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ABSTRACT

Many recent studies have reported that feedback plays a very important role in students’ learning outcomes.
However, currently, feedback has not been utilized by lecturers and students in the learning process effectively.
This study aimed to explore the impact of feedback as a soft scaffolding in the ongoing assessment of Quantum
Physics class for the students as prospective Physics teachers. A quasi-experimental design non-equivalent pretest-
posttest control group was used to examine the effectiveness of feedback based on ongoing assessment. The
results of the study revealed that students who received feedback based on metacognitive and social constructiv-
ism on studying Quantum Physics showed better average results compared to students who received traditional
feedback based on the cognitivism in the form of correction.
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INTRODUCTION

Quantum physics is a domain that is still
usually viewed as a field of science resulting in
“cognitive dilemma” which impacts the under-
standing of physics and its development. Quan-
tum Physics is sometimes deemed as an interes-
ting and challenging topic to study and develop
in the field of physics, because Quantum Physics
itself is one of the fields of physics that requires
mastery of high-level math as a tool to under-
stand it comprehensively (Rusli et al., 2011; Asi-
kainen et al., 2005; Hobson, 1996; Saregar, 2016).
One of the high-level math, which is difficult to
understand is a random calculation such as the
numerical method used to determine the price
of an option (Monte Carlo simulation or Ameri-
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can put) (Syazali, 2011), the concept of random
determination can also be used in the search of
the particles in the box that are often discussed
in Quantum Physics. Likewise with the concept
of “Bilateral Matching with Latin Squares” in
determining the diversity of a limited numerical
value using a matrix (Syazali, 2008), this concept
is also used in quantum physics, especially in fin-
ding the probability of a value. Several research
results show that Quantum Physics is likely to be
an interesting research topic for students. This is
quite reasonable because it has been known that
the development of modern science and techno-
logy today directly related to the development of
Quantum Physics. Therefore, the study of Quan-
tum Physics requires a number of innovations,
including the simulation of abstract and compli-
cated concepts to be easily understood (Wieman
et al., 2008).
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(Bao & Redish, 2002), reveals that many
physics teachers in high school level possess a
very low level of Quantum Physics concepts
mastery. Consequently, the learning process
of Quantum Physics concepts in high school
becomes an unimportant part or even missed,
so that the students do not have high interest in
studying the concept of Quantum Physics (Ap-
rilyawati & Abdurrahman, 2009). Therefore, for
prospective teachers, various strategies and met-
hods of quantum physics learning have been de-
veloped in universities by various researchers to
improve the achievement of Quantum Physics
subjects or modern physics (Hobson, 1996; Ma-
son & Singh, 2010; Wittmann et al., 2006; Zhu
& Singh, 2011). Even the use of information
technology in the study of Quantum Physics or
Modern Physics is currently a new trend in phy-
sics learning (Robblee & Abegg, 1999; Wieman
et al., 2008; Zollman et al., 2002). The Efforts to
improve students’ understanding are mostly fo-
cused on learning innovations, especially impro-
vements in the syntax or learning phase in additi-
on to media and learning resources. However, the
researchers rarely innovate and improve the study
of quantum physics in the context of assessment,
especially the application of formative assess-
ment (Ongoing assessment) as an alternative to
improve learning performance of the students by
involving feedback activities effectively in it (Stig-
gins & DuFour, 2009).

Feedback is one of the continuum factors
of learning that has a very strong impact on the
success of the learning process and achievement
of students (Black & Wiliam, 1998; Hattie &
Timperley, 2007). Further, Hatti and Timperley
argue that it is basically defined as the conse-
quence of performance, meaning that students
can monitor their learning achievements through
a number of improvement responses to each
“evaluation,” either self-assessment, teacher (on-
going and formative assessment), other students
(peer-assessment), or parents. Feedback, when
viewed from its role attributes can be divided into
five categories: correction, reinforcement, foren-
sic diagnostic, benchmarking, and longitudinal
development (Price et al., 2010).

Some researchers indicate that feedback is
sometimes only a unilateral effort of the teacher
without any active involvement from the students
in responding and applying it in the subsequent
learning (Taras, 2003). Thus, the feedback will
not be optimally applied if the students are not
actively involved in a series of learning proces-
ses. In fact, sometimes students rarely read or res-
pond to feedback given by teachers or lecturers.

This phenomenon happens because they do not
understand the purpose and process of feedback,
so few of them devote themselves to the feedback
process (Duncan, 2007).

The impact of variations in feedback inter-
ventions in the learning process has been extensi-
vely investigated(Hattie & Timperley, 2007; Shu-
te, 2008), and the results show a number of facts
leading to the same conclusion that feedback is
instrumental in improving students learning out-
comes (Black & Wiliam, 1998; Kluger & DeNisi,
1996; Shute, 2008). Nevertheless, the effective-
ness of feedback done in the classroom as a mean
of improving process quality and learning achie-
vement is often a factor of dissatisfaction among
practitioners in their implementation (Price et
al., 2010). One of the factors of dissatisfaction
is the low involvement of students in responding
to feedback made by teachers or lecturers in the
classroom, even though students have the best po-
sition to assess the effectiveness of the feedback.
This happens because students have no knowled-
ge or literacy about the importance of the role of
feedback in the learning process. In this case, a
lecturer should provide a number of strategies to
perform some scaffolds in feedback activities. Soft
scaffolding such as questioning, encouraging, di-
recting, giving guidance in problem-solving and
other strategies, is a very important factor in en-
gaging students actively and critically in the lear-
ning process (Brush & Saye, 2002; Nyamupange-
dengu & Lelliott, 2012; Sousa, 2014).

In addition to the feedback characteristics
mentioned previously, there are many variables
that contribute to the relationship between feed-
back and learning outcomes. Stobart (2008) Sta-
tes that there are three conditions that must be
fulfilled in order to achieve effective and useful
feedbacks in learning: (1) students need feedback,
(2) students receive feedback and have time to use
it, (3) students are willing to use and able to uti-
lize feedback. The first reason that students need
feedback is the gap between the learning objecti-
ves and the achievement of the students’ learning
outcomes (Hattie & Timperley, 2007). The impli-
cation is that if there is no gap, such students do
not require feedback. Furthermore, Timmers &
Veldkamp (2011) state that in the feedback pro-
cess, not all students show the same enthusiasm
when feedback is given. The students’ attention is
usually focused on correcting errors in an assess-
ment that is incorrectly answered, while very little
time is given for feedback on the correct answer.

Another result indicates that the longer the
assessment (time and number of questions), the
less interesting for the students to respond to the
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feedback given by the teacher (Timmers & Veld-
kamp, 2011). In line with these findings, (Stobart,
2008) claims that the interaction between item
difficulty, length of assessment and students’ cha-
racteristics determine the amount of attention to-
ward the feedback and its effects in the process of
achieving the learning objectives. The willingness
to use feedback is closely related to learning mo-
tivation that allows the students to find and pro-
vide learning resources to improve their learning
performance (Azevedo & Bernard, 1995; Mory,
2004; Saregar et al., 2017). Contrary, if the feed-
back refers to the students’ inability to acquire
learning resources, then they will not be able to
utilize the feedback (Stobart, 2008). Furthermo-
re, feedback should be given clearly without any
disruption so that it can determine the success of
the feedback and sustainability of its application
(Mory, 2004).

METHODS

This study used quasi-experimental met-
hods with a non-equivalent quantitative design
of pre-post control group design (Creswell,
2013). Data on the mastery of quantum physics
concepts was obtained by using the Inventory
test of Quantum Physics concepts (IPKFK). A
total of 37 students were involved in the study,
with 19 students in the experimental class and
18 students in control class. The experimen-
tal class was given feedback as soft scaffolding
based on social and metacognitive constructi-
vism learning theory in applying ongoing assess-
ment using the flash card, whereas the control
group only used regular feedback on formative
assessment based on cognitive learning theory.
Table 1 below presents the demographics of the
research sample.

Table 1. The Demographics of the Research Samples and Treatments

Frequency Number of

Group Treatment Assess- Students
ment N)
. Ongoing assessment with feedback using flash card in
Experimental L e . . . 3x 19
combination with correction and reinforcement
Control Formative assessment with feedback through paper- Ix 18

based test with correction

Schematically, the process of ongoing
assessment and feedback activity in the experi-
mental class using feedback model from meta-
cognitive and social constructivism theory in the
form of correction and cyclic Reinforcement can
be seen in figure 1. The assessment of ongoing
assessment was assisted by flashcards made of 5
x 10 cm cardboard paper with the letters A, B,
C, and D. Each student in the experimental class
got four flashcards. These cards served as clickers
when the lecturer applied the ongoing assess-
ment. While the feedback was given to the class

just after the students gave the previous answer by
observing and recording the students’ answer on
ongoing assessment beforehand. This feedback
cycle was repeated three times (3x) in each mee-
ting with an aspect-oriented reinforcement to soft
scaffolding activities in the form of a dynamic ef-
fort by the lecturer in diagnosing and improving
the students’ response in responding formative
assessment results through guidance, motivation,
reflection, and peer-collaboration (Xun & Land,
2004).

)

Receiver (Students)

Feedback

Learning Qutcome

Fhase 1

™~

FProvider (Lecturer)

7

Receiver (Students)
Fhase &

Figure 1. The Model of Metacognitive and Social Constructivism Feedback (Thurlings, et al., 2013)
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Students in the control class received di-
rect feedback after formative assessment at each
meeting with feedback model based on the cog-
nitive learning theory perspective (figure 2) in the
category of correction only. The learning model
applied to both groups was the same. The colla-

| Feedback |

borative discovery learning model adapted from
(Gijlers & de Jong, 2005) with the syntax: (1)
orientation; (2) hypothesis submission; (3) Plan-
ning an investigation; (4) Implementation Moni-
toring; (5) interpretation of findings; (6) Evalua-
tion.

| Learning Qutcome |

I

Receiver
(Students)

.I"-’ffﬂ

Figure 2. Cognitivism Feedback Model (Thurlings et al., 2013)

RESULTS AND DISCUSSION

This research was conducted to see the ef-
fectiveness of feedback on ongoing assessment in
the context of assessment for learning in impro-
ving learning achievement on the Quantum Phy-
sics subject of the prospective physics teachers.

Table 2. The Result of T-test of Pre-test

Based on the result of t-test toward prior knowled-
ge gained through pre-test score on both groups
showed that the prior knowledge of both groups
was not significantly different (t=1,59; sig.=1,22;
p>0,05). This information pointed out that before
the treatment was conducted, the samples posses-
sed similar prior knowledge level (see table 2).

Group N Mean Standard Deviation T e P
Pre-test Experimental 18 34,94 3,46
1,59 1,22
Control 19 32,81 4,61
*p>0,05

After the learning process involving feed-
back activity on ongoing assessment, the students’
learning outcomes were analyzed using covarian-
ce analysts (ANCOVA) with pretest scores as
covariates and post-test scores as dependent va-
riables (table 3.). The analysis showed that there
were significant differences in learning outcomes
between the experimental group and the control
group (F = 5.42, sig = 0.026, p <0.05). These re-

sults indicated that students studying quantum
physics by applying feedback in ongoing assess-
ment based on social constructivism and meta-
cognitive learning theory in the form of combina-
tion between correction and reinforcement show
better learning outcomes than students who used
feedback in the context of cognitivism learning
theory in their learning with only correction feed-
back.

Table 3. Descriptive Data and ANCOVA on Pre-test Score

Group N Mean Standard Deviation Adjusted mean Standard error F P
Experiment 18 53,89 10,97 51,83 2,16
542  0,026**
Control 19 74,78 8,85 75,61 2,05
**p < 0,05

The findings of this study indicate that the
feedback process in ongoing assessment with soft
scaffolding was able to improve students’ lear-
ning performance significantly. Ongoing assess-
ment with feedback activity encourages students
to be more motivated in solving physics problems
systematically and improving cognitive processes,

facilitating information processing, and transfor-
ming knowledge presented in the learning pro-
cess. The students primary concern for feedback
is generally on correcting errors in resolving or
defining solutions to a given problem. Neverthe-
less, they were very enthusiastic on the reinforce-
ment feedback.
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Some of the feedback utilization made by
the majority of students was activeness in finding
new learning resources. To ensure the lecturers’
feedback, they searched for appropriate online
literature through Smartphone. The more fre-
quently given assessment and feedback have been
proven to be able to increase the accommodation
ability toward new learning resources so that they
gain new solutions in overcoming the problems
of physics. The impact was that the students be-
gan to recognize and apply effective ways to redu-
ce the gap between learning achievement and
formulated competencies. This is in line with the
meta-theory of cognitivism and social construc-
tivism, that feedback supports and plays a role in
familiarizing learners with learning outcomes, re-
cognizing the gap between their true achievement
and desired performance, and then attempting to
close this gap through feedback responses (Nicol
& Macfarlane-Dick, 2006; Pokorny & Pickford,
2010). (Espasa & Meneses, 2010) also revealed
that effective feedback should be able to encoura-
ge students to gain further information and confi-
dence needed to complete tasks.

In addition, feedback also inspires lectu-
rers to perform a number of sequence improve-
ments (stages) of learning, especially in providing
assistance or cognitive scaffolding for students in
performing information processing dynamically
(Xun & Land, 2004). Optimizing the principle of
collaboration in small groups is easier after feed-
back is received by students (Jayanti et al., 2016;
Saregar et al., 2016). Students realize the impor-
tance of peer-coaching in understanding abstract
quantum concepts by discussing and exploring
the academic motivation of the feedback given by
lecturers in improving their learning performan-
ce. Conditioning this feedback process provides
students with opportunities to respond the feed-
back content and engage in constructive dialogue
with lecturers as a provider of the feedback. In
other words, feedback will be more effective in
the context of collaboration between the lecturers
and students and among the students themselves
(Auld et al., 2010; Landry et al., 2009; Nicol &
Macfarlane-Dick, 2006).

There are a number of rational arguments
for why collaboration among learners is very
effective in determining the success of inquiry-
based learning or discovery along with its assess-
ment. According to socio-constructivist learning
theory (Duit & Treagust, 1998) learners’ compe-
tencies will grow through the process of problem-
solving activity done collaboratively among lear-
ners. In addition, some studies suggest that one
of the obstacles in mastering quantum physics

concepts is the use of high-level mathematics,
causing a constraint for students in understanding
the lectures in Quantum Physics classes (Singh,
2008; Wuttiprom et al., 2009; Zhu & Singh,
2011). The application of feedback in the form
of reinforcement in a logical mathematical exp-
lanation along with a number of very contextual
physical meanings is a supporting factor for stu-
dents in improving motivation and creativity in
physics problem-solving. This is in line with the
theory of social constructivism learning, that the
fully rewarded and honest (open) feedback done
by lecturers/teachers will imprint on students’
memories permanently (Li, Liu, & Steckelberg,
2010)and will encourage positive motivational
beliefs in achieving learning objectives (Martens
et al., 2010).

In addition, the key to successful feedback
by lecturers/teachers as a provider of feedback is
to maintain mutual relationships with receivers/
students (Pokorny & Pickford, 2010). Besides,
the students’ learning performance is sustained
by frequent feedbacks conducted in the experi-
mental class, which greatly assist the students in
improving their thinking skills. The correctness
and reinforcement process in the form of soft
scaffolding will create students’ natural state in
thinking activity, and easily accommodate the
next information stimulated by the teachers or ot-
her learning resources. Orsmond & Merry (2011)
revealed that effective feedback should engage
students in thinking, so explicit feedback activity
will improve alternative strategies for better lear-
ning. The content of Quantum Physics seems to
be difficult, complicated, and abstract because it
uses a high level of mathematical approach that
can be overcome by improving analytical thinking
skills and strategies scaffolded by the lecturers in
the process of physics problem-solving strategy as
part of the feedback reinforcement activity based
on the students’ response toward ongoing assess-
ment issues. This is in line with the results of the
study (Fund, 2010; Nahadi et al., 2015) which
revealed that students ‘performance, enthusiasm,
and thinking habits in learning heavily depend on
the strength of feedback that supports students’
involvement in practicing correct thinking strate-
gies in problem-solving.

CONCLUSION

The potential of formative assessment as
an ongoing assessment in the context of assess-
ment for learning is instrumental in encouraging
the active involvement of the prospective teachers
in the learning process, including a challenging
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and abstract subjects such as Quantum Physics.
Such active and dynamic involvement relies he-
avily on content feedback as the core of ongoing
assessment. The combination of content feed-
back between correction that involve students
collaboratively and lecturers’ reinforcement in
the context of soft scaffolding with the help of
flashcards greatly determines the level of compe-
tency achievement of the prospective teachers as
the students in the subjects of Quantum Physics.

Students’ interaction through feedback (in-
dividual or group correction and reinforcement
during ongoing assessment), lecturers, and lectu-
re materials are an integral part in determining
the success of the students as prospective teachers
in mastering the subjects of Quantum Physics.
Some of the difficulties in the use of high-level
mathematics to explain quantum phenomena are
gradually eliminated during the ongoing assess-
ment cycle process in the context of metacogni-
tive learning theory and social constructivism.
The use of tools such as flashcards encourages
students to do some self-corrections and prepare
physics problem-solving strategies after construc-
tive reinforcements were done by lecturers and
peers.
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ABSTRACT

The purpose of this research is to know the difference of mathematical representation skill, the result of science
learning and its influence on problem-based learning and discovery learning model. The population of this study
was 16 students of PGSD FKIP University of Lampung. Among 534 students, there were two experimental class-
es consisting of 35 students and each was determined through cluster random sampling. The data on mathemati-
cal representation skills and learning outcomes of science were obtained through a description test, five questions
for assessing mathematical representation skills, and ten questions for assessing science learning outcomes. From
the instruments that had been tested to 30 respondents, it was obtained a valid and reliable instrument with a
score of 0.505 for mathematical representation skills, and 0.832 for learning outcomes. Furthermore, the data
were analyzed by using normality test, homogeneity test, independent sample t-test, correlation test, and simple
linear regression test. The results showed that there was no difference in the result of mathematical representation
skill and science learning outcomes, between the problem-based learning model and real discovery. But there is a
positive and significant linear influence between the mathematical representation skill and the learning outcomes
of science, through a problem-based learning model of discovery.

© 2018 Science Education Study Program FMIPA UNNES Semarang

Keywords: discovery, problem-based, skill representation.

INTRODUCTION (Primary School Teacher Education students) are

required to be able to conduct scientific activities

Science or Natural Science (IPA) is a
complex science and it is closely related to every-
day life. Science is a field of study that not only
applies formulas, concepts, or principles in sol-
ving a problem, but also scientific activities in the
learning process This scientific activity aims to
discover the natural phenomena associated with
science in a systematic way. Prospective teachers

*Correspondence Address
E-mail: chandra.ertikanto@fkip.unila.ac.id

that can provide solutions to solve a problem en-
countered related to learning Science.

