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Abstract: The aim of this study was to develop instructional package using 5E model of instruction to foster student’s scientific
reasoning. The instructional package consisting of lesson plan, handout, student’s worksheet, and scientific reasoning test was
developed by using the four-D model. Subject of research in this study was instructional package using 5E model of instruction
which was tried out on tenth grade students of SMAN 15 Surabaya. The tryout was conducted by using the one-group pre-test post- test
design. This study used three techniques for collecting data, namely observation, test, and questionnaire. The obtained data were
processed with descriptive qualitative analysis. The findings revealed that the developed instructional package reflecting th e 5E
model was valid to be implemented in classroom, the completion of the lesson plan was categorized excellent, and students were
engaged actively in the instruction of the 5E model as shown by their dominant activities namely performing experiment and
discussion. The other findings showed that the 5E model of instruction is effective to foster student’s scientific reasoning skills and
students gave positive responses to the implementation of the developed instructional package. However, there were obstacles that
teacher and students faced during instructional process. Regarding to the findings, then it can be concluded that the developed
instructional package reflecting 5E model of instruction is effective to be implemented to foster student’s scientific reasoning.
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INTRODUCTION
Physics as a science branch is the scientific study of

matter and energy and how they interact with each other.
Through learning physics, students are expected to be able
to develop reasoning abilities in both deductive and
inductive analysis, explain natural events of physics, and
solve problems both qualitatively and quantitatively by
using concepts and principles of physics, (Depdiknas,
2006). Scientific reasoning skill is one of the 21st century
skills expected to be taught in science classes in order
toprepare students to succeed facing the challenges of
globalization, (Duschl, Schweingruber, & Shouse, 2007).
Such skills are also one of several skills which are
evaluated in the international tests such as PISA,
(OECD,2009).

According to Karplus, et al (1977), scientific
reasoning has two patterns, namely concrete reasoning
pattern and formal reasoning pattern. The examples of
concrete reasoning pattern are class inclusion, conservation,
serial ordering, and reversibility. While the formal
reasoning pattern includes theoretical reasoning,
combinatorial reasoning, functionality and proportional
reasoning, control variables, and probabilistic and

correlational   reasoning.   For   this   study,   scientific
reasoning is defined as the cognitive skills of students in
five dimensions including serial ordering reasoning
(Arranging a set of data), theoretical reasoning (Applying
theory to interpret data), functionality reasoning (Analysing
functional  relationship),  c  ontrol  variables (Controlling
variables),   and   probabilistic   reasoning (Predicting based
on data).

Even though scientific reasoning skills are needed in
learning science, they still do not get much attention by
teachers, especially the teachers at SMA Negeri 15
Surabaya. This fact was supported by the results of
preliminary test of scientific reasoning administered to
eleventh grade students of SMA Negeri 15 Surabaya. The
gained average score of 38.7 showed that scientific
reasoning skill of the students in SMAN 15 Surabaya is
considered low which means that scientific reasoning skills
has never been practiced by the teachers to the students.
The lack of students’ scientific reasoning also can be seen
from the result of PISA in 2009. Indonesia, especially on
the  science  scale,  gained  scores  of  383 which is
considered low if it is compared to the average score
established by OECD about 501, (OECD, 2009). The PISA
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results describes the scientific reasoning skills of
Indonesian students because the questions in the PISA test
was designed to evaluate how well students apply scientific
way of thinking to situations they could encounter in their
daily life.

Due to such reasons, therefore, the scientific
reasoning  skills  should  be  included  in  the  learning
process of science. The teachers then are expected to select
an instructional model that can promote students’ scientific
reasoning. One of the instructional models considered  to
be able   to   facilitate  the teacher   in promoting students’
cientific reasoning is the 5E Model of Instruction developed
by Rodger Bybee in 1997.

The 5E model was developed by Bybee who was a
leader of Biological Science Curriculum Study (BSCS). It
builds on the learning cycle model. The learning cycle
developed in 1960s by Robert Karplus (Karplus & Thier,
1974) as one model reflecting inquiry instruction in science.
There are five teaching phases of the 5E model, namely
engage, explore, explain, elaborate, and evaluate. In the
engagement phase, the teacher engages students in a new
concept using short activities or questions to promote their
curiosity and draw out their prior knowledge. Exploration
phase leads students not  only conduct activities, such as
lab activities, group discussion, by means of their own pre-
existing knowledge, but also explore questions and
implement a preliminary investigation. In the explanation
phase, teacher  has  an  opportunity  to  directly  introduce
a concept, process, or skill so that students imply whether
their understanding of the concept is correct or incorrect
knowledge.  Meanwhile, elaboration  phase  allows students
to  advance their newly structured knowledge into a deeper
and broader understanding in order to elaborate on their
conceptual understanding and skills. Moreover, the
students’ comprehension and abilities are assessed in the
evaluation phase of the 5E, and thereby, the teacher is able
to monitor how his/her students have progresses in
accomplishing the learning objectives.

