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Abstract. This study aimed to determine the effect of inquiry-STEM leaming on improving scientific literacy
competencies and physics concepts understanding with different classes. The research sample was 40 slucats. The
instrument used was a scientific literacy competency test and concepts understanding as many as 25 and 10 guestions.
Based on hypothesis testing using the t-test test, it was obtained a comparison of the increase in scientific literacy
competencies namely t.,,, (0.29) <ty (1.68) and the comparison test results of concept understanding improvement
namely o, (3.085)> tg. (1.68). Conclusions from the results of scientific literacy competency research and
understanding of concepts show that, 1) Improvement of students’ scientific literacy competencies that studied with
inquiry-STEM learning was not different compared to students who studied withnventiunal learning. 2) Improvement
of students’ concepts understanding with inquiry-STEM learning was higher than students who studied with conventional
learning. Thus, the inquiry-STEM learning model can improve scientific literacy competencies and students' physics
concepts understanding

INTRODUCTION

Physics is one of the branches of science that studies natural phenomena scientifically and is systematically
presented to encourage students' thinking skills [1]. Physics learning requires more constructive principles and
understanding of students to apply these principles in the context of in-depth learning [2]. The expected learning
patterns in the era of openness are students-centered learning [3]-[4], humanist [5], interactive [6], adaptive [7]]9],
collaborative [10]-[11], group learning [12], developing the potential of each student [13], critical thought [14]-[15]
and creative [16]-[17]. The facts in the field show that physics learning in schools still uses conventional models
[18]. Conventional learning methods make teachers as learning resources to transfer knowledge as a whole and
learners only as listeners & recipients of knowledge [19]-[20]. The role of students in learning is still very lacking so
that the skills of students in the process are still low which results in a lack of understanding of the material
possessed by students [21]-[22].

The incorrect concepts that are not in accordance with the scientific views of experts are called misconceptions
[23]-[25]. Physicists, among others, Aristotle and Galileo have warned that understanding is common to every
person. Therefore, many results of research in the field of physics have revised previous views or theories [26].
Some physics topics include physical changes in objects with <60% misconception [27], Geometry Optics [25], The
Kinetic Theory of Gas [28]; Newton's Law [29]; Energy [30]; Force and Motion [31]-[32], Thermodynamics [33],
Impulses and Momentum [34]; Heat Conductivity [35], Dynamic Electricity [36]-[37] and Waves & Optics [38].

In the implementation of the 2013 curriculum in Indonesia, physics learning was developed using the scientific
approach. One learning model that can be used to reduce student physics misconceptions, namely inquiry-STEM
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[39]-[42]. In inquiry-based learning, the knowledge and skills affllired by students are expected not only to
remember but can find themselves [43]-[44]. The main mission of inquiry-based learning is to prepare students to
form problem, make hypotheses, design experiments, conduct experiments, collect data, analyze data and can make
conclusions well [45]. Learning with inquiry model requires students to find concepts by doing practicum in groups,
to improve the scientific work of students. Inquiry learning can also help students in constructing physics concepts
that are learned through thought processes [46].

The existence of technological developments so fast has an impact on the world of education. Therefore, students
must be equipped with an understanding of good physics concepts as the main attributes in developing various
technological products. As a goal of good science learning, current learning is expected to increase students'
understanding and scientific literacy. Changes in the 1998 reform era made Indonesia worse that makes Indonesia
far behind Southeast Asian countries until now such as Singapore and Malaysia in terms of Technology and
Education [47]-[48].

One way to catch up with Indonesian education is to implement STEM-based learning (Science, Technology,
Engineering and Math). A learning approach that applies integrative thematic learning because it combines four key
areas in education, namely science, technology, mathematics, and engineering. Science in work and energy material,
namely science that studies the universe, facts, phenomena and events in everyday Ifik. Technology and Engenering
in work and energy materials are generators and power plants. Mathematics in the matter of work and energy is in
the application of questions. The STEM-based inquiry learning model is the application of learning based on
integrative thematic inquiry and learning because it combines four key areas in education, namely science,
technology, mathematics, and engineering. Combining the inquiry-STEM learning model is very helpful for students
in understanding difficult and technological literacy concepts that result in understanding students' material [49].

