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Abstract: The purpose of implementation of OE3R Strategy on lecturing Fundamental of Analytical
Chemistry are to determine differences of students’ conceptual understanding achievements. This re-
searchidesigniusingiaiQuasi-experimental (one group pre-test-post-test) with different treatment for both
groups. The Experimental Group learn using OE3R Strategy, then the Control Group using conventional
strategy. The subject of  research was student in Fundamental of  Analytical Chemsitry courses in Chemis-
try Department StateiUniversity of  Malang. The result show that inquiry-based learning with OE3R
Strategy as innovation learning effective to make differences of students’ conceptual understanding achieve-
ments on Fundamental of Analytical Chemistry courses.
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Abstrak: Implementasi strategi OE3R pada matakuliah Dasar-dasar Kimia Analitik bertujuan untuk
mengetahui perbedaan hasil penguasaan konsep mahasiswa. Desain penelitian ini menggunakan quasy-
experimental (one group pretest-posttest) dengan perlakuan berbeda pada kedua kelompok. Pada kelompok
eksperimen dibelajarkan dengan strategi OE3R, sedangkan pada kelompok kontrol menggunakan strate-
gi konvensional. Subjek penelitian ini adalah mahasiswa peserta matakuliah Dasar-dasar Kimia Analitik di
Jurusan Kimia Universitas Negeri Malang. Hasil penelitian menunjukkan bahwa pembelajaran berbasisis
inkuiri dengan strategi OE3R sebagai sebuah inovasi pembelajaran efektif untuk membuat perbedaan
pada hasil penguasaan konsep peserta didik pada matakuliah Dasar-dasar Kimia Analitik.

Kata kunci: pembelajaran berbasis inkuiri; strategi OE3R; penguasaan konsep

INTRODUCTION

Chemistry is a branch of science concerned with
the properties, reactions, and changes of mat
ter, as well as the energy associated with these

changes, composition, and structure. According to
Middlecamp and Kean (1985), mastery of concepts
in chemistry encompasses not only knowledge (facts,
concepts, and theories), but also science-chemistry as
a process and essence of science. These characteris-
tics are embodied in six domains of science, particu-
larly regarding concepts, processes, applications, atti-
tudes, creativity, and the nature of  science (Nature of
Science) (Enger & Yager, 2009). Meanwhile, the char-
acteristics of chemistry refer to three distinct levels
of representation, notably macroscopic, (sub) micro-
scopic, and symbolic (Talanquer, 2011). Fundamen-

tals of Analytical Chemistry is one of the chemistry
subjects (courses) taught at the university level. Ac-
cording to Samara (2016), analytical chemistry is a
subject that requires mastery of a large number of
concepts and contributes significantly to the develop-
ment of understanding in other branches of chemis-
try. Analytical chemistry is a field of  study in chemis-
try that presents numerous difficulties in terms of  the
authentic development of a concept (Hanson, 2017).

The West African Examinations Council (WAEC)
investigates five factors that contribute to the low lev-
el of chemistry learning in general. One of these weak-
nesses is an inability to respond coherently and con-
ceptually to questions about chemistry. According to
Hanson (2014)’s research in Ghana, students are un-
able to make connections between the three levels of
representation, thereby establishing a false and insuf-

http://journal.um.ac.id/index.php/jps
mailto:praditaaa22@gmail.com


90  Jurnal Pendidikan Sains – Volume 8, Number 3, September 2020, pp. 89–95

ficient foundation for further chemistry studies, par-
ticularly in analytical chemistry. This is consistent with
Arsyad’s (2011) assertion that a lack of  representation
in learning is one of the factors contributing to low/
weak student concept mastery. According to Haryani
et al. (2007), there are several weaknesses among stu-
dents enrolled in the Analytical Chemistry course, spe-
cifically that students who have completed practical
activities are still unable to explain basic concepts re-
lated to practicum. Additionally, students demonstrate
a decreased ability to explain the symptoms observed
during the practicum. Students struggle with analyti-
cal chemistry because of ineffective learning meth-
ods, low motivation, and student laziness (Uwaleke,
2013). The difficulty encountered thus far in compre-
hending certain concepts is due to the delivery of
material that is not systematic, lecture-based, and rarely
incorporates interactive media. This results in a lack
of  concept mastery, which leads students to memo-
rize concepts.

