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	The aim of the research was to know the effectivity of implementation of model Electronic Science, Technology, Engineering, and Mathematics (E-STEM) project-based learning in teaching science to improve ICT literacy and problem solving. The study adopted quasy experimental non-equivalent control group design. Model E-STEM project-based learning was applied in experimental classroom, while the control classroom applied conventional teaching. The respondents were  46 students  who were taken at grade VIII academic year  2020/2021  which  representing  the population  students of Junior High School 8, in Aceh Besar, Indonesia. The sample was collected using cluster sampling method. The data were collected using test instrument and questionaires. Validity verification of instrument measured based on Aiken index, while instrument reability was determined based on Coefficient Cronbach’s alpha. The data were analyzed by using Manova and descriptive quantitative. The result of the study shows that there is meaningful difference of ICT literacy and problem solving mean score based on the difference of both teaching approach. It is concluded that the implementation of model e-STEM project-based learning and problem solving in teaching science has significant impact in increasing ICT literacy and problem solving.
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1. INTRODUCTION 
The development of knowledge and technology is in line with the improvement of education quality at school, especially in adopting technology. Technology application in teaching simplifies the teaching process and broadens access the unlimited information anywhere anytime. Today, in industry revolution era 4.0, schools are demanded to innovate to deal with the fastest growing technology. Thus, teachers should be able to utilize technology development in teaching to increase students’ skill and intelligence [1]. 
ICT literacy ability and problem solving is significant to be acquired by the students in the era of 21st century. ICT literacy is a 21st century skill which emphasizes not only on the hardware but also on cognitive skill such as ideas generating and brainstorming, categorizing, conclusion, decision making, and executing the idea to collect the latest information [2].  Meanwhile, problem solving which bases on scientific reasoning ability enables students to answer hypothesis correctly [3]. Therefore, students are acknowledged with 21st century skill and teaching in order to implement social value professionally. Teachers ought to be trained to foster knowledge and skill competence of 21st  century on their students[4]. As quoted by [5], he reveals that students are required to be able to apply 21st century skill actively and learn effectively. Teachers and students, certainly, must be able to utilize technology in teaching process to enhance their  literacy [6].
Teaching model is an important component in teaching process [7]. The application of the appropriate model in teaching process plays a role in improving teaching target and it enables to motivate students as well. Selecting the applicable teaching model is important to improve learning result, especially in teaching science. Teaching science needs a real teaching model such a project-based learning. The objective of developing model is to involve students actively during teaching learning process and improve students’ understanding by creating, utilizing, choosing a model to describe, explain, predict and control physic phenomenon. Therefore, teachers do not require students to memorize teaching material for their subject but acquiring the needed skill by applying the right teaching model in the classroom. 
Considering its important for the students to master the technology, the government has published many policies and regulations to improve teacher’s ability to operationalize technology in teaching process, such as conducting trainings for the teacher by using e-learning program. E-learning by utilizing internet is enable teacher and students to conduct teaching learning process despite constrained by space, place and time [8], [9], [10]. Conducting a teaching using e-learning in science is very helpful. Students are actively involved in the learning process despite of constrained of space, place and time [11]. One of the appropriate approaches in teaching science is using Science, Technology, Engineering and Mathematic (STEM). STEM is an approach in which it collaborates four different science subjects; science, technology, engineering and mathematic, as a holistic unit [12], [13].