Science education encourages students to think in understanding natural phenomena or events with scientific
methods such as those carried out by scientists [S0]-{S1]. The focus that is important in science education is
scieifflific literacy [50], [52]. Science literacy is the ability of students to use science concepts to apply in everyday
life, explain scientific phenomena and describe thefZhenomena based on scientific evidence [53]. Science literacy
is a must for everyone to have more opportunities to adapt to the dynamics of life and to improve thdfvelopment
of a nation [54]-[56]. Students' scientific literacy in the dimensions of competence is still low [57]. The scientific
literacy of Indonesian students tends to be low on the competency dimension compared to the dimensions of content
and context. The low scientific literacy of students' competencies from the results of these studies is supported by
observations in “Brawijaya Smart School” High School, Malang-Indonesia, which shows that most students know
science concepts, but are unable to explain the relationship between science concepts. This condition indicates the
low literacy skills of students' competence.

Learning that involves understanding phenomena often makes students difficulffllhe process of learning physics
should associate physics concepts with physics phenomena in real life. One of the purposes of physics learning is to
understand the concepts of physics. Physics learning emphasizes the giving of direct experience and student-
centered. In physics lessons one of the important things is the way students learn concepts of physics. Learners can
understand the concept when students are able to find out a concept themselves through activities that require their
thinking skills. Growing deep understan@fdl of physics for students is very necessary, because understanding is the
main key in learning [58]-[59]. Thus, this study aimed to determine the effect of inquiry- STEM learning on
improving scientific literacy competencies and understanding physics concepts with different classes.

METHODOLOGY

Research Background
This research was a quantitative research type of experiment. THE(Bxperimental design used was a quasi-
experimental study design: Pretest-Posttest Control Group Design. The purpose of this study was to determine the
effect of the Inquiry-STEM learning model on improving scientific literacy competencies and material
understandingg7@ 10th grade students. The quasi-experimental design sought to reveal a causal relationship by
involving the control group and the experimental group.
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Research Population and Samples

1

'I.'he@u]ati{m in this study were all students of 10th grade in “Brawijaya Smart School” High School. The
sample in this study [EERsisted of two 10th grade classes , namely the experimental class and the control class.
Determination of the control class and the experimental class was done by cluster random sampliffd. The material
learned was work and energy. The number of samples consisted of experiments class totaling 20 students and
control class totaling 20 students. The initial step of this research was initial ability test to ensure that both classes
have the same scientific literacy competencies and material understanding. Data on students' initial abilities were
obtained from the results of the midterm exam with Newton's law material. This data collection was done before
Inquiry-STEM learning was applicd. A going through the normality and homogeneity test, the students' initial
ability was then analyzed by similarity test. The similarity test of the initial §Jility with a two-tailed t test because it
aims to see the differences between the two classes. Testing %) differences in the initial ability of the experimental
class and the control class used the following hypothesis. Ho: There was no significant difference or{{P# initial
ability of students in the experimental class and the control class were almost the same Ha: there was a significant
difference in the initial ability of students in the expfZE}nental class and the control class. Test criteria said that if
teount = t ubles 1O Was rejected, so it could be stated that there was a significant difference in the initial abilira)f
students in the experimental class and control class. Then, if teun < tuse, Ho was accepted, so it could be stated that
there was no significant difference or the initial ability of students in the experimental class and the control class
were almost the same.

Instrument

The sciﬂ'lc literacy competency test was a description test question consisting of 25 questions with the form of
assessment shown in Table 1.

