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ABSTRACT  

The success of the learning process is something that needs to be considered in 21st-century 
learning. One of the successes in teaching and learning uses appropriate learning models. One of 
the 21st-century learning models is the 5E Learning Cycle integrated with Science, Technology, 
Engineering, and Mathematics (STEM). This learning model encourages student activities in the 
teaching and learning process, with the encouragement of student activities, students' science 
process skills will grow. Science process skill is one of skill that student must have in 21st-century 
learning. One effort to encourage students' process skills is to use a virtual laboratory. This research 
aims to develop a 5E Learning Cycle module integrated with STEM and is equipped using a virtual 
laboratory (www.chemcollective.org) on thermochemistry material. This study's subjects were 
students of class XI of state high schools in the city of Kediri. This research is a Research and 
Development (R&D). The data collected through interview, observation, and questionnaires. The 
results of this study are: students need a teaching material that can drive the student achievement 
of the teaching and learning process in the 21st century in thermochemistry material; module validity 
which is declared valid by a severe expert (v = 0.89); The module developed shows effective results 
seen from the learning outcome on thermochemistry material and the module can foster science 
process skill. 
   
Keywords: 5E Learning cycle, science process skill, STEM, student achievement, teaching 

material 
 
 

INTRODUCTION 

Teaching material is one of the students' 

needs and must be owned by students [1]. 

Teaching materials that are usually owned by 

students have printed teaching materials. 

Students can use various kinds of printed 

teaching materials in the teaching and learning 

process, including handouts, books, modules, 

student work-sheets (LKS), brochures, posters, 

and leaflets [2]. 

The module is a book written to study 

independently with or without a teacher's 

guidance [3] because the module is a printed 

teaching material that is systematically arranged. 

Modules are arranged in one unit used in the 

teaching-learning process. Modules are 

arranged from the objectives, topics, subject 

matter, the teacher's role, learning tools and 

resources, learning activities, worksheets, and 

student evaluation [4]. So with these charac-
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teristics, the teacher can act as a facilitator only. 

The developed modules are arranged in detail 

and interesting to analyze from content, 

language and presentation. Also, to attract 

students in the teaching and learning process, 

this module uses the Learning Cycle 5E learning 

model integrated with Science, Technology, 

Engineering and Mathematics (STEM). 

Learning Cycle 5E is one of the 

developments of the Learning Cycle learning 

model. This learning model has advantages in 

increasing motivation to learn because 

students (students) are actively involved in the 

learning process, so learning becomes more 

meaningful [5]. There are five stages in the 5E 

Learning Cycle, engagement, exploration, 

explanation, elaboration, and evaluation [6]. 

Whereas Science, Technology, Engineering, 

and Mathematics, also known as STEM, has 

four learning elements that are well used to 

improve students' abilities in facing the 

challenges of the workforce. STEM also has a 

goal in improving the quality of curriculum and 

teaching in schools [7]. So with this learning 

model students are educated in solving 

problems or difficulties in solving a problem, 

looking for solutions early. This learning model 

also has a good impact on student achieve-

ment on the topic acid-base [8]. 

STEM is a learning model related to 

students' Science Process Skills [9]. SPS is a 

skill that influences student activities in 

teaching and learning, both in understanding 

a process, product and application or 

understanding a phenomenon that exists in 

everyday life [10]. So SPS can be used to 

challenge or face competition in daily life [11], 

and student achievement can improve [10] 

[12]. The basis of Science Process Skills 

consists of skills to observe, classify, predict, 

measure, infer and communicate [13]. The 

basics of this skill are the basics inter-

connected with life [14] noting that in this 

study, the SPS that is raised in the module is 

on the indicators of classifying, observing, 

applying concepts, considering observations, 

and reading and communicating data. 

Thermochemistry is one topic that needs 

special attention because it is a complicated 

and abstract [15]. Thermochemistry topics also 

require good mathematical skills. This is 

because thermochemistry topics require a good 

understanding of the stoichiometry section [16]. 

Several previous studies have not used a 

specific media for learning chemistry, especially 

thermochemistry, and digital media-based 

learning media are also a matter that needs to 

exist to improve the quality of learning [17]. 

