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ABSTRACT

This research aims to determine the improvement of students’ scientific literacy after STEM (Science, Technol-
ogy, Engineering, and Mathematics) learning using 6E Learning by DesignTM Model on temperature and its
changes material. The research was conducted in SMP Negeri (State Junior High School) 1 Bumiayu in the aca-
demic year 2015/2016. The method used was quasi-experimental design with The Matching Only - pretest post-
test control group design. This study used two group of experiment group of students who learned the material
with STEM learning using 6E Learning by DesignTM, while the control group students learned with non-STEM
learning. The analysis showed that the students’ scientific literacy in experiment group is better than control
group. The conclusion that can be drawn is STEM learning using 6E Learning by DesignTM on temperature and

its changes material can improve students’ scientific literacy.

© 2016 Science Education Study Program FMIPA UNNES Semarang

Keywords: 6E Learning by Design'TM Model, Scientific Literac, STEM, Temperature and Its Changes.

INTRODUCTION

Scientific literacy is an important thing to
be mastered by students (Gucluer & Keserciog-
lu, 2012). This is because the individual achieve-
ment in science knowledge and skill implies on
their readiness in the era of advanced technology
use in the future (OECD, 2013). According to
DeBoer (2000), scientific literacy term was first
used in 1958 by Hurd, McCurdy and Rocklefeller
Fund. Scientific literacy can be defined as an abi-
lity to understand the process of science and to
engage with the available scientific information
in daily life (Fives et al., 2014).

Science learning in Indonesia that leads
to the formation of students’ scientific literacy is
still rarely to do. Most of the learning activity is
still conducted conventionally and focus on stu-
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dents’ conceptual mastery. One of them is shown
by the data quality measurement of students’
science learning outcomes internationally. Indo-
nesian students’ scientific literacy skill in science
concepts included in low category in 2009, it was
in the number of 57 of the 65 countries and in the
number of 64 of 65 countries in 2012 (OECD,
2013).

The poor quality of students’ science lear-
ning outcomes shows that the science learning
process of schools in Indonesia is still ignoring
the acquisition of students’ scientific literacy
(Toharudin et al., 2011). Therefore, the improve-
ment of learning process of science that lead to
the achievement of scientific literacy of students
needs to be done to improve the quality of stu-
dents’ science learning outcomes.

One of the learning practices in Indonesia
that can be developed is learning by integrating
Science, Technology, Engineering, and Mathe-
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matics (STEM). National STEM Education Cen-
ter (2014) in Firman (2015) stated that STEM
learning does not only mean strengthening of
practical education of STEM fields separately,
but it is rather to develop an educational appro-
ach that integrates science, technology, enginee-
ring and math, by focusing on the educational
process in daily life real solving. STEM education
is able to form human resources’ (HR) reasoning
and thinking critically, logically, and systema-
tically (Asmuniv, 2015). Learning through the
integration of STEM can make students better
prepared in the STEM field jobs (Brown et al.,
2011), increase interest and achievement in mat-
hematics and science (Stohlmann et al., 2012).
OECD (2013) stated that an understanding of
science and technology significantly contributes
to the personal, social, professional and cultural
lives of everyone.

STEM learning is related to the charac-
teristics of science materials in junior high becau-
se some of them are closely related to technology,
engineering and mathematics. Through STEM,
learning process will be more meaningful so stu-
dents’ scientific literacy can be achieved.

The application of STEM learning can be
done with various models (Carter, 2013), one of
them is 6E Learning by Design™ model. This
learning model combines inquiry learning and de-
sign. 6E Learning by Design™ model developed
by the International Technology and Engineering
Educators Association (ITEEA) by incorporating
technology and engineering in learning process
to become integrated STEM learning. Sanders
(2009) in Burke & Barry (2014) stated that The
ITEEA 6E Learning by Design™ models provi-
des a student centered framework for instruction
that leverages the T and E of STEM as integrates
content in a purposeful and informed way.