TABLE 1. Assessment of Students” Work Results

Criteria Scoring
Writing down “It is known™ 2
Writing down “It is asked” 1
Selection of the appropriate formula 3
Accuracy in counting 2
Accuracy of answer results 2
Total 10

One example of the question of scientific literacy competency can be shown in Table 2.

Table 2. Questions of Science Literacy Competencies

Question Answer a
A ball is located at an altitude of 100 m It is known: 100 m

from the ground (g = 10 m / s7). What is h»=50m
the speed of the ball at a height of 50 m =10 m/s’
from the ground, when the ball falls It is asked:

freely?. Answer:

1 1
mghy + Emvf = mgh, + Emv%
1 2 1 2
ghy + E?ﬁ =gh, + Evz
(10)(100) + % (0) = (10)(50) + %vg

1000+0 = 500 + 2 2
2

v, = 10y 10 m/s (straight down direction)
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Physics concept erstanding tests consisted of 10 multiple-choice questions accompanied by reasons with
assessment forms. It can be shown in Table 3.

TABLE 3. Assessment of Students” Work Results

Criteria Scoring
The score of “option answer score is correct-the reason is correct” 3
The score of “option answer score is correct-the reason is incorrect” 2
The score of “option answer score is incorrect-the reason is correct” 1
The score of “option answer score is incorrect-the reason is 0

incorrect”™

A question example of understanding physics concepts can be seen in Table 4.

TABLE 4. Questions For Understanding Physics Concepts

Question Answer and Reason

A golf ball and bowling ball move and have the same Answer: B
speed. The mass of a bowling ball is greater than the Reason: because a bowling ball has a mass that
mass of a golf ball. Then, the ball that has greater is greater than a golf ball so that the bowling
kinetic energy is ... ball will have greater kinetic energy at the same
A. Golfball speed.
B. Bowling ball
C. Golfballs and bowling have the same kinetic

energy
D. The kinetic energy of golf balls and bowling balls

is zero because it has the same speed
E. Golfballs and bowling have the same work

Data Analysis

The data analysis used in this study was statistical analysis while the data to be analyzed was scientific literacy
of students' competdf and material understanding. The steps of data analysis used were to conduct a prerequisite
test of data analysis in the form of Normality and Homogeneity Tests. The next was the Hypothesis Test of Science
Literacy Competence and Concept Understanding.

RESULT AND DISCUSSION

Before learning activities using Inquiry-STEM, the steps taken were to provide initial tests to test students'
physics abilities using Newton's law material. A summary of the data on students 'initial abilities can be shown in
Table 5. In addition, the research data on the tests of scientific literacy skills and the understanding of students'
concepts are shown in Tables 6 and 7.

TABLE 5. Summary of Data On Students' Initial Abilities

Class N Mean Std. Dev Minimum Maximum
Experiment 20 647 13.002 44 80
Control 20 61.9 11.32 41 81
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TABLE 6. Summary of The Results of Tests of Scientific Literacy Competencies

Scientific Literacy Competencies

Description Pretest Posttest Improvement
Experiment Control Experiment Control  Experiment Control

Students 20 20 20 20 20 20
Average Score 41.25 41.05 76.6 75.75 3535 34.7
Max. score 50 61 89 89 48 45
achieved
Min. score 33 28 64 64 25 19
achieved
Std. Dev 5.01 10.69 7.25 7.15 6.40 7.69
Percentage of 55% 55%
completeness

TABLE 7. Summary of Concept Understanding Test Results

Concept Understanding

Description Pretest Posttest Improvement

Experiment Control Experiment Control Experiment Control
Students 20 20 20 20 20 20
Average Score 42.95 45.65 81.65 73.75 38.7 27.75
Max. Score 60 67 100 87 66 47
achieved
Min. Score 27 27 60 60 20 6
achieved
Std. Dev 10.22 10.70 11.33 9.33 12.40 9.91
Percentage of 65% 40%
completeness

7
Normality Test Data for Initial Capabilities of Students in gxperimental Class and Control Class.

Based on the calculation data of the normality test of the students’ initial ability in the experimental class, it was
obtained tegun of 0.13225 and tuwe 0.1981. Thcrcfm‘c,c data was normally distributed since obtained teoun
(0.13225) < type, (0.1981). Meanwhile, the calculation of the initial ability test of students in the control class
obtained tg,,, of 0.17147 and t,,. of 0.1981. Therefore, it was obtained t,,, (0.17147) < tyye, (0.1981).

