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Abstract—Augmented reality is becoming a commonly used 

technology today to present real-world phenomena such as 

conditions. The reliability of this technology is suitable for 

training scientific literacy because scientific literacy is related to 

the ability to explain, interpret, and investigate phenomena 

scientifically. This study aims to determine the effectiveness of 

augmented reality with cognitive conflict models to improve 

scientific literacy of static fluid materials. The study used a 

quasi-experimental design involving 36 students in the control 

group and 36 students in the experimental group. Static fluid 

material literacy test instruments are used to measure students’ 

abilities. The results of research through the Mann-Whitney 

test showed a significance value Sig (2-tailed) <0.05, which 

informed that there is a significant effect of learning by utilizing 

augmented reality with cognitive conflict model compared to 

conventional learning. 
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I. INTRODUCTION 

21st-century learning focuses on mastering skills, and one 

of the crucial aspects is scientific literacy. These skills 

include the ability to recognize and understand real-world 

phenomena that occur on a day-to-day basis. Mastery of 

scientific literacy has an important role in helping individuals 

solve real-world problems in a more structured, organized, 

and understandable manner [1]. Scientific literacy is not only 

an essential need in 21st-century education but also the key to 

producing individuals who are able to think critically, solve 

problems, and make a positive contribution to society. 

In education, scientific literacy is the standard of ability 

that students need to have in explaining and interpreting 

scientific data. The presentation of material in scientific 

literacy emphasizes context, content, and competence [2]. 

The context deals with the presentation of real-world 

phenomena. Content is related to learning materials, 

especially in physics. Meanwhile, competence relates to the 

ability to explain, investigate, and interpret data. In addition, 

the phenomena presented in scientific literacy are also related 

to global, environmental, health, and technological  

issues [3–5]. 

Physics is the part of science that discusses natural 

phenomena. One of the physical phenomena associated with 

fluids is related to liquids and gases [6]. Learning physics is 

closely related to the ability to investigate and interpret 

natural phenomena related to everyday life [7]. A good 

understanding of physics reflects a good mastery of students’ 

scientific literacy. Therefore, these conditions allow students 

to have an ideal ability to uncover scientific facts and solve 

real-world problems related to the phenomena of everyday 

life. 

Real conditions that occur in Indonesia show that students’ 

mastery of scientific literacy is still in the low category. 

Based on the PISA 2022 test results, the information shows 

that Indonesia literacy test scores are below OECD standards 

in the low category [1]. The results of preliminary research 

inform the mastery of scientific literacy students in high 

school fluid material is in the low category [8]. This 

condition is caused by the lack of emphasis on learning that 

supports scientific literacy and the interactivity of presenting 

phenomena in learning. Students have difficulty in 

explaining and interpreting data related to fluid phenomena 

in everyday life.  Visualization of phenomena such as real 

conditions in learning is one way to explain scientific 

phenomena, which is part of the scientific literacy indicator. 

The presentation of material in previous learning on static 

fluid material was limited to images and videos. This 

problem provides an opening for further investigation to test 

effective techniques used to improve scientific literacy by 

utilizing three-dimensional technology. 

Augmented Reality (AR) is one of the best 

three-dimensional technologies today for visualizing 

phenomena. Augmented reality and virtual reality technology 

are becoming popular modern technologies in learning to 

bring virtual objects into the real environment or vice versa 

[9–11]. Augmented reality is able to visualize and simulate 

physics problems in 3D form through smartphone technology 

[12, 13]. This technology is ideal for use in supporting the 

presentation of fluid phenomena in supporting students’ 

scientific literacy. In addition, the ability of scientific literacy 

is closely related to the ability to explain, interpret, and 

investigate, so the application of models oriented to concept 

discovery and investigation is the right solution to support the 

implementation of scientific literacy. The application of 

learning models that are oriented to real-world contexts, 

discovery and inquiry is the best choice in supporting the 

acquisition of 21st-century skills [14–16]. 

AR research studies in the field of science have been 

developed by many previous researchers. Results from 16 

AR research studies revealed the positive effects of using AR 

as a supporting medium for science learning [17]. A grouping 

of 39 studies reported that AR is used to encourage increased 

academic achievement, which is presented in the form of 

printed book variations, as an experimental medium, 

integration with inquiry learning models, and simulation 

media [18]. AR is presented in the form of simulations and 

laboratories in science learning which are presented 

specifically and separately in learning [19–21]. AR is applied 

by combining it with inquiry learning models [22].  Overall, 
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reports of previous studies on AR have not linked it to 

cognitive conflict learning models as a whole in an 

application. AR learning interventions by integrating them 

alongside cognitive conflict models supporting scientific 

literacy have yet to be implemented. The integration of AR 

with cognitive conflict models aims to support the 

improvement of students’ scientific literacy. The research 

innovation informs the novelty of this study compared to 

previous researchers. 

The cognitive conflict model is a form of learning model 

that is oriented towards investigation and discovery of 

concepts and equations. This model has advantages in 

concept improvement and misconception remediation [23]. 

In addition, the implementation of this model emphasizes the 

presentation of the phenomenon being solved and 

formulating the problem in a scientific step that thinks deeply 

[24]. Each stage in this model plays a role in supporting 

mastery of concepts and solving problems related to 

phenomena in everyday life. 

One of the stages of this model is the presentation of 

cognitive conflicts and the discovery of concepts and 

equations. This stage requires visualization of phenomena 

that cause conflict in students’ thinking and helps the 

investigation process in experimental activities that are 

characteristic of this model. This condition is in line with the 

advantages of AR which is able to represent phenomena and 

support the investigation process as the original in 

visualizing three-dimensional forms in the real environment. 

In addition, the cognitive conflict model is aligned with the 

characteristics of scientific literacy related to 

problem-solving based on context and content in everyday 

life. The process of visualization of phenomena, 

investigations that support the mastery of scientific literacy 

has a relationship that matches the characteristics of 

cognitive conflict models and AR. 