The objective of Science, Technology, Engineering, and Mathematics (STEM) in education is in accordance with 21st century education principle that is enabling the students to acquire science and technology literacy which perceived in reading, writing, observing, conducting and developing an acquired competence to be applied in daily life problem [13], [14]. Every aspect of STEM owns a special characteristic that differentiate among four aspects.  Every aspect helps students to solve the problem more comprehensive when they are integrated. The four aspects as elaborated by [15] they are: 1) science that represents knowledge about laws and concepts of nature; 2) technology is a skill or a system used to control community, organization, knowledge or to design and utilize an invention to simplify a work.; 3) technique or engineering is a knowledge to operate or to design a procedure to solve a problem. and 4) Matematic is a knowledge to correlate between besaran, number and space that need logical arguments with or without empirical evidence. All the aspects provide more meaningful knowledge when they are integrated into a teaching learning process.
Implementing the four aspects form a deep understanding towards the learning subject. [13] states that the characteristic of teaching STEM is an ability of the students to recognize a concept or knowledge of some case.  As such in teaching science, STEM helps the students to utilize the technology and to conduct an experiment in order to prove a law or science concept. The benefit of STEM sustainability is better taught early and at the phase when the students are able to combine between cognitive and psychomotor.  
Based on the early study using observation, it is obtained that the problem is rooted from some of the following factors. Those are the lack of integrating ICT meaningfully into teaching learning process, students are still unable to operate information and communication technology that helps them get the latest information, besides that in schools they still don't prioritize and facilitate students in terms of mastering ICT Liteary but more on knowledge that is traditional learning only, the lack of students’ ability on ICT literacy and problem solving, no science teaching approach available which implemented E-STEM combined with ICT based on characteristic, aim, material and students learning style. The importance of the problem solving and discovering the concept using teaching model that utilize information technology and to facilitate innovation on the learning source and media is to find the answer from the problem they encounter [16]. Thus, this research aims to solve the teaching problem by applying project-based learning which integrated with E-STEM approach. 
A study conducted by [17]  explains that the implementation of STEM approach  can be organized using tasks that needs early study on the targeted competence by the students. So that, the combination of integrated STEM subjects is in accordance with the demans of the national curriculum. As supported by [18], [19], [20] that teaching learning project-based learning which integrated with Science, Technology, Engineering, and Mathematics (STEM) is able to improve students’ competence.  The teaching process that conducted using e-learning is able to use multiple digital devices such as smartphone and computer [21]. 
Data from pevoius studies revealed that a teaching learning using Project-Based learning model which integrated with STEM approach is best applied in this study. The use of this model is very helpful for the students to channel their talents and skills [22]. Previous study conducted by [23], [24] about the use of blogging media is not significant in increasing students’ ICT literacy. Based on the previous studies, this research is to strengthen previous study’s shortcomings, so that the focus is to analyse the implementation of e-learning of Science, Technology, Engineering and Mathematics (E-STEM) project-based learning in teaching science in the classroom to increase ICT literacy and problem solving. 
The model of E-learning Science, Technology, Engineering, and Mathematics (E-STEM) project-based learning in teaching science is designed to make teaching learning process more enjoyable. Model E-STEM project-based learning contains some teaching steps for students to conduct experiment directly and teaching materials which explain the concept easily. Model E-STEM is completed with supported elements such as syllabus, lesson plan, students’ tasks, and guide book. It is expected to facilitate teacher and students to understand of teaching science in the future. Model E-STEM project-based learning in teaching science is designed in accordance with four subjects’ science, technology, engineering and mathematic. The use of the model is expected to make the teaching learning process more enjoyable, and able to gain better result in learning. The basic element of this study is the correlation between model E-STEM project-based learning and the increase of ICT literacy and problem solving which shown in the the table 1 below: 

