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Abstract 

 
This research aims to evaluate the effectiveness of using and developing problem-based 

multimedia learning with the find and sort QR code game to improve students' 

computational thinking (CT) skills in object-oriented programming learning using a 

web-based digital platform. Research and Development Methods and quasi-

experimental research pretest-posttest control group design were used in this research. 

The research subjects were 140 students of SMK Negeri 1 Cimahi and SMK Negeri 11 

Bandung, Indonesia. The research stages are 1) problem analysis, 2) development, and 

3) evaluation. The research results showed that there was an increase in students' CT 

skills after being given the action. The increase in the average value of student learning 

outcomes in the experimental class was greater than in the control class. The increase 

in student learning outcomes in the experimental class occurred significantly based on 

the results of the t test. The average CT score of students increased from 52.29 (pretest) 

to 83.14 (posttest). The order of increasing CT components based on the n-gain value 

is 1) abstraction (0.67); 2) pattern recognition (0.64); 3) decomposition (0.52); and 4) 

algorithm design (0.26). Student responses to multimedia learning in this research were 

very good with a score of 84.95%.          

Key words: Computational Thinking, Experimental Demonstration, Object Oriented 

Programming, QR Code. 

 

 

INTRODUCTION 

Problem Based Learning (PBL) is a learning 

model where allows students to be directly 

involved in problem solving and authentic 

learning [1]. In obtaining information, 

developing, and understanding the subject, 

students learn how to construct, investigate and 

organize problems, collecting and analyze data, 

compile facts, and construct an argument 

regarding problem solving, work individually 

or collaborate in solving problems [2]. The PBL 

model is the recommended learning models that 

implemented in the Merdeka Curriculum in 

Indonesia [3]. The PBL model focuses on the 

problems presented by the teacher and students 

solving these problems with all their knowledge 

and skills from various sources they can obtain 

[4]. 

Uses of PBL model is basically used to 

improve students' problem-solving abilities. 

However, in improving and training problem-

solving skills there are many techniques that 

can be used, one of which is Computational 

Thinking (as known as CT). CT is a technique 

for solving complex problems using concepts 

of computer science such as problem 

simplification, pattern recognition, ignoring 

unimportant problem characteristics, arranging 

steps and solving them logically and 

systematically [5]. CT is one of an important 

competency for students to have [6]. This is 

because, students in this day will not only work 
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in fields related to and affected by computing, 

but students will also have to deal with 

computing in everyday life and a growing 

global economy [7]. CT can assist students in 

developing process of  problem-solving that are 

not limited to computational computer science, 

the application of CT is broader, CT can help 

solve problems in everyday life including 

analysis to think mathematically, technically, 

and scientifically [8].  

At present there have been many studies 

examining CT abilities, including research on 

developing a comprehensive assessment of 

middle school students' CT abilities [9]. In 

addition, there are several studies that have 

developed methods to improve students' CT 

skills, such as the use of educational robotics 

[10] the use of partial pair programming [5], the 

use of visual programming learning [11], use of 

flipped-classroom instructions [12], and use of 

STEM-Based Learning Activities [13]. Other 

methods used by previous researchers to 

improve students' CT abilities include the use 

of collaborative learning techniques [14], 

design-based learning [15], mind mapping 

approaches [16], Scientific Literacy-Based 

Teaching [17] and project based learning [ 18]. 

Based on several studies, it is known that the 

final result obtained by researchers is that 

students' CT abilities can increase. similar to 

the research results of Prajuabwan and 

Worapun (2023) where STEM-based activity 

methods had a positive effect on student 

learning achievement and computational 

thinking skills. 

However, there has been no research that 

has developed a problem-based learning 

multimedia by applying the PBL model in a 

coherent and systematic manner based on the 

syntax of the model by using object-oriented 

programming learning integrated into Website 

Quick Respond (QR) Code Learning 

technology which allows interaction between 

the students and system through a combination 

of descriptive, audio-video, visual, QR Code 

games, and formative quizzes. 

