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This study aims to determine the description of students towards the use 

of ICT-based convex mirror material guidebooks. The population of this 

study was the students of Jambi University Physics Education class 

program in 2018. The sampling technique used was total sampling, so 

that the sample of this study was all physical education students at 

University of Jambi with 105 students in class 2018. Indicators of 

observed process skills included the process of identifying variables, 

making data tables, making a graph, explaining the relationship between 

variables, obtaining and processing data, analyzing investigations, 

making hypotheses, identifying variables by vocational, designing 

experiments and conducting experiments. Process skill data was 

measured through a basic physics practicum performance evaluation 

sheet when practitioners conducted convex mirror practicum activities. 

Data was analyzed using descriptive statistics. The analysis shows that 

the average Science Process Skills are categorized as good and very 

good. This points out that the students have mastered the integrated 

Science Process Skills. The results of this study are expected to be a 

consideration for physics study programs to conduct related studies for 

other practicum subjects. 
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INTRODUCTION 

 

Physic Education Study Program at Universitas Jambi has graduate competencies 

that also refer to the Indonesian National Qualification Framework (KKNI) including 

attitudes, knowledge and skills. The main focus of learning in higher education is to 

actively involve students in the learning process (Astalini, Kurniawan & Sumaryanti, 

2018). Skills that must be mastered by physics education students are science process 

skills. Science process skills are the ability to process actions as well as scientific thought 

in order to develop an understanding of scientific concepts to support subsequent abilities. 

According to Darmaji (2018), process skills are important for students to solve physics 

problems in the surrounding environment and during the learning process. 

Science process skills are divided into two parts of basic process skills and 

integrated process skills (Darmaji, Kurniawan & Irdianti, 2019). These Science Process 

Skills are very important to be mastered by physics students. It is based on all forms of 

learning activities both in the classroom and in the laboratory begun with an observation 

(Astalini, 2019; Kurniawan, & Astalini, 2019). Students as prospective physics teachers 

or professional educators have the task of guiding, training and building student’s 
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knowledge. According to (Astalini, 2019), students must master the science process 

skills, because most of the physics taught is emphasizing the material that is centered on 

activity. An important task of a science educator is to help students develop the thinking 

skills of scientists (Darmaji, Kurniawan & Rahayu, 2018). 

A physics teacher or prospective physics teacher who does not have science 

process skills, when teaching in class can only convey concepts with conventional 

teaching methods (Maison, 2019). This makes students treat physics as a collection of 

knowledge and tend to only master the concepts of physics without understanding the 

process of occurrence (Darmaji, Kurniawan & Lestari, 2018; Maison, 2018). Physics 

learning requires students to be active in the learning process, students not only master 

concepts but are also trained in mindset and shape students’ personalities in life 

(Kurniawan & Parasdila, 2018). Jambi University Physics Education Study Program has 

4 graduate competencies, one of which is skills competency. The study program as a 

place to produce professional teacher candidates must ensure the achievement of these 

competencies (Astalini, 2019). 

Darmaji (2018) said that science process skills consist of basic process skills 

(observing, summarizing, measuring, communicating, classifying, predicting, using time-

space relations and using numbers are part of basic process skills) and integrated process 

skills (identifying variables, building data tables, building graphs, describing relationships 

between variables, obtaining and processing data, analyzing investigations, constructing 

hypotheses, defining variations operationally, designing investigations, and 

experimenting). The process skills that are focused in this study are integrated process 

skills consisting of identifying variables, making data tables, making graphs, describing 

relationships between variables, obtaining and processing data, analyzing investigations, 

making hypotheses, identifying variables by operational, designing experiments and 

carrying out an experiment. Basic and integrated science process skills are very important 

to be mastered by physics education students as prospective teachers (Kurniawan, 2018; 

Lestari, 2017). The application of process skills in learning is something that must be 

implemented by teachers in their learning (Hardiyanti, 2018). Process skill is a teaching-

learning approach that leads to the growth and the development of a number of specific 

skills in prospective teacher students, so that they are able to process information to 

discover new things that are useful in the form of facts, concepts, attitude and value 

development (Kurniawan, 2019; Astalini, 2018). 