Science education is expected to be a ve-
hicle for prospective teachers to gain hands-on ex-
perience in the process of developing competence
and has the prospect of further development in
everyday life. Therefore, in order to achieve the
educational objectives set by the government,
both general and specific goals, teachers (lec-
turers/teachers) not only teach as they stand in
front of the class, but also educate and facilitate
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in various activities. In addition to educating and
guiding the learners to present knowledge and
skills, they also guiding in developing all the po-
tential and character that exist in the learners, so
that learners have a deep understanding of scien-
ce concepts, instead of memorizing it.

In fact, theoretical knowledge can last
longer and be stored in memory, if it is obtained
empirically, not theoretically. This empirical ex-
perience can be obtained through a scientific
approach (Budiyanto et al., 2016). The scientific
approach also involves learners on the observa-
tions required for the formulation of hypotheses
or data collection. The scientific approach is ge-
nerally based on the exposure of data obtained
by observation or experiment. Pramita & Rochin-
taniawati (2015) stated that the scientific approa-
ch has a learning activity consisting of the main
learning experience, namely: observing, asking,
gathering information, associating, and commu-
nicating. The scientific approach (Hermawan,
2014; Ambarsari, 2016) can also be applied to
some supportive learning models, such as prob-
lem-based learning model and discovery.

The research result of problem-based lear-
ning model proposed by Purnamaningrum, et al
(2012) showed that in a class of problem-based
learning, teachers’ role is different from tradi-
tional class. There are 5 steps of problem-based
learning, namely: (1) students are given a pheno-
menon in everyday life to create problems; (2) stu-
dents define problem-related; (3) students explain
the solution to solve problems ; (4) preparation
and planning for reporting, and (5) evaluation of
students’ learning outcomes. These are problem-
based learning steps. By using this problem-based
learning model, the students are trained to be
more active in learning.

The results of the study with the discovery
learning model in its application, according to Is-
tiana et al. (2015) and Isnaningsih & Bimo (2013)
showed that the active-student learning method
development was underlaid by their curiosity and
willingness to self-investigate. Teachers in the
classroom serve only as a mentor and direct the
learning activities in accordance with the purpo-
se. This model is also defined as a learning model
that guides learners to participate in conducting
scientific activities of discovery, through systema-
tic steps. Starting from the provision of stimulus,
problem determination, problem formulation,
hypothetical retrieval, data collection, hypothesis
testing for the conclusion, resulting in more mea-
ningful learning. In learning activities with vario-
us learning models, the main principle is none
other than the success obtained from the lear-
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ning. Students’ learning outcomes with discove-
ry learning model proposed by Widiadnyana, et
al (2014) and Putrayasa (2014) had been proven
to improve learning outcomes and mathematical
representation skills, because students experience
learning and find solutions. Likewise, learning
outcomes obtained through the problem-based
learning model is the result of student learning
from the process of understanding and obser-
ving the learning activities provided. According
to Santyasa (2007), the results of problem-based
learning is the pattern of actions, values, under-
standings, attitudes, appreciation, and mathema-
tical representation skills.

In the learning activities, representations
are generally done through various ways of com-
munication, either in conversation, reading, or
writing, as mentioned by Suhandi & Wibowo
(2012); and Abdurrahman et al. (2008) that the
role of representation is very important in proces-
sing information. Representation (Sabirin, 2014)
is a substitute for the expression shown in sear-
ching for solutions to the problem at hand, as a
result of the interpretation of his mind. Solving
problems with representations can be displayed
through images (visual), words (verbal), tables,
graphics, or mathematical symbols. Mathematics
is unreal, hence to clarify or to declare in solving
the problem, representation is very helpful, that is
by changing the unreal thoughts into real (Hayati
& Fahrurrozi, 2015). Mathematical representati-
on can be used to express, describe, and analyze
a problem to find a solution for it. Thus, it helps
students to have the ability of reasoning and un-
derstanding the concept by extending their way
of thinking mathematically (Chusni, 2017).

In fact, the ability of reasoning or under-
standing of the concept by the learners is still
poor. Learners’ bad understanding is influen-
ced by the inability of the learners to represent a
problem. Representation is one way to commu-
nicate an idea to a problem faced. Tsani (2015)
and Artha et al. (2014) in his research point out
that the use of representations to communicate
ideas or mathematical ideas can enhance the un-
derstanding of the concept One of the representa-
tions that can help in understanding the concept
of science is mathematical representation. It is
a mathematical ability in representing the mat-
hematical form of verbal, graphics, visual forms
into new, varied mathematical forms.

The mathematical ability of a person is
influenced by his/her concept mastery, someone
who has high mathematical ability will have high
understanding of the studied concept of Suhandi
& Wibowo (2012); Abdurrahman et al. (2008), in
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their research concluded that Students’ mathe-
matics mastery supports them to master science
subject. Understanding the concept that students
have will affect the learning outcomes achieved
by these students. This statement is supported by
Widianingtiyas et al. (2015) and Yusup (2009)
in his research stating that “Basically a person
who has the high mathematical ability will easily
understand concepts and solve calculation prob-
lems, and mathematical ability has a significant
effect on learning outcomes”.

Problem-based and discovery learning
models are very important in a learning process.
This is supported by Muhamad (2016) and Pus-
pita et al (2014), who stated that problem-based
learning model and discovery learning model
can improve the students’ learning outcomes
because the students learn the concepts in mea-
ningful ways by discovering the new concepts.
Knowledge was gained through inquiry and dis-
covery learning and it can last longer and have a
better effect on knowledge transfer. Inquiry-based
and discovery-based learning improve reasoning
and thinking ability freely, and they train the
skills from students’ knowledge to discovery and
the students are able to investigate and solve the
problems. Learning outcomes are represented by
the ability of students in achieving the end result
and it can be noticed by how far the students can
solve the problem in the learning process.

The purpose of this research is to know
the difference between mathematics representa-
tion result and science learning result, and its in-
fluence on problem-based learning and discovery
model.

METHODS

This research is an experimental study
using Cluster Random Sampling technique. The
population of research is six students of PGSD
FKIP University of Lampung. The sampling pro-
cedure was performed by drawing the class to be

selected as the sample in the study (Nazir, 2013).
Two classes were taken consisting of 35 students
each. The first class was treated using problem-
based learning model, while the second was trea-
ted using discovery learning model.

In the learning process, the class with
problem-based learning model (Fakhriyah, 2014)
adopted learning steps based on problem-based
steps on LKS, while the discovery model class
adopted learning steps according to discovery
steps on LKS.

This research used two descriptive test
instruments. The first instrument is five descriptive
items, which is used to assess mathematical rep-
resentation skills, given at the end of each lesson.
The second instrument is 10 descriptive items to as-
sess the learning outcomes of Science, given at the
end of all material delivery. Data collection was
carried out during the learning process. In the
implementation, the problem-based class and dis-
covery class are given the same materials, and the
learning process is in accordance with the used
learning model. Data analysis techniques used
were normality test, homogeneity test, Indepen-
dent Sample T-test, correlation test, and simple
linear regression test.

RESULTS AND DISCUSSION

The results of research are in the form of
science learning outcomes and mathematical
representation skills. In problem-based learning
class, it was obtained that the average score of
students’ science learning outcomes was 82.11
and mathematical representation skill was 70.57.
Meanwhile, in discovery learning class, it was
obtained the students’ science learning outcomes
with the average of 80.11., and the average of
mathematical representation skill is 71,71.

The average difference of science learning
outcomes and mathematical representation skills
in both classrooms is presented in figure 1.

Comparison of mathematical representation skills and learning outcomes

85

80

75
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70

B Discovery

65

60 T

mathematical representation skills

learning outcomes

Figure 1. Achievements of Learning Outcomes and Mathematical Representation Skills



C. Ertikanto, et al. / JPII 7 (1) (2018) 106-113

In Figure 1, it is seen that the results for
mathematical representation skills with the prob-
lem-based learning model are relatively lower
than the discovery learning model, and the lear-
ning outcomes of science with the problem-based
learning model are relatively higher. The results
of the science learning are slightly different due
to different learning model factors. It further led
to the different average of learning outcomes of
science because in discovery learning model lear-
ners do relatively little inquiry activity on lear-
ning than in the problem-based model. However,
both models of learning, there seems to have the
same learning activities namely, group work, dis-
cussion, and experimenting.

In learning activities of the two experi-
mental classes, learners more frequently learn in
groups, discussion activities, experimenting, and
discussing the results in groups. They occasional-
ly discuss the problems with the teacher whose
function serves as a facilitator. In group learning
activities, there are several factors that influence
learning, for example, there is a learner who does
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not contribute in the group, he/she just relies on
his/her friends’ help. Furthermore, to find out the
comparison of mathematical representation skill,
the result of science learning and its effect bet-
ween the problem-based learning model with the
discovery learning are then tested using Indepen-
dent sample t-Test and regression test.

To test the data distribution whether it is
normal or homogeneous, data normality and
homogeneity test were conducted. According to
Haryati (2012) and Sugiyono (2010), the sample
size is relatively large where the sample size > 30,
then the distribution of the value differentiation
from the data will be close to the normal distri-
bution. In this study, the total number of samples
used is 70 students with 35 students with prob-
lem-based learning model and 35 students with
discovery learning model, so it can be said that
the sample of research is normally distributed. To
test the data distribution whether it is normal or
homogeneous, data normality and homogeneity
test were conducted. The test results are listed in
table 1 below:

Table 1. Sig Value and Decision Making Normality Tests for the Independent Sample T-test

Variable Sig. Value Test Criteria Test Decision
kill of h ical .
Skill of ‘mathematica 0,062 Sig Value > 0,05 Normal
representation
Learning Outcomes 0,075 Sig Value > 0,05 Normal

In table 1, it can be seen that the sig value
in each sig > 0.05 for mathematical representa-
tion skill and learning result of learning of lear-

ner. Based on the decision-making criteria, it is
concluded that the population is normally distri-
buted.

Table 2. Sig Value Based on Mean and Decision Making Homogeneity Test of Science Learning Re-
sult and Mathematical Representation Skill for Independent Sample T-test

Variable Sig. Value Test Criteria Test Decision
Skill of mathematical ]
representation 0,402 Sig Value > 0,05 Homogeneous
Learning Outcomes 0,941 Sig Value > 0,05 Homogeneous

In table 2, it is seen that the sig Value >
0.05 for each. Based on the decision criteria, it is
concluded that the sample data is homogeneous.
After the data were concluded normal and homo-
geneous, the Independent Sample t-Test was con-

ducted by testing the variant on Sig Levene’s Test
for Equality of Variances to see if there are dif-
ferences in learning outcomes and mathematical
representation skills in learning SD Science with
discovery and problem-based learning models.
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Tabel 3. Test Result Independent Sample T-test

. Sig. Value o . . . .
Variable (2-tailed) Test Criteria Making Decision
Skill of mathematical rep- ) ) ) )
resentation 0,705 Sig Value (2-tailed)> 0,05  There is no difference
Learning Outcomes 0,627 Sig Value (2-tailed)> 0,05 There is no difference

In table 3, the results of the Independent
Sample t-Test, Sig. (2-tailed) > 0.05, this means
that the H is accepted for the learning result hy-
pothesis and the mathematical representation

Table 4. Correlation Test Results

skill, or there is no difference between the lear-
ning result and the mathematical representation
skill in the problem-based learning and discovery
model.

r count , .
Data (Pearson Correlation) Sig. (2-taied) R Square
Skill of mathematical representation -Learning
Outcomes (Problem Based Learning) 0,661 0,00 0.436
Skill of mathematical representation -Learning 0,638 0,00 0.407

Outcomes (Discovery learning)

Table 4 describes the correlation of the test
results. It can be stated that between the mathe-
matical representation skill and the students’ lear-
ning outcomes, there is a linear correlation. The
relationship level of both variables shows that the
value of Pearson correlation is 0.661 and 0.638,

Table 5. Simple Linear Regression Test Result

meaning that have a strong and positive relation-
ship, R Square value 0.436 and 0.407, which me-
ans that learning outcomes are influenced by the
skill of mathematical representation with positive
regression coefficient.

Learning Outcomes t-count Sig. Remark
Constants 46,630 6,539 0,000
(Problem Based Learning)
SRM 0,495 5,056 0,000
Constants 45,771 5,907 0,000
(Discovery learning)
SRM 0,519 4,758 0,000

Table 5, explains the result of data analysis
at PBL with simple linear regression test that ob-
tained the t-arithmetic for coefficient a of 6,539,
bigger than t-table that is 0,36 with Sig value of
0.000 < 0,05. Thus, H, is rejected and coefficient
a significant. While in the DL with a simple li-
near regression test that obtained t-count for the
coefficient b of (5,056) bigger than t-table that is
(0,36) with value of Sig. (0.000) <(0,05), so HO is
rejected and coefficient b significant, hence it can
be said that there is significant linear influence
and positive influence of mathematical represen-
tation skill to result of learning.

The normality test in table 1 and the ho-
mogeneity test in table 2 are conducted in several
ways i.e. independent sample t-test, correlation
test, and simple linear regression test. Based
on the test results of Independent sample t-Test
in table 3. Apparently, there is no difference in
learning outcomes and mathematical representa-
tion skill between problem-based learning model
with discovery learning model, it means that both
learning models have their respective advantages
which mutually strengthen the learning activities.
Based on figure 1, the results of the analysis show
that, the average value of mathematical represen-
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tation skills in the discovery learning model is
relatively higher compared to the problem-based
learning model, while for the average value of
learning outcomes in the classroom of learning-
based model is relatively higher compared to the
discovery learning model class to find out why it
can happen and then the assessment can be done
as follows.

The average score of science learning out-
comes obtained in both experimental classes,
after the implementation of the problem-based
learning model and discovery learning model,
suggest that the material in the problem-based
learning model is more easily understood and
gives higher learning outcomes because the lear-
ning model gives problem closely related problem
to everyday life. As the problems are given in the
form of LKS, learners are more challenged in fin-
ding solutions so that they feel easy to find prob-
lems in their daily lives.

The average learning outcomes of the
problem-based learning model are relatively
higher than in the discovery learning model. The
difference in mean scores of learning outcomes
in these two small experimental classes may be
related to the learning activities of the two clas-
ses, both of which have the characteristics of
scientific learning: observing, asking, trying, rea-
soning and communicating (Hermawan , 2014;
Ambarsari, 2016), so both models of learning
equally provide reinforcement to learning out-
comes. Therefore, both learning models are also
recommended for learning in primary education
(Ertikanto et al., 2017).

Table 4 and table 5 describe the learning
activity of the problem based class model which
gives a significant and positive linear influence
between the mathematical representation skill
and the learning outcomes of science with the
contribution of 43.60% with the regression equa-
tionis Y =46.63 + 0.49X, one score of mathema-
tical representation skill of student can increase
score result of student learning equal to 0,49,
with r value equal to 0,661 indicates that both
variables have strong relation with linear positi-
ve direction. That is, the higher the skill of mat-
hematical representation by using the problem-
based learning model, the higher the learning
result of science. The 12 value of 0.436 indicates
that the mathematical representation skill of the
students contributes solely to the students’ lear-
ning result of 43.60%, while the rest of 56.40% is
caused by other variables that are not examined.
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This is in line with The previous research done
by Tsani (2015) and Artha et al. (2014) sugges-
ting that problem-based learning approaches are
richer with representation, and can increase stu-
dents’ motivation in solving problems, generating
conceptual knowledge well, and confidence in
mastering concepts

The discovery learning model class gives a
positive linear influence (Muhamad, 2016; Pus-
pita et al., 2013) and it is also significant between
mathematical representation skill and science
learning outcomes with contribution of 40.70%
with the regression equation is Y = 45,77 +
0,51X, where the increase of one skill score of
mathematical representation of student can in-
crease score of student learning result equal to
0,51, with r value equal to 0,638, this indicates
that both variables have strong relation with posi-
tive linear direction. R2 value of 0.407 indicates
that the mathematical representation skill contri-
butes solely to the learning result of 40.70%, whi-
le the rest of 59.30% is caused by other variables
not examined. This is consistent with previous
research that discovery learning model can train
students’ ability in representing a problem, espe-
cially the ability of mathematical representation,
as revealed by Muhamad (2013) and Aprilia &
Mulyaningsih (2014) that the ability and impro-
vement of mathematical representation and self-
learning students with discovery learning model
is better than students who received conventional
learning.

Table 5 explains that the problem-based
learning model has a positive effect on learning
outcomes and it has a significant influence on
the mathematical representation skill on learning
outcomes. It is in line with Fakhriyah (2015) and
Purnamaningrum et.al. (2012). The application
of problem-based learning generates creativity,
and critical thinking to the problem, and better
instructional implementation. The students are
more flexible in the delivery of ideas and opi-
nions, and learners enjoy working in group work.
Chusni (2017) states that basically, someone who
has the mathematical ability will easily under-
stand concepts and the can solve the problems of
calculation and mathematical items. It is also in
line with Widianingtiyas et al. (2015) and Yusup
(2009). The concept of learning explains that if
students are able to construct and build their own
knowledge through the learning process, the kno-
wledge that students have becomes more memo-
rable in the longer term.
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CONCLUSION

Based on the results of research and dis-
cussion, it can be concluded that: (1) statistically,
there is no difference in the average of science
learning outcomes between the problem-based
learning class and discovery learning class; and
(2) there is difference of influence of student’s
mathematical representation skill to result of
learning between problem based model with dis-
covery.
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ABSTRACT

The main purpose of this study is to evaluate the technical efficiency of high school education in Indonesia by
applying Data Envelopment Analysis (DEA), which is the most frequently used to measure the efficiency scores.
However, this study uses a robust approach to face the complex problem of the traditional DEA, which may lead
to biased results. Besides, it is a powerful approach to estimate technical efficiency when outliers contaminate
the data set. Statistical data from general senior secondary schools in the period 2015/2016 is analyzed, using
34 provinces as decision-making units (DMUs), with eight input and six output variables. The results indicate
that the average efficiency score of Indonesia’s major political subdivisions in managing high school education
is 0.936. Furthermore, as many as 32.35 percents of provinces achieve efficient performances, with an efficiency
score equal to one, while 17 provinces have above average efficiency scores. The results also indicate that effi-
ciency scores from robust data envelopment analysis provide better accuracy. Overall, application of robust data
envelopment analysis (RDEA) is appropriate for measuring the efficiency of provincial performance in organ-
izing secondary education.

© 2018 Science Education Study Program FMIPA UNNES Semarang
Keywords: DEA, efficiency, robust, outliers

INTRODUCTION it is difficult to find a decent job without a high

school diploma, as educational attainment is usu-

High schools are very important educatio-
nal institutions because they prepare students to
face the real world by providing them with the
necessary skills and knowledge to be able to live
independently and co-exist in the community in a
proper manner. Completing the high school level
of education may help students in the next stage
of their lives, whether they decide to go to college
or take the first steps in their careers. Moreover,

*Correspondence Address:
E-mail: u_mudah@yahoo.com

ally considered to be an absolute requirement in
securing a job. In Indonesia, education level is an
important consideration in certain positions that
require appropriate skills. Therefore, graduation
from high school is generally regarded as a mi-
nimum requirement for further education or for
direct entry into work.