Table 1. The Correlation between Syntax Model E-Stem Project-based Learning 
	No
	Syntax model of 
E-STEM project base learning
	Problem solving indicators
	   ICT literacy indicators

	1.
	Questioning about daily physic phenomenon. 
	Reflection
identifying a problem
formulating the problem  
	Knowing how to use the computer/internet
looking up for information

	2.
	Arranging project plan 
	Brainstormning
Selecting a relevant material
Selecting the right strategy to solve the problem
	Obtaining the information 
comparing the information 

	3.
	Learning independently
	Selecting relevant materials
Doing some activities in problem solving
	Managing the information
Obtain the accurate information
Obtaine relevant information

	4.
	Designing and collaborating between subjects 
	Selecting the right strategy to solve the problem
Doing activities in solving the problem 
Identifying the tool and materials in problem solving 
	Designing project based on the available information
Designing and creating efficient information in digital environment 

	5.
	Evaluating 
	Presenting the answer
Presenting the reason
Doing Reflection
	Disseminating the information
Presenting the relevant information

	6.
	Scoring
	Presenting the answer/result
doing reflection
	Doing evaluation toward the quality information obtained




Dealing with the background and the problems described above, this study focused on the implementation of a model e-STEM project-based learning in teaching science. It aims to increase ICT literacy and problem solving. The results of this study can contribute to teachers in varying good learning models and media in schools so that they can improve student learning outcomes. Through the implementation of e-STEM project-based learning model in teaching science, teacher understands science contents and understands how to teach various concepts with the application of technology. Thus, the question of this research is how effective the implementation of model e-STEM project-based learning in teaching science to increase ICT literacy and problem solving? 

2. RESEARCH METHOD 
2.1.   Research design
This study aimed to find out the impact of e-STEM model implementation project-based learning in teaching science to increase ICT literacy and problem solving. The research is using design quasi experiment non-equivalent control group to compare the improvement of ICT literacy and problem solving between experimental and control classroom. For experimental classroom was given treatment by using model E-STEM project base learning, while for control classroom was given treatment by applying conventional teaching. This study was conducted in three months, started on May to July 2020. The application of Model E-STEM project-based learning has syntax or steps in teaching activity. This syntax was designed based on correlation between syntax project-based learning model, the characteristic of STEM approach and characteristic of e-learning. Procedure syntax model E-STEM project-based learning is shown in table 2 below. 
Table 2. Teacher and Student Activities based on Syntax E-Stem Project-based Learning
	Teaching steps
	Activity 
	Via

	
	Teacher
	Students 
	

	Questioning daily physic pehenomenon 
	· praying
· apperception by giving the question of the previous lesson
· informing the topic and learning objective
· giving the guidance on how to use e-learning
	· praying 
· answering teacher’s questions

· listening and paying attention 

· using and managing e-learning 
	· face to face 

· face to face 


· face to face 

· Online

	Arranging project plan
	· Providing the learning materials  



· Providing tasks and group discussion activity guidance
	· Accesing and downloading teaching materials given by the teacher
· Accessing and downloading task and activity guidance 
	· Online



· online

	Learning independently 
	· giving opportunity to find out the information about e-learning

	· accessing, managing and communicating information obtained from e-learning (internet)
	· Online 

	Designing and collaborating in correlating among discipline (science, technology, engineering and mathematic)
	· Giving opportunity to do the activity
· Controlling the learning process
	· Using technic design
· Solving a problem
· Analising the ideas
· Creating the product 
	· Face to face 

· Face to face 

· Face to face 


	Asesing the result
	· Listening and rating the presentation of group work
· Reflecting presentation outcome and group
· Giving opportunity to the students to give the question 
	· Assessing and correcting the result from the activity
· Communicating the result 

· Students questions about a new concept
	· Face to face  

· Face to face 

· Face to face 

	Evaluation
	· Guiding the students to conclude the lesson of the day
· Giving post tests 
· Sending post test result through e-learning 
	· Concluding the materials 

· Doing the post tests
· Accessing and downloading post test result 
	· Face to face

· Online

· Online




2.2. Sample
All the students of Senior High school 8 in Aceh Besar, Indonesia is the population for this research. Only 46 students of year VIII are taken as the sample study. 23 students for every experimental group and 23 students for control group. Because the sample members of the population are very large, the sampling is based on predetermined groups [25].  The sample in this research is teacher and students of year VIII MTsN in Aceh Besar. The location is choosen based on the better means in the school such as Wifi, and smartphone. So, the teaching learning process using e-STEM project-based learning easy to excecute.  

