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Abstract 
Students from Teachers College coming from various regions causes variations in the cognitive, affective, and 

psychomotor level. Some of them have a difficulty that leads to misconception in understanding the content in chemistry, 
particularly on chemical equilibrium. One of the ways to comprehend that content is by conducting experiments. This 
study aims to apply science process skills in understanding chemical equilibrium through the experiment method. This 
research also helps students in their experiments in which their ability is shaped to reach the level of application. Through 
experiment method, science process skill will develop and give a good response in giving action both in cognitive 
comprehension and ineffective as well as psychomotor level. The research method used is pre-experimental with a One-
Group Pre-Post test Design.  The result showed N-gain was 0.7, which classified high categories and science process skills 
showed good categories. The final result of this research was that students would be able to understand chemical equilibrium 
better by applying science process skills with an experiment. 
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Introduction 
Humans created by God are different from 

other creations. Humans are given reason, mind, 
and mind; this is what distinguishes humans from 
other creations. So that God gives freedom to 
humans in exploring their thinking ability to return 
to glorify God. However, the freedom given by God 
is developed by man according to his own will. This 
is what often makes humans deviate from God's will 
and grieves God's heart so that it causes humans to 
fall into sin. The redemption that God made with 
His death on the cross was done only once, and it 
applies to all generations. This redemption was 
given by God freely to mankind, but that does not 
mean that humans did not respond to this 
redemption. Humans continue to do the right thing 
as a form of response to God's work. One of the 
right actions is managing science as a responsibility 
as creation. As stated Saputri & Djumhana (2020) 
science is a way of expressing facts, concepts, and 
ideas that exist in the universe. In this case, humans 
explore all the truths contained in this science so 
that the truth is fully understood. Education is a 
container that can be used by humans in seeking the 
truth. Through education, humans can also respond 
to real actions in understanding what is created. 
With the existence of education, the truth is 
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increasingly being presented so that the quality of 
the human self also increases. With the presence of 
education, human resources are also getting better 
and competent.  

Based on the student educational backgrounds 
at Teachers College (TC), most of them come from 
various regions in Indonesia, that their ability to 
understand lessons also varies. Some students are 
cognitively high, and some are still lacking. Some of 
the students had difficulty understanding the 
material of chemical equilibrium because they could 
not see the principle of equilibrium in everyday life. 
The reason for this is that learning at the high school 
level related to this material has no real impact. 
There are still many TC students from several areas 
who have difficulty accessing chemistry learning. 
This is because the learning that is presented at the 
high school level is limited to theoretical learning. 
This greatly affects the understanding of knowledge 
by the students themselves, there are even some who 
do not understand the concept, and some have 
misconceptions. The same thing was conveyed by 
Hikmah et al. (2018) in the reaction rate concept, 
that students' understanding of this concept is still 
low at the microscopic level and need to also pay 
attention to attitude and psychomotor. 

Seeing that the topic of chemical equilibrium 
greatly affects advanced materials such as acid-base 
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concept, solubility, and solubility product therefore 
it is necessary to do a way to embed concepts that 
can be done by the students themselves. With the 
diversity found in TC, it is necessary to apply an 
approach so that the goals of education and student 
understanding are evenly distributed. The aim of 
this education is also in line with the vision and 
mission of the chemistry education study program, 
namely to prepare teachers in the field of chemistry 
studies who have true knowledge. The knowledge 
presented is not sufficient in the scope of theoretical 
understanding alone but must be able to be applied 
in everyday life. Children will learn from what they 
do like the philosophy of learning by doing. 
Through what is experienced and done, science 
becomes more refined and easier to understand. 
One of the efforts to harmonize this knowledge 
simply and to be able to apply the knowledge 
presented is utilizing the experiment's method. The 
experiment is a method that is appropriate to 
reconcile what is theoretically presented. In line 
with Lestari & Diana (2018) students can build 
meaningfully based on what is presented based on 
theory and can connect it in the experiment to solve 
science problems. 

