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Abstract. Education in the 21st century has entered the era of smartphone 

technology. The purpose of this research was to test the feasibility and the 

effectiveness of interactive mobile learning media supported with problem-based 

learning model to improve students’ HOTS  ability. The research and development (R 

& D)  with a 4D model (Define, Design, Develop, Disseminate). The field testing was 

a quasi-experiment with a pretest and posttest control group design. The research 

subjects consisted of four lecturers as expert validators, two teachers and two groups 

of 72 students in a senior high school 2 Batang Regency, Central Java. Data 

collection techniques through questionnaires, observation, interviews, and written 

test. Product feasibility test by material experts get a score of 3.65, media experts with 

a score of 3.68 and student responses with a score 3.46 all in very good category. The 

results of the Normalized-gain test were 70.60 for the experiment group and 35.69 for 

the control group. This shows that there were differences in the increase of students' 

HOTS ability between the experiment group and the control group. Based on the 

results of the Multivariate Test on GLM with partial eta squared, it was found that 

this media made an effective contribution of 88.5% to improving students' HOTS 

abilities. 

 

Keywords: HOTS Ability, Interactive Mobile Learning Media, Problem-Based  

Learning, Thermodynamics Law 
 

INTRODUCTION 
The 2013 curriculum requires learning Higher 

Order Thinking Skills (HOTS) to familiarize learners with 

higher-order thinking skills. In addition, the Ministry of 

Education has begun to apply international standards on 

the Computer-Based National Examination, both for 

Mathematics, Literacy and for Natural Sciences, which 

require reasoning power high, or HOTS (Ariyana et al., 

2019). The emergence of the digital information era also 

requires problem-oriented learning, critical thinking and 

higher-order thinking skills (HOTS) for future success. 

The aim of global education is that 21st century 

learning needs to integrate aspects of learning and 

innovation skills. These skills include creativity and 

innovation skills, critical thinking, strong character 

(responsible, social, tolerant, productive, adaptive) and 

problem solving supported by the ability to use 

information and communicate (O’Sullivan, 2018). These 

competencies are summarized in 4Cs, namely "Critical 

Thinking, Creativity, Communication, and Collaboration" 

which are 21st Century skills (Soulé & Warrick, 2015; 

Kivunja, 2014). 

21st Century skills are the answer to the challenges 

of the 4.0 industrial revolution era. The state needs to 

change three things in terms of education to answer the 

challenges of the industrial revolution 4.0, first: changing 

the nature and mindset of children today (character), 

second: schools must be able to hone and develop 

a child's talent (critical and creative), third: educational 

institutions are able to change the learning model 

according to the needs of the times (communication, 

collaborative and networking) (Utami, 2019).  

Physics learning is the activity of studying 

symptoms or phenomena that occur in the universe, 

especially those close to daily life. Chiappetta & Koballa 

(2010) states that physics as part of science is essentially: 

(1) body of knowledge, (2)  way of thinking, (3)  way of 

investigating about the universe, (4) interactions with 

technology and social.  Physics learning provides ability to 

someone regardless of gender in order to have knowledge 

and problem solving skills in the era of globalization in the 

21st century (Baran, 2016; Bates et al., 2013). The 21st 

century learning paradigm demands students' ability to 

think critically, creatively, master information technology, 

be able to collaborate, and be communicative (Trisdiono, 

2013). Rapidly developing technology makes learning 

activities more dynamic. 