Therefore, this research was conducted to 

help facilitate a learning process to improve 

students' CT skills more efficiently  and 

effectively. The digital learning innovation 

presented in this study is the development of 

PBL multimedia with the QR Code Game. QR 

codes are used as an effort to integrate 

technology into the learning process to attract 

creative students and be able to deal with the 

implications of the industrial revolution 5.0. 

QR codes are used as a mini game aid called 

find and sort, as one of the application's 

features. The use of QR Codes can facilitate the 

problem-based learning process with the CT 

approach. QR codes help present problem-

based material through the CT process easily 

without students knowing it directly. In 

addition, students can study with different 

problem patterns based on the QR Code they 

get. Students think more actively to connect or 

solve their own problems based on the pattern 

of problems they get.  

The purpose of this research is to test the 

effectiveness of using and developing problem-

based learning multimedia with find and sort 

QR code games to improve students' CT skills 

in learning object-oriented programming using 

a web-based digital platform. This study to 

analysis of learning outcomes, CT skills, and 

the effectiveness of learning multimedia is 

carried out through a process of surveys, tests, 

and quiz review results provided on the website 

that has been created. This research is expected 

to help students carry out learning that trains 

CT skills as a problem solving technique. Thus, 

students' CT abilities can increase in 

preparation for economic growth and the 

industrial revolution 5.0.   

MATERIAL AND METHODS 

This study used the Research and Development 

(as known as R&D) method with the Analyze, 

Design, Development, Implement, evaluate 

(ADDIE) learning multimedia development 

model. This research used quasi experimental 

research pretest-posttest control group design 

(see Table 1). The research was conducted on 

140 students of SMK Negeri 1 Cimahi and 

SMK Negeri 11 Bandung, Indonesia. 

Table 1. One-Group Pretest-Posttest 
Group Pretest Treatme

nt 
Posttest 

Experiment O1 X1 O2 
Control O1 X2 O2 

 

with O1 is the value before being given the 

action or the pretest value, X1 is treatment or 

learning activity for group experiment, X2 is 

treatment or learning activity without 

multimedia find and sort QR Code game and O2 
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is the value after being given the action or the 

posttest value. 

Figure 1 shows the research procedure. This 

research consists of three stages, namely the 

preliminary study, the development, and the 

evaluation stage. The preliminary study phase 

was carried out through literature studies and 

field studies. The development study stage was 

carried out by developing a learning 

multimedia design by applying the ADDIE 

multimedia development model approach. 

Meanwhile, the evaluation phase is carried out 

by processing and analyzing research data. 

Quantitative approach is used in this research. 

Data processing is done by statistical 

calculations. 

 

Fig 1. Research procedure 

Analysis of Students' Problems and 

Needs 
Analysis of needs identification is carried 

out through literature and field studies. The 

literature studies were conducted on similar 

cases that had been studied by other 

researchers. The field study was carried out in 

two ways, namely distributing questionnaires to 

26 students who had studied object-oriented 

programming (PBO) and interviews with 

productive PPLG class X teachers at SMKN 1 

Cimahi as well as teachers, heads of 

departments, and vice principals of curriculum 

at SMKN 1 Cimahi and SMKN 11 Bandung to 

get information about the learning process, 

curriculum, and other information about 

learning the Basics of Software Development 

and Games on OOP elements.   

The analysis of learning difficulties results 

in Figure 2 show that the most difficulty in 

learning PBO is in inheritance material, namely 

76.9% of respondents and the least in special 

method material, namely 34.6% of respondents. 

As many as 53.8% of respondents had difficulty 

learning classes, objects, attributes, methods, 

and packages. 46.2% of respondents had 

difficulty learning encapsulation, and 42.3% of 

respondents had difficulty learning 

polymorphism. Therefore, in this study 

material restrictions were carried out to 

inheritance material. 