2.3. Instrument and data analysis
Data collection was conducted using test instrument and questionnaire. ICT literacy ability questionnaire was aimed to find out how far the students know and use technology information in teaching learning process. The questionnaires were distributed to the students to get to know students’ ICT litracy ability. While, the test instrument was used to measure students’ ability in problem solving. Test instrument to know the student ability in problem solving was aimed to find out students’ ability in problem solving during learning process by solving essay question. This kind of questions was built based on indicators for every component with scoring scale 0-3, for scoring scale category is 0 score (no answer), 1 (when correct answer only 1 step), score 2 when correct answer only 2 steps), and score 3 (when correct answer in every steps). This test is given to the students before teaching process (pretest) and after teaching process (post test}. Below is the instrument outline used to find out ICT literacy ability in table 3 and test instrument of problem solving in table 4 below. 

                                              Tabel 3. Instrument Outline of ICT Literacy Ability
	Aspect
	Indicators


	Access
	Know how to use, find and get information and obtained needed information.  

	Manage 
	Apply organization in managing and designing new but incomplete information in order to be re classified. 

	Integrate 
	Intreprete, conclude, compare information and distinguish the information using computer devices

	Evaluate 
	Assess the quality of information, relevance, suitability, adequacy of information, and efficiency of new information with the right source.  

	Create/design
	Obtaining accurate information by adapting, applying, designing and creating information in digital community.

	Communicate  
	Presenting relevant information, publishing, distributing information which beneficial for the community using effective digital media. 




Tabel 4. The Instrument Outline for the Problem-Solving Ability
	Aspect

	                                                            Indicator

	Identify a problem
	    Identify the problem in teaching science 
    Formulate the problem in question form 

	Design and make a plan of problem solving 

	    Do the brainstormning
   Choose the right materials to the question


	
	           Choose the right strategy to solve the problem 
    Identify tools and materials in solving the problem
    Do some activities in solving the problem of teaching science 
    Present the answer 
    Present the reason

	Evaluate the problem 
	    Formulate the conclusion 
    Do Reflection 



The research instrument is valid since it is validated by four education experts. Validity analising was used to know the validity of the instrument items. Instrument validity verification was conducted  based on Aiken index (V). The measuring result is shown in table 5 below: 

          Tabel 5. Result of  Coefficient Indexes Aiken Instrument Validity
	Instrument
	V
	Explanation

	 ICT literacy questionaire
	0.76
	Valid

	Tes problem solving assesment 
	0.79
	Valid



Instrument reliability is determined based on Coefficient Cronbach’s alpha. Test instrument Reliability of problem solving is 0.92, when questionnaire instrument ability of ICT literacy 0.95, thus instrument reability score has high chategory [26]. The result of the study was analised using descriptive quantitative using SPSS for Windows version 22. To find out the data normality using one-sample test and to check homogeneity was done by Levine test. Then Manova test was conducted to identify significant difference in mean score from experimental classroom and control classroom.

3. RESULTS AND ANALYSIS
The effectivity achievement of Model E-STEM Project-Based Learning was determined based on the impact of of ICT literacy ability and problem solving. The application of model E-STEM project base learning is effective when it is able to increase ICT literacy ability and problem solving. Early test result, normality test and homogeneity test. Significant normality score was determnined based on Olmogorov-Smirnov. For normality test score in experimental classroom is 0.151, control classroom is 0.122. Both significancy scores is higher that 0.05. Thus, it is concluded that test data used is distributed normally. For homogenity test result for ICT literacy ability and problem solving, the significancy score is 0.219 and 0.389. These  significancy score is higher that 0.05 So, data from population has homogenity varians.  Next, the effectivity of E-STEM Teaching model based on problem solving result seen from analysis result at score diversity normality gain and Manova test. The result of problem solving ability using model E-STEM project-based learning in teaching science can be seen in table 6 below:


Table 6. Data Analysis Score  N-gain on Students’ Problem-Solving Ability
	Data
	Eksperimental classroom
	Control classroom

	     Student
	            23                                                
	       23