Science process skill is a teaching-learning approach that leads to the growth and 

development of a number of specific skills in students, in order to be able to process 

information so that new things that are useful in the form of facts, concepts and the 

development of attitudes and values. Science process skills serve to encourage students to 

develop the knowledge they have received (Kurniawan, Astalini & Sari, 2019). Practicum 

activities can be used as activities to improve or to develop students’ scientific skills 

including psychomotor aspects (Kurniawan & Parasdila, 2018). According to Aydin 

(2013), science process skills are thinking abilities that we use to create knowledge, to 

reflect on problems and to formulate results. Science process skills involve skills that 

require more complex experiences (Kurniawan, Perdana & Kurniasari, 2018). 

To be successful in practicum activities, besides using good tools, it must also be 

supported by a practicum implementation guide or practicum guide. The practicum guide 

is one of the teaching materials used as student’s guidelines in carrying out practicum 

(Maison, Darmaji, Astalini, Kurniawan & Indrawati, 2019). According to Kurniawan, 

Lumbantoruan & Samosir (2019), in many school science programs, these laboratories 

are used in a cookbook fashion to verify scientific facts but not to promote laboratory or 

science process skills to study the natural phenomenon. Thammasaeng (2018), achieving 
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ICT literacy skills is useful in researching, setting up systems and evaluating information 

in which can promote effective learning and working. This statement is in accordance 

with that contained in the practicum guide in physics education. 

ICT has been widely used in learning such as assessment and guidebooks. 

Handbooks conducted using ICT will greatly assist in the assessment of science process 

skills in the reflection experiments on convex mirrors. As we know now that there is a 

glimmer of hope that teachers can help and assess their students to be better with the help 

of ICT (Cener, et. al, 2015). Reflection is a physics concept that is studied in physics 

practicum. Reflection is a nature of light where it can be learned through practical 

activities (Myers, 2013). The existence of ICT will shorten the time of the assessment 

because the assessment is no longer done manually. The development of ICT in the field 

of education is characterized by the use of computers to create practical, interesting and 

interactive learning (Kurniawan, Anwar & Kurniawan, 2019). Therefore the remaining 

time can be as much as possible dedicated in the process of reflection on a convex mirror. 

Thus, the use of ICT-based guidebooks help students do practicum according to the 

purpose of convex mirror material which is aimed to determine the nature of the image 

from the object based on the distance of the object to the convex mirror, to determine the 

focus distance of the convex mirror, and to identify the effect of changing the distance of 

the object to the distance of the shadow and the distance of the point of focus/fire/focus 

on a convex mirror.  

 

 

METHOD 

 

This present research used a quantitative approach with experimental research 

method. The type of research used is the true experimental type in the form of post-test 

control and experimental group design. True experiments comprise the most rigorous and 

strong experimental designs because of equating the groups through random assignments 

(Creswell, 2012). This study aims to determine the description of students towards the use 

of ICT-based guidebooks with printed guidebooks on convex mirror material on the 

science process skills of students so that in this study using the post-test control end 

experimental group design. 

This study consisted of two groups, namely the experimental group and the control 

group. The experimental group was the group that was treated and used ICT-based 

guidebooks on convex mirror material. While the control group was the group that was 

not treated and used a printed manual on convex mirror material. 

The population in this study was physics education study program students who 

contracted in the elementary physics courses II, totaling 105 students. The sample used in 

this study was the random sampling method. Random sampling is also known as 

sampling probability. Random sampling is where each member of the population has the 

same probability of being a research sample. This technique is considered as the best 

technique for getting a representative sample (Kothari, 2004; Gratton & Jones, 2004). The 

sample used was 64 students, with 34 students being treated, while 30 students were not 

treated.  

The instrument used in this study was an instrument of students’ science process 

skills using a Likert scale as scoring of each statement. The selection of the four scales 

used was to determine the research criteria, namely: (1) Very Not Good; (2) Not Good; 

(3) Good; (4) Very Good. The instrument used in this study consisted of 16 indicators, of 

which the integrated science process skills consisting of 7 indicators. 
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The data of students’ science process skills obtained will be tested for normality 

and homogeneity then will be analyzed using a different test with a statistical t-test that 

was aimed to determine the mastery of students’ science process skills which were 

grouped into 4 criteria seen in table 1. 