According to Rusman (2017) understanding in 
experimental activities also still expects their ability 
to the application stage as written in Bloom's 
taxonomy regarding thinking skills, communication 
skills, research skills, application skills in line with 
the achievement of student graduate profiles, 
namely being able to study the implications of 
developing or implementing technology science that 
pays attention to and applying the values of life 
following their expertise based on scientific 
principles, procedures, and ethics to produce 
constructive solutions, ideas, and designs or 
criticism of art. The term "experimental method" is 
a process skill to develop about the natural 
surroundings by using scientific methods and 
scientific attitudes in solving problems encountered 
in everyday life. Meanwhile, according to Whitton 
(2015), the experimental method is a method in 
which students become direct researchers of certain 
phenomena and how things work to be able to 
answer and determine why certain phenomena 
occur in certain ways. The experimental method is 
a method of presenting learning in which students 
who carry out experiments must experience what 
they are doing, observe an object and gain learning 
experience in overcoming problems that occur 
(Nursalam & Effendi, 2008). To conclude the 
experimental method is appropriate because 
students experience and see for themselves what 
they are doing so that this can provide a complete 
understanding of the concept of learning that is 
followed, and these students can overcome learning 
problems encountered in everyday life day. The 
experimental method is very helpful for students 
because according to Nursalam & Effendi (2008) 
this method can increase the ability of students to 
be able to learn independently and solve problems. 

According to Maulana et al. (2015) the 
experimental method can develop students' science 
process skills. There is a significant increase in 
learning outcomes through the experimental 
method (Subekti & Ariswan, 2016).  

To reach the understanding level, students 
need to develop their skills as science process skills. 
With the skills they have, students who generally do 
practicum can improve their understanding of 
chemistry. As stated by Susanto (2013) that the 
skills possessed must be able to improve skills in 
thinking, acting, and behaving, and it will give a 
good response in providing good action levels of 
cognitive, affective, understanding, and student 
psychomotor. When students are fully skilled, they 
will develop creativity and cooperation in doing an 
experiment. So, this research was conducted to see 
more clearly the importance of students' science 
process skills in understanding chemical 
equilibrium with the experimental method. For 
example, the purpose of the experimental method 
itself is that experiments can provide space for 
students to take opportunities to lead learning and 
to demonstrate their knowledge and understanding. 
The learning method using the experimental 
method can develop students' science process skills. 
This is because theoretical understanding is closely 
related to experimental activities, as suggested by 
Sujana (2014). The same thing was conveyed by 
Sumarni et al. (2016)  experiment in chemistry 
learning is an important approach to get a better 
understanding and application of chemistry. 
Laboratory-based learning helps students find facts, 
theories learned in lectures.  

As a student, someone should be able to 
integrate skills, knowledge, and attitudes to build a 
scientific concept. Therefore, educators can develop 
their science process skills: the ability to observe, 
measure, make conclusions, classify, predict, and 
communicate. The same thing was written by 
Kurniawati et al. (2016) that students could be 
actively involved in scientific learning both 
individually and in groups by using science process 
skills. According to some of the expert opinions 
above, the researcher concluded that science process 
skills were carried out to reveal theoretical truth and 
facts and could be seen and experienced in the 
process by requiring skills in managing both. 

Indicators of science process skills are explained 
by several experts: according to Hisbullah & Selvi 
(2018) consist of observing, classifying, measuring, 
communicating, interpreting data, predicting, using 
tools, conducting experiments, and concluding. 
The same indicator is written by Kurniawati et al. 
(2016), namely observing, predicting, making 
hypotheses, planning experiments according to 
procedures, carrying out experiments, asking 
questions, communicating, and concluding data 
from discussion results. Whitton (2015) stateed that 
the experimental method can be passed in several 
steps, such as: questioning certain phenomena or 
information, making hypotheses, conducting 
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experiments, drawing conclusions (verifying, 
refuting, or building hypotheses). The same thing 
was expressed by Nurhayati et al. (2019) consisting 
of the ability to observe, predict, measure, classify, 
communicate, and conclude. 