This study aims to determine the improve-
ment of students’ scientific literacy after STEM
learning using 6E Learning by Design™ on tem-
perature and its changes material. Researchers
chose temperature and its changes material be-
cause it is closely related to science, technology,
engineering and mathematics in daily life.

METHOD

The method used in this study was quasi-
experimental. In the experimental study, resear-
chers give a different treatment between the two
groups, and then study the effects of such treat-
ment. The characteristic of quasi-experimental
research is that researcher can not control all
variables, except for some specific variables. The

independent variable in this research is STEM
learning using 6E Learning by Design™ on tem-
perature material, and the dependent variable is
students’ scientific literacy.

Subjects were divided into two groups,
they are experimental group obtained STEM
learning using 6E Learning by Design™ and
control group obtained non-STEM learning.

The research design was Matching Only —
Pretest Posttest Control Group Design. In this de-
sign, pretest was conducted in both groups. Me-
asurement or observation was performed at the
same time for both groups (Fraenkel et al., 2011).
Diagram of the design can be seen in Figure 1.

Experimentgroup M O X O

Control group M O C O
Figure 1. Matching Only — Pretest Posttest Con-
trol Group Design Design

Both groups were pretest with instrument
of test material that has been tested for its validi-
ty and reliability. Pretest is intended to determi-
ne the initial ability of both groups. Then those
groups were given different treatment. To deter-
mine whether there is the effect of treatment,
posttest was given to both groups.

Research was conducted in SMP Negeri 1
Bumiayu with population of seventh grade stu-
dents in odd semester academic year 2015/2016.
Samples are two classes of class VII E (experi-
mental group) and class VII G (control group).
Sample selection was done by random sampling
class technique.

The research was conducted in three steps
consisting of planning, implementation and final.
In the planning steps, literature study on scientific
literacy and STEM learning using 6E Learning
by Design™ was done then instruments of scien-
tific literacy test was prepared and validated the
by four expert lecturers. The instrument trial was
also conducted to students who have received the
learning material of temperature and its changes,
to obtain the validity and reliability of scientific
literacy test instrument. Valid means the instru-
ment can be used to measure what should be me-
asured (Sugiyono, 2015). Data analysis technique
is test instrument validity, reliability, difficulty
level and discrimination power using Anates ver
4.0.9 application. In the implementation step,
researchers conducted STEM learning using 6E
Learning by Design™ in the experimental group
and non-STEM learning in the control group.

In the final steps, the data were analyzed
using SPSS 16 and reported. Before conducting
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the research, students’ initial was measure to en-
sure there was no difference of ability between
the experimental and control group. Initial ability
test data were taken from pretest of both groups
then analyzed using SPSS 16 software.

Tests of Normality using Shapiro-Wilk test
showed that the control and experimental groups
were normalyl distributed (Sig. of control group =
0.216> 0. = 0.05 and Sig. of experimental group =
0.153> o = 0.05). Meanwhile Test of homogenity
using Lavene test also showed that pretest data of
both groups varied homogeneously (Sig. Based of
Mean = 0.475> o = 0.05). Hypothesis testing of
students’ initial ability was done using Indepen-
dent Samples Test. Sig test Independent Samples
Test = 0.388> o = 0.05 (H, was accepted) so that
it can be concluded there was no difference in the
initial students’ scientific literacy ability both of
control and experimental groups.

To see the improvement of students’ scien-
tific literacy after applying STEM learning using
6E Learning by Design™ on temperature and its
changes material, then hypotheses were formu-
lated; null hypothesis (H, = There is no signifi-
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cant difference of scientific literacy improvement
between experimental and control group) and
alternative hypothesis (Ha = There is significant
difference of scientific literacy improvement
between experimental and control group). To
categorize the level of scientific literacy improve-
ment, it used the data normalized gain (N-Gain).
Interpretation (N-Gain) is (1) high = if g > 0.7;
(2) average = if 0.7> g>0.3; (3) low = if g <0.3.
(Hake, 1998).

RESULT AND DISCUSSION

STM learning on temperature and its cha-
ges material was divided into two parts, of STEM
learning in temperature material and STEM lear-
ning in expansion material.