 

Table 1. Mastery of Interval Scores for Students’ Science Process Skills 

No Interval Category 

1 1,00 - 1,75 Very Not Good 

2 > 1,75 - 2,50 Not Good 

3 > 2,50 - 3,25 Good 

4 > 3,25 - 4,00 Very Good 

 

 

RESULTS AND DISCUSSION 

 

Results 

 

Based on the analysis conducted, practicum guides based on mobile learning on 

average make students’ integrated Science Process Skills increase. The followings are the 

results of a descriptive analysis of students’ integrated Science Process Skills in the 

Convex Mirror experiment. 

 
Table 2. Student Science Process Skills on Variable Identification Indicators 

Classification Mean  Median Min Max 

Indicator 

(Class) 

Interval 

score 
Category Total %  

   

Variable 

Identification 

(Experiment) 

2.0 - 3.5 Very Not Good 0 0 6.64 6.50 5.00 8.00 

3.6 - 5.1 Not Good 5 14.7 

5.2 - 6.7 Good 12 35.3 

6.8 - 8.0 Very Good 17 50.0 

Total   34 100     

Variable 

Identification 

  (Control) 

2.0 - 3.5 Very Not Good 0 0 6.27 6.00 5.00 8.00 

3.6 - 5.1 Not Good 7 23.3 

5.2 - 6.7 Good 15 50.0 

6.8 - 8.0 Very Good 8 26.7 

Total   30 100     

  
Table 2 shows that the science process skills on the indicator of variable 

identification, both the experiment class and the control class are categorized as very 

good and good. In the experiment class, the highest percentage in the excellent category 

is 50.0%, whereas the control class has the highest percentage in the good category of 

50.0%. Based on these data, it can be seen that the students’ science process skills on the 

variable identification indicator, both the experiment class and the control class have been 

well mastered when carrying out convex mirror practicums. This is based on the ability of 

students when identifying variables on 3 things that need to be observed, namely the 

ability of students to declare independent variables, dependent variables and constant 

variables in a convex mirror practicum. In the experiment class, students are able to 

determine the variables that exist in the convex mirror practicum. While in the control 

class, students hesitate to determine the variables that exist in convex mirror practicum 

activities. Students tend to trust their friends’ arguments more than themselves. 
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Table 3. Student Science Process Skills on Indicators of Creating Data Tables 

Classification Mean Median Min Max 

Indicator 

(Class) 

Interval 

score 
Category Total % 

    

Creating Data 

Tables 

(Experiment) 

4.0 - 7.0 Very Not Good 0 0 13.20 13.00 13.00 4.00 

7.1-10.0 Not Good 4 11.4 

10.0-13.0 Good 17 48.6 

13.1-16.0 Very Good 13 40.0 

Total   34 100     

Creating Data 

Tables 

(Control) 

4.0-7.0 Very Not Good 0 0 12.87 13.00 14.00 2.00 

7.1-10.00 Not Good 3 10.0 

10.1-13.0 Good 14 46.7 

13.1-16.0 Very Good 13 43.3 

Total   30 100     

 

Table 3 shows that the science process skills on the indicator of creating data 

tables, both the experiment class and the control class are in the good category. In the 

experimental class, the highest percentage in the good category is 48.6% and the control 

class also has the highest percentage in the good category of 46.7%. This is based on the 

results of the experimental data that have been obtained by both the experiment class and 

the control class, students only write experimental data from the first to the last 

experiment without making a special data table for each experiment conducted. 

 
Table 4. Student Science Process Skills Indicators of Making Graphs 

Classification Mean Median Min Max 

Indicator 

(Class) 

Interval 

score 
Category Total % 

    

Making Graphs 

(Experiment) 

2.0 - 3.5 Very Not Good 1 2.9 11.52 11.00 6.00 24.00 

3.6 - 5.1 Not Good 14 41.2 

5.2 - 6.7 Good 19 55.9 

6.8 - 8.0 Very Good 14 40.0 

Total   34 100     

Making Graphs 

(Control) 

2.0 - 3.5 Very Not Good 9 30.0 9.23 9.00 6.00 12.00 

3.6 - 5.1 Not Good 10 33.3 

5.2 - 6.7 Good 11 36.7 

6.8 - 8.0 Very Good 0 0 

Total   30 100     

 