From some of the expert opinions described 
above, this study uses the following indicators: 1) 
Observation: (a) Students use sensory tools while 
conducting experiments, (b) Students record all 
experimental data and information presented. 2) 
Measuring (measurement): (a) Students use 
appropriate measurements in each experiment, (b) 
Students can use measuring devices when 
experimenting by the procedures carried out. 3) 
Classifying: Students classify experimental data 
based on their characteristics. 4) Interpreting 

observations (inference): Students can make 
hypotheses when conducting experiments. 5) 
Communicating (communication): (1) Students 
can transfer information to their group mates, and 
(2) Students can systematically compile 
experimental reports. 6) Conclude (conclusion): 
Students can draw conclusions based on the 
experiments carried out. 

Methods 
The flowchart of this study is shown in Figure 

1. This study uses a pre-experimental research 
method with One-Group Pretest-Posttest Design. 
This experimental design was seen like in Figure 2 
(Dwianto et al. 2017).

 

 
 
 
 
 
 
 
 
 
 

The students will be given a pre-test to measure 
their pre-knowledge continued by the experimental 
method and post-test (Ekawati et al., 2018). 

Preparation stage 
In this stage, students have worked on 

experiment journals which will make it easier to 
conduct experiments and write theories that will be 
included in the lab report regarding the topic of 
chemical equilibrium. This is to minimize the 
misconceptions that occur when understanding the 
theoretical basis and seeing the experiments being 
carried out. 

Experimental stage 
Students do a pre-test to get information about 

the basic abilities or knowledge about the 
experiment. This is useful in seeing the level of 
understanding they have and seeing the cognitive 
abilities that are presented. Next, students carry out 
experiments based on journals that have been 
worked on in the preparation stage, and at this stage, 
the lecturers continue to assist students. After 
conducting a series of experiments and having 
provided an explanation related to the experiment 
being carried out, students did a post-test to see the 
final ability of students in participating in 
experimental activities that had been carried out.  

Final Stage 
Students systematically process the data 

presented during the experiment and are outlined in 
the lab report (were taken for science process skills). 
The sample in this study amounted to 16 people. 
Selection considerations are due to the taking of 
sample members from the population without 
paying attention to the existing strata in this 
population (Ekawati et al., 2018). The instruments 
used in this study were test and observation sheets. 
The data collection technique in this study uses data 
collection tools in the form of pre-test and post-test, 
tests related to the topic of chemical equilibrium, 
and observation sheets related to science process 
skills. The tests and observation sheets are adjusted 
to answer the objectives of the experiment, namely: 
1) Studying the factors that affect chemical 
equilibrium. 2) Determine the equilibrium constant 
of a reversible reaction using the colorimeter 
method. This goal is also following some of the 
identification of difficulties experienced by students 
in understanding chemical equilibrium (Indriani et 
al., 2017). Based on interviews conducted by Astuti 
et al. (2018), the topic of chemical equilibrium is 
very difficult to study because it is not interesting, 
because the material is abstract, and it is added that 
learning is only theoretical without adding creative 
methods.  

Instrument 
Preparation

Instrumen 
Validation

Pre-
Test

Science 
Process Skills 

Approach
Post-
test

Data 
Processing

Figure 1. Research flowchart

O1 X O2

Figure 2. One-group pretest-
posttest design
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Figure 3. Chart of total average pre and post test and 
n-gain scores 

 

The test has been validated by 2 experts and is 
declared fit for use. Data analysis was used 
descriptively. Thus, it is necessary to see the 
understanding of the content before and after the 
experimental method is applied by being analyzed 
using normalized gain based on Hake’s equation 1 
(Nurussaniah et al., 2017). 
 
 

 
 
 
Based on the formula, normalized N-gain 
interpreted to get the implementation of science 
process skills can help the content understanding 
with experiment method.  

Criteria for normalized n-gain is shown in 
Table 1.

 
 

Table 1. Normalized n-gain criteria 
N-gain Interpretation

0.7 < g ≤ 1 High
0.3 < g ≤ 0.7 Medium
0 ≤ g ≤ 0.3 Low

 
 

To measure the science process skills, the data 
was descriptively analyzed in which the raw data was 
arranged into the easier explanation.  