We analyze the factors that cause students to 

have difficulty understanding the material. It is 

known that 80.8% of respondents stated that the 

learning process carried out was not interactive 

and interesting which caused boredom. These 

results are in accordance with the research of 

Nugraha and Nugraha [19], that the factors that 

cause low student learning outcomes are the 

tendency for students to feel bored, lack of 

motivation and low interest in learning. In 

addition, 73.1% of respondents stated that the 

learning media used were too monotonous 

(package books and power points) and 42.3% 

of respondents thought that the way the teacher 

delivered the material was not interesting. The 

use of learning multimedia is one of the 

teacher's tools to attract interest and increase 

student learning motivation [20]. Thus, the 

selection and use of appropriate learning media 

needs to be done. 

 

Fig 2. Students' learning difficulties in object-

oriented programming materials 

Learning Multimedia Development 
At the development stage, web-based 

learning multimedia development activities 

were carried out, using the PHP programming 

language by utilizing the Codeigniter 3 

framework. In addition, application trials and 

media expert validation were also carried out at 

this stage. The trial phase is carried out with the 

aim that the application can run properly and 

media expert validation is carried out to test 

whether the multimedia that has been made is 

valid or not. Blackbox testing with the type of 

functional testing is used for testing.  

Figure 3 shows the SBPBO application 

interface that has been developed in this study. 

In the SBPBO application several features for 

presenting problems through video (Figure 4) 
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and material via pdf and QR codes (Figure 5), 

as well as making a find and sort QR Code 

Game (Figure 6) as a simple game-based 

learning tool that makes learning more 

interactive and fun. Other activities that 

students can do in the SBPBO application are 

viewing announcements, top 10 score boards, 

grades menu, profiles, changing passwords, and 

logout menus, learning (Pre-Test, Material, and 

Post-Test), assignment menus, quiz menus in 

the form of formative tests, help menus, guide 

menus, and developer information menus.  

 

Fig 3. SPBO application interface 

 

Fig 4. Presentation of problems via video 

 

Fig 5. Presentation of material via pdf and QR 

code 

 

 

Fig 6. Find and sort QR code game feature 

Evaluation Stage 
The evaluation phase to analyze and 

evaluate improvements to errors that occur 

during the implementation process or trial of 

QR Code-based PBO learning multimedia. The 

evaluation stage is carried out on materials and 

media through expert validation. The results of 

the material expert validation where the 

material used is included in the "Very Good" 

category with an average percentage of 86.7%. 

Table 2 shows the results of media expert 

validation where the value for presentation 

design is 96.7%, ease of interaction is 96.7%, 

accessibility is 100%, and reuse is 95%. The 

average result of media expert validation for 

SBPBO learning multimedia is 97.1% and can 

be categorized as "Very Good". Based on the 

validation results, many materials and media 

are feasible and valid to be implemented in 

schools. 
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Implementation of Problem-Based 

Learning Multimedia Find and Sort QR 

Code Game 
The learning action was carried out in 4 

meetings. Each meeting is carried out in the 

stages of pretest - action - posttest, so that the 

initial and final abilities of each meeting can be 

measured. Table 3 shows the learning steps that 

apply problem-based learning multimedia 

through find and sort QR code games. 

Table 2. Media Validation Results by Experts. 
Aspect Ideal Score Results Percentage 

Presentation Design 30 29 96.7% 
• Creative and Innovative 
• Communicative 
• Superior 
Ease of Interaction 30 29 96.7% 
• Ease of Navigation 
• Consistent and predictable interface 
• Quality of the help interface features 
Accessibility 20 20 100% 
• The ease of learning media is used by 

anyone 
• Learning media design accommodates 

mobile learning 
Reuse 20 19 95.0% 
• Learning media can be reused to develop 

other learning 
• Compliance with international standards 

and specifications 
Total   97.1% 

Table 3. Application of Multimedia Find and Sort QR Code Game 
PBL Syntax Stages in Media Result 
Problem 
Orientation 

 

At this stage students observe the problems in 
the video. The video presented relates to the 
material studied at the meeting. The problems 
presented are related to PBO material in 
everyday life. At this stage students are trained 
to make an abstraction of the problems 
conveyed implicitly or explicitly. 