Table 4 shows that the science process skills on the indicators of making graphs, 

both the experiment class and the control class are in a good category. In the experiment 

class, the highest percentage in the good category is 55.9% and in the control class also 

has the highest percentage in the good category of 36.7%. Based on these data, it can be 

seen that the experiment class students have a greater percentage of making graphs than 

the control class. This skill is closely related to the skill of creating data tables, the better 

the skill to create data tables, the better the skill to make graphs. Students in the 

experiment class who are able to make tables in the experiment are interested in making 

some graphs related to the data that has been obtained during the practicum. While in the 

control class, students only make a relation graph in accordance with the examples in the 

lab guide. 
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Table 5. Student Science Process Skills on Indicators of Describing Relationships between 

Variables 

Classification Mean Median Min Max 

Indicator 

(Class) 

Interval 

score 
Category Total % 

    

Describing 

Relationships 

between 

Variables 

(Experiment) 

3.00-5.25 Very Not Good 0 0 9.43 9.00 7.00 12.00 

5.26-7.50 Not Good 5 14.3 

7.51-9.75 Good 16 48.6 

9.76-12.00 Very Good 13 37.1 

Total   34 100     

Describing 

Relationships 

between 

Variables 

(Control) 

3.00-5.25 Very Not Good 0 0 8.80 9.00 6.00 12.00 

5.26-7.50 Not Good 8 26.7 

7.51-9.75 Good 13 43.3 

9.76-12.00 Very Good 9 30.0 

Total   30 100     

 

Table 5 shows that the science process skills on the indicators of describing the 

relationships between variables, both the experiment class and the control class are 

categorized in the good category. In the experiment class, the highest percentage in the 

good category is 48.6% and in the control class, the highest percentage in the good 

category is 43.3%. In indicators of describing the relationship between variables, the 

ability of students to make a matching line (graph) and the relationship between numbers 

of repeated measurements with the measurement results are obtained. In the experiment 

class and the control class, students are interested in adding the repetition of the 

experiment to obtain valid data in accordance to the advice explained in the practical 

guide. 

 
Table 6. Student Science Process Skills on the Indicators of Obtaining and Processing Data 

Classification Mean Median Min Max 

Indicator 

(Class) 
Interval Score Category Total % 

    

Obtaining and 

Processing 

Data 

(Experiment) 

9.00 – 15.75 Very Not Good 0 0 28.77 28.00 21.0 34.00 

15.76 – 22.51 Not Good 3 8.6 

22.52 – 29.27 Good 17 48.6 

29.28 – 36.00 Very Good 14 42.9 

Total   34 100     

Obtaining and 

Processing 

Data 

(Control) 

9.00 – 15.75 Very Not Good 0 0 28.07 29.00 21.0 35.00 

15.76 – 22.51 Not Good 5 16.7 

22.52 – 29.27 Good 14 46.7 

29.28 – 36.00 Very Good 11 36.7 

Total   30 100     

 

Table 6 shows that the science process skills on the indicator of obtaining and 

processing data, both the experiment class and the control class are categorized as good. 

In the experiment class, the highest percentage in the good category is 48.6% and in the 

control class, the highest percentage in the good category is 46.7%. The indicator of 

obtaining and processing data is dealing with the students’ ability to display the 

experimental data in the form of data tables and graphs. In the experiment class and the 

control class, students are interested in adding the repetition of the experiment to obtain 
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valid data in accordance to the advice explained in the practical guide. The data is moved 

into the form of data tables and graphs. 

 
Table 7. Student Science Process Skills in Analyzing Investigations Indicators 

Classification Mean Median Min Max 

Indicator 

(Class) 

Interval 

Score 
Category Total % 

    

Analyzing 

Investigations 

  (Experiment) 

2.0 - 3.5 Very Not Good 0 0 6.64 6.50 5.00 8.00 

3.6 - 5.1 Not Good 5 14.7 

5.2 - 6.7 Good 12 35.3 

6.8 - 8.0 Very Good 17 50.0 

Total   34 100     

Analyzing 

Investigations 

  (Control) 

2.0 - 3.5 Very Not Good 0 0 6.27 6.00 5.00 8.00 

3.6 - 5.1 Not Good 7 23.3 

5.2 - 6.7 Good 15 50.0 

6.8 - 8.0 Very Good 8 26.7 

Total   30 100     

 

Table 7 shows that the science process skills on the indicators of analyzing 

investigations, both the experiment class and the control class are categorized as very 

good and good. In the experiment class, the highest percentage in the excellent category 

is 50.0%. Whereas the control class has the highest percentage in the good category of 

50.0%. The indicator of analyzing investigations reviews the students’ ability to adjust 

and to decide that the experiment they conducted is in accordance to his hypothesis. In 

this case, students should have confidence in their ideas on the design and on the 

experimental plans they have thought of. Students in the experiment class are able to 

carry out experimental activities properly because the experimental procedures are 

explained coherently on the practicum guide. Whereas students in the control class tend 

to need laboratory assistant demonstrations to help them understand the experimental 

procedure. Therefore, around 15 students with a percentage of 50% in the control class 

are in a good category. 
 