Therefore, analysis of the measurement of
the efficiency of high school education is impor-
tant. This study aims to measure the efficiency of
Indonesia’s major political subdivisions in orga-
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nizing high school education by using the DEA
method. However, a robust approach is used to
face the possibility of the existence of outliers in
the actual data set. This approach tends to provide
results with better accuracy. By knowing the effi-
ciency of each province in managing high school
education, the Indonesian government is con-
sequently able to determine the best role model
of high school management in order to improve
the efficiency level of other provinces. This study
is expected to make a contribution to Indonesi-
an education, especially high school education,
and enhance the quality of high school graduates
who are ready to meet further challenges, whet-
her these be college life or going straight to work.

Unfortunately, research on high school
efficiency measurement in Indonesia is limited.
In fact, no research has been found regarding the
same topics. Fatimah & Mahmudah (2017) inves-
tigate the measurement of the efficiency of ele-
mentary schools in Indonesia by using two-stage
data envelopment analysis. However, other stu-
dies use high schools in Indonesia as samples for
evaluation analysis. Yusrizal et al. (2017) investi-
gate the level of knowledge and understanding of
physics teachers in Senior High Schools in Banda
Aceh when developing and analyzing test items.
By using as many as 32 physics teachers, analysis
of the results indicates that their skills are not sa-
tisfactory.

Measurement efficiency was introduced
by Farrel (1957), and one of the most commonly
used methods is DEA, which is a non-parame-
tric method for performing frontier analysis to
estimate the efficiency scores of DMUs. This
method allows us to make comparisons between
DMUs in order to establish which are performing
efficiently. An efficient DMU has an efficiency
score exactly equal to one, which is equivalent
to an efficiency value of 100 percent. Otherwise,
DMU is said to be inefficient.

Many studies have applied DEA methods
to evaluate the efficiency of educational insti-
tutions (see, amongst others: Carrington et al.,
2005; Kong & Fu, 2012; Nazarko & Saparaus-
kas, 2014; and Mikusova, 2015). Barrow (1991)
applied stochastic frontier analysis for estimating
the stochastic cost frontier of schools in England,
while Bonesrqnning & Rattsq (1994) analyze the
efficiency of high schools in Norway. Moreo-
ver, the technical efficiency of school districts
in South Carolina is studied by Cooper & Cohn
(1997). Although the DEA method has notable
strengths in the analysis of frontier production,
its estimator has complex and multidimensional
properties.
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Therefore, the existence of outliers causes
the traditional DEA method to be sensitive due
to it relies on the best DMU. It is important to
note that the presence of outliers may produce
less accurate results of the analysis. In order to
deal with the problem that appears in the tradi-
tional DEA, Cooper et al. (1998) and Gstach
(1998) use stochastic DEA but this approach
usually needs classical assumptions of statistical
distribution. Further, Wilson (1995) suggests an
approach to detect outliers regarding DEA met-
hods. Other studies which used this procedure
are those of Charnes et al. (1992) & Zhu (1996).
Furthermore, Bertsimas & Sim (2003) analyze
DEA method using robust optimization. Howe-
ver, this study applies robust approach for estima-
ting bias-corrected scores of technical efficiency,
which is introduced by Simar & Wilson (1998).
The statistical data of Indonesian high schools
from 2015/2016 is analyzed using an R program.
Due to the importance of science and technolo-
gy, which influences very many areas, this study
focuses on the field of scientific study in high
schools in Indonesia. As mentioned by Dwianto
et al. (2017), students in Indonesia are left behind
regarding science accomplishment and there are
some weaknesses in the science learning process.

METHODS

DEA is a non-parametric method used to
measure DMUs by comparing those that have si-
milar characteristics or are homogeneous, based
on several input variables, to produce a number
of outputs. This method has good advantages
compared to other measurement methods becau-
se there is no need to make distribution assump-
tions, which are required in a parametric ana-
lysis. DEA method consists of two models, i.e.
the CRS (constant return to scale) and the VRS
(variable return to scale) models. CRS model was
introduced by Charnes, et al. (1978), that is why
this model is often called the CCR model whe-
reas the second model was developed by Banker,
et al. (1984) and also known as the BCC model.
However, the second model is a development of
the first model. The difference between these two
models relies on the initial assumption where the
first model uses similarity ratios between the in-
creasing input and output variables. Further, the
CRS model also presumes that most DMUs per-
form at an optimal scale. Meanwhile, the VRS
model does not use similarity ratios but the inc-
reases in input and output variables are different.
Further, the VRS model presumes that DMUs do
not perform at an optimal scale.
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Basically, the DEA method which is con-
cerning naive score can be explained as follows.
Let the observed input variables are defined by
X¥n , where n =123, ..,N while the output va-
riables are defined by ¥m , where m = 1,2,3, ..., M
Suppose that p = {(x, y): x = X8,y = ¥8,8 = 0} . The-
refore, the input set @(y)have input variables to
produce output variables under P and condition
Q(y) = {{x): (x,y) € @} is applied (Shephard, 1981)
and Coelli, et al., 1994). Therefore, following
Besstremyannaya, et al., (2015) the CRS model
of DEA method where input-oriented is applied

&, for DMU; where k = 1.2.3....K can be written
as follows:
min &, (1)
BB
subject to

(2)

and

B, =0

The assumption used in this model show
that has strict convexity as well as disposability
of the input and output variables. Strong disposa-
bility refers to when x € @(¥)and x'= xthen
x"€Q(y). Further, the additional constraints of

K B.x,. =1 areneeded in order to impose
this model on the VRS model.

As this method is based on frontiers, then
to produce better results it requires the accuracy
and preciseness of the input and output variables,
because even the slightest change can change the
estimates significantly.

Even though DEA method is very often
used and is the most powerful method, precise
and accurate data is required to yield unbiased
scores of efficiency. However, most researchers
face difficulties in obtaining real data accurately
because the input and output variables are full of
uncertainties. Therefore, in order to deal with the
uncertainty this study applies bootstrap method
which is a very good method for approximating
the estimator where empirical distribution is
concerned. Bootstrap is used to correct for bias,
as the estimated boundary @%(y) of the input
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variables may fail to include the most efficient
DMU. Consequently, for each DMU ; then bias
8, can be explained by bias 8, = E(8,) — 8,
where it can be written as bias 8} = E(§}) —4..
Therefore, the following steps are required in ful-
filling this:

Step 1: Estimating the naive scores of DEA in
equation (2) that is defined by 3, = (4,,d,, ..., 8,)
Step 2: Repeating B times to provide bootstrap
{65 ]‘B estimates as many as J sets
Step 3: Calculating blase ==
[:x b’y})

Step 4: Calculating bias-corrected efficiency
scores by using 8, = §; blasa

g; for

*
b 19_;2;-

Simar and Wilson (2007) report that the
input variables in bootstrap DEA where the
input-oriented model is concerned in correcting
the bias scores , which is the reciprocal of do
not depend on the environmental variables . In
other words, the input variables which are not
controlled by producers can be explained by the
following procedures:

Step 1: Estimating the naive distance scores
which are defined as §, , where i =1,2,3,...,I.
Step 2: Assuming that the naive distance scores
8. =zy+e =1, where g~N(0,07) with left
truncation at (1— z;y).

Step 3: Calculating &, and ¥ with condition
§; =1

Step 4: Repeating B times to provide bootstrap
estimates {6 ;b} as many as J sets.

Step 5: Calculating basé, = E 185 -6,
Step 6: Calculatmg bias- corrected scores by using

:5' = -.f'J" —blasﬁ

RESULTS AND DISCUSSION

The study uses statistics from high schools
from 2015/2016 that were prepared by the Cen-
ter for Educational and Cultural Data and Statis-
tics, Secretariat General, Ministry of Education
and Culture of Republic of Indonesia. Basically,
the data presents a general description of high
schools in Indonesia that covers the number of
schools, applicants, new entrants, students, re-
peaters, graduates, headmasters, teachers, classes
and classrooms. Furthermore, the data is based
on the results of the verification and validation
that are made by the Secretariat Directorate Ge-
neral of Primary and Secondary Education and
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the Directorate of Senior Secondary Schools
through basic educational data.

The calculation of efficiency scores using
the DEA method is made for all provinces in In-
donesia. 34 provinces are used as DMUs, which
are analyzed by using six output variables (O) and

Table 1. Descriptive Statistics
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eight input variables (/). Furthermore, the study
is based on high schools from a Science point of
view, so the output variables are the average of
national exams in the Science field of study. Tab-
le 1 gives a general description for all the variables
used in this study.

Var Min Max Mean Std. Dev
Outputs
01 64.54 82.79 73.28 4.98
02 49.83 85.66 63.20 7.67
03 32.03 80.74 54.42 11.75
04 39.39 85.98 61.18 12.61
05 34.57 82.19 55.62 11.23
06 40.19 82.72 59.36 9.85
Inputs
11 55 1441 373.21 348.14
2 14,357 577605 126835.5 133009.9
3 103 13979 2562.79 3417.38
14 41 1016 277.88 253.76
5 93 3057 811.35 795.02
16 4,709 182795 41870.79 43196.72
17 531 18057 4320.38 4252.57
18 489 18261 4388.06 4338.48

11 indicates the number of schools; I2 the
number of students; I3 the number of teachers;
I4 the number of libraries; I5 the number of labo-
ratories; /6 the number of graduates; /7 the num-
ber of classes; and I8 the number of classrooms.
The output variables are the average of national
exams in the Science field of study, namely the

Table 2. Cumulative Distribution

average of the Indonesian language (O1); that of
the English language (02); the average of mathe-
matics (03); of physics (O4), of chemistry (O5);
and of biology (06). Table 2 shows the cumula-
tive distribution of the efficiency scores for tradi-
tional DEA.

Scores Total
1.000 11
0.950-0.999 3
0.900-0.949 12
0.850-0.899
0.800-0.849
<0.800
Total 34
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The analysis results indicate that the ave-
rage of the efficiency scores of Indonesia’s major
political subdivisions in managing high school
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education is 0.936, with a standard deviation of
0.065. Figure 1 indicates the traditional DEA effi-
ciency scores for all provinces in Indonesia.
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Figure 1. Efficiency Scores

32.35 percent of provinces show an effi-
cient performance, with an efficiency score equal
to one. Further, 17 provinces (50 percent) have
efficiency scores above the average score. The lo-
west efficiency score is 0.785, corresponding to
West Nusa Tenggara.

Based on discrimination stages introdu-
ced by Thanassoulis et al. (1987) then it is save
report that the province of South Kalimantan
should be able to sustain its activities to produce
an optimum output using only 99.9 percent of the
available inputs, whereas the province of North
Sumatra should be able to carry out its activities
with optimum results using 98.5 percent of the
existing resources. The Special Capital Region of

Jakarta requires 96.9 percent of the input variab-
les to be able to carry out its activities.

As previously mentioned, traditional DEA
tends to provide biased efficiency scores. Besides,
the actual data can be contaminated by outliers,
which all the input variables contain. This stu-
dy applies a robust approach of bias-corrected
technical efficiency to DEA scores. Figure 2, 3
and 4 show a comparison of the efficiency scores
for the 34 provinces in Indonesia using traditio-
nal DEA and robust DEA, in which the number
of bootstrap replications B = 100, 500 and 1000.
Furthermore, this study uses the size of confiden-
ce intervals for the bias-corrected DEA scores
alpha = 0.01, 0.02 and 0.05.
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Figure 2. DEA vs RDE (B=100)
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Figure 3. DEA vs RDE (B=500)
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Figure 4. DEA vs RDE (B=1000)

Figure 2, 3 and 4 indicate that the efficien-
cy scores of RDEA deliver consistent results,
whose values always follow the technical efficien-
cy scores of traditional DEA. The average of bias
for naive DEA scores for all degrees of confiden-
ce level (alpha) is classified as small; they have the
same bias efficiency score, i.e. 0.04. Descriptive
statistics of the RDEA efficiency scores are as
follows. The average efficiency scores with repli-
cation B=100 and alpha=0.01, 0.02 and 0.05 are
(0.898, 0.899, 0.900), while the average efficien-

cy score with replication B=500 and alpha=0.01,

0.02 and 0.05 are (0.900, 0.900, 0.899). The ave-
rage of efficiency scores with replication B=1000
and alpha=0.01, 0.02 and 0.05 are (0.899, 0.899,
0.900). Further, the standard deviation equals
0.05 for all the replications, as well as for the size
of confidence interval. Moreover, the results also
indicate that RDEA efficiency scores with num-
ber of replications B= 100, 500 and 1000 and
alpha = 0.01, 0.02 and 0.05 are within the confi-
dence intervals.
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CONCLUSION

This study used robust data envelopment
analysis (RDEA) to investigate efficiency measu-
rement when the actual data are contaminated
by outliers, as the efficiency scores of traditional
DEA are susceptible to bias. 34 provinces were
used as DMUs, whose efficiencies were measu-
red by using eight input variables and six output
variables to evaluate technical efficiency in mana-
ging high school education in Indonesia.

The results show that traditional DEA gi-
ves 11 provinces efficiency scores equal to one,
which indicates efficient performance. West Nusa
Tenggara has the lowest efficiency score (0.785),
while fifty percent, or 17 provinces, have efficien-
cy scores above average. The study uses the num-
ber of bootstrap replications B = 100, 500 and
1000, while the size of confidence interval o =
0.01, 0.02 and 0.05. The results of RDEA reveal
that its efficiency scores always follow the techni-
cal efficiency scores of traditional DEA, with its
scores within the confidence intervals. Further,
the bias efficiency score for all confidence levels
is classified as small (0.04). Overall, RDEA is ap-
propriate for application to measure the efficien-
cy of provincial governments in organizing high
school education in Indonesia.
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ABSTRACT

This study aimed to examine the difference of Vocational High School students’ learning motivation after they
were taught the topic of the electrolyte solution and redox reaction using POGIL model with SSI context, POGIL,
and conventional learning. The research design used was quasi-experiment with the model of pre-test and post-
test control group design. The research subjects were three classes with the similar initial ability. The data were
obtained using SMTSL motivation questionnaire (r = 0.824) and analyzed using ANCOVA. The research results
showed a significant difference in learning motivation between students taught using POGIL with SSI context,
POGIL, and conventional learning. The students who were taught using POGIL with SSI context had the highest
learning motivation compared to those taught using POGIL and conventional learning.

© 2018 Science Education Study Program FMIPA UNNES Semarang

Keywords: POGIL, SSI, learning motivation

INTRODUCTION

Chemistry is one of the subjects taught
in Vocational High School (VHS). One of the
goals of chemistry learning in VHS which is in
accordance with curriculum 2013 stated that the
students could understand the concept, principle,
law, and theory of chemistry; their connectivity
and implementation also can solve the problems
in daily life, the technology; and the students have
basic competency as the basis for developing the
competency in each expertise field. Correspon-
ding to such purposes, the chemistry learning
in VHS demands the students’ mastery of basic
concepts of knowledge in which the process and
domain must support the development of skill in
fulfillment of the productive expertise program.
In the structure of curriculum 2013 for expertise
program of technology and engineering in Voca-

*Correspondence Address:
E-mail: ikaby.smkn9@gmail.com

tional High School, chemistry is the part of the
subjects of the expertise field basic devotee group
(C1). Chemistry is a subject of bonding substan-
ce on the basis of expertise field of Technology
and Engineering group so that it is very signifi-
cant for VHS students to understand the topics
of chemistry. Moreover, nowadays, chemistry, as
the center of science, is one of the sciences un-
derlying the science, technology, and industry
(Chang, 2011). Besides, according to Olorun-
tegbe & Alake (2010), chemistry is a knowledge
needed by the students to solve the problems in
daily life.

Although the chemistry subject is impor-
tant, the reality in school shows that most of VHS
students dislike the chemistry subject since many
of its topics are difficult (Sitepu, 2016; Refriwa-
ti, 2015). This case indicates that VHS students’
learning motivation is still low. The cause of the
low motivation is, for example, generally, the che-
mistry learning is emphasized on only the con-
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cept mastery without showing the relationship
between concepts learned by implementing them
in the daily life (Holbrook, 2005).The lack of in-
formation of the relevance of chemistry in the
daily life including its relationship with the pro-
ductive subject is also problematic for students in
learning chemistry so that it causes the students’
low interest and motivation to study chemistry
(Aikenhead, 2003; Price & Hill, 2004). Whereas,
there are so many phenomena in the life related to
chemistry. For example, in motorcycle automoti-
ve engineering, the phenomenon of fuel combus-
tion, corrosion of motorcycle components, work
performance of battery/accumulator of the mo-
torcycle, and welding or metal connecting inclu-
des chemical reaction.

Another factor that also causes the low
motivation of chemistry learning in VHS is the
chemistry learning tends to be teacher-centered
so far, that is the teacher often employs exposito-
ry learning model (speech) in which the learning
process less includes the students’ role; the teach-
er still dominates the learning process. In exposi-
tory learning, the teacher transfers the knowledge
to the students while the students only listen to
and pay attention to the teacher’s explanation.
This case is in line with the research results of
Koulougliotis & Salta (2012) stating that the low
motivation in chemistry subject is caused by the
application of teacher’s learning strategy which
is less interesting and involving the students’ role.

In learning activity, motivation has a sig-
nificant role. The students who have high moti-
vation will be actively involved in the learning
process and try to learn diligently, feel happy and
optimistic in accomplishing the tasks given by the
teacher. On the other hand, the students whose
learning motivation is low do not attempt hardly
to learn. In agreement with the statement of Be-
reby-Meyer & Kaplan (2005), the factor of moti-
vation plays an essential role in students’ learning
and strategy transferring of problem-solving. This
finding is also supported by the research results
of Sevinc et al.(2011) showing that the students
with high academic achievement also have high
motivation level.

Tuan et al. (2005) addressed that there are
six factors which influence learning motivation
as stated in SMTSL questionnaire as the indica-
tor of motivation namely: self-efficacy, students’
active learning strategies, science learning value,
performance goal, the achievement goal, and
learning environment stimulation. The follo-
wings are the explanations of each indicator of
learning motivation: (1) Self-efficacy is students’
confidence in their ability to do the learning tasks

well; (2) Students’ active learning strategy means
that the students take an active role in using any
techniques and strategies to build new knowledge
based on their previous understanding; (3) Scien-
ce learning value is letting the students attain the
competency of problem-solving and investigate,
stimulate their thought and find the relevance of
knowledge learned in daily life. If they can feel
the principal values of something they learn, they
will be motivated to further learn science and
knowledge; (4) Performance goal is the student’s
goal in science learning including competing
with the other students to get the teacher’s at-
tention; (5) Achievement goal, in this case, the
students feel satisfied because they can improve
their competency and achievement during the
learning; (6) Learning environment stimulation
includes the environment in the class, around
the students, such as curriculum and interaction
between student and teacher and student-student
as well as motivation in learning the science and
knowledge.