Based on the issues discussed above, it can be
concluded that conceptual mastery is still lacking in
analytical chemistry courses. Concept mastery is criti-
cal because mastering a concept enables students to
more easily grasp both classroom material and its
application in daily life. When students learn, they con-
struct knowledge into a complete concept, which is
then used as the basis for thinking in order to formu-
late and solve a problem (Andrianie, 2018). Accord-
ing to Hidayahi (2016), understanding and mastery
of prior material or concepts are prerequisites for
mastering the subsequent material or concept, such
that if the previous prerequisite concept is not under-
stood correctly, understanding the subsequent con-
cept will be difficult. As a result, learning that empha-
sizes concept mastery as a prerequisite for problem
solving is required.

One alternative is to use one of the student-cen-
tered science learning strategies to allow students to
explore their inherent abilities. Chemical science, ac-
cording to the American Association for the Advance-
ment of Science (ASSI), places a premium on ex-
ploring and investigating activities. This is in accor-
dance with Minister of  Research, Technology, and
Higher Education Regulation No. 44 of  2015, which
states that one of the characteristics of higher educa-
tion learning is that it is student-centered. Student-cen-
tered education means that graduates achieve their
goals through the process of developing independence
in seeking and discovering knowledge. Investigation
activities are obtained through physical (hands-on) and
mental (minds-on) activities that assist students in

mastering science concepts (Kurniawati, 2014). It is
not uncommon for scientific discovery to be obtained
and completed through the use of  inquiry thinking.
Thus, chemistry is acquired through inquiry thinking.
There have been several models of inquiry-based learn-
ing developed, including (1) the LC (Learning Cycle)
7E (Einskraft, 2003), (2) POGIL, (3) MORE, (4)
Wenning’s Five Phases (2015), Pedaste et al’s Five Stages
(2015), and (6) Sutrisno’s OE3R learning strategy
(2018).

Suparson and Promarak (2014) found that im-
plementing inquiry-based learning results in significant
gains in student concept mastery. Additionally, Pahri-
ah (2018) asserts that inquiry-based modules with
multiple representations are effective at increasing stu-
dents’ conceptual mastery. Between before and after,
the results demonstrated a significant increase. Accord-
ing to Sastrika (2012)’s research, conceptual mastery is
a critical factor in determining student learning out-
comes.

METHOD

The research design used in this study was a qua-
si-experimental (one group pretest-posttest) in two
groups. The population of  this research was third-
semester students who took the Fundamentals of
Analytical Chemistry course at Faculty of Science and
Mathematics, State University of  Malang. Sampling
in this study was carried out using a convenience sam-
pling technique. Sampling was based on ease of ac-
cess by researchers where one class as the experimen-
tal group was taught with the OE3R strategy and
another class as the control group was taught with the
conventional strategy. The research design was used
in this research is shown in Table 1.

RESULTS

The pretest and posttest data in both groups were
used to measure the increase in students’ mastery of
concepts in the Basics of Analytical Chemistry course.
The data recapitulation of student concept mastery in
the two groups is presented in Table 2.

Table 2 shows that the average value of  students’
concept mastery pretensions in the experimental group
(27) and control group (21). Meanwhile, the average
posttest of concept mastery in the experimental group
was 78 and the control group was 74. The results of
the post-test scores for mastery of the concepts of
the two groups were not significantly different. Based
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on the standard deviation value, the score in the
experimental group was lower (6.92) than the control
group (12.17). This shows that the distribution of the
experimental group’s data is closer to the average value
than the control group. Before testing the hypothesis,
the pre-test and post-test value data were tested for
prerequisites using normality and homogeneity tests.
The results of  the normality and pretest-posttest
homogeneity tests are presented in Table 3. In addition,
the two means of  equality were tested to determine
whether the pretest scores of the two groups were
different or not. The results of the similarity test of
two students’ average mastery of concepts are
presented in Table 4.