Learning 
Organization 

 

At this stage students are required to arrange 
steps, prepare materials/tools, and divide 
tasks, to solve the problems described earlier. 
Students are required to submit the results of 
this learning organization to be evaluated by 
the teacher. File collection is provided in the 
SBPBO learning multimedia. Students are 
trained to be able to solve problems with 
strong planning and thinking, as well as 
systematic steps. Learners are trained to share 
tasks as efficiently and effectively as possible. 
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PBL Syntax Stages in Media Result 
Guiding 
individual/gr
oup 
investigation
s 

 

 

Students carry out the process of investigating 
material or collecting material data related to 
problem solving. 

Develop and 
Present 
Masterpiece 

 

Students carry out final discussions to produce 
solutions to problems, then students compile 
reports on results and collect them in the 
SBPBO learning multimedia. Thus, each work 
or findings are ready to be presented. 
Students can develop answers to the results of 
discussions on the problem solving answer 
form independently.. 

Analysis and 
evaluation 
of the 
problem 
solving 
process 

 

Students/groups present their findings and 
present them in front of the class. 
After that an independent evaluation process is 
carried out to measure the ability of each 
student. 

 

The process of implementing the Find and 

Sort QR Code Game game has several stages 

carried out by students namely. 

(i). Students/groups read directions or work 

instructions contained in the SBPBO 

application. 

(ii). Students/groups scan the QR code 

displayed on a computer monitor screen 

using their respective devices. 

(iii). Students/groups get several commands 

from the results of scanning the QR code 

that must be completed, the commands 

presented consist of correct and incorrect 

orders, so students are required to re-select 

the commands that have been obtained. 

(iv). Learners/groups record/copy/document 

every command obtained from the 

scanned QR code 

(v). Students with their groups discuss the 

commands that must be used, the orders 

that must be made, arrange the orders to 

the formulation of the final answer from 

the commands that have been obtained. 

(vi). Students collect the results of problem 

solving on the collection form that has 

been provided. 

RESULT AND DISCUSSION 

Analysis of Computational Thinking 

Evaluation Results during the Learning 

Process 
Observation process of learning is carried 

out to find out whether during the learning 

process in solving a problem presented, 

students apply the principles of each CT 

component as a problem-solving technique. 

Observations were made using an evaluation 

instrument from Mueller et al. [21]. Table 4 

shows the results of a questionnaire observing 

the process of solving problems using CT by 
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students in groups during the process of 

learning. 

Based on the results shown in Table 4 the 

aspects assessed include the ability to think 

algorithms, decomposition, generalization/ 

inference, abstraction, incremental thinking, 

evaluation, debugging and testing, reusing and 

remixing, and modularization. The average 

result of group 1 observation was 91.33% in 

very good category, group 2 was 91.73% in 

very good category, group 3 was 94.63% in 

very good category, group 4 was 95.73% in 

very good category, group 5 is 98.89% in the 

very good category, group 6 is 95.18% in the 

very good category, and group 7 is 93.70% in 

the very good category. In addition, the overall 

average of the observations for each group is 

95.03% and is included in the very good 

category. The learning process for all groups of 

students has implemented CT thinking steps in 

solving the problems presented in the SBPBO 

learning multimedia "very well". This shows 

that the learning methods and steps are 

considered appropriate. The more appropriate 

the method used by the teacher in teaching, the 

more effective it will be in achieving learning 

objectives and the ability of students can 

increase [22]. 

Learning Outcomes 
The scores of all students experienced an 

increase in the average test score. The average 

value of learning outcomes between control and 

experimental students is different. Higher 

increases occurred in the experimental class. 

The average learning outcomes of control and 

experimental class students are shown in Figure 

7. It is known that the average pretest score for 

PBO material in the control class is 42.74 and 

in the experimental class is 50.71. Meanwhile, 

the average posttest score for PBO material in 

the control class was found to be 74.49 and in 

the experimental class, it was 88.04. This shows 

that students' understanding and ability to solve 

the PBO problems presented have increased 

after carrying out PBO learning actions by 

applying PBL in both the control and 

experimental classes. However, differences in 

improvement occurred between the control and 

experimental classes. 