The implications of this model with augmented reality 

technology to be applied in learning are ideal. Based on the 

disagreement between the conditions that occur and the 

advantages of augmented reality technology and cognitive 

conflict models, further investigation in an effort to see the 

effects of learning in improving scientific literacy needs to be 

carried out. Thus, this study aims to determine the effect of 

learning with cognitive conflict-based augmented reality in 

increasing scientific literacy, especially in static fluid 

materials. 

II. LITERATURE REVIEW 

A. Augmented Reality (AR) 

AR is becoming a popular three-dimensional visualization 

technology in education in the 21st century. The presence of 

AR complements the visualization of previous phenomena 

that were limited to the presentation of images and videos. 

Images and videos are able to visualize phenomena in 

two-dimensional form, supporting the explanation of physics 

material [25]. AR comes with three-dimensional 

visualization of the user’s environment. The ability to 

visualize natural phenomena in their original condition 

through computers and smartphones is the advantage of this 

technology [26]. AR efficiency provides ease of use to 

observe objects that are difficult to observe in detail [27].  

The characteristics of AR technology consist of 

three-dimensional visualization, real-time display, and 

representation of virtual objects in the real  

environment [12, 28].  

AR attracts the world of education by presenting learning 

with more efficiency. This technology gained great attention 

in education because it became a trend, is low-cost, and is 

easy to use [13]. AR technology helps in explaining learning 

material more contextually without the need for actual 

physical objects [12]. The use of AR technology can also 

provide benefits in supporting student motivation, interest, 

and understanding in the learning process [29]. In its use in 

learning, AR encourages the improvement of students’ 

critical 21st-century skills in secondary school learning [30]. 

In addition, learning with AR increases the time efficiency of 

teachers and students in explaining the material because 

students can access it repeatedly. The use of well-organized 

AR also supports the achievement of effective learning in 

accordance with the goals to be achieved. 

B. Cognitive Conflict Models 

The cognitive conflict model is a model that is oriented 

towards research and concept discovery with the aim of 

increasing mastery of concepts. The presentation of 

phenomena and experimental activities in collecting data 

became the hallmark of cognitive conflict models [31]. 

Experimental activities aim to encourage students to think 

deeply.  

This model has been implemented in physics learning to 

support students’ understanding of concepts.  The cognitive 

conflict model has been widely implemented in physics 

learning and has had a positive effect. The cognitive conflict 

model has been implemented in various forms of teaching 

materials. Cognitive conflict models combined with video 

presentations in investigating phenomena encourage 

students’ mastery of concepts [31]. The implementation of 

models in multimedia helps students master 21st-century 

skills [32–34].  

Cognitive conflict models play a role in correcting student 

misconceptions in physics learning [35]. Research on the 

implementation of cognitive conflict models in supporting 

the improvement of scientific literacy has not been conducted. 

This condition provides an opportunity to research it in 

depth. 

C. Scientific Literacy 

Scientific literacy is a skill that emphasizes mastering 

concepts and utilizing scientific knowledge in real life. 

Scientific literacy is an integral part of scientific literacy in 

investigating, explaining, and interpreting data [1, 36]. In 

addition, the presentation of material in scientific literacy 

emphasizes context, content, and competence [1]. Context 

relates to the presentation of real-world phenomena. Content 

related to learning materials, especially in hydrostatic-related 

material physics. Meanwhile, competence relates to the 

ability to explain, investigate, and interpret data. In addition, 

the phenomena presented in scientific literacy are also related 

to global, environmental, health, and technological issues [1]. 

The Organisation for Economic Co-operation and 
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Development (OECD) results revealed that mastery of 

scientific literacy in Indonesia is below the standards set by 

the OECD from the PISA test results. The problem was 

identified from the results of the average score of students’ 

scientific literacy tests which reached 386, compared to the 

OECD standard average of 489 [1]. This condition is 

supported by the results of previous studies which showed 

the average score of students’ scientific literacy results on 

fluid materials was in the low category [8]. Learning that has 

not been oriented towards the presentation of problem 

problems based on phenomena in everyday life as one of the 

factors in students’ low scientific literacy [37]. The 

implications of presenting material aspects of scientific 

literacy are still rarely applied to physics learning [38]. 

Physics is one part of learning science, so it is necessary to 

improve students’ mastery of physics concepts. This 

condition has an impact on students’ mastery of explaining, 

investigating, and interpreting data. Students’ scientific 

literacy in learning fluid material physics is still low [39]. 

Student understanding still often experiences misconceptions 

and incongruities with scientific concepts [25, 33].  

Scientific literacy is closely related to the contextual 

presentation of learning and focuses on the application of 

knowledge of physics to explain the phenomena of everyday 

life [4, 40]. In supporting the improvement of scientific 

literacy, it is important to focus learning on real contexts. The 

implementation of three-dimensional technology is urgent in 

presenting physical phenomena. The presence of AR 

technology supports realistic learning visualization in limited 

environments [41]. AR presents phenomena in an interactive 

viewpoint such as visualisation in the real environment and 

interacts with the object [42]. Science phenomena that are 

difficult to present in the learning environment can be 

replaced in the form of AR [43]. Further investigation of the 

use of technology in supporting scientific literacy needs to be 

investigated. 

III. METHODS 

A. Research Design 

This research uses quasi-experimental methods. 

Quasi-experiment is an experimental design that is carried 

out without randomization, but involves placing participants 

in several groups. This method is identical to comparing the 

results of the averages of the control class and the 

experimental class. The population of this study consisted of 

5 science classes. The selection of selected research samples 

was carried out by random sampling. Two classes were 

selected: XI Science 1 and XI Science 3. All samples in the 

study included all students in both selected classes. Both 

classes are grouped into a control class and an experimental 

class. The design of the control class and experimental class 

in this study is presented in Table 1. 
 