Many past studies in the field of 5E Model of
Instruction reported that such model is very beneficial in
learning  science.  Ergin, et  al  (2008)  revealed  that
students who were in the experimental group in which the
5E Model had been applied were more successful in terms
of achievement and attitudes towards the subject than the
control group students on which traditional method had
been applied. The similar study of 5E Model was
performed in Tukey by Acisli, Yalcin and Turgut (2011)
also explained that the results of achievement test on
experimental group in which the 5E model is implemented
showed  much  greater  than  the  control group which used
traditional method. From the research conducted by Metin
(2011), it was found that students had many misconceptions

about ‘acid and bases’ and the teaching instruction based on
the 5E Model was concluded to be quite effective solving
students’ misconceptions.

This present study focuses on whether the 5E model
of instruction can foster students’ scientific reasoning.
Several empirical evidences stated that the 5E model is
effective to developed scientific reasoning of student. For
instance, Johnson and Lawson (1998) identified that
students   who   are   in   class   using   an   inquiry-based
approach have better prediction in achievement test than
students who are in expository class. Lawson et al (2000)
also added that the use of an inquiry-based approach also
increased reasoning abilities of students after the course of
the semester. It is in line with statement proposed by Dolan
and  Grady  (2009)  that  teaching  by  inquiry  is touted for
its potential to encourage students to reason scientifically.
Research reports from institutions such as the National
Research Centre also supported the effectiveness of the 5E
model in developing scientific reasoning skills (Bybee, et
al, 2006). A similar result was also shown in  a  quantitative
research conducted by Wilson et al (2009) stating that
students in a class that was instructed based on the 5E
model reached significantly higher levels of achievement
compared with other  class  in  terms  of  three  different
learning  goals, namely knowledge, scientific reasoning,
and argumentation.

Based on the overview stated before, then it can be
concluded  the  development  of  instructional  package
using 5E Model of instruction is supposed to be effective in
fostering students’ scientific reasoning.

METHODS
This current research could be categorized as

developmental research since it was aimed at developing
instructional package using 5E model of instruction to
foster scientific reasoning of students. The instructional
package consisting of lesson plan, handout, student’s
worksheet, and scientific reasoning test was developed by
using the four-D model (4D model) that consist of four
stages, namely Define, Design, Develop, and Disseminate,
(Thiagarajan et al., 1974). However, this study involved
only three of four stages of the four-D model, since the
developed instructional package was not distributed to other
schools.

Research subject of this study was instructional
package using 5E model of instruction which was tried out
on  tenth  grade  students  of  SMAN  15  Surabaya. Tryout
was conducted by using the one-group pre-test post-test
design,  (Fraenkel,  Wallen  &  Hyun,  2012). Carrying out
pre tests (O1) before the implementation of the 5E model
(X), and then performing post test (O2).
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The design  of  this  study  can  be  described  as follows:
O1 X   O2

Description:
O1 = pre-test
O2 = post-test
X   = the implementation of the 5E model of instruction.

In this study, the developed instructional package
was applied in the three different classrooms or it was
replicated three times to verify that the improvement of
student’s scientific reasoning skill was due to the
implementation of the 5E model.

Variables observed in this study are (1) The validity
of lesson plan, handout, student’s worksheet, and scientific
reasoning test (2) handout readability (3) variables related
to completion of lesson plan, students’ activities, students’
responses and students’ scientific reasoning skills.

RESULTS AND DISCUSSION
Before implementation, the developed instructional

package including lesson plan, handout, student’s
worksheet and scientific reasoning test is validated by two
experts.  The  results  showed  that  the  developed lesson
plan was considered good, handout was excellent, student’s
worksheet   was   good,   and   the   scientific reasoning test
overall was considered valid to be implemented in the
classroom.

For handout, there was a test to evaluate the
comprehension difficulty of handout by using cloze
readability procedure. Based on the results of handout
readability  test,  the  students  could  respond  such  test
about 77% indicating that the developed handout was
appropriate to be implemented in the instruction. It fits with
the statement which is proposed by Bormuth (1967), a
passage is said to be suitable for use in student’s instruction
if he responds correctly to 75 % or more of the questions
asked to him, about the passage.

The developed instructional package that has been
considered valid was then tried out in classroom to know its
effectiveness. The tryout in this study was conducted in
SMAN 15 Surabaya to gather data about completion of
lesson plan, student’s activities, students’ responses and
students’ scientific reasoning skills.

A. Completion of Lesson Plan
The  instructional activities by the  teacher reflecting

5E model of instruction were observed by two observers in
terms four aspects, namely preparation, implementation,
time management, and learning environment. The lesson
plan was designed based on the phases of the 5E model
involving engage, explore, explain, elaborate, and evaluate.
The observation results showed that completion of lesson

plan was categorized excellent with the reliability score of
two observers of 95 %.