Motivation is a significant pre-requirement
and core to learn. Initially, motivation is required
to make the students are willing to participate in
learning, and then the motivation is needed du-
ring the learning process (Rahayu, 2015). The
process of the raising of individual’s learning mo-
tivation is divided into two types namely intrinsic
and extrinsic motivations. Intrinsic motivation is
the motivation that arises in someone’s self, and it
is a human’s natural tendency to look for and sol-
ve the challenge supporting the passion and abi-
lity (Woolfoolk, 2010). When someone is intrin-
sically motivated, he/she does not need incentive
or punishment since the activity is interesting and
beneficial. Extrinsic motivation is the motivation
arising due to the external stimulation. When
someone does something to get a reward, avoid
the punishment, please the teacher or the other
reasons, it can be said that the individual does the
academic activity because of extrinsic motivati-
on. Rannikmde and Holbrook (2009) mentioned
that the students’ intrinsic motivation could be
enhanced by making the science learning interes-
ting and relevant to the students.

One of the learning models involving stu-
dents’ active role is POGIL (Process oriented
guided inquiry learning) with SSI context. Ac-
cording to Hanson (2006), POGIL is an inqui-
ry learning oriented to the process and centered
on the students in active learning using coopera-
tive learning and guided inquiry to develop the
knowledge, the question to improve individual’s
critical and analytical thinking skills, problem-
solving skills, metacognition skills, and responsi-
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bility. Learning with POGIL model emphasizes
two aspects namely learning topic and learning
process (Hanson, 2006; Moog et al., 2009; Strau-
manis, 2010). The goal of learning using POGIL
is to increase the learning process and guide the
students to have a conceptual understanding of
the topic being learned (Moog & Spencer, 2008).
The steps of POGIL include five stages (Hanson,
2005) namely: orientation, exploration, concept
formation, application, and closing.

POGIL has three principal components,
namely cooperative learning, guided inquiry,
and metacognition. Cooperative learning provi-
des a competitive learning environment in which
the students will learn and understand better as
well as remember more things when they work
cooperatively (Hanson, 2005). The guided inqui-
ry learning in POGIL is by involving the students
actively and encourage them to restructure their
information and knowledge by using a learning
cycle consisting of five stages namely orientation,
exploration, concept formation, application, and
closing/conclusion (Hanson, 2005). POGIL also
demands the students to utilize metacognition so
that they are aware that they must be responsible
for their learning, they need to reflect what they
have learned and what they have not understood.
Straumanis (2010) explained the benefits of PO-
GIL that is the students can process the informa-
tion, think critically, solve the problem, commu-
nicate, be cooperative in teamwork, manage, and
do self-assessment.

Some research results of the effectiveness
of the use of POGIL in the chemistry learning
are such as the research results of Sen & Yilmas
(2015)exhibiting that the students were more in-
terested in and enjoyable with the chemistry lear-
ning using POGIL. Yalcinkaya & Erdur-Baker
(2012) asserted that the learning involving the
solving of the problem in the real world through
group teamwork could improve the students’ self-
efficacy and learning motivation. Widyaningsih et
al. (2012) based on the research result mentioned
that through POGIL, most of the students active-
ly and critically thought in the class or laboratory.
Maulidiawati (2014) concluded that cooperative
learning using POGIL was effective in students’
learning outcome for the topic of solubility and
the multiple results of solubility as well as it could
improve the students’ learning motivation.

Based on the research results of POGIL
above, it can be concluded that POGIL can imp-
rove student’s learning motivation. However, to
support the implementation of POGIL model
and to make it more interesting and the students’
learning motivation enhances by using learning

context which is relevant to the daily life. One of
the contexts that can be used in POGIL is SSI
(socio-scientific issues).Learning with SSI con-
text is a learning approach that studies the facts,
phenomena, or occurrences based on the social
issues related to science in the society(Ratcliffe
& Grace, 2003). POGIL with SSI context per-
forms the problems that are close and relevant to
the students’ life. The solving of these contextual
problems is then searched through active discus-
sion done by the students and their friends in a
group. SSI involves the use of topic or scientific
problems that obligate the students to be involved
in the dialogue, discussion, and debate. The prob-
lems presented in SSI are controversial in nature,
but they have additional elements that need mo-
ral reasoning level or evaluation of ethic problem
in the process of decision making about the possi-
bility of issues-solving (Zeidler & Nichols, 2009).
The implementation of POGIL model
with SSI context in learning can help the teach-
ers to ensure all students are actively involved in
the learning process with the role performed by
each student; the learning team in POGIL con-
sists of four people who have a role. This case is
in accordance with the statement of Moog et al.
(2009) that giving the role to each student could
improve the student’s involvement by giving spe-
cial responsibility and helping the students to de-
velop any skills related to each role. The students’
main role as the member of a group is active in-
volvement in the group discussion. According to
Moog et al. (2009) & Straumanis (2010), besides
the main role, the students also get special roles
such as being a manager (assuring that all group
members perform their role), presenter (presen-
ting the report verbally), recorder (recording
the results of group discussion), and reflector
(observing and giving comment about the group
dynamic). Besides, by discussing SSI cases, the
students will be more interested in learning sin-
ce the things being discussed are related to the
daily life-problems that they have known so that
their passion and motivation to learn chemistry
increase.Rahayu (2016) stated that the cases that
are relevant and familiar to the students would
visualize the abstract concepts well to make them
more concrete and the students can apply their
understanding in SSI debate. Besides, SSI is po-
tential to minimize the problem regarding class
management and provide the problem-solving as
well as the students’ opportunity to better under-
stand the topic of chemistry (Rahayu, 2016).
Electrolyte solution and redox reaction
are the topics of chemistry taught to the Voca-
tional High School students of class X for the
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program of Technology and Engineering exper-
tise. Both topics are the basic topics required to
learn electrochemistry. The characteristic of the
electrolyte solution and redox reaction topics is
many of them which are abstract. For instance, in
the electrolyte solution topic, the students could
not explicitly observe ions moving freely in the
electrolyte solution so that it caused the electroly-
te solution could conduct the electrical charge. In
redox reaction topic, the students also could not
directly observe the occurrence of oxygen release
and acceptance, or the process of giving and re-
ceiving an electron from certain atom to another
atom. Due to this abstract characteristic of the to-
pic, the students are hard to learn the electrolyte
solution and redox reaction topics.

Some research results present the difficul-
ties in the electrolyte solution, and redox reaction
topics such asGarnett & Treagust (1992) reported
that some students were confused about the cha-
racteristics of electrical current in the metal con-
ductor and an electrolyte solution. Furthermore,
Garnett &Treagust (1992) mentioned that redox
reaction is a difficult topic to be understood sin-
ce it includes abstract topics so that the students
were hard even wrong in learning the redox reac-
tion topic. Soudani et al. (2000) found that the
students faced difficulty in using theoretical kno-
wledge of redox to interpret the daily phenome-
na. The students’ difficulty in learning electrolyte
solution and redox reaction theories caused the
students were less interested in chemistry subject,
and their learning motivation was low.

Based on the characteristics and problems
of chemistry learning in VHS that have been ex-

Table 1. Scheme of Research Design
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plained before, to overcome the low motivation
of VHS students in chemistry learning especially
in electrolyte solution and redox reaction topics
is by applying the learning model that involves
the students in learning process and using lear-
ning context related to the daily phenomena or in
accordance with the expertise competency that is
by using POGIL with SSI context. Therefore, this
work aimed to test whether there is a difference
in learning motivation of VHS students taught
using POGIL with SSI context, POGIL, and con-
ventional learning and testing the effectiveness of
POGIL with SSI context on VHS students’ lear-
ning motivation.

METHODS

This research used a quasi-experimental
design with pre-test - post-test control group de-
sign. The subjects of this research were the stu-
dents of class X in the State Vocational High
School 9 of Malang for the expertise competency
of Motorcycle Engineering (ME) academic year
of 2016/2017 consisting of three classes with
similar initial ability. The experiment 1, experi-
ment 2 and control classes were determined by
lottery so that class X of Motorcycle Engineering
2 was chosen as the experiment 1 class that would
be taught using POGIL with SSI context, class X
of Honda Motorcycle Engineering as the experi-
ment 2 class that would be taught using POGIL
and class X of Motorcycle Engineering 1 as the
control class that would be taught using conven-
tional learning. This research design is shown in
table 1.

Group Pre-test Treatment Post-test
Experiment 1 0] X, O
Experiment 2 @) X, (0]

Control 0] . 0

Note:

O : Observation (pre-test and post-test of
learning motivation)

X : Learning using POGIL with SSI context
X : Learning using POGIL

1
2

Before conducting the research, the rese-
archers proposed permit to the head of Educa-
tion Department of Malang City. Moreover, the

(Adapted from Creswell, 2012)

Education Department of Malang City recom-
mended the State Vocational High School 9 of
Malang in order the researchers were permitted
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to research the State Vocational High School 9
of Malang. By the recommendation from the
Education Department of Malang City, the rese-
archers asked for permission to the headmaster
of the State Vocational High School 9 of Malang.
After attaining a permit from the headmaster, the
researchers called the chemistry teacher teaching
in class X of Motorcycle Engineering and asked
for permission to involve the students of class X
of Motorcycle Engineering as the research sub-
ject. The students in experiment 1 and two classes
were given an explanation of POGIL model that
would be implemented in the learning of electro-
lyte solution and redox reaction topics.
Instruments used in this research consisted
of two types namely treatment instrument and
measurement instrument. Treatment instrument
was utilized in the learning process in experiment
1 and two as well as control classes, and it con-
sisted of the syllabus, lesson plan, and Student
Worksheet of the electrolyte solution and redox
reaction topics. The treatment instruments in the
three classes used as the research subjects were
different in accordance with the applied learning
model. Before using the instrument to collect the
data, all treatment instruments were validated
by three experts namely two chemistry lecturers
of the State University of Malang and one che-
mistry teacher of Vocational High School. The
results of expert validation showed that all tre-
atment instruments were categorized valid and
feasible to be employed as a research instrument.
Measurement instrument was in the form
of learning motivation questionnaire used to me-
asure the students’ motivation in chemistry lear-
ning in experiment 1, experiment 2, and control
classes. The motivation questionnaire used in this
research was adapted from the motivation ques-
tionnaire developed by Tuanet al. (2005) which
is Student’s Motivation Toward Science Learning
(SMTSL) Questionnaire consisting 35 items;

Table 2. Stage of POGIL with SSI Context

each question item has five answer-choices, they
are: extremely disagree, disagree, doubt/abstain,
agree, extremely agree. Learning motivation me-
asured using SMTLS questionnaire refers to six
aspects namely self-efficacy, active learning stra-
tegies, science learning value, performance goal,
achievement goal, and learning environment sti-
mulation.

Before using the instrument of motivation
questionnaire to collect the data, this instrument
was validated by two chemistry lecturers from
UM and one chemistry teacher from VHS. The
results of validity test of the content of motiva-
tion questionnaire exhibited a very high value of
validity (validity = 91%). The results of the trial
test of learning motivation questionnaire indica-
ted that all options in that questionnaire are ca-
tegorized as valid, and the test reliability had the
value of alpha = 0.824. The reliability score of
the research instruments is categorized as very
high so that it is feasible to be used as research
instrument.

The data collection in this research was
conducted in 12 meetings. The researchers beca-
me the teacher doing learning treatment, giving
the test, and collecting the data of the results of
treatment and measurement. The data attained
from the results of the questionnaire of students’
learning motivation was descriptively analyzed to
know the percentage of students’ learning moti-
vation for each criterion (high, moderate, low).
Subsequently, the statistical analysis was done
using covariant analysis (ANCOVA) with the
score of pre-test as the covariate to test whether
there was a difference in learning motivation of
students in experiment 1, experiment 2, and cont-
rol classes.

The following table 2 is the example of
stages of POGIL with SSI context as well as the
activities of students and teacher in learning the
electrolyte solution topic.

Stage of POGIL ) . .. ,
No with SSI Context Students’ Learning Activity Teacher’s Help
1.  Problem orientation e  Observing picture or video of e Displaying video by asking the
with SSI people looking for fish using electri- students to make inference

cal current.

e  Writing and formulating infer-
ence based on the picture or video
presented by the teacher.

e Directing the students to make
the questions that will be inves-
tigated.

e  Determining a question that will be

investigated further.
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2. Problem explo- Forming group in conformity with the e Dividing the students into groups
ration based on teacher’s briefing e Explaining the rule of group
the SSI context Sharing role with the group members discussion fitting with each
(manager, presenter, recorder, and student’s role
reflector) e Guiding the students to explore,
Conducting exploration activity based experiment, and accomplish the
on the guideline in the Student Work- Student Worksheet
sheet. This exploration activity can be
experiment or literary study
3. Concept forma- Reporting the results of group explo- o Asking the students to discuss the
tion ration in front of the class to form the results of group exploration
learned topic concept
e Guiding the discussion activity
Self-construction of topic concept
with the briefing of questions in the e Reinforcing the concept
Student Worksheet
4.  Application Analyzing article of SSI through e Presenting article of SSI and ask-
through discus- discussion activity with the group ing the students to discuss it in the
sion of SSI case members group
e The student representation explains e Pointing presenter from some
the analysis results of given SST groups to present the results of
problems group discussion
5. Closing e Driving a conclusion of topic that has e Guiding the students to drive a
been learned conclusion
e Reflecting the learning experience e Guiding the students to do reflec-

and obtained knowledge (self-assess-

ment)

tion

The SSI cases utilized in learning the elect-
rolyte solution topic are such as: (1) The dilemma
of the use of a stunning tool to catch fish.These SSI
cases were related to the topic of solution conduc-
tivity in which the students were given a certain
article of fishing by using electrical current caus-
ing the fishes are easy to find, but in another side,
the use of this electrical current can damage the
environment ecosystem. In this case, the students
were expected to be able to identify why the fishes
could die if people fished by stunning and how
did the students respond the way of finding fishes
by using electrical current; (2) Battery: advantage
and danger.For this case, various types of battery
and its chemical reaction were presented. Based
on the chemical reaction-reaction presented by
students, they were expected to be able to iden-
tify the compound of electrolyte substance of the
battery. Besides, the students were also involved
in the debate of advantage and danger of the bat-
tery. Through this debate, the students were ac-
tively engaged in learning.

The SSI cases employed in redox reaction
topic learning are such as: (1) Motorcycle and car
cause the biggest carbon emission in Indonesia. In
this case, the reactions in fuel combustion process
were presented in which most of the gases result-

ed contribute to the air pollution. Through the
chemical reactions in the fuel combustion process
presented, the students were expected to able to
determine the type of oxidation and reduction re-
actions based on the oxygen bonding and releas-
ing; (2) Hydrogen Fuel Cell: Indonesian Future En-
ergy. Hydrogen fuel cell is a future energy source
that has eco-energy with the combustion process
that only results in water and energy (electricity
and heat). However, the use of this fuel cell also
raises the debate because it turns out that the re-
sult of the reaction of hydrogen and oxygen is not
only water, but UV ray becomes its side product,
and explosion risk are very vulnerable to the us-
age. In this case, the example of chemical reac-
tion occurring in a fuel cell was also presented
so that the students were expected to be able to
understand the oxidation and reduction reactions
based on the electron releasing and receiving; (3)
Cigarette and Its Danger. In these SSI cases, the
substances containing cigarette were presented
so that the students were expected to be able to
identify and determine the number of oxidation
of elements containing a cigarette; (4) Corrosion
is occurring to the motorcycle bars due to the scratch
of zinc layer. The corrosion happening to the mo-
torcycle bars because of the scratch of zinc layer
is a case which is very relevant to the students of
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VHS, Motorcycle Engineering Department. By
presenting this case, the learning was expected
more interesting, and the students could under-
stand the oxidation-reduction reactions based on
the change of the number of oxidation; (5) Chemi-
cal substance in clothing whitener. Clothing whitener
is an example of redox reaction application in
daily life. The clothing whitener is the process of
chemical reaction in which the dirty molecules
will be broken into smaller parts so that it is easier
to be lifted by surfactant (stain lifter). Whitener
solution sold in the market usually contains ac-
tive material of sodium hypochlorite in which
the production process of NaOCI involves the
autoredox reaction. By presenting this case, the
students were expected to be able to understand
the autoredox reaction.

By presenting such above examples of
daily cases which are relevant to the electrolyte
solution and redox reaction, the students were
expected to be more interested in chemistry lear-
ning, and VHS students’ learning motivation
could increase. The followings are the examples
of SSI presented in redox reaction topic learning.

RESULTS AND DISCUSSION

The results of a students’ learning moti-
vation questionnaire given before and after they
learned electrolyte solution and redox reaction
were then tabulated and descriptively analyzed to
obtain the data of the percentage of students’ mo-
tivation based on the criteria presented in table 3.

Table 3. Percentage of Students’ Learning Motivation Based on the Criteria

CLASS Criteria of Motivation Prf(;:;“ P"::/;;e“
High - 79
Experiment 1 Moderate 76 21
Low 24 -
High - 60
Experiment 2 Moderate 80 36
Low 20 4
High - 7
Control Moderate 75 75
Low 25 18

Based on the data presented in table 3,
there was an improvement of students’ learning
motivation indicated by the increase in students
who had high and moderate motivation and the

decrease in the students who had low motivation
at the end of learning. The data of pre-test and
post-test scores of students’ learning motivation
questionnaire are presented in table 4.

Table 4. Mean of Pre-Test and Post-Test of Students’ Learning Motivation

CLAS Mean of Pre-Test Mean of Post-Test Gain Score
Experiment 1 89.59 135.48 45.90
Experiment 2 89.68 128.48 38.80
Control 89.61 102.61 13.00

Table 4 shows that there was an increase
in scores of the students’ learning motivation in
experiment 1, experiment 2, and control classes.
This case means the students’ learning motivati-
on changed after the learning process of the elect-
rolyte solution and redox reaction. Before doing
a hypothesis test to the scores of the students’
learning motivation, the analysis pre-requirement
test was conducted in the form of normality and

homogeneity tests. Normality test of the scores
of students’ learning motivation in experiment 1,
experiment 2, and control classes was carried out
using One-Sample Kolmogorov-Smirnov Test in
the trust level of 95% (@ = 0.05) assisted by IBM
SPSS Statistics 20 for Windows program.The
results of normality test for the three classes are
presented in table 5.
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Table 5. Results of Normality Test of Students’ Learning Motivation

CLASS Experiment 1 Experiment 2 Control
N 29 25 28

Mean 89.59 89.68 89.61

Pre-test Std. Dev 6.080 5.475 6.652
Sig (2-tailed) 0.200 0.200 0.200
Mean 135.48 128.48 102.61

Post-test Std. Dev 8.704 15.822 13.209
Sig (2-tailed) 0.200 0.200 0.200

Based on table 5, the significant values of
pre-test and post-test of the students’ learning
motivation in experiment 1, experiment 2, and
control classes were more than 0.05 and there-
by it can be concluded that the scores of pre-test
and post-test of students’ learning motivation in
the three classes were normally distributed. The
homogeneity test of the scores of pre-test and
post-test of the students’ learning motivation was
done through Levene’s test at the trust level of
95% (@ = 0,05). The homogeneity test of the
pre-test scores of the students’ learning motiva-
tion in the three classes resulted in a significant
value 0f0.082. The significant values of pre-test
and post-test were higher than 0.05, and thus it
can be concluded that the scores of pre-test and
post-test on the students’ learning motivation in
experiment 1, experiment 2, control classes had
the similar or homogenous variant.