Table 1. Quasi-experimental methods 

Class N Pretest Treatment Posttest 

Control 36 Q1  Q2 

Experimental 36 Q1 X Q2 

Q1 = Pretest activity, Q2 = Posttest activity, X = Learning with AR 

 

Table 1 serves the research design of the control class and 

the experimental class, with each class consisting of 36 

students. In the quasi-experimental method applied, three 

stages were carried out: pretest, treatment, and posttest 

activities. The initial stage provides pretests to both classes to 

measure students’ initial abilities before learning. The second 

stage was learning under different conditions. In the 

experimental class, learning was treated to utilizing AR. In 

the control class, conventional learning is carried out with an 

approach like the original conditions of previous learning 

applied in schools, namely by utilizing teaching materials in 

the form of printed books. After both classes apply different 

learning processes, a posttest was carried out to measure the 

final ability of students. Data results from pretest and posttest 

as data sources from this study 

B. Research Implementation 

The treatment conducted in the experimental class used 

augmented reality teaching materials with cognitive conflict. 

The AR used has gone through the validity test and 

practicality test stages. The AR teaching materials used with 

cognitive conflicts have been valid and practical. In this study, 

further test results were reported in the form of testing the 

effectiveness of learning results with AR. Learning by 

utilizing augmented reality technology that has been 

designed following the stages of cognitive conflict model 

syntax. The learning stages designed in augmented reality 

based on the syntax of cognitive conflict models include 1) 

activation of preconceptions and misconceptions, 2) 

presentation of cognitive conflicts, 3) discovery of concepts 

and equations, and 4) reflection. The picture of augmented 

reality presented in the learning is shown in Fig. 1. 

 

 
Fig. 1. Stages in AR teaching materials with cognitive conflict models. 
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Fig. 1 displays AR teaching materials presented based on 

the stages of cognitive conflict model syntax. Each 

presentation of the syntactic stages of the cognitive conflict 

model was presented interactively in the form of answer 

responses from applications and experimental activities. The 

preconception activation stage of AR teaching materials 

presents the trigger questions of student’s initial abilities. The 

stage of presenting cognitive conflicts plays a role in 

presenting physics problems in an effort to train students’ 

reasoning in analyzing solutions to problems. At the stage of 

discovery, concepts, and equations were presented in 

laboratory form as part of training the problem-solving 

process until drawing conclusions. AR teaching materials 

allow the collection of experimental data. The reflection 

stage plays a role in testing students’ final abilities after 

learning and measuring the achievement of knowledge 

gained. Each stage in learning presents objects of physical 

phenomena in answering each problem in the form of AR, as 

presented in Fig. 2. 

 

 

 

 
(a) (b) 

  
(c) (d) 

Fig. 2. AR of static fluid: (a) hydrostatic pressure; (b) the Archimedes principle; (c) Pascal’s principle; (d) surface tension. 

 

Fig. 2 shows how AR was implemented to explain physical 

phenomena. The AR object displayed presents the 

phenomenon of static fluid material, as in the discussion of 

hydrostatic pressure, in the form of a presentation of 

divergent phenomena that can be varied through AR. In the 

discussion of the Archimedes principle, a submarine that can 

change its depth with AR simulation was presented. In 

Pascal’s Principle, the brake working system of the motor 

was presented. Surface tension presents the state of the legs 

of insects when standing on the surface of the water. AR 

objects are displayed by pointing the camera at a marker. In 

each object, an explanation is given in the form of 

information to support the mastery of critical thinking skills. 

Interactivity in AR in the form of moving, zooming, and 

rotating objects. 

C. Data Collections 

The data of this study came from pretest and posttest 

scores of scientific literacy in the control class and 

experimental class. The test instrument consists of 13 

complex multiple-choice questions consisting of 4 answer 

choices. The test instruments used come from static fluid 

material scientific literacy instruments that have been valid 

and reliable. The instrument indicators used by scientific 

literacy relate to the ability to explain scientific phenomena, 

interpret data, and conduct scientific investigations. Each 

question presents a selection of question-and-answer 

information that represents indicators of scientific literacy. 

D. Data Analysis Technique 

Data analysis of pretest and postest results obtained the 

average score of each student from answering 13 questions 

given in the test activity. These results are used as data for 

statistical testing. Statistical product and service solutions 26 

(SPSS 26) for testing normality, homogeneity, Wilcoxon test, 

and Mann-Whitney test. The first stage carried out normality 

tests using the Kolmogorov-Smirnov and Shapiro-Wilk tests. 

The normality test aims to gain an understanding of whether 

the data is normally distributed or abnormal. In the second 

stage, the homogeneity test is carried out through the Levene 

test to determine whether the data is homogeneous or not 

homogeneous. Data that are not normally distributed and are 

inhomogeneous are carried out through nonparametric 

statistical testing through the Wilcoxon and Mann-Whitney 

tests. The Wilcoxon test was conducted to see the difference 

in the average pretest and posttest results in each class. In the 

Mann-Whitney test, we aim to see the average difference 

between the two classes. The Mann-Whitney test aims to test 

the hypothetical results of the study. The null hypothesis in 

this study states that the use of augmented reality has no 

effect on increasing students’ scientific literacy on static fluid 

materials. 
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IV. RESULT AND DISCUSSION 

Research data was obtained from the results of the pretest 

and posttest. The first statistical testing was done through 

normality and homogeneity tests. The normality test is 

performed to see the normally distributed data, while the 

homogeneity test is performed to find the homogeneous data. 

Homogeneity testing is performed using the Kolmogorov test, 

and the homogeneity test is performed using the statistical 

Levene test. The results of the normality and homogeneity 

tests are presented in Table 2. 

 

Table 2. Normality test and Homogeneity test 

Test Class 

Normality Test Homogeneity Test 

Kolmogorov-Smirnova Levene Statistic 

Statistic df Sig. Statistic df Sig. 

