, gamification can act as a place to 
foster students' interest, motivation, and positive 
attitudes to learn the subject matter better. Sec-
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ond, in the emotional area, gamification brings 
out a variety of strong emotions, such as curiosity 
and excitement, that can influence students' be-
haviour/attitudes towards learning. Gamification 
in education can direct students' attitudes to be 
more positive in viewing failure as an essential 
part of learning and more motivated to achieve 
success in the learning process. Third, in the so-

cial area, gamification provides a constructive 
and socially interactive learning environment 
that will increase students' positive attitudes to-
ward science. This literature review article has 
revealed that gamification of science learning can 
be done as an effort to develop students' scien-
tific attitudes. 
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