mailto:yenirimaliana@gmail.com
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 Implementation of the 2013 curriculum according 

to Indonesian Minister of Education and Culture 

Regulation No. 22 of 2016 concerning the process  

standards, one of the learning models that are expected to  

improveHOTS ability is Problem-Based Learning (PBL) 

model. PBL is one of the learning models that demands 

students' higher-order thinking ability activities to 

understand a concept of learning through situations and 

problems presented at the beginning of learning (Tatar & 

Oktay, 2011). PBL model requires students to use a variety 

of individual and group thinking skills to solve the 

problems presented by digging up as much information as 

possible then analyzing and finding solutions to existing 

problems (Seng, 2004; Nurlaela et al., 2019: 94). The 

purpose of PBL is to improve the ability to apply concepts 

to new / real problems, the integration of the HOTS 

concept, the desire to learn, direct independent learning 

(Barret, 2017). The steps that can be designed by the 

teacher based on the PBL model syntax according to 

(Arends, 2012) are as follows: (1) students' orientation to 

the problem, (2) organizing students to learn, (3) guiding 

individual or group investigations, (4 ) develop and present 

the work, (5) analyze and evaluate the problem solving 

process. 

Today, the development of mobile devices has 

attracted the attention of researchers and educators. 

Attention is focused on the use of this device in learning 

(mobile learning). Interactive mobile learning media has a 

positive impact on improving students' understanding of 

concepts (Andarini et al., 2016). Agreeing with this, 

Ramganesh (2012) states that interactive multimedia can 

improve problem-solving abilities to improve problem-

solving abilities.  In addition, the use Digital Game-Based 

Learning (DGBL) can be exploited as a useful and 

productive tool to support students in problem solving 

while enhancing the classroom atmosphere (Yang, 2012), 

and student creativity (Ulfa et al., 2017). Other research 

results stated that the Android-based mobile learning 

media is suitable for student learning activities in the 

classroom and can increase students' HOTS (Mardiana & 

Kuswanto, 2017) because it has been developed in 

accordance with their thinking levels. The use of learning 

media is strongly related to thinking levels because 

through learning media, what is abstract could be made 

concrete and what is complex could be simplified. This 

shows that the learning process requires media that 

supports the delivery of subject matter.  

According to observations and interviews with 

teachers and students concerning the physics learning 

activity in particular at SMA Negeri  in Batang Regency, 

the following is found: (1) there are students who think 

that learning physics as learning abstract and difficult to 

understand, (2) the learning process is still using the 

lecture method and practice exercises only, so that makes 

students bored and lacking enthusiasm, (3) there is a lack 

of teachers’ ability and creativity to develop learning 

media based digital that are interactive, inspiring, fun and 

motivating students, (4) time constraints and basic 

competency demands that have not been met. 

Meanwhile, data in the field shows that students are 

still weak in HOTS abilities such as analyzing, evaluating, 

and creating. This was revealed from the report on the 

results of the Computer-Based National Examination 

(UNBK) in 2019, shows that the most difficult physics 

material nationally is thermodynamics.  The number of 

students who answered the thermodynamic material 

correctly was only 42.51%, while the analysis of the items 

for each indicator showed that the indicator analyze the 

quantities that must be changed so that the efficiency of 

the Carnot engine increases, only reaching 28.11% 

(Puspendik, 2019). 

Thermodynamics is a branch of physics that studies 

the relationship between  energy and work of a system. 

Thermodynamics has various concepts, some of which are 

abstract, such as the concepts of heat and entropy (Hakim 

et al., 2017). Most students had difficulties in 

understanding the second law of thermodynamics (Sari et 

al., 2019). This is causing difficulties in the learning 

process. According to (Gunawan et al., 2019), multimedia 

is a system that supports communication of teachers with 

students during the learning process through text, audio, 

image, animation, video, and graphic. The application of 

interactive multimedia combined with the problem-based 

learning approach could help students in developing 

several thinking abilities (Tatar & Oktay, 2011). 

According to Hosnan, (2014), problem-based learning 

helps students build critical thinking and problem-solving  

skills. The implementation of computer technology in 

learning physics could help teachers overcome difficulties 

in visualizing abstract concepts. Furthermore, (Pratidhina 

et al., (2019) added that computer-based learning 

effectively increased student achievement. 