Pretest 
Control 0.219 36 0.000 

1.670 70 0.200 
Experimental 0.165 36 0.015 

Posttest 
Control 0.277 36 0.000 

5.455 70 0.22 
Experimental 0.361 36 0.000 

 

Table 2 shows the normality and homogeneity test results 

of the pretest and posttest results in the control class and 

experimental class. Drawing conclusions of normal and 

homogeneous data if the sig value is greater than 0.005. The 

data results indicate that the distribution of data on the pretest 

and posttest of both classes is not normally distributed. While 

the data results on the pretest data are homogeneous, and the 

data on the posttest data is homogeneous. Abnormal and 

homogeneous data information provides further statistical 

test selection information through Wilcoxon and 

Mann-Whitney tests in the control class and experimental 

class. 

The results of the control class and experimental class 

pretest and posttest data were carried out with dependent 

testing. Dependent testing in the control class and 

experimental class aims to measure the difference in pretest 

and posttest results after being treated with conventional 

learning and utilizing augmented reality. Statistical testing 

was conducted through the Wilcoxon test to obtain 

information on the effect of learning on control classes and 

experimental class. Wilcoxon test results from the control 

class and experimental class pretest and posttest results are 

presented in Table 3. 
 

Table 3. Control class and experimental class Wilcoxon test results 

Information 
Control class Experimental class 

Posttest-Pretest Posttest-Pretest 

Negative Rank 0 0 

Positive Rank 36 36 

Ties 0 0 

Total 36 36 

Z valu −0.5264 −0.5254 

Asymp. Sig (2 

tailed) 
0.000 0.000 

 

Table 3 presents Wilcoxon test results from students’ 

pretest and posttest score data before and after learning in the 

control class and experimental class. In the control class, the 

negative rank value of the posttest results against the pretest 

was 0, which means that there was no decrease in score on the 

posttest. Meanwhile, the positive rank value of 36 means 

there was an increase in scores in 36 samples. While ties are 

zero, it indicates that there was no equal score between the 

pretest and posttest. The z value was −5.264, and the assumed 

Sig (2-tailed) value was 0.000, which was smaller than 0.05. 

The results of the sig two-tailed score revealed that 

conventional learning gave students an increase in scientific 

literacy. Conventional learning has a positive effect on 

scientific literacy. 

In the experimental class, the negative rank value of the 

posttest results against the pretest was 0, which means that 

there is no decrease in score on the posttest. Meanwhile, the 

positive rank value of 36 means there is an increase in scores 

in 36 samples. While ties are zero, it indicates that there was 

no equal score between the pretest and posttest. The z value 

was −0.5254, and the assumed Sig (2-tailed) value was 0.000, 

which was smaller than 0.05. The results of the sig 2-tailed 

score revealed that conventional learning gave students an 

increase in scientific literacy. Learning by utilizing AR has a 

positive effect on scientific literacy. 

The average score results from the experimental class 

posttest and the control class posttest obtained significant 

scores compared to the pretest score. The results of scientific 

literacy scores were spread on indicators of the ability to 

explain scientific phenomena, conduct investigations, and 

interpreting scientific data. There were differences in score 

results in experimental classes that were treated by learning 

to use augmented reality with control classes carried out by 

conventional learning. A comparison of differences in 

students’ posttest results based on each indicator of scientific 

literacy was presented in Fig. 3. 
 

 
Fig. 3. Comparison of test results of each indicator. 

 

Fig. 3 serves the difference in students’ posttest score 

results after being given different treatments. In indicator 1, 

which relates to the ability to explain scientific phenomena, a 

score of 75 was obtained for the control class and 84 for the 

experimental class. In indicator 2, which relates to the ability 

to investigate scientific phenomena, a score of 67 was 

obtained for the control class and 73 for the experimental 

class. In indicator 3, which relates to the ability to interpret 

data, a score of 66 was obtained for the control class and 95 

for the experimental class. The experimental class, which 

International Journal of Information and Education Technology, Vol. 14, No. 9, 2024

1203



  

used learning by utilizing augmented reality, obtained higher 

scores compared to the control class that used conventional 

learning. Hypothesis testing with the Mann-Whitney test was 

performed to see the significant effect of independent data. 

The results of the Mann-Whitney test are presented in  

Table 4. 
 

Table 4. Mann-Whitney test results 

Test Result 

Mann-Whitney U 105.000 

Z Value −6.345 

Sig (2-tailed) 0.0000 

 

Table 4 gives a Mann-Whitney U score of 105.000, which 

shows a significant difference in scores between posttest 

results in the experimental class compared to the control class. 

At a significance level of 0.05, the calculated Z-value must be 

less than -1.96 for the null hypothesis to be rejected. The 

result of the Z value obtained was −6.345, much smaller than 

the Z value of the table. The rejection of the null hypothesis 

occurs when the two-sided significance value was smaller 

than 0.05, and the calculated Z value is smaller than table Z. 

In this case, the result of the two-sided significance value and 

the Z-value obtained is much smaller than the established 

standard value, so the null hypothesis can be rejected. The 

conclusion of this test is that learning by utilizing AR 

effectively increases students’ scientific literacy compared to 

conventional learning. 

The results of the research found present a new picture 

compared to previous researchers. Interactive presentation in 

learning by utilizing AR supports scientific literacy. In line 

with previous researchers, revealing teaching materials 

presented in interactive form supports the scientific literacy 

of fluid material [44].  The presentation of new implications 

of AR supports scientific literacy. Previous researchers 

focused on AR research highlighting interest, motivation and 

increased learning outcomes by utilizing AR media [26, 45, 

46]. Unlike previous research. New implications by utilizing 

interactive cognitive conflict-based AR improve static fluid 

material scientific literacy.  

AR implemented with cognitive conflict models supports 

changes in the results of students’ scientific literacy abilities. 

Cognitive conflict was related to the presentation of scientific 

literacy information that encourages students to think deeply. 