This study is also using modified likert scale 
“1-strongly disagree”; “2-disagree”; “3-agree” and 
“4-strongly agree” (Subekti & Ariswan, 2016). 
Interval data presented from the observation sheet 
were processed using simple calculations. The 
interval data is analyzed by calculating the average 
answer based on the score of each student, in line 

with Permendikbud No. 53 of 2015 calculated 
using the formula: 
 𝑆𝑐𝑜𝑟𝑒 =  𝑠𝑡𝑢𝑑𝑒𝑛𝑡ᇱ𝑠 𝑠𝑐𝑜𝑟𝑒𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒 𝑥100 

Researchers used the guidelines for the success 
criteria to interpret the percentage presented 
according to Tampubolon (2014) as shown in 
Table 2.

 
Table 2. Success indicator 

Interval Category Criteria
81-100 % A Very good
61-80 % B Good
41-60 % C Enough
21-40 % D Less
0-20 % E Very lass

 
 
Results and Discussion 

Based on the results of research that has been 
conducted in the practical activities of students of 

the Chemistry Study Program, along with the 
recapitulation of data observation of each indicator 
using test instruments. 
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Figure 4. Questionnaire data observation

Test instruments based on experimental methods 
By using the assumption test normality liliefors 

test at the level of significance for α = 0.05 on 
chemical equilibrium material. Based on the data 
presented above, the average understanding of the 
chemical equilibrium through experiment method 
is in a high category. This is based on the gain value 
presented that the value g = 0.7. 

Questionnaire Data Observation 
The recapitulation of data was presented in 

Table 3. The display of data related to improvement 
and decline is different from indicators of science 

process skills. Based on the data was presented in the 
table above based on the observation sheet presented 
that measuring skills with 97.75 % is the highest 
skill and classifying skills with 68.5 % being in the 
lowest category. 

Referring to Figure 4, the percentage of science 
process skills aspect by the students in the good 
category, which measuring skill in the high level and 
classified in the low category. 

 
 

Table 3. Questionnaire data observation 

Exp. Science Process Skills 
1 2 3 4 5 6 

Chemical equilibrium 88.5 97.75 68.5 71.5 86.5 74 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The data was presented in the test instrument 
results above show that experimental methods can 
help students' science process skills, specifically in 
understanding chemical equilibrium materials. If 
reviewed more deeply that, the student can take a 
closer look at the material, which can help for the 
understanding of the content. Similar to Apriliani et 
al. (2015), the experimental method invites students 
to conduct experiments and check students' beliefs 
in the understanding presented so as to understand 
the concept and be more active in learning. The 
application of experimental methods by reviewing 
the skills of the student science process skills has 
improved on the implementation of pre-test and 
post-test. This improvement is also closely related to 
the explanation of lecturers after students conduct 
experiments; in addition to being able to make 
direct observations, students are re-equipped with 
explanations of the experiment process 
implemented.  

Through the activity stage conducted during 
the experiment, the preparatory stage can equip 
students to understand the material before 
conducting the experiment; in this stage, students 

are looking to write a journal based on the 
practicum module that has been given at the 
beginning of the meeting. At this stage, students are 
also looking for various references related to 
chemical equilibrium. This initial understanding is 
what provides students with initiating practicum. 
Moving on from the initial understanding, there are 
several things that have been prepared to be 
answered during practicum.  

The implementation stage is the stage of 
students conducting experiments; in this stage, first, 
check the initial ability through the implementation 
of the pre-test. The provision of this question is very 
important for researchers to ensure understanding 
before conducting experiments so that researchers 
can provide or clarify the initial understanding that 
they have. After the pre-test, students conduct 
experiments following a journal that has been 
prepared at the preparatory stage.  

During the experiment, students can be more 
skilled and can use the tools and materials that have 
been prepared. Students work independently and 
collaboratively based on their group. At this stage, 
students are very enthusiastic because they can 
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conduct their own scientific experiments and 
investigations. In theory, students already 
understand the topic of factors that affect chemical 
equilibrium. On the occasion of conducting 
experiments, students can clearly see the 
relationship between factors that affect chemical 
equilibrium. It can associate theory and perform 
directly related equilibrium shifts. With the 
addition/reduction of concentration, students can 
clearly see the process of shifting equilibrium itself 
by looking at the intensity of the resulting color. In 
principle, students get a clearer understanding of 
equilibrium shifts. It added that students could also 
use the colorimeter used in determining equilibrium 
constants. On the understanding of theory has been 
given calculations related to the determination of 
equilibrium constants.  