Hypothesis test on the students’ motivati-
on was conducted using ANCOVA at the trust le-
vel of 95% (@ = 0.05) assisted by IBM SPSS Sta-
tistics 20 for Windows program. The ANCOVA
test of the scores of students’ learning motivation
in the three classes resulted in significant value
for the learning model of 0.00 (Sig < 0.05). This
case means that there was a significant difference
in learning motivation of students taught using
POGIL with SSI context in experiment 1 class,
POGIL model in experiment 2 class, and conven-
tional model in control class.

To test the calculation results of the three
research classes, the further test of Post Hoc was
conducted using LSD test to obtain the data of
classes which had a real difference. The results of
Post Hoc test for the effect of learning model on
the students’ learning motivation are presented in
table 6 as follows.

Table 6. Results of LSD Post Hoc Test of the Effect of Learning Model on the Students’ Learning

Motivation
Dependent Mean Difference .
Variable (I) Model (J) Model (1-J) Sig.
POGIL 7.00 0.048
Students’ learn- POGIL+SSI ) .
ing motivation Conventional 32.88 0.000
POGIL Conventional 25.87" 0.000

Based on table 6, there was a significant
difference in the learning motivation between the
students taught using POGIL with SSI context
and those taught using POGIL and conventional
model (Sig. < 0.05) and there was a significant
difference in learning motivation between the
students taught using POGIL model and those
taught using conventional model (Sig. < 0.05).
Table 6 also shows that the students in the class
using POGIL with SSI context had the highest

learning motivation compared to those in PO-
GIL and conventional classes.

To know the meaningfulness behind the
difference in students’ learning motivation, the
test of effect size was conducted on the average
scores of each aspect of the students’ learning
motivation measured. The scores of effect size for
each aspect of the students’ learning motivation
are presented in Table 7 as follows.
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Table 7. Effect Size Scores of Each Aspect of Learning Motivation

A B C
No Motivation Aspect
P Ef.fect Criteria Ef.fect Criteria Ef.fect Criteria
Size Size Size
1 Personal effetciveness 1.72  Big 1.30 Big 0.29  Small
2 Active learning strategy 12.63  Big 1.76 Big 0.29  Small
3 Science learning value 1.88 Big 1.19 Big 0.55 Moderate
Performance goal 1.32  Moderate 1.29 Big 0.20  Small
5  Achievement goal 1.79 Big 1.18 Big 0.22  Small
¢ Learming Environment o0 g, 152  Big 0.57 Moderate
Stimulation
Notes:

A = Effect Size of Experiment 1 and control classes
B = Effect Size of Experiment 2 and control classes
C = Effect Size of Experiment 1 and Experiment 2 classes

The research results using ANCOVA test
of the scores of pre-test and post-test of student’s
learning motivation showed that there was a sig-
nificant difference in learning motivation of the
students taught using POGIL with SSI context,
POGIL, and conventional learning. Table 4 pro-
vides the information that the average scores of
the students’ learning motivation in the three
classes increased after the learning process. The
mean of post-test of the students’ learning moti-
vation in POGIL with SSI context was the highest
one compared to the mean of post-test of POGIL
and conventional classes.These results were sup-
ported by the results of Post Hoc test using LSD
test exhibiting that the learning motivation in the
class of POGIL with SSI context was the highest
than that in POGIL class (the different value of
mean = 7.00) and conventional class (the diffe-
rent value of mean = 32.88). The students’ lear-
ning motivation in POGIL class was higher than
that in conventional class (the different value of
mean= 25.87).

Based on table 3, when pre-test was con-
ducted, no one of all students in the three classes
who had high motivation. After the treatment, the
students had high motivation in the class of PO-
GIL with SSI context, POGIL, and conventional
with the value of 79%, 60%, and 7%, respectively.
Meanwhile, the students who had moderate mo-
tivation in the class of POGIL with SSI context,
POGIL, and conventional obtained the value of
21%, 36%, and 75%. The students with the low
motivation in POGIL and conventional classes
reached the value of 4% and 18%, respectively,

while in the class of POGIL with SSI context,
there was no student who had low motivation af-
ter learning process.

Based on the data presented before, it can
be concluded that POGIL with SSI context was
more effective to improve the students’ learning
motivation compared to POGIL and conventio-
nal learning. This case was caused by some fac-
tors. First, POGIL is learning which is oriented
on the learning process. The steps in POGIL di-
rected the students to be more active in finding
the concept inductively and independently. The
students’ activeness could be seen in learning ac-
tivity showing the high learning motivation.

Second, there was a cooperative learning
component in POGIL. In the cooperative group
of this POGIL class, there was a role sharing for
each member to make the learning more interes-
ting and raising the positive interaction between
the group members. Learning with a cooperative
group can improve confidence, ability to make an
asocial relationship by enhancing confidence and
teamwork ability of the group members. Hanson
(2005) addressed that cooperative learning in
POGIL provides a competitive learning environ-
ment in which the students could learn better, un-
derstand more things, and remember many more
things when they work cooperatively.

Third, POGIL with SSI context involves
controversial scientific-social issues that should
be solved in the group discussion. The presented
scientific-social issues are contextual and rele-
vant to the students’ life; the relevance of che-
mistry learning to the real world could enhance
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the students’ learning motivation. The results of
observation done by researcher indicated that in
the discussion of SSI, the students were more in-
terested in learning since each group competed
to give their opinion on the controversial issues
presented. These controversial issues made the
discussion process more powerful. Furthermore,
the topics discussed were daily problems that had
been familiar to students. It was different from
what happened in a group discussion in POGIL
and conventional classes because the discussion
topic was about the application and accomplish-
ment of questions related to the obtained concept.
Rannikmée & Holbrook (2009) asserted that the
students’ intrinsic motivation could be upgraded
by making the science learning interesting and re-
levant to them.

The results of effect size analysis on the
aspects of students’ learning motivation as pre-
sented in Table 6 showed that POGIL with SSI
context and POGIL greatly influenced all aspects
of learning motivation measured, namely perso-
nal effectiveness, active learning strategy, science
learning value, performance goal, achievement
goal, and learning environment stimulation. This
case is because in POGIL with SSI context and
POGIL classes, the students were actively in-
volved in the learning, the SSI cases presentati-
on enabled the students knew the relevance and
value of the topic being learned to the daily life
through discussion in competitive and cooperati-
ve group to increase the students’ goal of getting
the achievement and performance. Besides, the
reflection in the closing stage could train the stu-
dents’ metacognitive skill to evaluate their lear-
ning outcome. Bransford et al. (2000) stated that
in POGIL, the students were demanded to use
metacognition in order the students realize that
they should be responsible for their learning and
they have to monitor their learning achievement
(self-management and self-regulation); the stu-
dents should reflect the topic they have not un-
derstood (reflection in learning), and they have to
think of their performance and how to improve it
(self-assessment).

The use of SSI as the learning context in
POGIL gave moderate effect on the personal ef-
fectiveness, science learning value, and learning
environment stimulation. This case is because in
POGIL with SSI context, the teacher presented a
case which was relevant to the topic that would
be learned to enable the students to know that
there was a relationship of the topic they would
learn with the phenomena in life so that the stu-
dents knew the meaning of learning in life. In the
application step, the teacher presented an article

of SSI which was pertinent to the topic of group
discussion. The presentation of SSI case could
improve the students’ motivation to learn. In the
aspect of active learning strategy, performance
goal, and achievement goal, SSI context brought
about small influence. This case is because in PO-
GIL with SSI context and POGIL class, the stu-
dents were guided to be actively involved in the
learning so that they could construct their kno-
wledge by themselves through competitive group
discussion. The finding of this research is in line
with the previous research conducted by such
as Bilgin (2009), Geiger (2010); Sen & Yilmas
(2015) reporting that the students were more inte-
rested in and happier in chemistry learning using
POGIL. Yalcinkaya & Erdur-Baker (2012) stated
that the learning that could involve solving skill
of problems in the real world could enhance the
students’ self-efficacy and learning motivation.

CONCLUSION

Based on the explanation in this research,
it can be concluded that there was a significant
difference in learning motivation of VHS stu-
dents taught using POGIL with SSI context,
POGIL, and conventional learning. POGIL with
SSI context was the most effective model to imp-
rove the VHS students’ learning motivation pro-
ven by the students’ highest learning motivation
compared to that in POGIL and conventional
learning classes.
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ABSTRACT

The objective of this research is to analyze the science process skills (SPS) of the summative test items in phys-
ics in Surakarta. This research used a descriptive method with content analysis, namely: summative test items
in Academic Year 2015/2016 in Surakarta. Each item was analyzed based on science process skill indicators
prepared and elaborated by the researchers. The result and discussion of the research showed that the SPS found
in the summative test items in Physics in Surakarta included those of formulating hypotheses (2.88%), designing
experiments (2.10%), interpreting data (5.10%), applying concepts (70.20%), communicating (6.64%), and draw-

ing conclusions (13.08%) respectively.
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INTRODUCTION

The aims of the education and science
education today are to educate individuals who
are able to adapt themselves in the different con-
ditions, to think flexibly, to ask actively, to be cre-
ative, to think critically, to solve problems, and
to appreciate other’s opinions. One of which,
namely: to solve problems, can be achieved with
the SPS (Aktamis & Yenice, 2010). According to
(Carey, et al., 1989), Science Process Skills (SPS)
are special skills to simplify the science learning,
to encourage students to be active, to develop stu-
dents’ sensitivity toward learning, and to make
concepts that they have learned remain still in
their mind by teaching them using scientific met-
hods.

Comprehension learning will guide the
students to connect their new experiences to their

*Corrrespondence Address:
E-mail: dewi_ratnasari@student.uns.ac.id

previous experiences and concepts. Science lear-
ning with comprehension learning makes them
able to describe concepts, make predictions, rai-
se questions, examine predictions and interpret
data. In other words, comprehension learning
means learning by using the SPS (Harlen, 1999).
In many countries, learning with the SPS has
become an important component of the science
curriculum at all levels and has also become one
of the newest approaches in education science.
The 2013 curriculum explains that assess-
ment on students’ performance in the learning
process is closely associated with their thinking
skills. The students’ thinking skills in building a
new concept of science learning can be trained
through the development of the SPS. The Ameri-
can Association for the Advancement of Science
(AAAS) claimed that the SPS are very suitable
for science learning, and science learning must be
directed to learning that makes the students acti-
ve, gives them real experiences, and trains their
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thinking ability.

In recent decades, Science teachers have
their attention focused on the basic SPS and the
integrated SPS. The SPS are very crucial for mea-
ningful learning as the learning itself goes in the
daily life, and students should be able to find,
interpret and look for evidences through diffe-
rent conditions encountered (Karamustafaoglu,
2011).

Oztiirk & Tezel, 2010 stated that SPS are a
set of procedures done by scientists to conduct an
investigation in an attempt to develop the know-
ledge. Extended training on SPS to students and
developing students’ SPS will be very useful for
them not only as the process of building their
knowledge and learning but also as their resour-
ces in everyday life.

To reach the objectives, the development
of the curriculum which counts heavily on the
SPS needs a feasible instrument which is able to
evaluate the enhancement of SPS. Harlen (1999)
stated that SPS without assessment would make
the learning meaningless. Therefore, the deve-
lopment of an assessment instrument should be
adapted to the science process skill indicators.

The importance of SPS assessment has
widely been expressed by previous researchers.
One of them is Harlen (1999). He stated that SPS
cannot be separated from the understanding of
concepts used in learning and in science imple-
mentation. However, the importance of these
skills must be applied to other materials (besides
science) because the core of learning is compre-
hension, both in formal education and everyday
life. That is the reason why assessment in the SPS
is important.

The results of research conducted by
Hofstein & Lunetta, (2004) suggested that some
schools still fail to assess the results of laboratory
activities appropriately. Further, Hofstein & Lu-
netta emphasized the importance of authentic
assessment alternative, which is able to measu-
re SPS in school. However, although digital era
primarily focused on a high standard approach
to science education, the assessment model in a
science lab is still conventional through the use
of paper and pencil test. In addition, measure-
ments for developing standardized test forms
have not maximally been done. As a result, the
development and the assessment of the SPS be-
come important. Although there are difficulties
in the implementation of the authentic skill as-
sessment, the technical problems can be solved as
long as there is a will to do so (Temiz, 2006).

One of the assessments conducted by the
teachers is the scoring on the summative test.
The materials of the summative test items con-
tain matters that the teachers have taught in one
semester. The summative test became one of
the students’ comprehension benchmark of the
materials. However, the development of sum-
mative test generally is focused on the cognitive
aspect, without considering the student’s SPS.
This causes the concept to be less internalized to
the students’ mind as they are required to merely
memorize, not to do a process of digging the in-
formation. Thus, the objectives of this research
are to analyze the summative test items in Sura-
karta and to investigate to some extent how the
SPS are applied in the assessment.

METHODS

This research used the descriptive method.
A design of descriptive research attempted to il-
lustrate; what, how, or why something happens.
A descriptive research uses samples to document,
describe, and explain whether or not there are
phenomena in the studied matter. The data of the
research were collected through content analysis,
namely: the analysis of the summative test items
in Academic Year 2015/2016, which was used in
some schools in Surakarta. Purposive sampling
technique was employed to determine its samples
by selecting the schools that represented the high,
medium, and low categories of both state and pri-
vate schools. The samples consisted of 6 samples
of summative test items from six different schools
in Surakarta.

The data of the research were collected
through a checklist, which was prepared accor-
ding to the science process skill indicators. The
science process skill indicators in this research
included formulating hypotheses, designing ex-
periments, analyzing the data, applying concepts,
communicating, and drawing conclusions. Each
item was analyzed based on the science process
skill indicators. The occurrence of each indicator
was tabulated, and the average of the occurrence
of each indicator was then calculated. In additi-
on, the analysis was also done on the material’s
categories. The results were tabulated and avera-
ged. Based on the average of science process skill
indicators’ occurence, it could be known how the
summative test items in Surakarta were develo-
ped. The SPS indicators which were too domi-
nant and the indicators which did not appear at
all could be analyzed.
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RESULTS AND DISCUSSION

The summative test items from some
schools in Surakarta were analyzed based on the
six SPS indicators with their aspects. The analysis
was conducted on each item and material in the
summative test items in Physics of Grade X in
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Semester 2 in Academic Year 2015/2016, which
consists of the learning materials of Elasticity;
Static Fluid; Heat, Temperature and Heat Trans-
fer; and Optical Instrument. Each occurrence in-
dicator was calculated and averaged. The result
of material analysis based on the SPS is presented
table 1.

Table 1. The Analysis Result of the SPS on Each Learning Material (Continued)

Summative Test A

Summative Test B

Summative Test C

Material SPS Indicators SPS Indicators SPS Indicators
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
Elasticity 0 5 1 1 5 3 2 0 1 4
Static Fluid 1 0 5 0 1 0 8 0 1 1 3 4
Heat, Tempera-
ture and Heat 0 0 O 13 0 O 0 0 0 8 0 3 0 0 1 9 0 2
Transfer
OpticalInstru- 5y 41 9 |1 o 0 0 4 3 2 0 0 0 9 0 0
ment
Occurence 0 1 1 3 2 3 2 1 1 24 6 11 1 1 5 2 0 2
Average
Total Item 40 45 35
Percentage (%) 0 25 25 825 5 75 44 22 22 533 133 244 29 29 141 741 0 57
Summative Test D Summative Test E Summative Test F
Material SPS Indicators SPS Indicators SPS Indicators
3 4 5 6 3 4 5 6 3 4 5 6
Elasticity 1 5 3 1 1 3 2 1 0 1 2 0 1
Static Fluid 0 9 0 0 0 7 0 3 1 0 4 0 2
Heat, Tempera-
ture and Heat 0 0 0 10 0 0 0 0 1 6 0 3 2 0 0O 11 0 0
Transfer
Optical Instru- 5o g g 2 2 0o 0 8 0 0 0 0 0 4 1 1
ment
Occurence Av-
erage 0 2 1 29 5 3 0 0 2 24 2 7 3 0 1 21 1 4
Total Item 40 35 30
0,
Percentage () (s )5 75 125 75 0 0 57 686 57 20 10 0 333 70 33 133

Notes:

Indicator 1: formulating hypotheses; Indicator 2: designing experiments; Indicator 3: analyzing data; Indicator 4:
applying concepts; Indicator 5: communicating; indicator 6: drawing conclusions

Table 1 shows kinds of SPS that appeared
on the summative test items. On Summative Test
A, the skill of formulating hypotheses did not ap-
pear at all. Meanwhile, the skill of applying con-
cepts became the most dominant skill which was
82.5%. The skills of designing experiments and
analyzing the data only appeared in 1 question

item of each learning material. The skill of app-
lying concepts became the most dominant skill
on each material. On the materials of Heat, Tem-
perature and Heat Transfer, the skill of applying
concepts (Skill 4) appeared in each test item while
the skills of 1, 2, 3, 5 and 6 did not appear at all.
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On Summative Test B, the SPS indicators
was more evenly spread compared to the Summa-
tive Test A though the skill of applying concepts
still became the one that appeared mostly on the
question items. All of the SPS indicators which
were analyzed appeared on Summative Test B.
Thus there was no percentage occurrence of 0.
However, similar to Summative Test A, on the
materials of Heat, Temperature, and Heat Trans-
fer, almost all question items were in the form
of skill of applying concepts, while the skills of
formulating hypotheses, designing experiments,
analyzing data and communicating did not ap-
pear at all.

Summative Test C was not much different
from Summative Test A and B. The skill of app-
lying concepts still became the skill that often ap-
peared on each summative test. While the skill
of communicating did not appear at all on each
material. In Optical Instrument material, the skill
that appeared was that of applying concepts. The
certain skills that appeared made the question
items less variation and only able to measure one
type of skill.

Summative Test D had a pattern of occur-
rence which was almost similar to the others. The
dominant skill was the skill of applying concepts.
The skills of formulating hypotheses became the
skill whose percentage occurrence was 0%. On
the materials of Temperature, Heat, and Heat
Transfer, the skill that appeared was that of app-
lying concepts while other skills did not appear
at all.