The presence of AR technology supports a concise and 

simple explanation of static fluid material. AR learning 

interventions with cognitive conflict present significant 

differences in mastery of the ability to explain, interpret data 

and support scientific inquiry after learning. 

The use of technology was an effective solution to support 

the improvement of students’ scientific literacy. Technology 

enables better delivery of information in a variety of forms. 

The results showed an increase in mastery of scientific 

literacy that was better than conventional learning. AR is 

presented in the form of interactive simulations related to 

static fluid phenomena, with explanatory captions on each 

object and buttons to move objects, helping students develop 

the ability to explain static fluid phenomena. Supports the 

processing of real objects and streamlines the learning 

process through the visualization of three-dimensional 

objects [47]. The interactivity of observation and explanation 

in AR encourages the delivery of information in explaining, 

investigating, and interpreting data from the observation 

process in accordance with indicators of scientific literacy. 

AR supports this learning most actively and is easy to use to 

support the learning process [48, 49]. Learning by utilizing 

augmented reality helps students improve concepts in physics 

learning [50]. These findings were in line with previous 

research that revealed the use of AR has a positive effect on 

student learning outcomes and learning attitudes [45, 51]. 

The presence of technology also supports exploration in 

investigating phenomena in the field of physics, including 

fluids. Therefore, students’ scientific literacy can be 

improved through the use of technology. This technology has 

the capability to present real objects and events in learning in 

a structured and simpler way. 

The use of AR in learning brings significant efficiency and 

effectiveness. Learning using AR has proven effective in 

delivering material in a simple and easy-to-understand 

manner. AR creates a more engaging learning experience by 

allowing three-dimensional objects to appear in the real 

environment, creates a more engaging learning experience. 

In addition, this learning can increase student interest and 

motivation in the learning process [29, 46]. The AR 

presentation displays realistic physics objects in a real-world 

context, which stimulates students’ curiosity to explore 

physics materials through the AR objects presented. 

Visualization of objects helps improve students’ scientific 

literacy in explaining and investigating physical phenomena. 

The use of AR in physics learning provides various 

advantages in improving the quality of learning and student 

learning outcomes [52, 53].  

Each stage of the cognitive conflict-based learning model 

syntax plays an important role in supporting students’ 

mastery of scientific literacy. AR provides an explanation 

and detail of each phenomenon in each syntax of the 

cognitive conflict-based learning model. Learning material 

information is explained in the form of a three-dimensional 

presentation displayed through augmented reality. At the 

activation stage of preconceptions and misconceptions, the 

main role is to test students’ initial understanding of learning. 

This stage serves to assess the initial ability of students in the 

learning process [24]. Learning activities at this stage involve 

answers to questions related to the phenomenon of static fluid 

material. With the application of AR, students can check their 

answers and get explanations from the discussion in the form 

of augmented reality presentations. 

The presentation of cognitive conflict is the second stage 

in the syntax of the cognitive conflict model. This stage plays 

a role in bringing out students’ hypothetical abilities to 

practice critical thinking skills. The presentation of 

phenomena and information at the cognitive conflicts stage 

aims to cause conflicts in students’ thinking. With the AR 

application, students’ initial answers can be saved and sent to 

the teacher. This allows teachers to evaluate the extent of 

students’ mastery of the skills. AR serves to explain the 

presentation of information that causes conflict simply to 

students by displaying Augmented Reality animations. 

Complex and intricate information presentations can be 

conveyed more simply with augmented reality technology so 

that students can easily understand phenomena and interpret 
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observed information more quickly. Visualization of 

phenomena in the presentation of cognitive conflicts aims to 

encourage students to multiply information more sharply to 

explain the phenomenon [33, 54]. Learning with AR allows 

students to explore, observe, and simulate physical 

phenomena, helping students to explain physics material 

more specifically [12]. Concept discovery and 

experimentation are the third stages of the cognitive conflict 

model. This stage plays a role in training students to 

investigate phenomena scientifically to prove hypotheses. 

The application of AR allows students to conduct 

experiments virtually and collect data using smartphones. 

Laboratories and experimental activities play a role in 

helping students obtain data and interpret it [55, 56]. This 

condition plays a role in training students’ scientific literacy 

and interpreting information based on data. 

The fourth stage of the model is reflection. Feedback from 

each stage applied in augmented reality becomes a solution to 

measure students’ mastery of skills. Improvement of 

concepts and mastery of deep thinking skills are indications 

of achieving student learning outcomes in the fallacy of this 

model. With feedback from each phase in the use of AR, it 

allows for a more accurate evaluation of students’ 

understanding and abilities. The process of refining concepts 

and mastering deep thinking skills through AR also provides 

a more precise picture of students’ achievement of learning 

outcomes, ensuring that these models contribute to their 

cognitive development effectively [57]. This model 

encourages students to gain a solid scientific understanding 

according to the original concept. This situation impetus the 

development of students’ scientific literacy. The use of 

augmented reality, which applies AR technology in the 

context of learning, has a significant positive impact on 

improving students’ scientific literacy. Therefore, the 

application of this technology is recommended in physics 

learning to explain the material more effectively and 

efficiently. Learning with the presentation of visualization 

material in the form of AR contributes to providing a detailed 

explanation of the material. AR provides novelty to the world 

of education with the presence of technology integration as 

an innovative medium in learning 

V. CONCLUSION 

The results showed that classes with conventional learning 

and classes with learning utilizing augmented reality on static 

fluid material both experienced improved learning outcomes. 

Both classes obtained improved results in scientific literacy 

on fluid materials. Learning with AR based on cognitive 

conflict has a greater effect than conventional learning in 

improving students’ scientific literacy and fluid material. The 

results of the hypothesis test revealed that learning by 

utilizing augmented reality based on cognitive conflict is 

effective compared to conventional learning. Visualization of 

static fluid phenomena implemented in the syntax stages of 

cognitive conflict models in the form of augmented reality 

helps in explaining phenomena, interpreting data and 

conducting investigations. Thus, learning by utilizing 

augmented reality is effectively used to improve students’ 

scientific literacy of static fluid material. 