STEM learning using 6E learning by de-
sign™ on temperature material was conducted
through six steps of learning. Step (1), Engage,
aims to emerge students’ interest so students
would actively participate in learning process. In
this step students paid attention to pictures and
illustrations of story about the concept of tempe-
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rature shown by teacher, it was to explore memo-
ries of particles of matter concept. Furthermore,
students used the engineering journal design to
identify what they have already known, what they
need to know and what they need. Students also
identified problems of investigation of the and “
the value of humanity” that can be obtained by
studying temperature material (example of Engi-
neering journal design is presented in Figure 2).

Step (2), Explore, aims to give students the
opportunity to build their own understanding of
the topics / materials. In this stage, student de-
monstrated an experiment to measure the tempe-
rature of water using sensory organs, then found
out about the concept of thermometer and its
types, making thermometer scale in Celsius ther-
mometer, temperature scale conversion concepts
from various sources, including the internet. In
this case the teacher acted as facilitator by pro-
viding materials and guiding students to focus
on learning. Students inquiri process was the
guidance in exploration process. Stage (3), Exp-
lain, aims to give students the opportunity to cla-
rify and improve on what they have learned and
determined its meaning. Explain steps is where
students communicate what they have learned.
Stage (4), Engineer was in the fourth steps aimed
to give students the opportunity to build a deeper
understanding of material by applying the con-
cept, practice and attitude. Students used the con-
cepts that they have learned in the explore steps
to design the thermometer scale manufacture.

The next is step (5), Enrich, which aims to
provide students the opportunity to explore more
deeply about what they have learned and to trans-
fer the concept into more complex problem. Du-
ring this steps, students enriched the knowledge
of adaptation mechanisms oof humans, animals
and plants in maintaining stable body tempera-
ture.

The last step is (6) Evaluate where students
and teacher determined how much learning
and understanding they got. Students used self-
evaluation sheet to assess the understanding of
material. In addition, students assessed attitudes
through self-assessment and peer assessment.

The improvement of students’ scientific
can be seen through the Gain value data formu-
lated from score minus. The data is presented in
Figure 3.

Figure 3 shows the improvement score of
experimental group is higher than control group.
To see whether after applying STEM learning
using 6E Learning by Design™ model in tempe-
rature and its changes material would be different
significantly with non-STEM learning, the data

pretest and posttest in both groups was analyzed
using SPSS 16 with difference test of two inde-
pendent samples. Before testing the hypotheses,
normality and homogeneity test were performed.
Normality test results based on the Shapiro-Wilk
test showed the students’ scientific literacy of
control and experimental group were normally
distributed because Sig. control group value =
0.317> a = 0.05 and Sig. experiment group value
=0.255> a = 0.05. Homogeneity test using Leve-
ne showed that the data varied homogeneously
because Sig. = 0.728> o = 0.05.
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Figure 3. Pretest and posttest score of students in
temperature material

Both data were normally distributed and
homogeneously varied then test of independent
samples of t test was performed. Independent
Samples Test The test results showed the value of
Sig. (2-tailed) = 0.003 <o = 0.05. Therfore it can
be interpreted that the null hypothesis is rejected,
which means there is significant difference of stu-
dents’ scientific literacy improvement in control
and the experimental group. Average score of
students’ scientific literacy in experimental and
control groups is presented in Table 1.

Table 1. N- Gain Average and Classification of
Students’ scientific literacy

Group N-Gain Average  Classification
Control 0,27 Low
Experiment 0,44 Moderate

The improvement of students’ scientific
literacy who obtained STEM learning using 6E
Learning by Design™ Model in temperatures
material was higher than non-STEM learning.
Scientific literacy is in line with STEM literacy,
for example understanding the concepts and pro-
cedural skills and ability of the individual to de-
monstrate STEM relation to the personal, social
and global issues (Bybee, 2010). Students who
obtained STEM learning will be more literate in
STEM aspects, so students’ scientific literacy will
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automatically increase. This improvement also
shows that the junior high school students can
receive STEM learning, as well as Verma et al.
(2011 that has successfully engaged students in
STEM learning through 5E Learning Cycle.