Slavin (2006) stated that to  be  effective instruction,
the instruction should consider four elements and  one  of
them is  quality  of  instruction.  Quality of instruction is the
degree to which the instruction can help students easily
mastery of the knowledge or skill taught. Such statement
fits with the findings of this study that the instruction, that
was 5E model of instruction, could assist students to learn
one dimensional motion topic and scientific reasoning
skills.  This  was  supported by the results  of  the  scientific
reasoning  test  in  which  the average score of test before
and after the implementation of 5E model of instruction
respectively is 8.9 and 74.6.

B. Students’ Activities
Students’ activities in terms of reading and

collecting information from the handout, discussing,
listening to teacher’s explanation, taking note, doing
experiment, asking, posing ideas, and irrelevant activities
were observed in each meeting by two observers.
Regarding  to  the  observation  results,  the  dominant
activity performed by the students in classroom was
experimental activities about 23.7 %. It was in line with the
scenario that was planned in which students should build
their  conceptual understanding through experimental
processes such as posing hypothesis of experiment,
controlling variables of experiment, constructing
measurement methods, analysing the data and making
conclusion.

The second dominant activity was the discussion
about 20.3 %. This happened since every phase in 5E
model encouraged discussion among students and between
teacher and students. As Arends (2009) contended that
discussion in inquiry instruction is used to engage students
in higher order thinking and thereby, to encourage their
own intellectual investigation. In the discussion, students
were also encouraged to ask, share ideas and opinions. Such
activities could be seen in this instruction, in which 10.5 %
of students pose questions and 16.0 % of students propose
their ideas and opinions.

C. Students’ Responses
From the questionnaire of students’ responses of the

5E  model  implementation, it  was  obtained information
that the students responded content, handout, student’s
worksheet and instructional process are interesting, recent,
and understandable. They also agree if the 5E model to be
implemented on their next physics lessons. The positive
responses of students indicated that students were
enthusiastic and motivated to follow instructional process
reflecting the 5E model. In other words, the 5E model of
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instruction is one of the teaching models that can motivate
students to learn. This fact was also supported by the
observation results of completion of lesson plan in this
present study and the study made by Boddy, Watson and
Aubusson (2003) arguing that a unit study in primary
school 3rd grade based on 5E model was found to be
interesting and funny by students.

D. Scientific Reasoning Test
The obtained data from scientific reasoning test of

X-7, X-8 and X-9 students in SMAN 15 Surabaya were
then processed using a standard data analysis techniques
that is the N-gain score (<g>). Such analysis was used to
investigate whether 5E model of instruction can effectively
foster student’s scientific reasoning skills in SMAN 15
Surabaya.

Figure 3.1 N-Gain Score of  Student’s  Scientific
Reasoning

Figure 3.1 showed that all of the average N-gain
scores are categorized as a high-g level which means that
the implementation of the 5E model in the classroom has a
great effect to the improvement of students’ scientific
reasoning skills.

The fact that the 5E model of instruction was able to
foster students’ scientific reasoning skills can be explained
for three reasons. Firstly, through using 5E model of
instruction, hypothesis, determining   and defining variales,
completing procedures, collecting data, discussing data
analysis and generating conclusion in which all of such
skills are scientific reasoning skills that should be  mastered
by the  students. Secondly, in  the explanation phase of 5E
model of instruction, students were asked to present and
explain what they have found and noticed during the
exploration phase and reflect on their results. Consequently,
the students were encouraged to   defend   their   ideas   and
opinions   and   reason scientifically in  front  of  their
friends.  Lastly,  the  5E model of instruction provided
opportunities to students to construct new understanding by
applying their acquired knowledge or skill to new situation
so that they will get a deeper understanding.

Figure 3.2 Individual Mastery of Scientific Reasoning of
One Dimensional Motion Topic

Furthermore, if the results of scientific reasoning test
were compared to the individual mastery standard of
SMAN 15 Surabaya, that is 75, the students’ mastery of one
dimensional motion topic  in  each  class  could  be
categorized moderate. Arguably, this happened since the
students did not gain the maximum score in each item of
scientific reasoning test. The students were able to identify
some variables influencing the experiment but they cannot
explain the reason for choosing the variables. The students
were able to respond difficult problem by applying a related
theory, but not necessarily complete reasons. In other
words, students in SMAN 15 Surabaya were   in   concrete
reasoning   pattern.   According   to Karplus, et al, (1997),
the individuals who are in concrete reasoning patterns, are
not aware of their own reasoning, inconsistence  among
various  statements,  or contradictions with other known
facts.

CONCLUSION
In conclusion, based on the results and discussion

that  have been presented above, the developed instructional
package reflecting 5E model of instruction consisting of
lesson plan, handout, student’s worksheet, and   scientific
reasoning test is effective to be implemented to foster
student’s scientific reasoning.
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