Table 8. Student Science Process Skills on Operational Variable Identification Indicators 

Classification Mean Median Min Max 

Indicator 

(Class) 

Interval 

Score 
Category Total % 

    

Operational 

Variable 

Identification 

(experimental) 

2.0 – 3.5 Very Not Good 0 0 6.46 6.00 5.00 8.00 

3.6 – 5.1 Not Good 5 14.3 

5.2 – 6.7 Good 13 40.0 

6.8 – 8.0 Very Good 16 45.7 

Total   34 100     

Operational 

Variable 

Identification 

(Control) 

2.0 – 3.5 Very Not Good 1 3.3 6.00 6.00 3.00 8.00 

3.6 – 5.1 Not Good 8 26.7 

5.2 – 6.7 Good 11 36.7 

6.8 – 8.0 Very Good 10 33.3 

Total   30 100     

 

Table 8 shows that the science process skills in the indicators of operational variable 

identification, both the experiment class and the control class are very good and good. In 

the experiment class, the highest percentage in the excellent category is 45.7%. Whereas 

the control class has the highest percentage in the good category of 36.7%. The indicator 

of operational variable identification reviews the students’ ability to determine the results of 
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experiments conducted using tools that are appropriate to the experiments conducted. 

Students in the experiment class are able to determine the results of the experiment well 

according to the tools and experimental procedures described in the lab guide. Whereas 

students in the control class tend to need the assistance of laboratory assistants to 

determine the results of the experiment and to understand the procedure of the 

experiment. 

Based on the results seen in table above, it is known that the Science Process Skills 

of students have been well mastered when carrying out convex mirror practicum. This 

shows that the average mastery of Science Process Skills is integrated both in the 

experiment group and the control group on the indicators studied has been categorized as 

good and very good. In the experiment class, making graphics is an indicator with the 

highest percentage of 55.9% in the good category. Whereas in the control class, the 

identification of variables and analyzing investigations are the highest indicators with a 

percentage of 50.0% that are categorized as good. 

 

Discussion 

 

Science process skills are abilities needed by students to support the practicum 

activities they do in the laboratory. These abilities consist of two types of science process 

skills, namely basic science process skills and integrated science process skills. Turiman, 

et. al., (2012) say that science process skills consist of basic process skills (observing, 

summarizing, measuring, communicating, classifying, predicting, using time-space 

relationships and using numbers are parts of basic process skills) and integrated process 

skills (identifying variables, creating data tables, making graphs, describing relationships 

between variables, obtaining and processing data, analyzing investigations, building 

hypotheses, defining variations operationally, designing investigations and experiment). 

In this study, 7 indicators of integrated process skills are reviewed (identifying variables, 

creating data tables, making graphs, describing relationships between variables, obtaining 

and processing data, analyzing investigations, identifying variables by operational). In the 

indicator of variables identification, there are 3 things need to be observed through 

students’ ability to declare variables appropriately, namely: independent variables, 

dependent variables and constant variables.  

Based on table 2, it can be seen that the students’ science process skills on the 

variable identification indicator, both the experiment class and the control class have been 

well mastered when carrying out the convex mirror practicum. The next indicator is to 

create a data table, based on table 3, it can be seen that students are more likely to do 

practical activities compared to writing the experimental results in tabular form. Based on 

table 4, which is making graphics closely related to the skills to create data tables, the 

better the skill of creating data tables, the better the skill to make graphs. Students in the 

experiment class who are able to create experimental data tables are interested in making 

several graphs related to the variables they identify. Whereas students in the control class 

only make a relationship graph in accordance with the examples in the practicum guide. 