The skill of applying concepts also be-
came the indicators which often appeared on
Summative Test E. Even on the material of Op-
tical Instrument, the skill of applying concepts
was the only skill that appeared. The skill of
formulating hypotheses and that of designing
experiments did not appear at all on each ma-
terial.
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Summative Test F was also similar to Sum-
mative Tests A, B, C, D, and E. They were still
dominated with the skill of applying concepts
while the other skills only appeared on some ma-
terials or did not appear at all.

Based on the analysis of each Summative
Test, the occurrence pattern of indicators was
almost similar on each summative test. The fre-
quently occured indicator was the skill of app-
lying concepts while the indicators that rarely
occurred were formulating hypotheses and desig-
ning experiments.

Duruka, et al., 2017 stated that the hypot-
heses were data based on the previous knowledge
and repeated observations; or, explanations con-
cluded from observations. This skill became one
of the skills that rarely appeared on each summa-
tive test. This should be a concern because this
skill becomes one of the important components
in science learning. It is similar to the claim of
Kuhn & Dean, (2005) who stated that the skill
of formulating hypotheses becomes an important
component in scientific and inquiry matters, sin-
ce it is important for the students to search for
information by submitting hypotheses so that the
students will attempt to find out the answers to
the hypotheses.

Besides, the skill of designing experiments
also becomes an important component in scien-
ce. It is similar with Karamustafao'llu (2011)
who stated that SPS are developed based on the
activity of the laboratory. Through the activities
of the laboratory, the students gain meaningful
learning, use the SPS, and become familiar with
the process of constructing the information ob-
tained in the science learning.

After the summative test was analyzed,
each indicator was summed up and averaged by
their occurrences.The data analysis result of each
science process skill indicator are presented in
table 2.

Table 2. Analysis of Each Science Process Skill Indicator

Summative Test

Science Summa-

Summa-

. Summa- Summa- . . Summa- Summa-
PI‘OC('ESS Skill tive Test A tive Test B tive Test tive Test tive Test E tive Test F Average
Indicators C D
> W X O X W X » ¥ %) X (%)

Formulating 0 2 44 1 29 0 0 0 0 3 10 2.9
Hypotheses ’ ‘ :
Designing 1 25 1 22 1 29 2 5 0 0 0 0 2.1
experiments

Analyzing Data 1 2.5 1 2.2 5 143 1 25 2 5.7 1 3.3 5.1
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Applying

33 825 24 533 26 743 29 725 24 686 21 70 70.20
Concepts
Communicating 2 5 6 133 0 0 5 125 2 5.7 1 3.3 6.6
Drawing Con- 3 75 11 244 2 57 3 75 7 20 4 133 13.1
clusions
Total Items 40 45 35 40 35 30

Table 2 shows the average occurrence of
each indicator at all summative tests which made
the samples can be analyzed. The indicators ha-
ving the largest percentage of occurrence on ave-
rage was the skill of applying concepts, which
was 70.20%.

The domination of the skill of applying
concepts indicated that Physics learning was all
this time oriented to memorizing concepts not
to find concepts. This should become our serio-
us concern because the students should gain a
meaningful learning through SPS. According to
Harlen (1999), through meaningful learning, the
students will continue to learn throughout their
life. It is, therefore, very important to give SPS in
educational institutions.

The skill of designing experiments became
a skill that had the least percentage occurrence.
The skill should be the compulsory one extended
to the students. Akani (2015) stated that desig-
ning experiments and observation became a key
to activity in science learning, so that it became
an important component in learning, teaching
and implementing science. Germann (1994) re-
vealed that the primary purpose of science lear-
ning was to help the students to construct kno-
wledge-centered phenomenon in science, and at
the same time, to help the students to disclose the
reasons, think critically, and to resolve the issues.
One of the ways to materialize it is inquiry-based
learning in the laboratory, which emphasized the
basic SPS and the integrated SPS.

The importance of designing skill experi-
ments was also expressed by Duruka et al. (2017)
who stated that discovery-based learning would
make the students use the high level thinking skill
to draw conclusions based on the evidence. In the
process of designing experiments, the students
used some skills of science such as; collecting
data, identifying variables, formulating hypothe-
ses, and others. Meanwhile, the skills of desig-
ning experiments became the important SPS due
to the combination of many skills for deeper ana-
lysis when conducting the experiment repeatedly.

In addition to the skill of designing experi-
ments, the skill of formulating hypotheses beca-

me one of the skills which appeared little on the
summative test. The average occurrence of this
skill was 2.88%. The skill of formulating hypot-
heses was inseparable from the skill of designing
experiments. Both became the characteristics of
the science learning. One of the caused of the low
average occurrence of formulating skill hypothe-
ses was that the textbook used by the teachers
did not contain SPS. This result of the research
is in line with that of the research conducted by
Tatar & Feyzioglu (2012) who claimed that most
of the results of the study show that the science
textbook for Senior Secondary Schools did not
contain SPS or contain SPS which are separable
at each level and which have the smallest repre-
sentation on the skill of formulating hypotheses.

Other skills such as the skill of analyzing
data, the skill of communicating, and the skill
of drawing conclusions also had a low level of
occurrence. According to Sukarno et al. (2013),
the low percentage of the occurrence of SPS in-
dicators is due to the fact that the assessment of
students’ competence all this time only has only
been focused on the mastery of concepts. Besi-
des, the teachers less understand how to develop
an instrument which is capable of measuring the
SPS of the students. Furthermore, Sukarno et
al. (2013) stated that one way to overcome this
situation is providing the science teachers with
the training of SPS. The training consists of kno-
wledge of the SPS, the SPS indicators, and the
SPS assessment. Through training, teachers are
expected to be able to apply their knowledge in
developing the SPS through their students.

The results of research conducted by
Foulds & Rowe, (1996) showed that teachers and
students still rarely develop the SPS. The students
have weakness in developing the skill analyzing
problems, and in designing and controlling the
experiments. The science learning integrated with
the development of science process skill demands
a laboratory activity. Thus, teachers are expected
to be able to improve the students’ SPS through
the laboratory activity.

SPS are thinking skills used by scientists to
build knowledge for problem-solving. Scientific
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methods, scientific mindsets, and critical thinking
are terms of this skill, so that for at least two de-
cades, SPS have become more commonly heard
(Ozgelen, 2012)

The importance of the SPS has been wide-
ly recognized. The SPS become the main goal of
the science learning. It is used not only by scien-
tists, but also by everyone who wants to be an
educated scientist. It can be said that teaching the
science means teaching the SPS (Harlen, 1999;
Mohd, 2004)

The SPS have become the important skills,
not only for the preparation of scientists and
technologists in the future, but also for the vast
majority of people who need science literacy for
life where science affects most aspects of personal,
social and global life (Harlen, 1999). The SPS will
help students to become problem-solvers so that
they are able to apply these skills in the context
of the real world (Monhardt & Monhardt, 2006).

The SPS also have a positive impact on the
learning achievements of students. Earlier studies
showed a positive correlation between the acade-
mic achievement and the SPS (Beaumont-Wal-
ters & Soyibo, 2001; Delen & Keserciodlu, 2012;
Sinan & Usak, 2001). The SPS and the academic
achievement are interconnected for the students
¢ conceptual change process. To develop a high
level of conceptual changes requires the SPS.
Therefore, the SPS cannot be separated from the
conceptual changes and conceptual understan-
ding (Karamustafaoglu, 2011).

The SPS can be seen as factors that sup-
port the understanding of the concepts because
the SPS are correlated with the academic achie-
vement. The students’ ability in mastering the
concepts of Physics requires some skills, such as
skills to solve problems, SPS and ability of thin-
king and reasoning (Usmeldi, 2016). In addition,
according to Rani, et al. (2017), the SPS are also
needed to get an understanding of the concepts in
the learning process.

The importance of SPS in science learning
including Physics and the positive correlation bet-
ween the SPS and the academic achievement be-
come the reason of why the assessment including
the SPS indicators become very important to be
developed. Assessment can be done through the
daily test, semester-mid test, or summative test.

CONCLUSION

In conclusion, the average occurrences of
the science process skill indicators on the sum-
mative test items in Surakarta were as follows: (1)
the skill of formulating hypotheses was 2.88%;

(2) the skill of planning experiments was 2.10%);
(3) the skill of analyzing data was 5.10%; (4) the
skill of applying concepts was 70.20%; (5) the
skills of communicating was 6.64%; and (6) the
skill of drawing conclusions was 13.08%.

The results of this research are expected
to be a reference for teachers who want to deve-
lop assessment instruments that contain the SPS
indicators. The disadvantages and advantages of
each summative test item can be a reference for
the development of summative test items in the
next academic year.
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ABSTRACT

This research is to investigate the students" critical thinking skill by using STEM education through Project Based
Learning. The study applied descriptive research design. In these lessons, the participants were 160 first grade
Japanese middle school students from four classes. They were divided into nine groups each class. The instru-
ments are worksheets to explore students’ initial knowledge about how to clean up wastewater and critical think-
ing processes. The worksheet consists of the designing solution, and understanding of concepts to identify critical
thinking based on purpose and question, selection of information, assumption, and point of view the solution,
and implication. Students were asked to design tools to clean up the wastewater. Students were given more than
one chance to design the best product for wastewater treatment. The lessons consist of six lessons. The first lesson
is the introduction of colloid, solution, and suspension, and discussion about wastewater. The second lesson to
the fourth lesson was finding solutions and designing products. The fifth lesson was to watch a video of waste-
water treatments in Japan and to optimize the solutions or products. The last lesson was to make a conclusion,
to exchange presentations, and to develop discussion. Implementation of STEM education can be seen from the
students” solutions, some students used biology or chemistry or physics or combination concept and Mathematics
to design solution (technology) for treatment of wastewater. The result showed that the mean score of students’
critical thinking skill was 2.82. The students’ critical thinking skill was categorized as advanced thinker: 41.6%,
practicing thinker: 30,6%, beginning thinker: 25%, and challenged thinker: 2.8%. And the category for students’
critical thinking was practicing thinker. Practicing thinker is a stage of critical thinking development, they have
enough skill in thinking to critique their own plan for systematic practice, and to construct a realistic critique of
their powers of thought to solve the contextual problem.

© 2018 Science Education Study Program FMIPA UNNES Semarang

Keywords: STEM, Project-Based Learning, Critical Thinking

INTRODUCTION

According to predictions, the job in STEM
(Science, Technology, Engineering, and Mathe-
matics) sectors will increase in the next decade
more than jobs in other sectors. Therefore, the
importance of STEM education has been reali-
zed by academia, government, society, and in-
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dustry (Bybee, 2010). In the future, the students
possibly do not work based on their educational
background. The role of education as basic-ca-
reer advancement has been aimed in the inter-
national setting (Mayo, 2009). Therefore, STEM
education could be a way to bridge the gap bet-
ween education and required workplace of 21st-
century skills.

According to data from the United State
Department of Labor, the importance of STEM
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skills are problem-solving skills (ill-defined prob-
lem), system skills, technology and engineering
skills, and time, resource, and knowledge ma-
nagement skills (Kuenzi, 2008; Jang, 2016,). In
the 21st century, scientific experiments are not
sufficient to improve students’ 21st-century skills,
but how to apply scientific concepts to design the
technologies or products and solving problems
is also required. The change of human life will
be accompanied by the evolution of technology.
Therefore, students have to be prepared for the
future challenges. Scientific inquiry, scientific
practices, and engineering practices are required
to encourage students to be a citizen who can
adapt to face new conditions and problems (By-
bee, 2013).

In addition, students create and present
project-based assignments outside of the tradi-
tional classroom (teacher-centered delivery of
instruction to classes of students who are the
receivers of information) that connect to what
they learn to real world applications. STEM
Project Based Learning (PBL) in school motivated
low performing students to be more interested in
studying hard in STEM fields and decrease the
achievement gap (Breiner et al., 2012).

Critical thinking is one of the most im-
portant real-life skills. Where in Next Generation
Science Standard (NGSS) mentioned that critical
thinking and communication skills must be pos-
sessed by students for their future. Critical thin-
king is analyzing and evaluating thinking with
a view to improve it, in another words, self-di-
rected, self-disciplined, self-monitored, and self-
corrective thinking. In critical thinking, there are
six stages consist of unreflective thinker, challen-
ged thinker, beginning thinker, practicing thinker,
advanced thinking, and master thinker (Paul &EI-
der, 2008). Critical thinking refers to an ability to
analyze information, to determine the relevance
of information gathered and then to interpret
it in solving the problems. It requires high-level
thinking; involves the process of analysis, evalu-
ation, reasonableness, and reflection (Jeevanant-
ham, 2005). According to Paul & Elder (2008),
there are 8 elements of thought namely: purpose,
questions at issue, information, interpretations
and interferences, concepts, assumptions, impli-
cations and consequences, and point of view. The
intellectual Standards describe the criteria used to
evaluate the quality of the critical thinking.

Intellectual Integrity
Intellectual Courage

The Standards
Clarity Precision
Accuracy Significance
Relevance Completeness
Logicalness Fairness
Breadth Depth
Must be
The Elements applied to
Purpose Inferences <
Questions Concepts
Points of view Implications
Information Assumptions
As we learn to
develo,
P Intellectual Traits
Intellectual Humility Intellectual Perseverance
L » | Intellectual Autonomy Confidence in Reason

Intellectual Empathy
Fair-mindedness

Figure 1. The Paul-Elder Framework for Critical Thinking (Paul-Elder, 2009).

Some researchers have reported that stu-
dents in PBL taught classrooms improved criti-
cal thinking and problem-solving skills. Another
researcher has also found that PBL has been a
successful method of teaching 21st-century skills.
Furthermore, students also have shown more ini-
tiative by utilizing resources and revising works,
also students’ behaviors were uncharacteristic

before they were immersed in the PBL-instructed
classes (Baron, et al., 1998).

Human beings can survive up to three
weeks without food. In contrast, a lack of water is
fatal within three to four days. This grim fact ma-
kes water disaster preparedness vital. Flooding,
severe weather, earthquakes, and civil unrest can
all interrupt public water delivery or introduce
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dangerously contaminates into your drinking
supplies. Private well water may also be affected
by floods, chemical spills, or similar catastrophes.
A carefully thought out water disaster prepared-
ness plan saves many lives.

Human beings can survive up to three
weeks without food. In contrast, a lack of water is
fatal within three to four days. This grim fact ma-
kes water disaster preparedness vital. Flooding,
severe weather, earthquakes, and civil unrest can
all interrupt public water delivery or introduce
dangerously contaminates into your drinking
supplies. Private well water may also be affected
by floods, chemical spills, or similar catastrophes.
A carefully thought out water disaster prepared-
ness plan saves many lives.

The research goals are to investigate stu-
dents” critical thinking in STEM education
through Project Based Learning that makes stu-
dents more aware of the needs for clean water
in the future (Stohlmann et al.,2012). Moreover,
this research is not only to improve students’ awa-
reness and understanding of the needs of clean
water, but also to improve students’ critical thin-
king skills in their daily life (Gonzalez & Kuenzi,
2012). Therefore, students can apply what they
learned at school to daily life problems or issues.
The problem in this research is how students cri-
tical thinking skills are developed through STEM
education Project Based Learning.

METHODS

The study applied descriptive research
design. Descriptive research is used to obtain
information concerning the current status of
the phenomena to describe the condition with
respect to variables or conditions in a situation.
Descriptive studies have an important role in
educational research, they have greatly increased
our knowledge about what happens in schools
(Fraenkel &Wallen, 2006). Descriptive research
can be either quantitative or qualitative. It can in-
volve collections of quantitative information that
can be tabulated along a continuum in numerical
forms, such as scores on a test or the number of
times a person chooses to use a certain feature

of a multimedia program, or it can describe cate-
gories of information such as gender or patterns
of interaction when using technology in a group
situation (Knupfer & Hilary, 1966).

The participants were 160 first grade Ja-
panese middle school students from four clas-
ses. They were divided into nine groups in each
class. The instruments were worksheets to explo-
re students’ critical thinking skills how to clean
up wastewater and problem-solving processes.
Besides, the instruments were wastewater, filter
paper, beaker glass, plastic bottles, litmus paper,
and some materials or tools which needed by stu-
dents (Williams, 2011). Therefore, students had
to think the materials in order to solve problems.

In these lessons, students did not only wro-
te worksheets but also designed tools to clean up
the wastewater. Students were given more than
one chance to design the best product for waste-
water treatment (Museus et al., 2011). The les-
sons consist of six lessons, the first lesson was
the introduction of colloid, solution, and suspen-
sion, and discussion about wastewater. From the
second lesson to the fourth lesson were to find so-
lutions and design products.The fifth lesson was
the video of wastewater treatment in Japan and
optimize the solutions or products. The last les-
son was to make a conclusion, presentation, and
discussion. The lessons were started by the exp-
lanation of different solution and colloid. Furt-
hermore, the illustration of a problem about the
need of wastewater system in our city to conserve
the sea was displayed. Then, students were asked
to find solutions to clean wastewater (Milgram,
2011).

The data were collected by worksheets
and observation sheets during the lessons. Then,
data were analyzed using critical thinking rubric
that designed by (Paul &Elder, 2009, Uttal et al.,
2012). Paul &Elder critical thinking framework
was one of the frameworks used by some rese-
archers to analyze critical thinking because this
framework was general for engineering, natural
science, social science, and linguistics. The col-
lected data were analyzed using ANOVA in order
to see different of critical thinking of each class.

Table 1. Critical Thinking Rubric (based on the Paul-Elder critical thinking framework)

) . Score
Dimension
4 2 1
Purpose and ques-  Clearly identify the Clearly identify the Identify the purpose An unclear purpose
tion purpose including purpose including including irrelevant that does not in-
all complexities of some complexities and/or insufficient cludes questions.
relevant questions.  of relevant ques- questions.

tions.
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Information Accurate, complete Accurate, mostly Accurate, but in- Inaccurate, incom-
information that is complete informa- complete informa- plete information
supported by rel- tion that is support- tion that is not sup- that is not supported

Assumption and
point of view

evant evidence.

Complete, fair pre-
sentation of all rel-
evant assumptions
and points of view.

ed by evidence.

Complete, fair pre-
sentation of some
relevant  assump-
tions and points of

ported by evidence.

Simplistic presenta-
tion that ignores rel-
evant assumptions
and points of view.

by evidence.

Incomplete presen-
tation that ignores
relevant assumption
and points of view

view.
Implications and Clearly articulates Clearly articulates Articulates insig- Fails to recognize
consequences significant, logical some implications nificant or illogical to generates invalid
implications and and consequences implications and implications  and
consequences based based on evidence.  consequences that consequences based

on relevant evidence

on irrelevant evi-
dence

are not supported
by evidence.