	Mean
	58.48
	41. 56

	Std. deviation
	14.06
	12. 38

	Minimum
	25.00
	20.00

	Maximum
	81.82
	66.67

	Criteria
	Effective 
	Less effective



	Table 6 above indicates that N-gain score for experimental classroom is 58.48 or 58 % which means effective. Meanwhile, N-gain score for control classroom is 41.56% or 42 % which means less effective. It can be concluded that the application of model E-STEM project base learning in teaching science is effective to increase problem solving ability of junior high school students. After N-Gain score obtained, the next step is to test the hipotheses using Manova with SPSS program support. For trust degree 95%, if Sig. Manova score < 0.05, it can be concluded that there is meaningful difference of mean ICT literacy score and problem solving based on two different teaching models. Then, Benferoni test was conducted, the starred data shows which treatment indicates the difference between ICT literacy mean score and problem solving Manova test. The result can be seen in table 7 below: 


	
	                                    Tabel 7.Tests of between-Subjects Effects

	Source
	Dependent Variable
	Type III Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Corrected Model
	ICT literacy
	418.791a
	1
	418.791
	118.009
	.000

	
	Problem solving 
	1539.103b
	1
	1539.103
	70.172
	.000

	Intercept
	ICT literacy
	5359.791
	1
	5359.791
	1510.311
	.000

	
	Problem solving 
	303425.641
	1
	303425.641
	13833.996
	.000

	Group
	ICT literacy
	418.791
	1
	418.791
	118.009
	.000

	
	Problem solving 
	1539.103
	1
	1539.103
	70.172
	.000



	Tabel 8. Pairwise Comparisons

	Dependent Variable
	(I) klp
	(J) klp
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	
	Lower Bound
	Upper Bound

	Ict literasi
	Control
	Eksperimn
	-5.680*
	.523
	.000
	-6.730
	-4.630

	
	eksperimen
	Control
	5.680*
	.523
	.000
	4.630
	6.730

	Problem solving 
	Control
	Eksperimn
	-10.889*
	1.300
	.000
	-13.500
	-8.278

	
	eksperimen
	Control
	10.889*
	1.300
	.000
	8.278
	13.500

	