 

METHODS 

This research aims to develop a 

thermochemistry module using the Learning 

Cycle 5E learning model integrated with 

STEM. It is equipped with the virtual lab to 

improve student achievement and to foster 

science process skill. This research design is 

a Research and Development (Research and 

Development) design using the Borg and Gall 

model [18]. The sample of this study were 

students and teachers in three state high 

schools in the city of Kediri, East Java, 

Indonesia. 

The first phase of this research is a 

preliminary study by distributing question-

naires, interviews, and observations to deter-

mine the needs of students in the class and 

teaching materials and learning models used 

in teaching and learning in schools. So the 
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information obtained will be fulfilled the needs 

of students in the class. The second stage is 

the product development modules. 

The module developed is a module that 

has a role in increasing student activities or 

activeness, so that the science process skills 

in this module are raised to activate the 

student's role. Science process skills have a 

relationship with STEM, so one way is to 

activate science process skills using a virtual 

Lab [19]. The virtual lab that emerged in this 

study uses an existing virtual Lab, chem-

collective on thermochemistry. Chemcollec-

tive virtual lab is a virtual lab that is like a real 

laboratory. Problems in the form of experi-

mental activities can be done by each student 

independently or in groups. This virtual lab 

presents an activity carried out by students 

using the knowledge obtained by students by 

providing problems that students must do [20]. 

The last stage in this research measures 

student learning outcomes towards classes that 

use modules and classes that do not use 

modules. The results obtained are the average 

values in thermochemistry material. This stage 

aims to compare learning outcomes between 

classes using teaching materials in the School 

(in the control class) with the modules developed 

(experimental class). 

 

RESULT AND DISCUSSION 

1. Analysis Problem of Chemistry Learning  

Before developing a module, it is 

necessary to analyze the needs of students 

in the School. This analysis is needed for the 

continuation of the development of the 

module. This analysis is obtained by giving 

questionnaires to students. The question-

naire consists of 8 questions answered by 

students, and students can provide reasons 

for the answers that appear. A survey of 36 

students to find out what is needed in the 

chemistry learning process was observation 

and interviews analysis of student s Problem 

of Chemistry Learning in Figure 1. 

 

  

Figure 1. Analysis of chemistry learning on the topic of thermochemistry 
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 The analysis of the results of the 

questionnaire can be seen in Figure 1. There 

are five indicators with eight questions found 

in the study of the learning process on 

thermochemistry. The first indicator is an 

indicator of the availability and need for 

teaching materials in schools. The first 

indicator results indicate that students need 

teaching materials following the 2013 

curriculum and can help students understand 

thermochemical materials. The second 

indicator is an indicator of the characteristics 

of the 5E Learning Cycle and STEM learning 

models. The analysis results of the second 

indicator show that the books in the School 

have not implemented the 5E Learning Cycle 

and STEM learning models. The third 

indicator is critical thinking skills and the 

science process skills found in teaching 

materials at the School. The third indicator 

results show that the books used in the 

School have not yet implemented the 

assessment of critical thinking skills and 

science process skills. The fourth indicator is 

an indicator of the material's completeness in 

the books used at the School. This indicator 

shows that textbooks used in schools do not 

yet have complete material, so students get 

information related to the material from what 

is conveyed by the teacher. 

 Observation is deemed necessary by 

observers because researchers feel that this 

is one of the initial considerations that cannot 

be separated from a study. Observations are 

made by observing teachers and students' 

activities in the classroom and finding the 

school environment and facilities. This 

observation is useful for using learning methods 

that will be used before developing a product. 

 In the observation process, students' 

classroom activities are still not maximized, 

and students in the learning process do not 

use books. The lecture method is the method 

used by the teacher. Students do not fully 

obtain facilities in the form of books in the 

School. The teacher explains more with the 

lecture method to students and questions by 

dictating or writing them on board. This 

situation, teacher-centred learning, makes 

students feel bored quickly and is more 

passive than student-centred learning [21]. So 

it needs learning that can suppress student 

activities to improve student achievement [22]. 

 Interviews were conducted with a 

chemistry teacher and several students at the 

School. In interviews with students, it was 

found that students wanted a handbook that 

explained various theories and provided 

activities that could increase student activity 

and understand the theory by applying 

thermochemical material that was related to 

daily activities. This activity will train students 

to understand thermochemical theories [12] 

that have been submitted or obtained.  