Normality ﬁt Results Data of Scientific Literacy Competencies Improvement and Material Understanding
of Students in the Experimental Class and Control Class.

Based on the data calculation of the normality test on scientific literacy competency of the experimental class
students, it was obtained t ., of 0.1516 and t . 0.1981. Therefore, the data obtained was normally distributed
since obtained t couy (0.1516) <ty (0.1981). Meanwhile, the data calculation of the normality test on scientific
literacy competency of the control class students obtained t.,, of 0.0963 and t,. 0.1981. Therefore, the data
obtained was normally distributed since obtained tgy, (0.0963) <ty (0.1981).

Based on the data calculation of the normality test on material understanding of the experimental class students,
it was obtained t ooy Of 0.1977 and t wpe 0.1981. Therefore, the data obtained was normally distributed since
obtained t .y (0.1977) <ty (0.1981). Meanwhile, the data calculation of the normality test on material
understanding of the control class students obtained tey,, of 0.1641 and t.y. 0.1981. Therefore, the data obtained
was normally distributed since obtained tgqy, (0.1641) <ty (0.1981)

Homogeneity Test Results Data of Scientific Literacy Competencies Improvement and Material
Understanding

Based on the homogeneity test of competency science literacy, it was obtained Fqy, of 1.44 and Fyy, of 4.41.
Therefore, the competency science literacy data came from homogeneous samples since obtained F gy (1.44) <Fy.
(4.41). Based on the homogeneity test of material understanding, it was obtained Feou of 1.56 and Fupe of 4.41.
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Therefore, the data of material understanding came from homogeneous samples since obtained F ., (1.56) <Fy.
(4.41).

BB After going through the prerequisite test, namely the normality test and homogeneity test, the data on the
students’ ability in experimental class and control class were declared normalfdistributed and have the same or
homogeneous variance. Then, it was proceeded with the initial similarity test using the two-tailed t test with the
following hiZfBthesis. The results of the comparison test of scientific literacy competencies improvement showed no
differences as shown in Table 8.

Table 8. Comparative Test Results of Scientific Literacy Competencies Improvement

Class Mean T Stat t Critical one-tail Note
Experiment 3535 e
Control 147 0.29 1.68 No Differences

Tae 8. shows the test results that the t-test statistics produced are 0.29. This means that t.,, (0.29) <t (1.68).
Thus, it can be stated that increasing the scientific literacy of the competencies of students who learn using the
STEM-inquiry learning model is no different from conventional learning. This means that this study has not been
able to prove the proposed hypothesis.

The testing criteria mention if thitung alffl] t table then Ho is rejected and Ha is accepted. So that it can be statdl)
that an increase in material understanding of students who learn with the STEM-based inquiry learning model is
higher than that of studcra who learn with conventional learning models as a result of comparative testing of
increased understanding of experimental class and control class can be seen in Table 9.

Table 9. Comparative Test Results For Increasing Understanding of Material

Class Mean T Stat t Critical one-tail Note
Experiment 38.7 .
Control 2775 3.08 1.68 No Differences

3
Table 9. shows the results of t test statistic 3,085, This means t., (3.085)> ty. (1.68) and Ecrc are
differences between the experimental class and the control class. From the average value obtained, the av§flge score
of experiment class was greater than the control class so that the material understanding improvement of students
who learn using the inquiry-STEM learning model was higher than conventional learning.
These following physics questions were to analyze the relationship between work and kinetic energy and the
concept of gravitational potential energy on springs in everyday life.