 	The above table 8 indicates that significat score < 0.05. It means H0 is declined, it can be concluded that there is significant difference in problem solving ability and ICT literacy ability between experimental classroom and control classroom. There is a meaningful difference ICT literacy mean score based on two different teaching models. Based on Benferoni, which shown that model ICT literacy mean score difference is E-STEM model in experimental classroom and conventional model in control classroom. For the problem-solving ability there is meaningful difference at the mean score based on different teaching model. For the problem-solving ability. Based on the explanation above, its can be concluded that E-STE teaching model for experimental classroom is more effective in increasing ICT literacy and problem-solving ability than conventional model at control classroom.     
		Based on the research, it is found that by applying technology of E-STEM Model project-based learning become an effective and efficient tool to be used as a modality in teaching. As the result, there is a meaningful difference of mean score of ICT literacy and problem solving based on the difference between the two models applied. The findings reveal that there is an achievement related to effectivity of the model E-STEM project-based learning of ICT literacy. This is because teaching model E-STEM applies e-learning principles that is relevant with [27] opinion that e-learning is the use of computer and internet which presented various solution in teaching. According to [9], e-learning is an internet application that can connect between teacher and students in an online classroom. E-learning was created to solve the challenge between teacher and students, especially for time, space and place flexibility. 
Based on the findings, E-STEM project-based learning application is able to increase ICT literacy and students’s problem solving. It supports students to be involved in experienced of using smartphone, sending message, and using internet. Thus, it is very helpful in increasing the learning with e-learning. It is supported by study of [28] it found that the use of e-learning in teaching to increase the efficiency, effectivity and accountability in teaching. Teaching with e-learning ease the teacher to directly assess and measure the effectivity of teaching, so it is easy to control the activities students are doing. Social media and various online communication apps make it possible for the students to connect and discuss about lesson. In e-learning, everything is fast, the availability of technology to create an interesting course, mobile and course contents must be recycled to give the student the latest information. [29] states that e-learning not only change the way teacher give instruction to the students but also change the education paradigm for the students to get involved with teaching materials and the way to gather new information.  
E-learning in this study used whatsapp media through Whatsapp Group (WAG). This application can help teacher to communicate and collaborate with students in an online platform in providing content, learning task and showing the students result without going face to face in the classroom. WAG is similar to facebook which is very easy to use by the students, but WAG is better in providing group facility that enables students and teacher to communicate. This platform creates possibility for teacher and students to communicate through chat. It serves opportunity for the students to communicate and collaborate in virtual classroom.  WhatsApp leads to exploration of communication forms between teacher and students and teacher role to create a constructive learning virtual classroom [30].
	The use of WAG in teaching process is very effective because this application has some advantages. Free messaging, picture, video and audio note posting and location sharing are some of WAG services. Those fitures offer students to express their feeling, thoughts and ideas or incidents better, easier and more efficient. WhatsApp is mobile phone and web-based application which integrated with various application used to communicate with other user, from education, business, entertainment. The application keeps developing and expected the function of the application not only for chatting and broadcast but also to collaboration applications and information sharing. Thus, the objective of e-learning can be achieved [31].  
	The use of Whatsapp Messenger mobile learning which integrated group investigated method is effective to be applied in teaching process in order to increase critical thinking of the students. The teaching design involves introducing, grouping, planning, presenting, organizing, investigating, evaluating, and closing. Thinking ability independently and critically is trained through investigating a problem in a group as a whole, students are interested and motivated to follow the teaching using whatsapp combined with investigation method [32]. The study conducted by  [33] explains the online teaching process using whatsapp group is effective in increasing the students’ independence. There are some strengths that cause this teaching mode effective, that because the students are very familiar in using whatsapp group, and teaching model applied in the online teaching trough whatsapp group media motivate students to participate actively. Moreover, students are easy to get information such as learning materials, photo, tests question, lecturer explanation through chat or voice note. Students do not need to write down the materials given. The discussion is active, because lecturer provide feedback, questions and answer. Finally, the students are easy to understand the materials given. 
	Dealing with the findings, the model E-STEM project-based learning in experimental classroom is more effective to increase ICT literacy and problem soving ability than conventional model in control classroom. For there is a superiority of model E-STEM project-based learning from conventional teaching approach. According to [34], there some advantages of STEM approach: 1) the implementation of STEM approach shows the positive effect towards students in science subject.; 2) STEM approach teaches students to solve the problem by thinking creatively and leading students to be creative; 3) with technology, students are able to apply their understanding in knowledge, Mathematic and technology and increase the connection from those understanding; 4) STEM approach bridge an abstract concept into mathematic to be used in science, technology and technic; 5) in addition, the teaching is based on contructivism theory that can make students getting the understanding better when they are actively build their own understanding by working and applying the ideas to solve the problems [35].  It is supported by previous research [36], [37]  interdisciplinary learning approach for students contextually with stem education.   In his study [38] concludes that project-based learning is an effective approach to involve the students in real work. The approach also broadens students’ knowledge and skills they had. Thus the school curriculum needs to be integrated with STEM learning through government policies [39], [40].
       
4. CONCLUSION 
	Based on the findings of the study, it can be concluded that the E-STEM model project-based learning is an effective tool to be used as a modality in teaching so that there is meaningful difference of ICT literacy mean score and problem solving based on two different models applied. The implementation of model E-STEM project-based learning in experimental classroom is more effective to increase ICT literacy and problem-solving ability that conventional model in control classroom. Model STEM project-based learning taught students to solve the problem by thinking critically, creative and able to increase understanding towards integrated science, technology, engineering and mathematic. The suggestions that can be put forward based on the research findings are that this study can be used as a reference for teachers who had training about E-STEM to be applied in teaching. Moreover, teacher should provide  online learning media that can be accessed by the student freely so that students are not difficult in using an online course. Recommendations of this study provide empirical information for teachers to be easy in explaining the lesson to the students. Besides that, students are able to perform tasks by applying the Model E-STEM project-based learning in teaching science independently and effectively. 
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