Based on the gain value, the largest increase 

occurred in the experimental class which used 

problem-based multimedia learning find and 

sort QR Code Game, namely 37.32, including 

in the "Medium" category when compared to 

the control class, the gain value was 30.36, 

including in the "Low" category.  

 

Fig 7. Average pretest and posttest scores for 

PBO material 

We conducted an in-depth analysis of the 

learning outcomes of the experimental class. 

Figure 8 shows the average pretest and posttest 

scores for PBO material for each meeting. It is 

known that at meeting 1 the pretest score was 

82.86 and the posttest score increased to 92.57, 

meeting 2 the pretest score was 56.57 and the 

posttest score increased to 88.57 , meeting 3 the 

pretest score was 81.40 and the posttest score 

increased to 98.86, while meeting 4 the pretest 

score was 86.97 and the posttest score increased 

to 94.29. These results indicate that the 

understanding level and ability of students in 

solving CT problems in PBO material has 

increased at each meeting. This means that the 

increase in students' understanding using 

multimedia learning find and sort QR Code 

games increases consistently at each meeting.  

The improvement of students' CT abilities 

occurred well after learning using the find and 

sort QR code game because the used of learning 

multimedia can increase motivation of learning, 

therefore learning outcomes can also increase 

[23,24]. The use of gamification in learning 

helps students to stimulate critical thinking and 

children's creativity [25]. 

 
Fig 8. Average pretest and posttest scores for 

PBO material at each meeting 
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Figure 9 shows the results of the Paired 

Sample T-test of pretest and posttest data for 

experimental class students on PBO material. 

Based on the results of the t-test calculation, the 

value of Sig. (2-tailed) of 0.000 <0.05, so there 

is a significant increase [26]. Thus there is a 

significant difference in increasing the average 

learning outcomes of students before and after 

the learning action using SBPBO learning 

multimedia on the pretest and posttest data of 

PBO material. 

 

Fig 9. Pretest and posttest t-test results for PBO 

material. 

 

Apart from using t-test analysis, we carried out 

n-gain analysis to determine the improvements 

that occurred before and after using the find and 

sort QR Code Game media. The Gain Test is 

used to measure increases in science process 

skills and cognitive learning outcomes between 

before and after learning [27]. Table 5 shows 

the Gain test results of the PBO material test. 

Based on the results of the gain test on the PBO 

material, it is known that all groups experienced 

an increase in their scores. Students in the lower 

group have the highest gain scores, meaning 

that the difference between the posttest score 

and the pretest score is large, the increase in the 

ability of students in the lower group can be 

seen to be higher than in the upper group and 

middle group. 

Results of Increasing Students' 

Computational Thinking Ability of 

Experimental Class 
Figure 10 shows the mean pretest and 

posttest CT values. Based on Figure 10, it is 

known that the average student score has 

increased where before the learning action was 

carried out the average CT ability value of 

students was 52.29 and after the learning action 

was carried out the average student CT ability 

increased to 83.14.  

 

Fig 10. Average pretest and posttest CT 

We performed n-gain calculations to 

measure the increase in science process skills 

and learning outcomes between Pre and Post 

learning [28]. Table 6 shows the calculation of 

the N-Gain pretest and posttest CT where the 

gain value of students' CT abilities is 0.58 or 

57.63%. These results indicate that students' CT 

abilities have increased in the "moderate" 

category. In addition, the effectiveness of 

improving students' CT skills can be 

categorized as "effective enough". 

Figure 11 shows the pretest and posttest 

averages for each CT component. The CT 

components analyzed were decomposition, 

pattern recognition, abstraction, and algorithm 

design [29]. Based on the average calculation 

results in Figure 11, it is known that there is an 

increase the average of students' CT abilities 

from each CT component. In the decomposition 

component, the average value of students' CT 

ability increased from 63.71 to 82.57. Students' 

CT ability in the pattern recognition component 

has increased, namely the initial average value 

of 57.43 and the final average value of 84.57. 

Students' CT ability in the abstraction 

component has increased, namely the initial 

average value of 47.43 and the final average 

value of 82.57. In addition, students' CT ability 

in the algorithm design component also 

increased from an average score of 66.86 to 

87.14. These results indicate that an increase in 

students' CT skills occurs in each CT 

component. 