 As a result of the discussion with the 

Chemistry teacher in Kediri, we can find that 

not all students get handbooks because of 

the lack of books. Use of media only using 

PowerPoint, but not all. the use of media 

requires more costs and time, so the lecture 

method is more efficient than other methods. 

thermochemical integrity is not maximum, not 

more than 60%; and students who have not 

yet got the completeness are required to 

improve or do the teacher's assignments. 

From the results of interviews with students 

and teachers, this can show that the 

development of good teaching materials will 
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meet student needs. After analyzing research 

methods, from the student understanding test 

stage, the student needs analysis, interviews, 

and observations, it gives a result that the use 

of modules can help students understand 

thermochemical topics. 

2. Development of Module 

The module that developed uses model 

Learning Cycle 5E integrated with STEM in 

thermochemistry, so high school students can 

use the module. The curriculum of 2013 and 

21st-century learning becomes one of the keys 

to determining thermochemistry's right method. 

The use of the 5E Learning Cycle method is a 

right choice because, in the study, the results 

showed that completeness in colloidal material 

with Learning Cycle 5E has increased and is 

useful when applied in schools [23]. STEM 

learning is also useful in understanding 

electrolysis material in students [24]. And to 

face the current global challenges, 21st-

century learning models need to be included 

in this module. So this research is a research 

development module of the 5E Learning Cycle 

integrated with Science, Technology, Engi-

neering, and Mathematics (STEM).  

The developed modules require 

approximately three weeks with attention to 

the syllabus used in the School and the 2013 

curriculum. Validation was carried out on five 

experts and two practitioners. The developed 

module emphasizes the syntax of the 5E 

Learning Cycle integrated with STEM, as 

shown in Table 1. 

Table 1. Student activation emphasis on the syntax of the 5E learning cycle integrated with 
STEM. 

No 
Fase 5E Learning 

Cycle 
Student Activation 

1. Engagement Phase Science Discipline  

• Students are divided into groups 

• Students are given time to discuss the thermochemistry of 
the problems presented by the teacher 

• Students are given questions about their thoughts from 
problems and thermochemistry examples in everyday life 

2.  Exploration Phase  In this activity, students are invited to do a practicum with some 
of the teacher's equipment. 
Science Discipline 

• The teacher brings simple natural and pure equipment, 
such as ice cubes, to inviting students to observe the 
conditions around the ice cubes if placed in a container. 

• Students carry out simple calorimeter experiments using 
materials that exist in everyday life.  

3. Explanation Phase  Science Discipline 

• The teacher explains the thermochemical material from the 
knowledge that has been obtained by students regarding 
thermochemistry   

4. Elaboration Phase  Mathematic Discipline 

• Students determine inner energy changes 

• Students determine heat 

• Students learn the enthalpy of change. Students work out 
the difficulties and make a graph on the thermochemical 
questions that have been given. 
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No 
Fase 5E Learning 

Cycle 
Student Activation 

Technology and Engineering Discipline 

• Students work in a group in the virtual laboratory by using 
chemcollective in thermochemistry 

• Students are invited to design a simple calorimeter experiment 
method to determine the final temperature of a reaction. 

5. Evaluation Phase  Students are given a test with several questions to be 
completed with a teacher's time limit. The results of this test are 
the results of the implementation of the method applied. 

 

Design an Integrated 5E Learning Cycle 

Module with Science, Technology, Engineering 

and Mathematics (STEM) in Figure 2. STEM 

learning influences students' science process 

skills. This influence occurs in every element of 

the STEM discipline [9]. STEM learning and 

student science processes also affect student 

interest in professional student selection [25] 

[26]. The use of the four elements of scientific 

discipline in STEM and science process skills 

needs to get attention to improve student skills 

because science process skills influence 

student learning outcomes.  

 

 

 

Figure 2. Module Design and Virtual Labo-
ratory of Thermochemistry 

3. Module Trial 

The purpose of product testing is to find 

out how readability (content and language) 

and presentation of products that have been 

developed according to students and teachers 

in the School. At this stage, three testing times 

are carried out, namely initial field trials, 

medium trials (limited) and extensive trials. 

Trials are given to classes not used for 

experiments that use modules or do not use 

modules.  

Figure 3 is information from module 

trials to students and teachers at three trials: 

initial, intermediate (limited), and extensive 

field trials. In the initial field test, the content's 

readability has better results than language 

and presentation, from Figure 3. The need for 

improvement in this language can be seen 

because there are still languages that make 

students confused, for an example is that 

there is an image related to thermochemistry. 