STEM learning using 6E Learning by De-
sign™ Model is basically a blend of inquiry and
design. At explore step, students are guided by
the Students’” Worksheet (LKS) to find its own
concept of material and designi experiments to
solve the problems. The discovery of the concept
through this inquiry is believed to make learning
more meaningfully and to increase students’
achievement in science. This is in line with McC-
right (2012) that stated the project-based inquiry
learning can improve knowledge, principle and
science process. Learning strategy by linking pro-
fessional practice (STEM) is also meaningful stra-
tegies (Dierdorp et al., 2014).

The improvement of students’ scientific
literacy can be happened because they are more
motivated to be able to design a thermometer sca-
le and given the chance to access information via
internet (technology). Gutherie et al. (2000) in
his research concluded that by integrating STEM
learning can increase students’ motivation in
learning. Moreover, in Engineer step it showed
that students were more creative in designing the
thermometer scale. In this step, students created
their own thermometer by using simple tools. It
is unexpected plan to design their own thermo-
meter scale from non scale thermometer in the
laboratory school. This is in line with Stohlmann
Morrison et al. (2012) that stated there are some
advantages in STEM learning, including making
students to be better at solving problems, innova-
tor, inventor, confident, thinking logically and li-
terate in technology; it also can improve students’
creative thinking skills (Oktavia, 2015). Enginee-
ring design beyond the planning made the rese-
archer must be fast and responsive in designing
learning process so it can be continued smoothly.

STEM learning in expansion material was

of designing the investigation of gas expansion
in a balloon.

Students’ scientific literacy of experimen-
tal and control groups is presented in Figure 4.

The score improvement of experimental
group was higher than control group. Normality
test results based on the Shapiro-Wilk test showed
that scientific literacy data of control and experi-
mental groups was because normally distributed
control because Sig. control group = 0.129> «
= 0.05 and experimentation Sig. experimental
group value = 0.092> o = 0.05. Homogeneity test
using Levene test showed the data is not homo-
geneously varied because Sig. = 0,041 < o = 0.05.
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Figure 4. Pretest and posttest score of students in
expansion material

Both data were normally distributed but
not homogeneously varied so the test was con-
ducted by using independent samples t test by
see the data in equal variance not assumed. Value
Sig. (2-Tailed) = 0.017 < a = 0,05 showed null
hypothesis was rejected that implies there was a
difference of students’ scientific literacy improve-
ment between control and experimental groups

Average score of students’ scientfic literacy
of control and experimental groups in expansion
material is presented in Table 2.

Table 2. N- Gain Average and Classification of
Students’ scientific literacy

: N-Gain . .
done through the same steps with temperature Group Average Classification
material. In expansion material, students were

. . e Control 0,26 Low
asked to design an investigation to prove that a ]
matter can expand. Students did the same design ~_Experiment 0,44 Moderate
Table 3. Research Result of Both Steps
Fase Score N-Gain N-Gain Catesor
Average Average Average g0ty

1. STEM with 6E Learning by

Design™ Model Temperature material 69 2,5 0,44 moderate

2. STEM with Model 6E Learning by 68 2,55 0,44 moderate

Design™ Expansion material
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The improvement of students’ scientific
literacy who obtained STEM learning using 6E
Learning by Design™ Model in expansion mate-
rial was higher than non-STEM learning.

The data of research from both steps are
presented in Table 3.

The improvenment of scientific literacy in
both steps resulted the same result. However, if
look further the second material is harder than
the first, this indicates that students’ scientific li-
teracy can be built and increased if the learning
process keeps training the thinking skills as re-
quired in the implementation of the 6E learning
by design™ model based on STEM , In line with
Becker & Park (2011) that stated learning by in-
tegrating STEM will bring positive impact on stu-
dents’ learning process.

CONCLUSION

STEM learning using 6E Learning by De-
sign™ Model in temperature and its changes can
improve students’ scientific literacy. The result in-
dicates that scientific literacy can be improved if
this model is applied continuously.
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