Table 3 shows that the pretest-posttest data nor-
mality test of mastery of the experimental and con-
trol class concepts was greater than 0.050. It can be

concluded that the pretest-posttest data on concept
mastery in both groups were normally distributed.
The homogeneity test showed a significant number
of more than 0.050 in both groups, both pretest, and
posttest. This shows that the pretest-posttest data of
the two groups has a homogeneous variant. Based
on Table 4, the results of  the significance of  the inde-
pendent sample t-test mean the students’ concept
mastery pretest (0.154) is greater than 0.050. It can be
concluded that both groups have the same initial con-
cept mastery.

The post-test was conducted to see the increase
in students’ mastery of concepts after being taught
the OE3R strategy in the Basics of  Analytical
Chemistry course. The data recapitulation of concept
mastery in the experimental group is presented in Table
5.

Table 1. Quasy-Experimental Research Design

Subject Pretest Treatmenti iPosttest 
Experimental  O1 X1 iO2 

Control O1 X2 iO3 
Remark : 
X1:iLearning by using OE3R 
X2: Learning by using conventiona method 
O1: Pretest results of the two groups 
O2: Posttest results of the experimental group 
O3: Posttest results of the control group 

Table 2. Student Concept Mastery Data Recapitulation

Class Highest 
Score 

Lowest 
Score 

Pretest 
Average 

Score 

Std. 
Deviation 

Posttest 
Average 

Score 

Std. 
Deviation 

Experimental 98 69 27 7,46 78 6,92 
Control 93 46 21 8,28 74 12,17 

Table 3. Normality and Homogeneity Testing Results

Table 4. Independent Sample t-test Results

Testing 
Significance Values 

Experimental Control 
Pretest Posttest Pretest Posttest 

Normality 0,052 0,102 0,115 0,820 
Homonegeity 0,074 0,090 0,074 0,090 

Class Significance Remark 
Experimental 0,154 Less significant Control 

Table 5. Recapitulation of  Student Concept Mastery Data in the Experimental Group

Treatment Average Score Number of students with 
scores ≥ Ci 

Number of students with 
scores ≤ Ci 

Prior to learning with OE3R 
strategi strategy 22 0 21 

Following learning with OE3R 
strategi strategy 78 21 0 
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Based on Table 5, the average value of  students’
concept mastery after learning with the OE3R strategy
(78) was higher than before learning with the OE3R
strategy (22). This is supported by the increase in the
number of students who scored C before studying
with the OE3R (0) strategy and after studying with
the OE3R (21). This shows that there is an effect of
implementing the OE3R strategy on concept mastery.

To prove this statement, a hypothesis test was
conducted after the pre-test and post-test data pre-
requisite tests for both groups were carried out. Test
the hypothesis using the one-way between-group
ANCOVA test which is presented in Table 6.

Table 6 shows that the hypothesis test has a sig-
nificance value (0.000) smaller than 0.050, so H0 is
rejected and H1 is accepted. It can be concluded that
there are differences in the results of mastery of con-
cepts for students who study with the OE3R strategy
and conventional strategies in the Basics of Analytical
Chemistry course.

DISCUSSION

Concept mastery is critical at every level of learn-
ing. Students’ mastery of  concepts demonstrates their
ability to learn. The study’s findings were analyzed using
pretest and posttest scores for both the group taught
using the OE3R strategy and the group taught using
the conventional strategy. The pretest results indicat-
ed that both the experimental group (27) and the con-
trol group (21) possessed limited conceptual mastery.
Following the collection of  pretest data, an initial sim-
ilarity test was conducted; the average pretest data
obtained a significance value of 0.154, which is great-
er than 0.050. This demonstrates that the data for both
groups are identical. It can be concluded that both
groups possess the same capacity for mastering the
initial concept prior to engaging in learning.