The limitation of this study lies in the use of markers to 

display three-dimensional objects. Researchers can further 

enhance the immersive of augmented reality in the form of 

virtual reality or mixed reality. In addition, the observation 

aspect is limited to the literacy of static fluid material. Other 

researchers can also measure other 21th century interests, 

attitudes and skills. 

APPENDIX  

Table A. Scientific literacy indicators 

Indicator 1 
Explain scientific phenomena related to static fluid 

matter 

Indicator 2 
Conduct investigations and experiments related to 

static fluid materials 

Indicator 3 
Interpreting scientific data related to static fluid 

matter information 

CONFLICT OF INTEREST 

The authors declare no conflict of interest. 

AUTHOR CONTRIBUTIONS 

 

REFERENCES  

[1] O. PISA, PISA 2022: Assessment and Analytical Framework, Paris: 

PISA, OECD Publishing Paris, 2023. 

[2] F. A. Suwahyu and S. Rahayu, “Development and utilization of 

instrument using PISA framework to improve chemistry literacy ability: 

A systematic review,” in AIP Conference Proceedings, AIP Publishing 

LLC, 2023, p. 30016. 

[3] C. H. Tienken, “Understanding PISA results,” Kappa Delta Pi Record, 

vol. 53, no. 1, pp. 6–8, 2017. doi: 10.1080/00228958.2017.1264806 

[4] N. Cansiz and M. Cansiz, “Evaluating Turkish science curriculum with 

PISA scientific literacy framework,” Turkish Journal of Education, vol. 

8, no. 3, pp. 217–236, 2019. doi: 10.19128/turje.545798 

[5] C. A. Dewi, Y. Khery, and M. Erna, “An ethnoscience study in 

chemistry learning to develop scientific literacy,” Jurnal Pendidikan 

IPA Indonesia, vol. 8, no. 2, pp. 279–287, 2019. doi: 

10.15294/jpii.v8i2.19261 

[6] J. Walker, R. Resnick, and D. Halliday, Halliday and Resnick 

Fundamentals of Physics, Wiley, 2014. 

[7] D. J. Tritton, Physical Fluid Dynamics, Springer Science & Business 

Media, 2012. 

[8] M. Dhanil and F. Mufit, “Preliminary analysis of scientific literacy in 

fluids at SHS 6 padang,” Jurnal Penelitian Pendidikan IPA, vol. 9, no. 

11, pp. 9257–9262, 2023. doi: 10.29303/jppipa.v9i11.4320 

[9] A. Dwinggo Samala et al., “Metaverse technologies in education: A 

systematic literature review using PRISMA,” International Journal of 

Emerging Technologies in Learning (iJET), vol. 18, no. 5, 2023. doi: 

10.3991/ijet.v18i05.35501 

[10] W. Waskito et al., “Countenance evaluation of Virtual Reality (VR) 

implementation in machining technology courses,” Journal of Applied 

Engineering and Technological Science (JAETS), vol. 4, no. 2, pp. 

825–836, 2023. doi: 10.37385/jaets.v4i2.1917 

[11] R. Refdinal, J. Adri, F. Prasetya, E. Tasrif, and M. Anwar, 

“Effectiveness of using virtual reality media for students’ knowledge 

and practice skills in practical learning,” JOIV: International Journal 

on Informatics Visualization, vol. 7, no. 3, 2023. 

[12] F. Mufit, Y. Hendriyani, and M. Dhanil, Augmented Reality dan Virtual 

Reality Berbasis Konflik Kognitif,Sebagai Media Pembelajaran Abad 

ke-21 (Augmented reality and virtual reality based on cognitive conflict, 

as 21st century learning media), Jakarta: Rajawali Pers, 2023. 

[13] J. S. Devagiri, S. Paheding, Q. Niyaz, X. Yang, and S. Smith, 

“Augmented reality and artificial intelligence in industry: Trends, tools, 

and future challenges,” Expert Systems with Applications, p. 118002, 

2022. 

[14] F. Novitra, “Development of online-based inquiry learning model to 

improve 21st-century skills of physics students in senior high school,” 

International Journal of Information and Education Technology, Vol. 14, No. 9, 2024

1205

Fatni Mufit contributed articles and provided research 

ideas, data analysis and data interpretation. Muhammad 

Dhanil contributed to collecting data and processing and 

creating articles. All authors had approved the final version.



  

EURASIA Journal of Mathematics, Science and Technology Education, 

vol. 17, no. 9, 2021. doi: 10.29333/ejmste/11152 

[15] D. Desnita, F. Festiyed, F. Novitra, A. Ardiva, and M. Y. Navis, “The 

effectiveness of CTL-based physics e-module on the improvement of 

the creative and critical thinking skills of senior high school students,” 

Tim Journal, vol. 11, no. 2, pp. 802–810, 2022. doi: 

10.18421/tem112-38 

[16] Festiyed, F. Novitra, Yohandri, and Asrizal, “Networked-based Inquiry: 

An effective physics learning in the new normal COVID-19 era in 

Indonesia,” International Journal of Instruction, vol. 15, no. 2, pp. 

997–1016, 2022. doi: 10.29333/iji.2022.15255a 

[17] J. Kalemkuş and F. Kalemkuş, “Effect of the use of augmented reality 

applications on academic achievement of student in science education: 

Meta analysis review,” Interactive Learning Environments, vol. 31, no. 

9, pp. 6017–6034, 2023. doi: 10.1080/10494820.2022.2027458 

[18] W.-W. Xu, C.-Y. Su, Y. Hu, and C.-H. Chen, “Exploring the 

effectiveness and moderators of augmented reality on science learning: 

A meta-analysis,” Journal of Science Education and Technology, vol. 