However, the determination of these 
equilibrium constants can also be answered through 
experimentation. More deeply, it is equipped with 
the principle of light that affects the value of 
absorbance so that students can determine 
equilibrium constants based on the concentration 
value of the footage and the absorption value 
presented based on observations. Through this 
experiment, students' skills are getting better at 
investigating problems scientifically. In addition to 
the skills gained indirectly, the ability to collaborate 
among students is also getting better. After 
conducting an overall experiment, students had a 
discussion together in a group. The discussions 
created can help their understanding because diverse 
observations can further complement 
understanding, so the role of the group has a good 
impact.  

The role of peers in conducting experiments 
with groups, there is space and time for students to 
discuss and hone each other's skills. It can also be 
seen from the experimental activities conducted that 
the activities are well organized, both in data 
collection/observation, conducting experiments, or 
reporting the results of experiments. It is also 
supported that human nature is not separated from 
the community. The community can help with a 
clearer understanding. The perceived community in 
the given group has a good impact, especially in 
understanding the chemical content. As conveyed 
by Maulana et al. (2015), learning methods using 
experiments with the help of peers can develop 
science process skills so that the ability to 
understand content can be more pronounced; this 
can be seen from the ability of students to work 
independently and in groups so that students 
themselves can solve scientific problems.  

After the discussion, a post-test was also 
conducted in measuring the ability presented during 
the administration of experimental methods. 
Whatever the treatment provided, it can answer the 
purpose of this study. Based on the results 
presented, the treatment by giving the right 
experimental method is done where students look to 
better understand the chemical equilibrium more 
clearly and see from the post-test value described in 

the diagram. After the post-test, students perform 
the final stage of reporting what has been presented 
during the experiment in the form of scientific 
reports.  

Scientific reports are also answered in the 
indicators of science process skills. Based on the 
indicators presented from the chart that has been 
displayed, there is a difference in value for each 
indicator. The first indicator is observing skills. 
Observing skills are seen when students practice and 
rewrite their observations into journals and reports. 
Based on the instrument of science process skills 
test, observing skills fall into the excellent category; 
students can observe events scientifically based on 
observations related to chemical equilibrium. It is 
also proven that these skills are categorized in an 
excellent category, where students are able to see a 
shift in equilibrium with the treatment of changes 
in the concentration of the solution added to each 
tube that has been provided. 

The second indicator is measuring skills. 
Measuring skills relate to the use of appropriate 
tools in retrieving and measuring a material needed 
in an experiment. For the indicators as a whole, 
measuring skills are the highest skill, and these skills 
are also in the excellent category. As seen also in the 
observation sheet during the experiment, students 
have become more skilled in using measuring 
instruments; this is because students are used to 
working in the laboratory, so they are used to using 
measuring instruments and can read the analysis.  

The third indicator is the skill of classifying. 
Classifying skills are skills in grouping experiment 
data based on their characteristics. Students are still 
unable to group and compare the observations they 
presented based on the characteristics of the data. 
This indicator is the lowest indicator of all 
indicators of science process skills, which although 
still fall into the category of good. On this indicator, 
students have not been able to classify the standard 
solution concentration with samples. Students were 
found negligent in writing in the results of 
observations of sample absorbance values presented 
based on the absorbance presented. Another factor 
is that the tool used in measuring this absorption is 
still first operated by students, also because the 
available tools are limited in number so that only 
some students do a practicum, others only observe.  

The fourth indicator is interpreting skills. 
Indicators of interpreting skills are in a good 
category; this indicator includes providing 
explanations supported by the theory relevant to the 
observation data presented, processing observation 
data to answer questions contained in the module, 
providing explanations about the differences in 
experimental data with theory data, and finding 
patterns from the observations presented. Based on 
the observation sheet given, students are still less 
able to provide scientific reasons about why there are 
differences in data results in experiments with 
theory.  

This is probably because the theory of the 
experiment has not been studied in-depth, making 
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it difficult for students to find the actual theory. The 
same is also presented that there are students who 
have not processed the data to answer questions in 
the practicum module. This can be observed from 
the answers given in the answer section of the 
question there are still not precise. 