Some students are not interested in communicating their findings through graphs. This 

shows that students do not have a good attitude. Positive student attitudes toward physics 

will have a sense of fun when the learning process takes place (Astalini, et. al, 2018). In 

addition, the limitations of the findings presented through the data tables are one of the 

factors that make students feel lazy to communicate their findings through the data tables. 

In the indicators of describing the relationship between variables, the ability of students to 

make a matching line (graph) the relationship between the number of repeated 

measurements with the measurement results have been obtained. In the experiment class 



Oktavia & Dewi. / Formatif: Jurnal Ilmiah Pendidikan MIPA 10(2), 103-114 

- 111 - 

 

and the control class, students are interested in adding the repetition of the experiment to 

obtain valid data in accordance to the advice explained in the practical guide. 

Based on table 5, the indicator describes the relationship between variables, in 

terms of the ability of students to make a matching line (graph), the relationship between 

the numbers of repeated measurements with the measurement results have been obtained. 

In the experimental class and the control class, students are interested in adding the 

repetition of the experiment to obtain valid data in accordance to the advice explained in 

the practical guide. In the indicators of obtaining and processing data in table 6, it deals 

with the ability of students to display experimental data in the form of data tables and 

graphs. In the experiment class, students are interested in adding the repetition of the 

experiment to obtain valid data in accordance to the advice explained in the practical 

guide. Students should have previous experience of observing, classifying and measuring 

before interpreting data (Ozgelen, 2012). The ability of students to show their findings is 

closely related to the basic science process skills possessed by students. Whereas the 

investigative analysis indicators in table 7 review the students’ ability to adjust and to 

decide that the experiments conducted are in accordance to their hypotheses. In this case, 

students should have confidence in their ideas on the design and the experimental plans 

they have thought of. And in table 7, the indicator of identification variables 

operationally, reviews the students’ ability to determine the results of experiments 

conducted using tools that are appropriate to the experiments conducted. Students in the 

experiment class are able to determine the results of the experiment appropriately 

according to the tools and to the experimental procedures described in the lab guide. 

Meanwhile, students in the control class tend to need the assistance of laboratory 

assistants to determine the results of the experiment and to understand the procedure of 

the experiment. 

The importance of science process skills for physics education students, where 

science process skills themselves are skills that facilitate learning in physics, ensure 

students active participation, develop students’ sense of responsibility in their own 

learning, improve permanent learning, and also make students gain ways and methods of 

research, which is ensuring thinking and behaving like a scientist. From the several 

indicators reviewed in the observations made, the results of the science process skills of 

the indicator students varied from the categories of very not good, not good, good and 

very good. The integrated process skills in convex mirror practicum activities found that 

the average science process skills of the experiment class and control class students are of 

good and very good categories. This is based on the ability of students who are classified 

as high in practical activities. However, each class has a dominant aspect of science 

process skills. In the experiment class, making graphs is an indicator with the highest 

percentage of 55.9% categorized as good. Whereas in the control class, identifying 

variables and analyzing investigations are the highest indicators with a percentage of 

50.0% that are categorized as good category. 

Each class has its own way of practicing. The attitude in learning is very important, 

as is the attitude in learning towards college subjects (Astalini, et. al., 2018). Students in 

the experiment class are also able to use e-modules directly in the laboratory without 

being demonstrated. This shows that students are ready to use technology in learning. 

Online based mobile learning provides opportunities for students to study anytime and 

anywhere (Astalini, et. al., 2019). The mastery of integrated science process skills in 

students who are classified as good shows that Physics Education students have a good 

stock as prospective educators, especially in the field of Physics. 
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CONCLUSION 

 

The integrated science process skills of the experiment class students who are in 

the good category are the skills of creating data tables, making graphs, describing 

relationships between variables, as well as obtaining and processing data. The integrated 

science process skills of the experiment class students who are in the excellent category 

are operational skills for identifying variables, analyzing investigations and identifying 

variables. While the integrated science process skills of control class students are in a 

good category. Integrated process skills in convex mirror practicum activities are found 

that the average science process skills of students are in good and very good categories. 

This is based on the ability of students who are classified as high on this practicum. The 

results of this study are as initial descriptions of science process skills with advantages in 

order to improve students’ science process skills through practical activities using ICT-

based guidebooks. While the weakness in this study is the difficulty of students in 

adapting to use practicum guides that require students to do practicums independently. 

Physics education study programs should be able to apply ICT-based practical manuals to 

improve science process skills through practical activities. 
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