Interactive mobile learning media is an example of 

the use of smartphone in learning processes to make a 

transformation of learning experience and direct students 

to develop divergent thinking, analyzing, and planning 

skills (which belong to the category of HOTS). The 

advantage of interactive mobile learning media is that 

students can access material from home without having to 

meet face to face, so students can read the material every 

time they have free time both online and offline. 

Interactive mobile learning media also provides supporting 

learning videos that can enrich student information. There 

is also a forum for discussion between teachers and 

students and students and other students. 

Based on the description above, it was necessary to 

conduct research that aims to analyze (1) the feasibility of 

interactive mobile learning media through a problem-

based learning model and (2) the effectiveness of 

interactive mobile learning media through a problem-

based learning model on students’ HOTS ability. 
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 RESEARCH METHODS 

Research Approach 

 

This research includes research and development 

using the 4-D model (Define, Design, Develop, and 

Disseminate) developed by Thiagarajan in 1974 (Arifin, 

2016) as shown in Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The field trials was a quasi-experiment with a 

pretest and posttest control group design (Campbell & 

Stanley, 2015) which can be seen in Table 1. This method 

is used to determine the effectiveness of interactive 

multimedia products developed. The effectiveness is 

related to an increase in HOTS ability. The experimental 

group was taught with the help of interactive mobile 

learning media, while the control group uses  common 

modules used by the teacher. The problem-based learning 

was employed in both control and experimental groups as 

the instruction model.  

 

Table 1. Research Design 

 

Where T1 is pretest, T2 is posttest, Y is HOTS ability, X1 

are groups using problem-based learning model supported 

with interactive mobile learning media and X2 are groups 

using problem-based learning model supported with the 

teacher general module.  

 

Participants 

The research subjects consisted of four lecturers as 

expert judgement (material and media expert), two physics 

teachers, limited trials subject were conducted on five 

students (respondents) class XI Mathematic and Natural 

Sciences  of Senior High School 2 in Batang Regency 

academic years 2019/2020. Afterwards, the effectiveness 

test was carried out in two groups consisting of 72 

students, where 36 students were assigned in the 

experiment group and 36 students in the control group at 

the same school. Whereas the subject of dissemination was 

High School Physics Subject Teacher's Meeting (MGMP) 

in Batang Regency. 

 

Data Collection 

Data collection in this research was carried out 

quantitatively and qualitatively. The assessment for 

effectiveness of the product required quantitative data 

from the HOTS ability test. Moreover, to the purposes of 

perfecting and validating interactive mobile learning 

media, the qualitative  data were collected through users’ 

responses in the questionnaires and observation, 

documentation, and interviews with users during and after 

the classroom implementation.  

The validation sheets by media experts, material 

experts, and teachers are used to determine the feasibility 

of the product being developed. While questionnaire 

student responses for limited scale trials is used to as 

material for evaluation and improvement of interactive 

mobile learning media. The research instrument was in the 

form of a cognitive ability test consisting of ten items 

arranged according to HOTS indicators on the 

thermodynamics law material.  The HOTS indicators 

according Anderson & Krathwohl (2001)  are the ability of 

the process of analyzing, evaluating, and creating. In 

addition, the observation sheet is used to analyze needs, 

curriculum and students. Observations were made as 

material of analysis before the process of implementing 

interactive mobile learning media. 

 

Data Analysis 

Analysis of the results of the assessment of the 

feasibility of Interactive mobile learning media  

practicality were based on student responses in the form 

of an assessment in the range of scores from 1 to 4. 

Total score of all aspects of assessment divided by the 

number of evaluators will produce an average score of 

each item for all aspects of product assessment 

 

 ̅   
∑ 

 
                                                         

 

To convert the data to scaled standard scores  (Widoyoko, 

2017) ideal assessment criteria are used that can be seen in 

Table 2, 

Group 
Pretest 

Treatment 
Posttest 

Y Y 

Experiment T1 X1 T2 

Control  T1 X2 T2 

Figure 1. Development Stages of 4-D Model 
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Table 2. Ideal Assessment Criteria 

 

Information:  

 ̅ : Mean Score 

   : Mean Ideal Score 

      ⁄                                

    : Ideal Standard Deviation of Scores 

       ⁄                                 

 

Mean score was using a standard five-scale assessment 

category and categorized according to Table 3. 