1. Maluku as one of the regions that has thousands of islands with marvelous maritime charm. A sailboat race
from Darwin to Ambon is done almost every year to commemorate the birthday of Ambon City. Right at the
beginning of August there were two sailboats from Darwin and Belgium conducting trials before the match
began. Both boats have m and 2m masses, and identical screens, so that the wind gives the same constant
force on each boat and it is assumed that the friction force is ignored. If the sailboat moves from the start line
to across the finish line as far as s, how big is the kinetic energy of sailboats with mass m and 2m?.

Some student assumptions include the following.
a. The kinetic energy of iceboats with a mass of m is greater than iceboats with a mass of 2m.
b. The kinetic energy of iceboats with a mass of 2m is greater than the iceboats with mass m.

¢. The kinetic energy of iceboats with a mass of m and iceboats with a mass of 2m are the same.
d. The kinetic energy of iceboats with a mass of m and iceboats with a mass 2m are zero.
e. The kinetic energy of iceboats with a mass m and iceboats with a mass 2m are different because the work is

different.

“When it reaches the finish line, the two sailboats have the same kinetic energy. This is because they travel the
same distance that is as far as s from the start position until reaching the finish line and there is only a
horizontal force F in the direction of motion that works in both sailboats. Therefore, the total effort made from
start to finish line is the same for each sailboat W,,, = F.s Bearing in mind that the kinetic energy of a particle is
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equal to the total effort made to accelerate particles from a stationary state, it can be concluded that the two
sailboats also have the same amount of kinetic energy, because mass doesn't affect the size of an energy”.

2. Bian is one of the outstanding students in tennis that represents the region to take part in the competition
almost every year. Once in physics subject, Brian was told by the teacher to do an experiment. The activity
carried out was to investigate the potential energy of the ball by dropping it on the surface of plasticine from
different heights such as the following data.

Ball Ball Mass (gr) Height (m)
A 500 3
B 400 5
C 300 7

Based on the results of observations made by Bian, explain which ball that falls into plasticine from the most
shallow to the deepest.

SoflEdtudent assumptions include the following.

Ball A= Ball B> Ball C

Ball A= Ball B < Ball C

Ball A < Ball B < Ball C

Ball A<BallB>Ball C

Ball A=BallB=Ball C

pEnTE

“In this proble, we can use the equation to determine the gravitational potential energy namely Ep = mgh. Based
on the data obtained in the table, we can calculate the gravitational potential energy as follows:.

EpA=mA g hA

EpA =05 (10) (3)

EpA =15 joule

“In the same way, EpB = 20 joules and EpC = 21 joules are obtained. Based on these results, the potential
energy of the ball C is greater than ball B and ball A. The greater the potential energy, the deeper the fall
distance of the ball. This can be represented that the size of the potential energy produced shows the depth of the
ball falling into plasticine. The depth of the ball falling into plasticine represents the amount of the gravitational
potential energy produced by the ball from each different height: Ball A <Ball B <Ball C".

Based on the results of students’ answers to the two existing questions, it was proven that students still had
various alternative answers. Students' scientific arguments for work and energy still need to be straightened out, so
that students do not have alternative answers that are still far from the correct concept or answer. Thus, a teacher has
the main task to direct students with the correct concept in accordance with the scientific view. To direct the correct
concept, each teacher must have good knowledge. Good knowledge can be formed by reading various kinds of
literature rclatgm physics concepts.

The initial dbility of students based on existing data proved the average students in the experimental class
and the control class has the same academic ability. This was evidenced that in the process of admitting new
students to class division was determined based on the value or level of entry test results when junior high school
students enter “Brawijaya Smart School” High School, so that when conducting research and conducting initial tests
the average ability of students is the same. So that it can be said that administratively, Brawijaya High School in
class divfilion was adjusted to students' abilities or knowledge.