The fifth indicator is communication skills and 
is in the excellent category. The measurable 
communication activity is that students 
communicate their observations into various forms 
such as tables, and writings. Students analyze each 
observation data and present it into the table or 
writing needed in accordance with the purpose of 
the experiment. Another activity that shows 
indicators of communication skills is that students 
are able to discuss observations with group friends 
in the preparation of practicum reports. Students 
who took absorbance measurements were found to 
have a lack of understanding of what was observed, 
so in discussing the results of their observations to 
their groupmates, both in explaining what they 
observed and discussing the results of the 
experiment, it was found that their groupmates did 
not understand the whole. However, this indicator 
has been answered after being given an explanation 
by lecturers and researchers. Students better 
understand the use of colorimeters so as to 
determine equilibrium constants with this method 
and can pour into experimental reports 
systematically and provide explanations of 
observation results based on relevant theories.  

The sixth indicator is the concluding skill and 
being in a good category. Concluding skills are the 
skills to draw conclusions based on discussions made 
in accordance with the purpose of the experiment. 
In this category, students have not exactly drawn 
conclusions based on the discussion. From the 
reports that were done, some students still used the 
discussion on theory, not based on what was stated 
in the discussion. This shows that students are less 
accustomed to carrying out scientific investigations.  

Overall the science process skills from the 
results of this study are in a good category but still 
need to be sharpened more scientifically so that by 
repeating the process, science process skills will 
develop so that scientific investigation can be honed. 
The same thing was conveyed by Lepiyanto, (2014) 
in the analysis of science process skills that a 
scientific approach is needed in developing skills. 

Science process skills in learning are things that 
educators, both teachers, and lecturers must apply 
because basic science is not just science that consists 
of scientific products in the form of facts, principles, 
concepts, and theories, but also a process that 
requires a variety of scientific skills and attitudes to 
achieve and understand the scientific products 
(Nurtika et al., 2017).  

Students can more easily understand the 
material being taught in the presence of concrete 
situations and conditions that can be practiced 
directly (Yulasti et al., 2018). This science process 
skills can be improved by using experiment-based 
learning methods. Experimentation is part of 

science learning, and especially in the practical 
course of the basics of chemistry, experimental 
methods are needed to develop analytical skills and 
skills in conducting various experimental methods 
and skills in instrumentation. 

From the analysis of each indicator of science 
process skills, it appears that science process skills 
applied through experimental methods can provide 
a comprehensive understanding for students. 
Although there are some indicators of low student 
science process skills, the experimental method has 
provided a real experience for students to work in 
the laboratory and explore the theories learned in 
the classroom. Students are trained to have a 
scientific attitude in solving problems that arise in 
practicum. Learning is also more fun because 
students can see and interact directly with the 
knowledge they learn by doing practicum activities.  

This is in line with the research results Lestari 
& Diana (2018) that practicum-based learning has 
a positive impact because students do practical work 
directly. It can make students more enthusiastic and 
accompanied by better learning outcomes. 
Practical-based learning can also make students 
more active and happy. Similar research conducted 
by Subekti & Ariswan (2016) that the application 
of experimental methods to improve cognitive 
learning outcomes and science process skills.  

The results of the study concluded that there 
was a significant increase in learning outcomes in 
cognitive aspects and science process skills in class X 
students at SMA Negeri 9 Yogyakarta with a guided 
inquiry learning model through the experimental 
method. The application of the practical-based 
science process skills approach has a sufficient 
percentage of value due to the formation of these 
skills repeatedly based on the experiments carried 
out. In line with this statement Rani (2017) stated 
that real activities are important in linking in life, 
enabling students to better understand lessons, 
which gain knowledge, and develop psychomotor 
skills that include observation, measurement, 
classification, recording data, creating hypotheses, 
using data and gaining the ability to create, change 
and control variables, and do a scientific 
experiment.  

Conclusions 
From the results of the research that has been 

done, it can be concluded that the application of 
science process skills can help understand chemical 
content, especially chemical equilibrium material, 
based on experimental methods. Students can 
develop their science process skills and can be 
developed for other experiments. Further research 
will be refined regarding indicators of science 
process skills that still have to be instilled by 
students so that experiment-based learning can 
include cognitive, affective, and skill understanding. 
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