Scores from critical thinking rubric were compared with criteria of critical thinking develop-
ment based on stages of critical thinking development (Table 2)

Table 2. Scoring of Critical Thinking Development Stages (Paul and Elder, 2009)

3.51 - 4.0 Master Thinker
3.11 - 3.50 Advanced Thinker

L 2.41 - 3.10 Practicing Thinker

Criteria of score:
1.71 - 2.40 Beginning Thinker
1.01 - 1.70 Challenged Thinker
0 - 1.0 Unreflective Thinker
RESULTS AND DISCUSSION and suspension, and discussion about wastewa-

STEM Education through Project Based
Learning

STEM learning through Project Based
Learning was developed by NGSS (Next Gene-
ration Science Standard) framework. In this stu-
dy, the lessons consisted of six lessons, the first
lesson was the introduction of colloid, solution,

Table 3. STEM Lessons

ter. The second lesson to the fourth lesson was
to find solutions and design products. The fifth
lesson was to watch the video of wastewater tre-
atment in Japan and optimize the solutions or
products. The last lesson was to make a con-
clusion, presentation, and discussion. Each lear-
ning process was described in the following table
3.

Crosscutting

Activity Concepts

Scientific and Engineer-

ing Practices Disciplinary Core Ideas

(NGSS Framework)

First Lesson

Introduction of the theme
of lessons and dividing the
groups. (9 groups)
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Provide students to mention
examples of solid, liquid, and
gas (state of matter) in their
daily life. (Physics)

Students observe the demon-
stration and determine the
colloid. (Chemistry)

Teacher introduce wastewater
treatment plant/cleaning wa-
ter system and asks students
to find any information about
how to clean wastewater.
Science-discussing water pol-
lution and which science con-
cept is suitable to solved the
problem.

Technology-the solution
Engineering-process designed
solution.
Mathematics-measure of
amount the material.

Students search information
in internet, books, and so on.

Students design wastewater
treatment system.

Students determine what they
need to clean wastewater.
Students check water clarity
by their eyes. (Science, Tech-
nology, Engineering, and
Mathematics).

Students check pH before and
after cleaning processes.
Students redesign the waste-
water treatment system. (Sci-
ence, Technology, Engineer-
ing, and Mathematics).

Molecules pat-
tern of solid,
liquid, and
gas.

(CCs 1)

Pattern, Cause
and Effect,
Scale.

(CCs 1,CCs 2,
CCs 3)

The matter is
conserved be-
cause atoms
are conserved
in physical
and chemical
processes.
(CCs)5)

Second, Third, and Fourth Lesson

Influence of
science, engi-
neering, and

technology on
society and the
natural world.

(CCs7)

Asking questions and de-
fining problems.
(SEPs 1)

Asking questions and de-
fining problems.

(SEPs 1)

Engaging in argument
from evidence. (SEPs 7)

Constructing  explana-
tions and design solu-
tions. (SEPs 6)

Asking questions and de-
fining problems. (SEPs
1)

Developing and using
models. (SEPs 2)
Planning and carrying
out investigations. (SEPs
3)

Analyzing and interpret-
ing data. (SEPs 4)

Using mathematics and
computational thinking.
(SEPs 5)

Constructing  explana-
tion and designing solu-
tions. (SEPs 6)

Engaging in argument
from evidence. (SEPs 7)

Structure and Properties of
Matter

The fact that matter is composed
of atoms and molecules can be
used to explain the properties of
substances, diversity of materials,
states of matter, phase changes,
and conservation of matter.

(PSs 1.A)

Type of Interaction

Electric and magnetic (electro-
magnetic) forces can be attrac-
tive or repulsive, and their sizes
depend on the magnitudes of the
charges, currents, or magnetic
strengths involved and on the
distances between the interacting
objects. (PSs 2.B)

Defining and delimiting engi-
neering problems. (ETSs 1.A)
Developing possible solutions.
(ETSs 1.B)

Optimizing the design solution.
(ETSs 1.C)
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Students watch the video
about wastewater treatment
plant.

Students redesign wastewater
treatment by drawing or if the
time is available, students can
redesign their prototype. (Sci-
ence, Technology, Engineer-
ing, and Mathematics).

Students present and explain
their prototype of wastewater
treatment system (concept,
before and after treatment,
and material used). (Science,
Technology,  Engineering,
and Mathematics).

Influence of
science, engi-
neering, and
technology on
society and the
natural world.
(CCs7)

Influence of
science, engi-
neering, and

technology on
society and the
natural world.
(CCs7)

Fifth Lesson

Developing and using
models. (SEPs 2)
Planning and carrying
out investigations. (SEPs
3)

Analyzing and interpret-
ing data. (SEPs 4)

Using mathematics and
computational thinking.
(SEPs 5)

Constructing  explana-
tion and designing solu-
tions. (SEPs 6)

Engaging in argument
from evidence.(SEPs 7)

Sixth Lesson

Obtaining, evaluating,
and communicating in-
formation. (SEPs 8)

Defining and delimiting engi-
neering problems. (ETSs 1.A)
Developing possible solutions.
(ETSs 1.B)

Optimizing the design solution.
(ETSs 1.C)

Defining and delimiting engi-
neering problems. (ETSs 1.A)
Developing possible solutions.
(ETSs 1.B)

Optimizing the design solution.
(ETSs 1.0C)

Analysis of Students” Critical Thinking
Collected data from the worksheets invol-
ved design solutions, results, and conclusions.
The problems defined by students was almost
same, which was "how to clean wastewater befo-
re moving to the sea because if the sea dirty, it
would damage the environment’. Some examp-
les of students’ design solution can be seen in tab-
le 4. Most of the students had ideas about distilla-
tion and filtering system to clean the wastewater.
According to students’ worksheets, some
of the groups cleaned wastewater using simple
distillation system or boiling. However, students
realized that boiling consumed more energy
and could not be an efficient solution. In this
case, students evaluated their solution, it meant
indicating that they had critical thinking skills.
Furthermore, students used euglena to clean
wastewater. Unfortunately, the results were unex-
pected, wastewater was still dirty. Based on their
experiment results, they thought that distillation
method could clean wastewater and use Euglena
would not contaminate the environment. Final-

ly, students concluded that the combination of
distillation and euglena would be an effective,
efficient, and environmentally friendly solution.
According to these statements, students were still
lack of logical thinking and made a conclusion
from the data. Distillation used heat for boiling
the water, so it could not be an efficient solution.

Another one of the samples of students’
solution was evaporation. They provide 3 samp-
les of wastewater and each sample was boiled in
different length time. Their thinking was a similar
researcher and they tried to investigate the result
based on length time of boiling. However, they
did the experiments in an opened condition. So,
the clean water would go to atmosphere. Even
though 15 minutes boiling showed the cleanest
result than others pH of wastewater was most
acidic than others. According to this, 15 minu-
tes boiled sample was not fresh water, because
the range of pH was too large. If this acid water
goes es to the sea, it would make the sea be aci-
dic. They did not analyze and evaluate the data,
it means that they lack in critical thinking skill.
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Design Solution

Result

Conclusion

Stage CT

Boiling wastewater in an
isolated system will keep
water in the system.

S: physic

T: evaporation kit

E: design evaporation kit
from beaker glasses (small
and big).

M : not used

Biological

Using water (microorgan-
ism) from turtle pond (sur-
face, middle, bottom), and
leave for one day, after that
stir the wastewater. Avoid
the sunlight.

S: biology and physic

T: cleaning system using
micro organism

E: design bath of biologi-
cal cleaning system.

M: not used

Physical filtering

It experiment used fil-
ter paper, stone, leaf, and
charcoal.

21 experiment did not use
leaf.

3 experiment did not use
filter paper.

S: physic

T: filtering kit

E: design filtering system
by various materials.

M: not used

Distillation

Identify effectiveness
based on volume of sam-
ples 10 ml, 20 ml, and 30
ml.

Biological system (using
euglena).

Mix pond water and sam-
ple, and then store for a
day.

S: physic and biology

T: distillation kit

E: design distillation kit
from tubes, pipe, and rub-
ber stopper.

M:calculate the volume of
sample

Dirty water became clean, Boiling water is effective Challenged Thinker

but it consumes much time.

No significant difference
of each sample, but after
being stirred, the sample
became little clean.

1t experiment: the water
was clean.

27 experiment: the result
was not different from 1
experiment.

3 experiment: after two
times filtering, the water
became clean.

Distillation: the water
became clean, but con-
sumed energy.

Using Euglena: no
change anything, but en-
vironmental friendly.

method to clean water.

Stirring was needed for bet-
ter result. Pond water did
not work to clean waste-
water. Perhaps, there no
microorganism who can
clean the water.

The leaf does not the
role of the cleaning sys-
tem, but filter paper has
it.

The combination of distil-
lation and using euglena
would become effective
and environmental friendly
solution.

(Lower Thinker)

Beginning Thinker
(Average Thinker)

Practicing Thinker
(Average Thinker)

Advanced Thinker
(Higher Thinker)
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These worksheets were analyzed using critical thinking rubric (Table.1) and the result of critical think-

ing of each group in all classes is shown in figure 1.

1A 1B 1C 1D

[2=]

Score

[

Figure 1. Score of Critical Thinking

Based on measures Tukey test, the mean
scores of critical thinking skill for each class can
be compared in order to see a significant differen-
ce. The result shows that the mean critical thin-
king score for class 1A was 2.92 (SD 0.72); 1B
was 2.75 (SD 0.65); 1C was 2.67 (SD 0.62); 1D

Class
] | ] ] |

was 3.03 (SD 0.62), and mean score of critical
thinking all of the students was 2.82. The highest
students’ critical thinking skill is class 1D, and the
lowest is 1C. There was significant with the re-
ports of the Tukey multiple comparisons for the
critical thinking score.

a
3 —TT S —_ﬂ'—_-.——-.. 3,03
Mean -
Score 2
1
1A 1B 1€ 1D
Class
Figure 2. Critical Thinking Skill’s Mean Scores
Table 5. Tukey Multiple Comparison of Critical Thinking Score
Si 95% Confidence Interval
(I) CLASS Mean Difference (I-J) Std. Error 18- Lower Upper
Bound Bound
1A 1B .16667 .30979 .949 -.6727 1.0060
1C 27778 .30979 .807 -.5615 1.1171
1D -.05556 .30979 .998 -.8949 .7838
1B 1A -.16667 .30979 .949 -1.0060 6727
1C 1111 .30979 .984 - 7282 .9504
1D -.22222 .30979 .889 -1.0615 6171
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1C 1A -27778 .30979
1B - 11111 .30979
1D -.33333 .30979
1D 1A .05556 .30979
1B 22222 .30979
1C .33333 .30979

.807 -1.1171 .5615
.984 -.9504 7282
.706 -1.1727 .5060
.998 -.7838 .8949
.889 -.6171 1.0615
.706 -.5060 1.1727

In order to determine of q score of Tukey
test, q calculate is mean difference divided by the
standard error. Furthermore, q critical can see
from table q score in which k (number of class) is
2, df (number of data — k) is 16. The calculation
to determine the significance of difference can be
seen in table 6. According to the calculation of

Table 6. Significance Difference of Each Class

Tukey test, the score of critical thinking skill of
each class shows no significant among students’
performance, because of q_, is lower than q_,,
. (Hochberg, 1987). It means that the learning
processes of each class were the same, so critical
thinking skill of students in each class no gap at
all.

Class Q calculate Q critical (alpha = 0.05) hypothesis
1A-1B 0.539 3.00 No different significantly
1A-1C 0.897 3.00 No different significantly
1A-1D 0.181 3.00 No different significantly
1B-1C 0.358 3.00 No different significantly
1B-1D 0.716 3.00 No different significantly
1C-1D 1.074 3.00 No different significantly

Critical thinking score compared d with
criteria of critical thinking development based on
the stage of critical thinking development (Table
2.). Categories of students’ critical thinking skill
were an advanced thinker (41.6%), practicing
thinker (30.6%), beginning thinker (25%), and

(%) —

MREFLECTIVECHALLEMGED BEGIMMING PRACTICING | ADVANCED MASTER

LOWER

Figure 3. Stage of Critical Thinking (%)

AVERAGE

challenged thinker (2.8%). In simple word, chal-
lenged thinker included in lower thinker, begin-
ning and practicing thinker included in average
thinker, and advanced thinker included in higher
thinker (figure 3).
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Unreflective thinkers and challenged thin-
kers included in lower thinker. The finding indi-
cates that only 1 group had lower thinker stage of
critical thinking. Lower thinkers had very limited
skills in thinking, they only focus ed on one solu-
tion, and they did not try to give better solutions.
As shown in Table 4, lower thinkers' design solu-
tion was simple isolated cleaning wastewater iso-
lated evaporation system kit from beaker glasses.
There was no separation between clean water and
wastewater. The lower thinker group conducted
one experiment only and they did not evaluate at
all. Whereas learning activities were conducted
in 6 lessons, it was possible to evaluate their ex-
periment. However, they may have developed a
variety of skills in thinking without being aware
of them, and these skills may serve as barriers to
the development. At this stage of critical thinking
with some implicit critical thinking abilities may
deceive themselves easily into believing that their
thinking was better than what actually was, they
were making it more difficult to recognize the
problems inherent in poor thinking (Paul & El-
der, 2008).

Average thinkers have 2 stages of critical
thinking, there were beginning thinker and ave-
rage thinker. Thinkers at this stage had a sense of
the habits which they needed to develop to take
charge of their thinking. Base on Table 4, average
thinkers" design solutions were cleaning wastewa-
ter system by filtering kit. They tried some expe-
riments to get a better solution. This method was
effective to clean water, but it was not efficient.
In engineering solution, efficiency and effective-
ness must be concerned. However, since average
thinkers only began with to approach the imp-
rovements of their thinking in a systematic way.
Average thinkers had enough skills in thinking to
critique their own plan for systematic practices
and to construct a realistic critique of their po-
wers of thought (Paul & Elder, 2009). Further-
more, average thinkers had enough skills, to begin
with regularly monitor their own thoughts. Thus
they could effectively articulate the strengths and
weaknesses of their thinking. Practicing thinkers
could often recognize their own egocentric thin-
king as well as egocentric thinking on the part of
others (Paul & Elder, 2008).

Table 7. T-test between Mean Scores Lower-Average-Higher Thinker

Test Value =0

Sig. (2-tailed) /. Difference

95% Confidence Interval of the

t df 1 Difference
Prae = 72 518 Lower Upper
Score 25.092 19 .000 2.32500 2.1311 2.5189
(lower-average)
Score 27.700 34 000 2.85714 2.6475 3.0668
(average-higher)

Advanced thinkers (higher thinker) regu-
larly critiqued their own plan for systematic prac-
tices, and improve it thereby and had established
good habits of thought which were “paying off”.
As shown in Table 4, higher thinkers" design so-
lution was cleaning wastewater system by com-
bining 2 methods, biological and distillation kit.
They tried various methods and combined the
methods to get best solutions. The combination
of distillation and biological would become ef-
fective and environmentally friendly solutions.
Based on these habits, advanced thinkers not
only analyzed their thinking in all the significant
domains of their lives but also had significant in-
sights into problems at deeper levels of thought.
While advanced thinkers were able to think well
across the important dimensions of their lives,
they were not yet able to think at a consistently
high level across all of these dimensions. Advan-

ced thinkers had good general commands over
their egocentric nature. They continually strived
to be fair-minded and sometimes lapsed into ego-
centrism and reason in a one-sided way (Paul &
Elder, 2008).

T-test was used to determine significant
differences between mean score lower thinkers-
average thinkers, and average thinkers-higher
thinkers. Table 7 reports there are significant dif-
ferences between mean lower thinkers and ave-
rage thinkers (Pvalue< 0.05). Also, base on table
7, there are significant differences between mean
average thinkers and higher thinkers (Pvalue<
0.05). Overall, the findings of differences between
mean score lower thinker-average thinker-higher
thinker suggested that STEM learning through
Project Based Learning could differentiate bet-
ween lower thinker, average thinker, and higher
thinker.
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CONCLUSION

This study has achieved its objectives. The
study aims to investigate students’ critical thin-
king skill in STEM education through Project
Based Learning. The result showed that mean
score of students' critical thinking skills was
2.82. Percentages of students’ critical thinking
skill were the advanced thinker (higher thin-
ker) 41.6%, practicing thinker (average thinker)
30,6%, beginning thinker (average thinker) 25%,
and challenged thinker (lower thinker) 2.8%.
And the category of students’ critical thinking
was the average thinker. Average thinker was a
stage of critical thinking development, they have
enough skill in thinking to critique their own
plan for systematic practice, and to construct
a realistic critique of their powers of thought.

The present study has some limitations that
need to be taken into account when conside-
ring the study and contributions. The parti-
cipants in this study were self-selected based
on random distribution, there was no arran-
gement in the division of the groups. The divi-
sion of group should consist of higher thinker
who can be a leader to guide lower thinker.
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ABSTRACT

This research aims to reveal the experience profile of future Physics teachers in developing simple multi-loaded
life skill project. The research method used was a descriptive method with 62 future Physics teachers as the
research subject. Based on observations, interviews, and questionnaires, it was drawn descriptions of the future
teachers’ experiences in developing a simple project. The future teachers were assessed based on some Physics
indicators such as project design, project creation, data collection, data analysis, and creativity. The results of the
project preparation descriptions obtained by the experience data of future Physics teachers indicate the highest
score of 4.8 (96%) on the indicator of schedule making, while the lowest score was 2.9 (58%) on the indicators of
formulating the product benefits, preparing the feasibility analysis and analyzing the environmental impact. The
results show that future Physics teachers got the highest score of 4.6 (93%) on data adjustment for experimental
purposes indicator, and the lowest score of 2.8 (55%) on designing tools and materials indicator. Based on the
Physics props trial, it was obtained the highest score of 4.5 (89%) on the indicator of analyzing the baseline data,
while the lowest score of 2.9 (58%) was on the variation test variables. Positive feedback about time-management
in completing the project, the ability to identify the topic of the project, the ability to find ideas to support the
completion of the project, the ability to test the tools, and the ability to make progress reports on project comple-
tion were derived from the interviews. The highest score of students’ responses to project completion was 4.8
(95%) on the second data collection indicator and the lowest was 3.2 (64%) on the instrument material design
indicator.

© 2018 Science Education Study Program FMIPA UNNES Semarang

Keywords: Simple Projects, Multi life skills.

INTRODUCTION

The academic competence of pre-service
Physics teachers has been categorized as ‘good’
based on knowledge aspect. This can be obser-
ved in basic Physics practices for basic concepts
of mechanics, fluids, and electricity in the acade-
mic year 2013/2014 until 2015/2016. It turned
out that during the practicums, future Physics
teachers were not able to connect, explore and

*Correspondence Address
E-mail: susilawati@upgris.ac.id

construct the mastery of concepts as a learning
experience during the lectures. In fact, these abi-
lities are needed to support prospective Physics
teachers to be professionals (Adams & Wieman,
2015; Docktor & Mestre, 2014; Estella, 2016).
The quality of future teachers includes the
concept mastery that cannot be separated from
the learning process they experienced (Ceberio,
et al., 2016; Haji & Safitri, 2015; Khaeroningtyas,
et al., 2016). Physics learning for future teachers
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should meet the following characteristics: (1) fu-
ture teachers should be prepared to teach at the
school level; (2) concrete experiences serve as
the foundation for teaching specific concepts; (3)
the learning process should begin with an Open-
ended research in the laboratory; (4) learning
should be designed to help future teachers think
critically about the materials they are studying;
(5) teaching materials for prospective teachers
should be directed to build awareness of the con-
ceptual difficulties that students may encounter
later (Putra, et al., 2016; Sumarni, et al., 2016;
Supriyanti, et al., 2015).