 

Table 3. Feasibility Criteria for Assessment Standard  

Five-Scale 

 

The effectiveness of interactive mobile learning 

media supported with problem-based learning model to 

improve student HOTS ability  was determined based on 

an assumption test analysis consisting of tests of normality 

and homogeneity of the students' pretest and posttest 

results. Normality test is carried out based on 

Kolmogorov-Smirnov statistics. The sample is said to 

come from a normally distributed population if the 

significance value (Sig.) Is more than 0.05. While the 

homogeneity test is performed to determine whether the 

sample used has the same variance or not. The sample 

used in the study was said to be homogeneous if it 

obtained a significance value (Sig.) greater than 0.05 based 

on the Levene's test. 

The effectiveness of interactive mobile learning 

media through a problem-based learning  model on 

students' HOTS ability was determined based on 

normalized average gain scores (Meltzer, 2005). 

 

        
                      

                
       

 

Where N-gain is a normalized gain,       is the maximum 

score from the initial test and the final test,       is the 

final test score, while       is the initial test score. The N-

Gain scores can be classified as follows: (1) if g > 70, then 

the N-Gain is in the high category, (2) if 30  g  70, then 

the N-Gain is in the medium category, and (3) if g < 30, 

then the N-Gain is in the low category. The independent 

sample test calculation was calculated using the SPSS 23 

program for Windows, aimed to differentiate two groups 

of samples that do not influence each other. The 

independent sample test calculation was calculated using 

the SPSS 23 program for Windows, aimed to differentiate 

two groups of samples that do not influence each other. 

Additional information about the effective 

contribution of the use of interactive mobile learning 

multimedia media in learning activities as a means to 

improve the HOTS ability of students can be seen from the 

results of the Multivariate Test analysis on GLM based on 

partial eta squared values based on the results of the 

pretest and posttest. 

 

RESULTS AND DISCUSSIONS 
 

Process 

 

The Interactive mobile learning media is built using 

html5 files and then converted to apk files with software 

website 2 apk builder. This media interactive mobile 

learning media can be accessed offline using a 

smartphone. The interactive learning media was divided 

into several sections: the opening section, main section, 

material section, evaluation section, and other information. 

The main menu consists of "basic competency", 

"material", "evaluation", "literature", "video", and 

"profile" of the media. Students could use this media 

interactively by selecting the corresponding menu are 

shown in the following Figure 2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The material page contains various kinds of  

information about thermodynamics. The concepts in 

thermodynamics such as the concept of heat, heat 

Score Range Categories Index 

 ̅             Excellent 5 
            ̅            Good 4 
            ̅            Fair good 3 
           ̅            Less 2 

 ̅            Very Less 1 

Range of Scores Category 

 ̅      Very good 

     ̅      Good 

     ̅      Fair 

     ̅      Less good 

 ̅      Not good 

Figure 2. The Main menu of Interactive Interactive Mobile 

Learning Media  
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 transfer, Carnot's law, and others. Students could learn 

thermodynamic in the form of simulations, texts, and 

videos are shown in the following Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The evaluation page presented 20 interactive 

question related to thermodynamic material. The 

evaluation section has several multiple-choice questions 

with five-choices. Each question is adjusted to the 

competence related to thermodynamic material. While 

working on student evaluation questions, the time limit 

is 120 minutes and students can also immediately find 

out the value obtained are shown in the following Figure 

4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Other information in the form of learning videos and 

virtual laboratories are shown in Figure 5, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Media Validation Result 

Revised interactive mobile learning media, then 

validated by 2 material experts, 2 media experts. and 4 

physics teachers. Data obtained in the form of 

assessments in the range of scores from 1 to 4. Problem-

based learning on thermodynamics material with 

interactive mobile learning media that developed to 

improve students' HOTS ability was adapted from 

(Anderson & Krathwohl, 2001).  