For four meetings on Acid-Base Titration and
Oxidimetry materials, the experimental group used
the OE3R strategy and the control group used the
conventional strategy. Following learning, a post-test
was administered to assess students’ conceptual mas-
tery as a result of  the strategy’s implementation. The
post-test results in the group taught using the OE3R
strategy (78), compared to the group taught using the

conventional strategy (74). The pretest and posttest
results were analyzed for normality and homogene-
ity. The normality test revealed that the pretest and
posttest significance values were greater than i0.050 in
both groups. These findings are also consistent with
the homogeneity test. It can be concluded that pretest
and posttest data were normally distributed and had
homogeneous variances in both groups. Due to the
fact that the data were normal and homogeneous,
the hypothesis test was determined using a one-way
group-between ANCOVA test.

Because the significance value of .000 was less
than .050, H0 was rejected and H1 was accepted. This
demonstrates that the results of student concept
mastery differ between groups taught using the OE3R
and conventional strategies. This is reinforced by the
importance placed on concept mastery in the group
taught using the OE3R strategy (78), as opposed to
the group taught using the conventional strategy (74).
Additionally, the experimental group achieved a higher
level of  conceptual mastery than the control group.
However, the two groups’ concept mastery scores
were not significantly different. According to the
standard deviation, the experimental group had a lower
value (6.92) than the control group (12.17). This
demonstrates that the experimental group’s data
distribution is closer to the mean value than the control
group’s data distribution.

The experimental group’s post-test results
improved before and after learning the OE3R strategy.
Before learning the OE3R strategy, the test results were
22; after learning the OE3R strategy, the test results
were 78. This was demonstrated by the increase in
the number of students who managed to earn a C
before and after studying with the OE3R strategy (0).
(21). This demonstrates that combining inquiry-based
learning with the OE3R strategy effectively increases
students’ conceptual mastery in the Basics of Analytical
Chemistry course.

The essence of  learning, according to Jerome S.
Bruner, is how students actively select, retain, and trans-
form information. The emphasis is on the informa-
tion obtained and the actions taken to reach an un-
derstanding for him. This is consistent with David
Ausubel’s view that students can discover informa-
tion (concepts, principles, and theories) on their own,

Table 6. ANCOVA Test Results

Group Gain Score Avg Hypothesis Testing 
Sig.  Remark 

Experimental 0,72 0,000 H0 rejected Control 0,64 
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resulting in the acquisition of knowledge through dis-
covery. According to David Ausubel, learning can be
classified into two dimensions: how information or
material is presented to students and how students
relate the information or material to their existing
cognitive structure. If students can connect new in-
formation to prior knowledge, meaningful learning
has occurred. Meaningful learning occurs when the
information students receive is organized in accor-
dance with their cognitive structure, allowing students
to make connections between the two.

According to Jerome S. Bruner and David
Ausubel’s learning theory, the difference in students’
conceptual mastery between the two groups is due to
a variety of  factors. To begin, when students learn
using the OE3R strategy, they have a more meaningful
learning experience than when they learn using
traditional methods. During the orientation stage of
learning, students are taught to connect newly acquired
information to previously held knowledge in their
cognitive structure. The facts presented during the
orientation stage pique students’ interest. This creates
a conflict in the students’ cognitive structure. Students
collect and process evidence or facts obtained during
the exploration to explanation stage into more
understandable forms (data, tables, graphs, and the
like). Additionally, students gradually construct their
own knowledge and experience during the OE3R
strategy stage. Students are taught to connect previously
acquired knowledge in order to form a complete
concept.

The knowledge gathered will be relevant for a
long period of time if the initial concept and the new
concept being explored are connected (Septiani, 2014).
Additionally, it demonstrates that kids are gaining
knowledge. The OE3R technique develops physical
and mental skills necessary for effective learning. Stu-
dents are encouraged to research challenges using the
OE3R method. These activities encourage students
to actively search for solutions on their own. Students
conduct experiments to gain a better understanding
of chemistry by employing three levels of represen-
tation. These investigative activities will engage chil-
dren and encourage them to develop systematic and
fact-based concepts.