The inquiry model can improve students 'understanding of concepts, a 1l as improve students' cognitive
learning outcomes [60]{61]. In addition, inquiry-based learning can impmvc%nt learning independence. STEM
is able to influence students' literacy skills and understanding physics concepts that can support students” HOTS by
integrating knowledge, skills, and prdf8m solving skills in everyday life.

The results of the study proved that there was no difference in the learning outcomes of students' scientific
literacy skills between the experimental class and control classes. This was because students have been provided
with B3t of knowledge either at school or at home. Conditions in the field proved that “Brawijaya Smart School”
High School was one of the good schools in Malang City by providing additional assignments from teachers such as
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Olympiad training, extracurricular activities and science courses from home teachers as supporting students
knowledge so that it influences students learning at school.

In addition to scientific literacy skills, what needs to be considered is improving the understanding of physics
concepts. The research shows that students’ concept understanding was higher when learning used the STEM-
learning than conventional learning. This was because Inquiry-STEM encouraged students to be able to work
independently or in groups in designing, developing and utilizing technology, honing cognitive, psychimotive and
affective abilities, and applying knowledge [62]-[63]. Therefore, the application of Inquiry-STEM is used in physics
learning. Inquiry-STEM-based learning can train students to construct their knowledge to create designs as a form of
problem solving using technology. STEMEbased learning has been replicated by several advanced countries
including the United States, Hong Kong, Japan, Finland, Austra]iag'nd Singapore. STEM was initiated by the
National Science Foundation. One purpose of implementing STEM in the United States was to make these four
fields (science, technology, engineering, ananathcmatics] the main career choices of students [64]. This happens
because the United States has experienced a scientific crisis in the STEM field. Therefore, the seriousness of the
United States governnfZhit to overcome these problems was by establishing and developing STEM Education and
providing scholarship assistance to prospective students who choose one of the STEM fields [65]. However, B}
recent years, STEM has been adopted in various fields, education levels and even in learning. This is indicated by
the results of the study stating that with the implementation of STEM students' academic and non-academic
achievements increase [66]-[68]. Therefore, in the beginning, learning with STEM only aimed to increase students'
interest in the STEM field. However, STEM began to develop and bplied in learning and was able to improve
understanding of concepts and apply knowledge aimed at solving problems, and encourage students to create
something new original.

With STEM learning applied to the experimental class, students can do one process in good learning, this was
evidenced by an increase in students’ understanding of concepfikecause students are trained to conduct scientific
investigations and engineering investigations with STEM [69]. Based on the results of the posttest in the research,
there was improvement for scientific literacy skills and understanding of physics concepts with a value of 76.6 and
81, 65 for the experimental class and 75.75 and 73.75 for the control class. This further makes it clear that inquiry-
STEM learning can enhance the dimensions of scientific literacy and understand concepts of physidZZi omponents
of the advantages of STEM are scientific inquiry and the existence of an engineering process [70]. Like scientists,
engineers must identify relevant variables, decide how they will measure, and collect data to analyze [69].

CONCLUSION

Conclusions frorfiflhe results of scientific literacy competency research and understanding of concepts show that,
1) improvement of sdfffhtific literacy competencies of students who learn with inquiry- STEM learning was no
different compared to students who study witoenvcnticna] learning. 2) Improvement of concept understanding of
students with inquiry- STEM learning was higher than students who study with conventional learninfJT hus,
inquiry-STEM learning can be recommended in improving scientific literacy skills and understanding students'
physics concepts. The implication of this study is to provide valuable information in the development of STEM in
Indonesia and to improve education from the basic level of education to higher education in science learning.
Research still has limitations in providing information on the process. Therefore, the suggestions in the next study
can measure student activity at each meeting by science literacy skills instrument and understanding physics
concepts with inquiry-STEM models on other physics topics.
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