Interactive mobile learning media assessment 

based on material aspects is done by 2 material expert 

lecturers and 4 physics teachers. Assessment of 

interactive mobile learning media on material aspects 

includes 3 sub aspects, namely contents, learning design 

and language. Analysis of the results of the appraisal of 

the categorized aspects of interactive mobile learning 

media material is presented in Table 4. 

The assessment of interactive mobile learning 

media products based on the contents sub-aspects in   

Table 4 using a scale 5 assessment category an average 

value  of 3.67 which is classified as a very good 

category. Ratings provided by the validator are included 

with suggestions for improvement. Suggestions for 

improvement given by the validator include researchers 

improving the physical quantity units used to match the 

actual events in everyday life such as the m
3
 volume unit 

replaced with liters.                                                                                                                                        

The learning design sub-aspect obtained a mean 

value of 3.86 and was classified as a very good category. 

Suggestions for improvement given by the validator are 

to improve mathematical equations related to the 

concept of the cooling engine performance coefficient to 

make it easier for students to understand. The sub-aspect 

of language obtained a mean value of 3.43 and was 

classified as a very good category. Suggestions for 

improvement given by the validator are that researchers 

are asked to improve sentences related to the concept of 

law II thermodynamics to be more effective and easily 

understood. 

  

Figure 3. The Material Section of Interactive Interactive 

Mobile Learning Media 

Figure 4. The Evaluation Section of Interactive Interactive 

Mobile Learning Media 

Figure 5. The other information of Interactive Mobile 

Learning Media 
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Table 4.  Results of Analysis Assessment of Interactive Mobile Learning Media According to Material Expert 

Aspect Item 
Rater Rating Score Average 

per item 

Average 

per aspect 
Categories 

1 2 3 4 5 6 

Contents 

Substance 4 4 4 4 4 4 4.00 

3.67 Very good 

Material Coverage 4 4 3 3 3 3 3.33 

Conformity of Material 4 4 4 3 3 4 3.67 

Use of symbols, equations 

and units 
4 4 3 4 3 4 3.67 

Legibility 4 4 4 3 3 4 3.67 

Learning 

Design 

Title 4 4 4 4 4 3 3.83 

3.86 Very good 

Core Competencies, Basic 

Competencies, Indicators 

and Learning Objectives 

4 4 4 3 4 4 3.83 

Material 4 3 4 4 3 4 3.67 

Exercises 4 4 4 3 4 4 3.83 

Composer 4 4 4 4 4 4 4.00 

Reference 4 4 4 4 4 4 4.00 

Language Language rules 3 4 3 3 4 3 3.43 3.43 Very good 

Average of All Aspects 3.65 Very good 

  

Overall analysis of the aspects of content, 

learning design and language obtained a mean value of 

3.67 and showed that the interactive mobile learning 

media that were developed were included in the 

excellent category. These results prove that the 

interactive mobile learning media developed is suitable 

for use in learning activities. 

Interactive mobile learning media assessment 

based on media aspects is done by 1 media expert 

lecturer and 4 physics teachers. Assessment of 

interactive mobile learning media aspects of the media 

includes 2 sub aspects, namely display and software 

engineering. The results of product assessment based on 

media aspects were analyzed using five-scale 

standardized assessment categories. Analysis of the 

results of the feasibility assessment of the media aspects 

to interactive mobile learning media is presented in 

Table 5. 