Second, students taught the OE3R technique are
more mature in their application and application of
concepts. Students’ learning activities require them to
use their entire knowledge base. Then they encounter
new obstacles with the same material. These respon-
sibilities are carried out throughout the development
of  the OE3R plan. Students use acquired informa-

tion autonomously during the OE3R level. Addition-
ally, students might apply their newly acquired knowl-
edge to develop their own ideas or creativity. These
activities assist students in resolving problems through
the use of prior knowledge.

Students who study in the conventional manner
are more likely to learn less. Students are unable to
build and relate their information and experiences
autonomously. As a result, students lacked a complete
concept and cannot function for an extended period
of  time. Additionally, pupils have a proclivity for
memorizing instructor knowledge. The difficulties
diverted students’ attention away from conceptual
mastery. The average posttest score for the experi-
mental group (78) is greater than the control group’s
(74) (refer to Table 4.5). The modification is small.
The standard deviation for the experimental group is
6.92, whereas the standard deviation for the control
group is 12.17. (Table 4.5). The distribution of  data
in the experimental group is closer to the mean than
in the control group. Additionally, this sort of  teach-
ing causes students to be less concerned, indifferent,
and uninterested (Saavreda, 2012).

OE3R is an inquiry-based learning technique.
According to the NSES (National Science Education
Standard), inquiry is a collection of interconnected
processes by which scientists gain an understanding
of  nature and conduct investigations. According to
Slavin, students must be actively participating in the
learning process and become the focal point of learn-
ing activities in class. The application of  inquiry en-
ables students to learn in a discovery-oriented man-
ner under the guidance and instruction of teachers/
lecturers, ensuring that students grasp the idea com-
pletely (Perdana, 2018). Students will be presented with
pertinent assignments to perform either in groups or
individually. Students’ cognitive conflict increases as a
result of discussion activities in inquiry-based learning
(Barrouillet, 2015). Students engaged in discussion
activities based on data gathered to demonstrate
knowledge of the idea (Sari, 2017). The student exer-
cises are designed to help them independently solve
problems and form conclusions. The OE3R technique
requires students to actively seek out information. It
is a visual illustration of how scientists acquire knowl-
edge or concepts. Inquiry necessitates a range of  hy-
potheses, employs critical and logical reasoning, and
investigates alternative explanations (NRC, 1996).
Additionally, the OE3R technique incorporates phys-
ical and mental exercises that promote students’ men-
tal and cognitive development (Sutrisno, 2020).
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This is consistent with the findings of Sartika
(2018), who found that the inquiry-based learning
model (learning cycle) can increase students’ concep-
tual mastery by 34 percent in the medium category
and by 66% in the low category. The purpose of  in-
quiry-based learning (the learning cycle) is to provide
chances for students to develop their own knowl-
edge and experiences via meaningful engagement with
information (Smallhorn, et al, 2015). Constructing
knowledge and experience requires students to study
and think independently and collaboratively in order
to master the capabilities required for learning (Fitriy-
ani, et al, 2016).

CONCLUSION

According to the findings of  this study, there are
disparities in the results of students’ conceptual mas-
tery between the group that used the OE3R method
and the group that used the conventional strategy in
the Basics of Analytical Chemistry course. Addition-
ally, the OE3R method improves students’ conceptu-
al mastery in the Basics of Analytical Chemistry course.
This is corroborated by the fact that the post-test
scores for the group taught using the OE3R tech-
nique were much higher than those for the group
taught using the conventional strategy. Additionally,
this is demonstrated by the increase in the number of
students receiving C grades prior to and following
the implementation of the OE3R method.

It is necessary to pay attention to the time alloca-
tion given for the implementation of the OE3R strat-
egy (especially at the exploration, explanation, and elab-
oration stages) so that students are able to construct
concepts independently, correctly, and completely.
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