This increase in CT abilities has a direction 

that is in accordance with the results of research 

conducted by Jonasen and Gram-Hansen [30], 

where CT and PBL both represent concepts 

aimed at solving problems and understanding 

problems, the PBL approach has great potential 

for gaining CT abilities for students at various 
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levels of education. Apart from that, Banic and 

Gamboa [31] in their research found that the 

use of problem-based learning models 

combined with visual design can improve 

students' CT abilities. 

 

Fig 11. Average pretest and posttest for each 

CT component 

Table 7 shows the results of the gain test for 

each CT component. It is known that the gain 

value for the decomposition component is 0.52 

with the "Medium" improvement category and 

the effectiveness of the "Less Effective" 

increase. In the pattern recognition component, 

the gain value obtained is 0.64 with the 

"Medium" improvement category and the 

effectiveness of the "Effective Enough" 

increase. In the abstraction component the gain 

value obtained is 0.67 with the "Medium" 

improvement category and the effectiveness of 

the "Effective Enough" increase. Whereas in 

the algorithm design component, the gain value 

obtained is 0.26 with the category of "Medium" 

increase and the effectiveness of the increase 

"Not Effective". 

These results indicate that all categories of 

improvement in each CT component are in the 

moderate category. Meanwhile, in the aspect of 

the effectiveness of the increase between the 

components experienced differences. The 

greatest increase in CT ability occurred in the 

abstraction component with a fairly effective 

increase in effectiveness. The pattern 

recognition component is in second place with 

the effectiveness of increasing quite effectively 

the same as the abstraction component. The 

algorithm design component is the component 

that has the lowest number of improvements. 

Meanwhile, the decomposition component is in 

third place. 

Student Responses to Multimedia Find 

and Sort QR Code Game 
The student response questionnaire used 

refers to the Technology Acceptance Model 

(TAM) [32, 33]. Based on Table 8, the results 

of the questionnaire responses to media of 

learning obtained aspects of perceived use of 

83.52%, aspects of perceived ease of use of 

89.90%, and aspects of user acceptance of 

81.43%. The average percentage value obtained 

from the results of students' responses to the 

SBPBO learning multimedia was 84.95% 

which was included in the "Very Good" 

category. 

The results of this research show that there 

is an influence of implementing game-based 

multimedia learning about finding and sorting 

QR codes on improving students' CT skills. 

Multimedia learning helps in increasing 

students' learning motivation [34, 35]. 

Improving students' CT skills as a problem 

solving technique because the PBL model can 

help students be directly involved in learning to 

solve authentic problems [36]. The use of 

problem-based learning models combined with 

multimedia learning helps improve students' 

CT abilities [30, 31]. Object-oriented 

programming materials have contributed to 

improving students' CT skills. PBO material 

requires students to have CT skills and learn 

how to understand and recognize a problem, 

then think systematically to find a solution to 

the problem and realize it in the form of a 

programming language [37], thus further 

supporting the achievement of improvement. 

student.

Table 4. Results of the CT observation questionnaire during the learning process 
Assessment 

Aspects 

Number 

of Items 

Ideal 

Score 
Percentage of Score Acquisition (%) 

Group 1 2 3 4 5 6 7 

Algorithmic 

Thinking 

2 10 100 100 100 100 100 100 100 

Decomposition 1 5 100 100 100 100 100 100 100 

Generalization 3 15 93.3 100 100 93.3 100 93.3 100 

Abstraction 3 15 100 93.3 100 100 100 93.3 100 

Incremental 

Thinking 

4 20 90.0 85.0 90.0 95.0 95.0 90.0 80.0 
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Evaluation 1 5 80.0 100 80 80.0 100 100 80.0 

Testing and 

Debugging 

3 15 93.3 93.3 86.7 93.3 100 100 93.3 

Reusing and 

Remixing 

4 20 95.0 90.0 95.0 100 95.0 90.0 90.0 

Modularization 2 10 100 100 100 100 100 90.0 100 

Average 91.33 95.73 94.63 95.73 98.89 95.18 93.70 

Final Average 95.03 

Table 5. PBO Material Test Gain Test Results. 