 

 

Table 5.  Results of Analysis Assessment of Interactive Mobile Learning Media According to Media Expert 

Aspect Item 
Rater Rating Score Average 

per item 

Average 

per aspect 
Categories 

1 2 3 4 5 6 

Display 

Media identity 4 4 4 4 4 4 4.00 

3.61 Very good 

Text 4 4 4 3 3 4 3.67 

Color 4 4 3 4 3 3 3.50 

Layout 3 4 4 3 3 3 3.33 

Images, animations 

and simulations 
3 4 4 3 3 3 3.33 

Navigasi 4 4 3 4 4 4 3.83 

Software 

engineering 

Installation and 

performance 
4 4 4 3 4 3 3.67 

3.75 Very good 
Creativity and 

innovation 
3 4 4 4 4 4 3.83 

Average of All Aspects 3.68 Very good 
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The evaluation of interactive mobile learning media 

products based on the display sub-aspects in Table 5 using 

the scale 5 assessment category obtained an average value 

of 3.61, which is classified as a very good category. 

Ratings provided by the validator are included with 

suggestions for improvement. Suggestions for 

improvement provided by the validator include 

improvements to the background, navigation buttons and 

animated content that are consistent with the concept of 

the material. The software engineering sub-aspect obtained 

a mean value of 3.75 and was classified as a very good 

category. Suggestions for improvement given by the 

validator are that researchers are asked to increase 

multimedia content and virtual laboratories related to the 

concept of material that can be integrated into interactive 

mobile learning media. 

Overall analysis of the aspects of appearance and 

software engineering obtained a mean value of 3.68 and 

showed that the interactive mobile learning media that 

were developed were included in the excellent category. 

These results prove that the interactive mobile learning 

media developed is appropriate for use in learning 

activities. 

 
Students’ Responses 

 

The limited trial aims to determine students’ 

responses to interactive mobile learning media that have 

previously been through revisions based on the results of 

expert validation. During the learning process, students 

were given interactive mobile learning media for learning 

thermodynamics. Researchers observed the students’ 

attitude towards the developed product and notified the 

problems that arise in the use of interactive mobile 

learning media. In the end of the learning session, the 

students filled out questionnaires about the use of 

interactive mobile learning media. The results of the 

researchers' observations and the results of student 

responses during limited trial activities are presented in 

Table 6. 

Table 6 shows the average value of the learning 

aspect of 3.83 which is included in very good category, 

display aspect obtained an average per aspect of 3.37 with 

good category, and the language aspect of 3.20 with a 

good category. Suggestions from students regarding 

interactive mobile learning media are to improve the menu 

button and give a score in the practice questions in each 

sub material. Overall student assessment of interactive 

mobile learning media is included very good category and 

states that the product is suitable for use in physics 

learning. 

 

 

 

 

 

Table 6.  Students Responses to Limited Trials 

Aspect 
Number of 

participants 

Average 

per 

aspect 

Category 

Learning 

5 

3.83 
Very 

Good 
Display 3.37 

Language 3.20 

Field Testing 

 

The implementation of field trials was carried out at 

Senior High School in Batang Regency with a sample of 

36 students from 72 in science XI grade students. A total 

of 36 experimental group students used interactive mobile 

learning and 36 students in control group used the general 

module of the teacher. Experimental group field trials were 

carried out through direct instruction with a problem 

solving approach. The stages of problem solving skills 

start from preparing a lesson plan according to the syntax 

of the Problem-based learning model like Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Learning Activities with PBL Models 
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 The field trial aims to find out the effectiveness of 

interactive mobile learning media in increasing students' 

HOTS. Data from the test results in the field are learning 

outcomes based on students' cognitive abilities, namely 

learning outcomes, the ability to analyze, evaluate, and 

create. Field testing is done by applying three steps, 

namely pretest, treatment and posttest. The results are 

presented in Table 8. 