Still, because there is no information relating 

to sub material or questions that provoke 

students during the teaching and learning 

process, student understanding becomes 

less on target (Figure 5.). The provision of 

information in an image builds knowledge [27] 

and can improve students' communication 

skills [28]. From the result of the teachers' 

readability questionnaire, on initial fields trial 

that modules developed, the result was not 
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good. Apart from due to incomplete informa-

tion, writing in symbols and writing, there are 

still errors. It has come from delta H (∆H), or 

symbol of temperature (oC). 

 

 

Figure 3. Trial test of Module by Students 

 
Figure 4. Trial Test of Module by Teachers  

 

 

Figure 5. Module Design after revision in the 
initial trial 

Intermediate testing (limited), is an 

improvement from the initial field trial, from 

Figure 3 and 4. It can be seen as an 

improvement in language and presentation 

but has decreased in the contents. This is 

because students' activities in the teaching 

and learning process of modules developed 

initially using real laboratory activities. 

Meanwhile, due to constraints on laboratories 

in the School and to increase student activity 

in the use of technology in STEM literacy in 

thermochemistry material, the virtual labora-

tory is one of the efforts to increase these 

activities [29]. Real laboratories and virtual 

laboratories are student activities that can 

improve science process skills [30]. Real 

laboratories and virtual laboratories do not 

significantly differ in conceptual and factual 

understanding [31]. 

Figures 3 and 4 show that the 

readability (content and language) and the 

module's presentation have poor results from 

the start the better after improvements, in 

extensive trials. In extensive trials, it was also 

seen that the module had improved teacher 

and student performance. From the results of 

this analysis, it can be seen that this module 

can be used in classroom learning 

4. Science Process Skill 

The purpose of this test is to find out 

whether students 'process skill skills can 

grow with the modules that have been 

developed, and the use of virtual labs can 

foster students' science process skills-data 

obtained from students' pretest, post-test, 

and n-gain.  

Figure 6 shows that the average value 

of N-Gain and post-test values among the 

experimental classes is higher than the 
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control class. These results indicate that the 

experimental class has a better effect than 

the control class. Modules developed and 

equipped with virtual laboratories can foster 

students' science process skills [32]. 

 

Figure 6. Difference Score between Experiment Classes and Control Class 

 

5. Student Learning Outcome 

The module test's effectiveness is a 

test conducted to determine whether the 

modules developed and used in the 

experimental class have better results in the 

classroom than the control class [32]. The 

experiment class is a class that uses modules 

as teaching material, while the control class 

is a class that uses teaching materials from 

the same School. This test involves three 

schools by taking two class in each School as 

a research sample. The number of samples 

used from this test was 192 students. The 

class is selected by cluster random sampling 

method. The learning outcomes of the 

experimental class and the control class are 

presented in Table 2. 

 

Table 2. Student Learning Outcome 

 Experiment Control 

 Completed Uncompleted Completed Uncompleted 

Total Student 73 23 59 37 

Percentage 76 24 62 38 

Table 2 is the student learning 

outcome after being given treatment, both 

classes that use modules and courses that 

use teaching materials in schools. In the 

experimental class, 73 students had scores 

above the minimum criteria score (≥75). 

While in the control class, 59 students 

already have scores above the minimum 

criteria score. Simultaneously, the developed 

modules have succeeded in providing better 
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completeness than the teaching materials 

used in schools. Analysis of student learning 

outcomes is shown in Table 3, the average 

thermochemical achievement table. 

 

Table 3. Average Student's Learning Out-
comes 

School 
Class 

Experiment Control 

A 79.06 76.72 

B 75.78 73.90 

C 74.84 70.31 

 

Table 3 is a table of the average student 

learning outcomes in the experimental class 

and the control class in the three schools. 

These results indicate that classes using this 

module have better learning outcomes. This 

means that students' understanding of using 

modules has better results than classes that do 

not use modules. Thus the module can improve 

students' thermochemistry learning outcomes. 

 

CONCLUSION 

The results of the research conducted 

found that: students need teaching materials 

that can encourage student achievement in 

the 21st-century teaching and learning process 

in thermochemical material; the validity of the 

module declared valid by the weight expert (v 

= 0.89); The module can foster science 

process skills and the module developed 

shows effective results seen from learning 

outcomes in thermochemical material. 
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