31, no. 5, pp. 621–637, 2022. doi: 10.1007/s10956-022-09982-z 

[19] K. Mukhtarkyzy, G. Abildinova, and O. Sayakov, “The use of 

augmented reality for teaching kazakhstani students physics lessons,” 

International Journal of Emerging Technologies in Learning (iJET), 

vol. 17, no. 12, pp. 215–235, 2022. 

[20] B. S. Arymbekov, K. M. Turekhanova, D. D. Alipbayev, and Y. R. 

Tursanova, “Development of augmented reality application for physics 

and geophysics laboratory,” The International Archives of the 

Photogrammetry, Remote Sensing and Spatial Information Sciences, 

vol. 48, pp. 19–24, 2023. doi: 10.33184/mppe-2021-11-10.37 

[21] Y. A. Daineko, D. D. Tsoy, A. M. Seitnur, and M. T. Ipalakova, 

“Development of a mobile e-learning platform on physics using 

augmented reality technology,” International Journal of Interactive 

Mobile Technologies, vol. 16, no. 5, pp. 4–18, 2022. doi: 

10.3991/ijim.v16i05.26961 

[22] I. Radu, X. Huang, G. Kestin, and B. Schneider, “How augmented 

reality influences student learning and inquiry styles: A study of 1-1 

physics remote AR tutoring,” Computers & Education: X Reality, vol. 

2, p. 100011, 2023. 

[23] F. Mufit and A. Fauzan, Model Pembelajaran Berbasis Konflik 

Kognitif, Malang: CV IRDH, 2019. 

[24] F. Mufit, F. Festiyed, A. Fauzan, and L. Lufri, “Impact of learning 

model based on cognitive conflict toward student’s conceptual 

understanding,” IOP Conference Series: Materials Science and 

Engineering, IOP Publishing, 2018, p. 012072. doi: 

10.1088/1757-899X/335/1/012072 

[25] F. Mufit, A. Asrizal, R. Puspitasari, and A. Annisa, “Cognitive 

conflict-based e-book with real experiment video analysis integration 

to enhance conceptual understanding of motion kinematics,” Jurnal 

Pendidikan IPA Indonesia, vol. 11, no. 4, 2022. doi: 

10.15294/jpii.v11i4.39333 

[26] S. Cai, C. Liu, T. Wang, E. Liu, and J. C. Liang, “Effects of learning 

physics using augmented reality on students’ self-efficacy and 

conceptions of learning,” British Journal of Educational Technology, 

vol. 52, no. 1, pp. 235–251, 2021. doi: 10.1111/bjet.13020 

[27] N. F. Saidin, N. D. A. Halim, and N. Yahaya, “A review of research on 

augmented reality in education: Advantages and applications,” 

International Education Studies, vol. 8, no. 13, pp. 1–8, 2015. doi: 

10.5539/ies.v8n13p1 

[28] A. Antee, “Student perceptions and mobile technology adoption: 

implications for lower-income students shifting to digital,” 

Educational Technology Research and Development, vol. 69, no. 1, pp. 

191–194, 2021. doi: 10.1007/s11423-020-09855-5 

[29] N. M. Alzahrani, “Augmented reality: A systematic review of its 

benefits and challenges in e-learning contexts,” Applied Sciences, vol. 

10, no. 16, p. 5660, 2020. doi: 10.3390/app10165660 

[30] M. J. Maas and J. M. Hughes, “Virtual, augmented and mixed reality in 

K–12 education: A review of the literature,” Technology, Pedagogy 

and Education, vol. 29, no. 2, pp. 231–249, 2020. doi: 

10.1080/1475939x.2020.1737210 

[31] F. Mufit, Festiyed, A. Fauzan, and Lufri, “The application of real 

experiments video analysis in the CCBL model to remediate the 

misconceptions about motion’s concept,” Journal of Physics: 

Conference Series, vol. 1317, no. 1, 2019. doi: 

10.1088/1742-6596/1317/1/012156 

[32] F. Mufit, Y. Hendriyani, M. D. Usmeldi, and M. R. Tanjung, “The 

effectiveness of smartphone-based interactive multimedia integrated 

cognitive conflict models to improve 21st-century skills,” International 

Journal of Information and Education Technology, vol. 13, no. 11, 

2023. doi: 10.18178/ijiet.2023.13.11.1991 

[33] M. Dhanil and F. Mufit, “Design and validity of interactive multimedia 

based on cognitive conflict on static fluid using Adobe Animate CC 

2019,” Jurnal Penelitian & Pengembangan Pendidikan Fisika, vol. 7, 

no. 2, pp. 177–190, 2021. doi: 10.21009/1.07210 

[34] P. L. Atmam and F. Mufit, “Using Adobe Animated CC in designing 

interactive multimedia based on cognitive conflict on parabolic motion 

materials,” JIPF (Jurnal Ilmu Pendidikan Fisika), vol. 8, no. 1, pp. 

64–74, 2023. doi: 10.29303/jppipa.v8i5.2048 

[35] R. A. Isra and F. Mufit, “Students’ conceptual understanding and 

causes of misconceptions on Newton’s law,” International Journal of 

Evaluation and Research in Education, vol. 12, no. 4, pp. 1914–1924, 

2023. doi: 10.11591/ijere.v12i4.25568 

[36] P. Sinaga, I. Kaniawati, and A. Setiawan, “Improving secondary school 

students’ scientific literacy ability through the design of better science 

textbooks,” Journal of Turkish Science Education, vol. 14, no. 4, pp. 

92–107, 2017. doi: https://doi.org/10.47939/es.v2i12.22 

[37] R. Bellová, D. Melicherčíková, and P. Tomčík, “Possible reasons for 

low scientific literacy of Slovak students in some natural science 

subjects,” Research in Science & Technological Education, vol. 36, no. 

2, pp. 226–242, 2018. doi: 10.1080/02635143.2017.1367656 

[38] E. Effendi, A. R. Sinensis, and T. Firdaus, “Peningkatan literasi sains 

mahasiswa pendidikan fisika melalui pembuatan LKPD berbasis sosio 

saintifik,” JIPFRI (Jurnal Inovasi Pendidikan Fisika dan Riset Ilmiah), 

vol. 7, no. 1, pp. 35–39, 2023. 