 

Table 8.  HOTS test Result 

Component Group Average Standard 

Deviation 

Pretest Experiment 40.71 3.81 

 Control  45.30 5.48 

Posttest Experiment 82.57 7.63 

 Control  64.82 3.40 

 

HOTS test results for the experimental group and 

control group, are presented in Table 8. Table 8 shows that 

the HOTS ability of students increases after using 

interactive mobile learning media. 

 

Media Effectiveness 

To find out the effectiveness of interactive mobile 

learning media in increasing students' HOTS, a 

multivariate test statistic test was analyzed on the Mixed 

Linear General Model (GLM) based on partial eta squared 

values. The prerequisites before conducting statistical tests 

related to hypotheses in the research are assumption tests 

consisting of tests of normality and homogeneity of the 

students' pretest and posttest results data.  

 

Table 9. Results of The Normality Test Analysis 

Test Group 
Kolmogorov-Smirnov 

Statistics df Sig. 

Pretest 

HOTS 

Experiment 0.124 36 0.200 

Control  0.150 36 0.064 

Posttest 

HOTS 

Experiment 0.152 36 0.075 

Control  0.131 36 0.174 

 

Table 9 shows the results of the normality test 

based on Kolmogorov-Smirnov statistics on the sample 

used. The results of the analysis of Table 9 shows the 

significance value (Sig.) For each variable greater than 

0.05 (p > 0.05) which means that the sample used in the 

study came from populations that were normally 

distributed. 

The next assumption test is the homogeneity test. 

Homogeneity test is performed to determine whether the 

sample used has the same variance or not. Homogeneity 

test results are presented in Table 10. 

Table 10. Homogeneity Test Analysis Results 

Test F df1 df2 Sig. 

Pretest HOTS 0.061 2 89 0.941 

Posttest HOTS 0.025 2 89 0.975 

Table 10 shows the homogeneity test results based 

on Levene’s statistical test. The results of the analysis in 

Table 10 show a significance value (Sig.) For each 

variable greater than 0.05 (p >.05) which means that the 

sample used in the study came from populations that had 

the same or homogeneous variance. 

The effective contribution of the use of interactive 

mobile learning media and general teacher modules in 

learning activities as a means to improving students' 

HOTS on thermodynamics law material can be seen from 

the results of the Multivariate Test analysis on GLM based 

on partial eta squared values in Table 11. 

 

Table 11. Multivariate HOTS Tests 

Class 
 

Sig. 
Partial Eta 

Squared 

Interactive mobile 

learning media 

Hotelling’s 

trace 
0.00 0.885 

Teacher general 

module 

Hotelling’s 

trace 
0.00 0.363 

 

The partial output value of eta squared type 

Hotelling’s trace for interactive mobile learning media is 

0.885. This value indicates that the effective contribution 

of interactive mobile learning media in learning activities 

to improve students' HOTS by 88.5%. The value of this 

effectiveness is higher than that the teacher general 

module by 36.3%.  

Test for increasing HOTS ability using interactive 

learning media was done by giving essay questions for the 

experimental and the control groups. The results are 

presented in Table 12. 

 

Table 12. Results for Each Indicator HOTS Ability 

No. Indicators 

 

Experimental 

Group 

N = 36 

Control Group 

N = 36 

N-Gain N-Gain 

1. Analyze 70.60 35.69 

2. Evaluate 63.83 30.91 

3. Create 40.96 25.77 

 

The results show an increase in HOTS ability on 

analyzing indicator of the experimental group with an 

average N-Gain value of 70.60 included in the high 

category while the mean control group N-Gain value is 

35.69 which is in the medium category. This shows that 

interactive learning media is more effective in enhancing 

students' HOTS abilities than teacher general module. 

The development of interactive mobile learning 

media aimed to simplify the learning process  and students 

became easier to understand physics concepts. Interactive 

mobile learning media could be used as the tool to support 

interactive learning. The developed product consists of 

texts, images, graphics, sounds, videos, animations, virtual 

labs, and simulations that were put together into one unit 
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 to make it easier for students to understand 

thermodynamics concepts. 