Group Description Pretest Posttest Gain Category 

Upper group 

Average 77.16 90.24 0.57 Medium 

Standard Deviation 9.58 5.13 -0.05 Low 

Maximum Value 92.50 97.50 0.67 Medium 

Minimum Value 62.50 77.50 0.40 Medium 

Middle group 

Average 42.76 86.45 0.76 High 

Standard Deviation 8.36 9.20 0.01 Low 

Maximum Value 60.00 100.00 1.00 High 

Minimum Value 30.00 47.50 0.25 Low 

Lower group 

Average 22.75 89.00 0.86 High 

Standard Deviation 3.43 3.37 0.00 Low 

Maximum Value 27.50 95.00 0.93 High 

Minimum Value 17.50 85.00 0.82 High 

Table 6. CT Value Gain Test Results 

Pretest 

Average 

Posttest 

Average 
N-Gain N-Gain Percentage Category 

Interpretation of 

Effectiveness 

58.86 84.21 0.58 57.63% Medium Effective enough 

Table 7. Gain Test Results for Each CT Component 

CT Components 
Pretest 

Average 

Posttest 

Average 

N Gain 

Score 

N Gain Score 

(%) 
Category Effectiveness 

Decomposition 63.71 82.57 0.52 51.97 Medium Less effective 

Pattern Recognition 
57.43 84.57 0.64 63.76 Medium 

Effective 

enough 

Abstraction 
47.43 82.57 0.67 66.85 Medium 

Effective 

enough 

Algorithm Design 66.86 87.14 0.26 26.23 Medium Ineffective 

Table 8. Result of Questionnaire Student Responses to SBPBO Learning Multimedia 

No. Assessment Aspects 
Number of 

Items 
Ideal Score 

Score 

Acquisition 
Percentage (%) 

1. Perceived Use (PU) 6 1050 

 

877 83.52 

2. Perceived Ease to Use (PEU) 6 1050 944 89.90 

3 Acceptance of IT (AU) 2 350 285 81.43 

 

 

CONCLUSION  

This research shows that the learning 

process using problem-based multimedia 

learning with the find and sort QR code game 

can train students' problem-solving abilities and 

help students get used to solving problems 

using computational thinking techniques. 

Based on the comparison results in the 

experimental and control classes, it is known 

that the increase in the average value of 

learning outcomes was higher in the 

experimental class. The average pretest score 

for PBO material was 42.74 in the Control 

Class and 50.71 in the Experimental Class. 

Meanwhile, the average post test score for PBO 
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material was 74.49 in the Control Class and 

88.04 in the Experiment Class. Based on the 

gain value, the largest increase occurred in the 

experimental class with the "Medium" 

improvement category, while the increase in 

pretest and posttest scores in the control class 

was in the "Low" category. Based on an in-

depth analysis of the learning outcomes of the 

experimental class, it is known that the average 

increase in student learning outcomes occurred 

significantly based on the results of the t-test. In 

addition, the students' average CT score 

increased from 50.71 (pretest) to 88.04 

(posttest). The order of increasing CT 

components based on the n-gain value is 1) 

abstraction (0.67); 2) pattern recognition (0.64); 

3) decomposition (0.52); and 4) algorithm 

design (0.26). The advantage of using QR codes 

is that there is interaction between students and 

learning multimedia not only individually, but 

also as a group. Students are trained to be able 

to work together with their group members, so 

that the most efficient ways and methods are 

found in solving the problems presented in the 

QR code. Students are trained to be able to 

divide tasks between group members as well as 

possible, so that the QR code scanning process 

is faster and does not take up much time. In 

formulating the final answer, students discuss 

to combine the commands obtained by each 

group member, so that they become a unified 

whole.
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Table 1. Testing data 

RESULT AND DISCUSSION 

This chapter discusses the results of the 

modified LMKNCN algorithm in doing certain 

tests. In the evasion direction avoidance tests, 

the features used in training data [17] is first 

discussed, as well as accuracy testing. Then, the 

algorithm is tested in quadcopter flight plans 

that must reach its target point with static and 

dynamic obstacles in the way.  