[39] L. Yuliati and N. Munfaridah, “The profile of high school students’ 

scientific literacy on fluid dynamics,” Journal of Physics: Conference 

Series, IoP Publishing, 2018, p. 12027. doi: 

10.1088/1742-6596/1013/1/012027 

[40] M. R. Fanata and dkk, Materi Pendukung Literasi Sains, Gerakan 

Literasi Nasional, Jakarta: Kementrian Pendidikan dan kebudaya, 

2017. 

[41] V. Geroimenko, Augmented Reality in Education, Springer, 2020. 

[42] F. Mufit, Y. Hendriyani, and M. Dhanil, Augmented Reality and Virtual 

Reality Based on Cognitive Conflict, as 21st Century Learning Media, 

Jakarta: Rajawali Pers, 2023. 

[43] A. Y. C. Nee and S. K. Ong, Springer Handbook of Augmented Reality, 

Springer Nature, 2023. 

[44] R. Kusyanti, “Development of interactive digital module based on 

virtual laboratories in the COVID-19 pandemic era in dynamic fluid 

materials,” International Journal of Active Learning, vol. 6, no. 1, pp. 

41–48, 2021. 

[45] S. Yoon, E. Anderson, J. Lin, and K. Elinich, “How augmented reality 

enables conceptual understanding of challenging science content,” 

Educational Technology and Society, vol. 20, no. 1, pp. 156–168, 

2017. 

[46] M. Fidan and M. Tuncel, “Integrating augmented reality into problem 

based learning: The effects on learning achievement and attitude in 

physics education,” Computers and Education, vol. 142, no. September 

2018, p. 103635, 2019. doi: 10.1016/j.compedu.2019.103635 

[47] L. Lauer et al., “Real-time visualization of electrical circuit schematics: 

an augmented reality experiment setup to foster representational 

knowledge in introductory physics education,” Smartphones as Mobile 

Minilabs in Physics: Edited Volume Featuring more than 70 Examples 

from 10 Years The Physics Teacher-column iPhysicsLabs, Springer, 

2022, pp. 335–340. doi: 10.1119/10.0002078 

[48] C. Volioti et al., “Using augmented reality in K-12 education: An 

indicative platform for teaching physics,” Information, vol. 13, no. 7, p. 

336, 2022. doi: 10.3390/info13070336 

[49] B. Ferdiman, H. Al Akbar, M. R. Faturrahman, and F. I. Maulana, 

“Development of augmented reality application in physics through 

Newton’s laws and object interaction,” Procedia Computer Science, 

vol. 227, pp. 699–708, 2023. doi: 10.1016/j.procs.2023.10.574 

[50] A. D. Rahmat, H. Kuswanto, I. Wilujeng, and R. Perdana, 

“Implementation of mobile augmented reality on physics learning in 

junior high school students,” Journal of Education and e-Learning 

Research, vol. 10, no. 2, pp. 132–140, 2023. doi: 

10.20448/jeelr.v10i2.4474 

[51] N. Suprapto, W. Nandyansah, and H. Mubarok, “An evaluation of the 

‘PicsAR’ research project: An augmented reality in physics learning,” 

International Journal of Emerging Technologies in Learning, vol. 15, 

no. 10, pp. 113–125, 2020. doi: 10.3991/ijet.v15i10.12703 

[52] M. B. Ibáñez, Á. Di-Serio, D. Villarán-Molina, and C. Delgado-Kloos, 

“Support for augmented reality simulation systems: the effects of 

scaffolding on learning outcomes and behavior patterns,” IEEE 

Transactions on Learning Technologies, vol. 9, no. 1, pp. 46–56, 2016. 

doi: 10.1109/TLT.2015.2445761 

[53] S.-C. Chang and G.-J. Hwang, “Impacts of an augmented reality-based 

flipped learning guiding approach on students’ scientific project 

International Journal of Information and Education Technology, Vol. 14, No. 9, 2024

1206



  

performance and perceptions,” Computers & Education, vol. 125, pp. 

226–239, 2018. doi: 10.1016/j.compedu.2018.06.007 

[54] S. R. Anori and F. Mufit, “Validity and practicality book chapter’s 

model on thermodynamics and mechanical waves material integrated 

new literacy and disaster literacy of students for grade XI high school,” 

Journal of Physics: Conference Series, IOP Publishing, 2021, p. 

12082. 

[55] M. Dhanil and F. Mufit, “Design and validity of interactive multimedia 

based on cognitive conflict on static fluid using Adobe Animate CC 

2019,” Jurnal Penelitian & Pengembangan Pendidikan Fisika, vol. 7, 

no. 2, pp. 177–190, 2021. doi: 10.21009/1.07210 

[56] F. Mufit, A. Asrizal, R. Puspitasari, and A. Annisa, “Cognitive 

conflict-based e-book with real experiment video analysis integration 

to enhance conceptual understanding of motion kinematics,” Jurnal 

Pendidikan IPA Indonesia, vol. 11, no. 4, 2022. doi: 

10.15294/jpii.v11i4.39333 

[57] F. Mufit, Festiyed, A. Fauzan, and Lufri, “The effect of cognitive 

Conflict-Based Learning (CCBL) model on remediation of 

misconceptions,” Journal of Turkish Science Education, vol. 20, no. 1, 

2023. doi: 10.36681/tused.2023.003 

 

Copyright © 2024 by the authors. This is an open access article distributed 

under the Creative Commons Attribution License which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original 

work is properly cited (CC BY 4.0). 

 

 

 

International Journal of Information and Education Technology, Vol. 14, No. 9, 2024

1207

https://creativecommons.org/licenses/by/4.0/

	IJIET-V14N9-2149-IJIET-13145