Abstract concepts can be visualized with the help of 

this interactive mobile learning media. According to 

(Adawiyah et al., 2019) stated that the addition of 

multimedia has been able to improve creative thinking 

skills. If the creativity of students increases, it will be 

easier for students to find their learning patterns that are 

suitable for maximum learning outcomes. The application 

of computer-based media that is integrated with the system 

is also proven to be able to increase student motivation 

(Ramadhani et al., 2019). Right motivation and creativity 

will highly support students’ development, especially the 

development of special abilities, such as problem-solving 

skills.  Interactive mobile learning media through problem-

based learning approaches are learning activities that 

involve students directly in problem solving. Problem-

based learning is a good learning approach to improve 

learning achievement through group discussions and 

independent learning (Argaw et al., 2017) 

Interactive mobile learning media is applied at this 

stage to support the problem-solving process. For example, 

to solve problems with heat transfer, the first law of 

thermodynamics, the second law of thermodynamics, 

Carnot cycles, and others. Interactive media displays 

simple animations with appropriate usage instructions. In 

addition, the language presented is simple and does not 

give rise to double meanings so that students easily 

understand the material contained in interactive mobile 

learning media. 

Interactive mobile learning media equipped with 

simulation content in the form of virtual labs that explain 

the process of thermal equilibrium. According 

(Hermansyah et al., 2019), the application of virtual labs 

can improve students' understanding of the concept of 

heat. Added that the use of virtual labs could improve 

students' creativity because students' creativity is very 

influential in students' conceptual understanding (Yahya et 

al., 2019). The difference in improvement in these two 

indicators is easy to understand because there is an initial 

frame of mind that already exists for each student. The 

learning process shows a tendency of students to maintain 

their frame of mind until they get a rational explanation or 

picture that causes a strengthening of the validity of the 

mindset. The shift in paradigm is in appropriate direction 

if the existing framework is not right. 

In the classroom implementation, interactive 

learning multimedia makes it easy for teachers to help 

students to observe problems through a video display. As 

(Hidayat & Sutria, 2017) stated, giving problems at the 

beginning of learning with inquiry training helps students 

develop thinking abilities, problem-solving, intellectual 

skills, and become independent learners. This problem-

based learning is focused on the development of student 

learning, not to help teachers collect information that will 

be given to students during the learning process.   

Computer-based media is also able to prevent 

students from misunderstanding the concept (Yumuşak et 

al., 2015). In the process of developing high-level abilities, 

there is the possibility of miss thinking disposition, and the 

application of interactive mobile learning media can 

prevent that from happening.  

Submission of information is the focus of 

multimedia use with the aim of being easily accessible, 

easily used repeatedly and can be used by every individual 

(Leow & Neo, 2014). Interactive mobile learning media is 

one form of interactive multimedia which are introduced 

to students as an introduction before learning activities 

begin. The aim is that students become more prepared and 

motivated to participate in learning (Chen et al., 2010; 

Sadaghiani, 2012). This shows that interactive mobile 

learning media supported   with problem- based learning 

model is effective in improving students' HOTS abilities. 

 

CONCLUSION AND SUGGESTION 
Based on the result of the research, it can be 

concluded that (1) interactive mobile learning media on 

thermodynamics law concepts supported with problem-

based learning can be used as a supplementary tool in 

learning process; (2) the developed thermodynamics law 

interactive mobile learning can improve students' HOTS 

ability. 

The authors provide suggestions for further 

research that can apply interactive learning media to 

examine other thinking skills. For physics teachers, this 

development research can be used to improve students' 

understanding of concepts in thermodynamics law 

material. As a follow up, the teacher can develop similar 

android based learning modules with different Basic 

Competencies. Utilization of products in learning can be 

synergized with learning approaches based on student 

centered learning, HOTS oriented learning models, and 

enjoyable learning methods. 
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