The LMKNCN classification features used 

in this research is the dimensions of the obstacle 

against the quadcopter’s position. The 

dimensions feature data is processed into 

deviance distance data. This feature data 

consisted of 4 parameters, that of upper span 

ℎ𝑢, left span ℎ𝑙, right span ℎ𝑟, and lower span 

ℎ𝑑. The deviance distance data 𝛿 consisted of 4 

parameters, that of left, right, up and down 

deviances. Table 2 shows the feature data used 

in cluster training data, Table 3 shows the 

obstacle training data, and Table 4 shows the 

testing data, all of which resolves as correct.  

The simulation tests used a computer with 

Intel Core i3 CPU of 1.70 GHz and 4 Gb RAM. 

The tests result in an accuracy of 97.5% (Table 

4). The learning process between training and 

testing data required a computation time of 

0.142341 seconds.  

Case 1 
In Case 1, the start point is in coordinate 

(0.5,4,2) and the target point is in coordinate 
(7.5,4,2). This case has 1 static obstacle in 

coordinate (4,4.1,2), shown in top view in Fig 

6 and side view in Fig 7.  

 

Case 2 
In Case 2, there is 1 dynamic obstacle 

moving up and down the positive z-axis. This 

obstacle has an innate velocity of 0.005𝑚/𝑠. 

The quadcopter is positioned at the start point 
(0.5,4,2) and has the target point (7.5,4,2). The 

dynamic obstacle has an initial coordinate 
(4, 4, 1.6) shown in Fig 8 and Fig 9. 

 

Case 3 

In Case 3, the quadcopter is placed in the 

start point (0.5,4,2) and its target point is 

(7.5,4,2). There are 2 dynamic obstacles with 

starting coordinates of (3.4, 2.2, 2.26) and 

(5.2,6.41,1.88). The first obstacle has an innate 

velocity of 0.02 𝑚/𝑠, moving the the left 

(positive y-axis). The second obstacle has an 

innate velocity of 0.01 𝑚/𝑠, moving to the 

right (negative y-axis) as shown in Fig 10 and 

Fig 11. 

 

Result Case 1  
The obstacle is detected when the 

quadcopter is in coordinate (2.8, 4, 2), in 4𝑠. 

The detected obstacle’s dimensions from the 

quadcopter are hu = 0.4001, ℎ𝑙 = 0.7, ℎ𝑟 =
0.5 and ℎ𝑑 = 0.1999. 

The closest training cluster data (Table 5) in 

this case is in Cluster 8. The first closest data in 

the cluster is the 12th data point. The centroids 

are located in the 15th and the 16th, shown in 

Table 6. The most efficient evasion direction is 

to the right due to the 3 nearest neighbors to the 

static obstacle training data in Cluster 8 (Table 

7) showed the right class. 

 

Result Case 2 
The quadcopter detected the obstacle in 4𝑠 

in coordinate (4, 4.1, 2). The detected 

dimensions are ℎ𝑢 = 0.3101, ℎ𝑙 = 0.6, ℎ𝑟 =
0.6 and ℎ𝑑 = 0.0399. 

Table 8 showed that the closest cluster to the 

obstacle training data is Cluster 8. The first 

closest training data is the 11th data. The 

centroids are located in the 12th and 6th data 

(Table 9). The 3 nearest neighbors showed the 

down class (Table 10), therefore the evasion 

direction is to the bottom. 

 

Result Case 3 
The quadcopter detected the first obstacle in 

4𝑠 in coordinate (2.3, 4, 2). In 13𝑠, the 

quadcopter detected the second obstacle in 

coordinate (4, 4, 2). The first obstacle’s 

dimensions are ℎ𝑢 = 0.5601, ℎ𝑙 = 0.2, ℎ𝑟 = 0 

and ℎ𝑑 = 0.0399. The second obstacle’s 