Basic Physics mastery is essential for future
teachers. However, the conceptual learning mo-
del that begins with direct involvement through
researches in laboratories is not popularly app-
lied. There is no attempt to engage students in
identifying and resolving misunderstandings that
students might have. Moreover, it is uncommon
to present Physics in order to achieve Physics
competence as the main objective.

Providing knowledge and skills for futu-
re teachers will broaden their mind and develop
learning awareness, resulting in students’ eager-
ness to learn. This indicates that future teachers
should practice cultivating students’ creativity in
conducting scientific activities so that the learning
and evaluation process will be effective, efficient,
challenging, and motivational (Cibik & Yalcin,
2011; Ozdamli, 2011; Nazila & Reza, 2011;
Turk, et al., 2015; Hande, et al., 2015). Hence, te-
achers should adopt various methods, strategies,
and models of learning so that learning becomes
more interesting. One of the teaching methods
that can be used is the project-based method.

The project-based method gives students
the opportunity to manage their own problems.
This kind of method can be done in 4 stages na-
mely the stage of planning, implementing, asses-
sing and revising. These stages are done by stu-
dents to complete the project tasks. Project tasks
provide a fun and challenging experience for
students, help them to increase their experience,
knowledge, and creativity. In implementing a pro-
ject, students should be able to cooperate with fri-
ends, help each other and complement each other
to complete the task. These would train students’
social relationships and solidarity.

Project assignment results can be obser-
ved directly and enable students to communicate
scientifically the task completion process. This
project-based method fosters students’ curiosity
to learn more and make them be more creati-
ve. The learning steps using the project method
include (1) exploration, by addressing a simple
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question, providing a brief explanation and a
small illustration to measure students’ knowled-
ge on the optical instrument; (2) presentation
that explains the content of the materials in the
learning process; (3) assimilation, by providing
information or facts to fill an urgent subject. This
challenges students to find sources that present
facts and information related to project comple-
tion; (4) collecting data, facts, and information
by classifying data, processing data and drawing
conclusions. The ability to think and analyze the
data is very important at this stage; and (5) as-
signment in the form of a presentation about stu-
dents’ findings, either verbally or in writing. This
stage trains students to review the subject matter
by applying the knowledge and experience pos-
sessed by them. (Yerushalmi, 2014; Yu, Fan &
Lin, 2015; Balliet, et al., 2015).

Special-skill teachers are required in imple-
menting project-based method regarding the de-
tailed project method, operational standard of
the procedures, and teaching materials. The use
of project-based method in Physics learning ta-
kes a long time involving students either indivi-
dually or classically. The assignments are given
gradually, starting from the easiest. The project
assignment results are monitored continuously.
The holistic analysis method is used to evaluate
the project results. While the project itself is con-
ducted starting from collecting information and
integrating it with new information, students’
experiences and students’ real activities. Project-
based learning requires a comprehensive learning
approach. The assignments in the project-based
method are designed for students to investigate
authentic problems which deepen students’ com-
prehension on a subject topic and help them per-
form other meaningful tasks.

This approach introduces students to work
independently in constructing products. In pro-
ject-based learning, students are not only given
recitation or complex but realistic projects, but
also adequate assistance in order to complete the
task. In addition, the implementation of this met-
hod encourages students’ creativity, independen-
ce, responsibility, critical and analytical thinking.
Project-based learning is inspired by constructi-
vist learning theory. This theory builds on stu-
dents’ own knowledge in real-life experience. In
terms of technology, project-based learning can
be viewed as a learning approach that is close to
the learning environment, which encourages te-
achers to construct knowledge and skills through
direct experience.

Projects in project-based learning build on
teachers’ ideas as an alternative form of solving
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specific, real problems. This suggests that project-
based learning has the potential to deepen con-
ceptual and procedural knowledge. Teachers di-
rect the project and control students’ ideas and
interpretations in learning, learn how to conduct
and express arguments on the projects. The cha-
racteristics of project-based learning have the
potential to provide a more engaging and mea-
ningful learning experience. The purpose of this
research is to get the experience of Physics pros-
pective teachers in developing a simple project
in the form of Physics props. The results of this
study outline the steps taken by prospective Phy-
sics teachers, starting from the project planning
stage, project implementation, product testing,
and project evaluation. These stages are divided
into five indicators of Physics prospective teacher
skills, among others; designing a project, creating
a project, performing data analysis and bringing
about creativity. In addition, the results of this
study provide a description of learning resour-
ces used by future Physics teachers to develop a
simple project.

METHODS

This research involved future teachers to
design a simple project that produces Physics
props for high school level. The developed simp-
le project deals with the concepts of mechanics,
fluids, optics, and electricity. Purposive random
sampling was used in selecting research samples.
The total samples were 62 future Physics teacher
of the 2016-2017 academic year at Universitas
PGRI Semarang. There were 15 males and 47
females. The samples were divided into 2 large
groups. Group 1 consisted of 7 small groups and
group 2 consisted of 8 small groups. Each small
group consisted of four to five people who have
their respective duties.

The data collection tools used were obser-
vation sheets and questionnaires. The observation
sheets included 4 stages; observation, planning,
project implementation, testing, and evaluation.
Each observation step consisted of 10 items of
observation (Fraenkel & Wallen, 1993). The ob-
servation sheets used a 5-point Likert scale with 5
indicators from a positive statement to a negative

Table 1.0Observation Results at the Planning Stage
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statement. Interviews were conducted to know
the progress of students’ projects; the interviews
were done in 6 stages according to the students’
progress report. Questionnaires were given to get
feedback about experiences they have gained in
developing simple projects and in using learning
resources. Questionnaires were given on product
testing activities. The questionnaire consisted of
10 statement items filled by 62 prospective Phy-
sics teachers for 20 minutes.

The obtained data were analyzed to give
description and interpretation using data tabu-
lation. Observational data were analyzed using
independent t-test techniques. The results of the
interviews employed the descriptive qualitative
analysis. Questionnaire results were analyzed
descriptively, while the percentage of students’
positive answers was quantitatively calculated to
get the maximum score.

RESULTS AND DISCUSSION

The simple project development produced
15 packages of Physics props. The development
achieved 70% and 30% improvement, which were
obtained after repeated trials. The improvement
rate was only 8% on the first attempt without repe-
tition. The Physics props products are harmonic
oscillation, automatic heat-conductivity gauge,
collision displays, light diffraction, Conductivity
Devices, Skewed Fields, Scale board of magnetic
field, Refraction index tools, Conduction props,
Measuring board, Fluid viscosity, BLDC motor,
and Atwood plane.

Project-based learning has preparatory,
implementation and evaluation activities. There-
fore, the future teachers should design or create
a project framework that is useful in providing
the information and resources needed by the stu-
dents in relation to the existing project. This sup-
ported the success of the project, helped students
answering questions, activities, and completing
their work. In addition, Future Physics teachers
should perform their role well in analyzing and
integrating learning materials. The results of the
observations at the planning stage can be seen in
table 1.

Description of the Preparation Min Max Mean % Std. Dev
Preparing project design 1 5 39 78 0.35
Formulating product benefits 1 5 29 58 0.27
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Preparing a feasibility analysis 1 5 29 57 0.40
Creating an activity schedule 1 5 48 9% 0.56
Preparing budget estimation 1 5 40 79 0.30
Arranging stages of the activity 1 5 49 97 045
Analyzing environmental impacts 1 5 29 58 0.30
Planning tools and materials 1 5 40 79 0.30
Planning the division of labor 1 5 40 79 0.30
Analyzing usage needs 1 5 3.9 79 0.40

The table shows that the highest score was the feasibility of the analysis and analyzing the
on the indicator of creating the activity schedule environmental impact. The results of observa-
and the lowest scores were on the indicators of tions at the implementation stage can be seen in
formulating the benefits of the product, preparing table 2.

Table 2. Observation Results at the Implementation Stage

Description of the Preparation Min. Max. Mean %  Std. Dev
Collection of tools and materials 1 5 39 78 0.4
Tools and materials design 1 5 2.8 55 0.4
Props Design 1 5 3.2 63 0.36
Props Design Variations 1 5 4.6 92 0.8
Initial data retrieval 1 5 3.9 79 0.56
Data adjustment for experimental purposes 1 5 4.6 93 0.54
Initial data analysis 1 5 33 66 0.73
Obtained data with other variations 1 5 4.0 80 0.63
iﬁ:fﬁﬁgg:s of data variations with experi- 1 5 41 82 0.65
Analysis of data variations 1 5 4.0 80 0.50

The above table shows the project desc- the lowest score on tools and materials design.
ription obtained by the experience data of futu- The results of the observations in the test phase
re Physics teachers with the highest score on the and evaluation of props can be seen in table 3.
data adjustment for experimental purposes, and

Table 3. Observation Results at the Testing & Evaluation Stage

Description of the Preparation Min. Max. Mean % ]S)t;lv
Preliminary data retrieval test 1 5 3.7 75 0.43
Trial variation variables 1 5 2.9 58 0.30
Testing of repeated data retrieval 1 5 3.1 61 0.25
Accurate measurements 1 5 4.4 87 0.93
Proof of experimental purpose 1 5 3.7 73 0.47
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Results of initial data analysis 1 5 45 89 0.80
Results of variable measurement variation analysis 1 5 3.3 65 0.73
Results of repeated data analysis 1 5 3.7 73 0.54
Easy test tool 1 5 3.7 75 0.62
Recommended appliance repair 1 5 3.8 76 0.48

The results of experimental Physics test
obtained by the experience data of future Physics
teachers show the highest score on the indicator
of analyzing the initial data, and the lowest sco-

re on the indicator of variable measurement va-
riation analysis. The results of interviewing the
project completion process can be seen in table 4.

Table 4. Interview Results for the Project Completion Process

Description

Statement

Ability to manage time to complete the project
Ability to identify project topics

Ability to find ideas to support the project
Ability to test the tools

Ability to make progress report on project com-
pletion

We developed project schedules and set perfor-
mance targets

We identified more than two submission project
topics

We found ideas as a test phase to support the
completion of the project

We did a test tool to get relevant data to the the-
ory

‘We made the progress report of project comple-
tion as a reference of improvement

The above table shows the interview re-
sults of the students on the project completion
process. While the results of questionnaire res-

ponses of future Physics teacher to the project
completion can be seen in table 5.

Table 5. Responses of Future Physics Teachers to the Project Completion

Description of the Preparation Min. Max. Mean % ]S)tilv
The use of tools and materials 1 5 4.1 83 0.5
Designing tools and materials 1 5 3.2 64 0.8
Modification of props design 1 5 3.3 66 0.7
The first data retrieval analysis of the first data 1 5 4.6 92 0.8
The first data 1 5 3.9 79 0.6
The second data retrieval 1 5 4.8 95 0.6
Analysis of the second data 1 5 34 68 0.8
Creating charts from tabular data 1 5 3.9 78 0.6
Evaluation of tool making and data retrieval 1 5 4.1 82 0.7
Revision of props 1 5 4.4 82 0.5

The results of the students’ responses to
the project completion indicated the highest sco-
re on the second data collection indicator and the
lowest score on the designing tools and materials
indicator. Future Physics teachers worked on one
individual project and one group project activity

in the classroom. They determined the activities
and steps to be taken in accordance with the sub-
topic, planned the time allotment of all sub-to-
pics and saved it. While working in groups, each
member has the responsibility to follow the rules.
Investigations can be in the form of questioning
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the experts through e-mail, internet browsing,
sharing experience and knowledge, and conduc-
ting surveys. In its development, project comple-
tion steps include observation, experiment, prac-
tice, discussion, and field trips (Usmeldi, 2015;
Xiaolai & Qinghuai, 2011).

Students can present their findings through
images, writing, graphics, symbols, mapping, and
others. Prospective teachers can monitor their
progress and presentations via chat. They crea-
ted reports, presentations, web pages, images, and
more. As a result of its activities, the progress of
the project reported by future teachers was sum-
marized into project progress notes for further de-
velopment (Usmeldi, 2016; Riantoni, et al., 2017;
Saifullah, et al., 2017). Each future teacher recei-
ved feedback on what he or she made in groups,
friends, and colleagues. Online feedback facility
was presented to enable individuals to directly
comment and contribute to others.

Monitoring and evaluation are assessed
through all project processes done by each lear-
ner based on their participation and productivity.
Project-based learning or assignment is a method
of presenting the provided learning materials
through a set of tasks that must be done either
individually or in groups. The use of project
methods also determines the effectiveness and
efficiency of learning and provides opportunities
for future teachers to conduct their own learning
activities and make assignments to their students
later.

Based on the project results, there are se-
veral principles that can help students become
effective independent learners. First, making the
tasks meaningful, clear, and challenging, one of
the most difficult challenges faced is keeping all
group members engaged. While doing an inde-
pendent activity, it is very easy for students to lose
interest and do irrelevant actions, especially if the
tasks are routine. Students need to know exactly
what they need to do, why they do the job, and
what it takes to get the job done. The students
remain on task during classwork and complete
homework if they address the tasks significantly.

In the monitoring stage, future teach-
ers should emphasis on procedural directives.
Instructions must cover the explanation about
what to do, why, and how something should be
done. Before assigning a task, teachers should
consider the essential characteristics of the task
and then make time to explain the important cha-
racteristics to the students. Establishing the ap-
propriate difficulty level of the tasks assigned to
the student is the ongoing engagement required
to complete the tasks. If students are expected to
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work independently, the task should have a fair
difficulty that ensures their success. Students will
not be challenged when the tasks are too easy.
They will address such tasks as unrelenting jobs.
In general, a good task needs to have fair difficul-
ty level so most students see it as a challenging,
but doable task. It is important for teachers to
monitor students to see if they understand their
assignment and the cognitive processes involved
(Gani, et al., 2017).

This monitoring also includes checking
students’ work and returning tasks with feedback.
By the time some students are given a class job,
the teacher can work with other students. Teach-
ers are encouraged to take 5 or 10 minutes to get
around guiding students to see if they understand
the task. When students work in groups, then te-
achers should be in groups in turns and traveling
among students working independently. While
grading the time-consuming task, teachers should
correct students’ work and return them with feed-
back so that students know the shortcomings of
their work. Competencies developed in students
include discipline-based, interpersonal and intra-
personal competence.

The discipline-based competence focuses
on the understanding of the concepts, principles,
and theories. Interpersonal competence includes
the ability to communicate, collaborate, behave
politely, resolve conflict, cooperate, assist others,
and establish relationships with other people and
society. Intrapersonal competence includes an ap-
preciation of diversity, self-reflection, discipline,
high work ethic, healthy self-esteem, emotional
control, diligence, independence, and motivation
(Docktor & Mestre, 2014; Huang, et al., 2015;
Niss, 2017; Baran & Sozbilir, 2017).

Competencies that students gained during
the lesson are very important for their success.
The nature of project-based learning is collabora-
tive. In groups, the individual strengths and lear-
ning styles contribute to the success of the team.
The task could motivate, improve problem-sol-
ving skills, enhance collaboration, and cultivate
resource-management skills.

Many sources describe project-based lear-
ning as a method to make students actively invol-
ved in solving complex problems. The importan-
ce of group working is to develop and practice
communication skills. A cooperative group, stu-
dent evaluation, and online information exchan-
ge are the collaborative aspects this method. Ho-
wever, the problems are might be too difficult.
That’s why teachers should cleverly modify the
task so that the difficulty is just at a fair level.
Moreover, the implementation of the method
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might take longer time, spend money, and need
a lot of preparation. To overcome the weaknesses
of project-based learning, teachers should con-
tinuously check students’ progress and remind
them to finish the project on time, minimizing
and providing simple equipment available in the
surrounding environment, and selecting an affor-
dable research location that does not cost much.

CONCLUSION

The research product was 13 items of
props namely harmonic oscillation, auto calori-
fic power measuring instrument, impact props,
diffraction grating, simple electric circuit, incline,
scale board of magnetic field, refractive index
tool, conductive props, business measuring bo-
ard, Fluid viscosity, BLDC motor, and ad wood
aircraft. The results of observations obtained
from the project preparation descriptions show
the experience of future Physics teacher achieved
the highest score on making the schedule and the
lowest scores on formulating product benefits,
developing feasibility analysis and analyzing en-
vironmental impacts. Based on the Physics props
trial, it was obtained the highest score on the in-
dicator of analyzing the baseline data, while the
lowest score was on the variation test variables.
Positive feedback about time-management in
completing the project, the ability to identify the
topic of the project, the ability to find ideas to
support the completion of the project, the ability
to test the tools, and the ability to make progress
reports on project completion was derived from
the interviews. The highest score of students’ res-
ponses to project completion was on the second
data collection indicator and the lowest was the
instrument material design indicator.
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ABSTRACT

Natural Science is an elementary school subject that requires students to organize ideas and concepts about the
natural world gained from experiences through a series of scientific processes such as investigating, composing,
and presenting ideas. The high complexity causes many cases of learning difficulties. This study aims to diag-
nose the learning difficulties that occur on 5th-grade elementary school students. The research was conducted in
Muhammadiyah Pakem Elementary School, Sleman, Yogyakarta Special Regency. The subjects were 29 of 5th-
grade elementary students. Data collection techniques were interviews, tests, and documentation. Data analysis
techniques were descriptive statistic as a quantitative analysis and interactive model as a qualitative analysis. The
learning difficulties were diagnosed by describing the students who were identified having learning difficulties;
localizing the difficulties; and determining the factors that cause learning difficulties. The results showed that the
difficulties experienced by students were in basic competence 1.1-1.5 (human blood circulation organs). The aver-
age percentage of students’ learning difficulties in Basic Competence 1.1 was 48%; Basic Competence 1.2 was
51.1%; Basic Competence 1.3 was 57.6%; Basic Competence. 1.4 is 64.7%; and Basic Competence 1.5 is 53.7%.
The highest percentage of learning difficulties was in Basic Competence 1.4 (identifying human circulatory or-
gans). It was caused by the students’ low attention and motivation to learn natural science, the imprecise teaching
methods, the parents’ attention, and the negative influence of mass media.

© 2018 Science Education Study Program FMIPA UNNES Semarang

Keywords: natural science, blood circulation system.

INTRODUCTION then ranked Indonesia to the low position of 65
participating countries. Indonesia was ranked to
the 64th position on mathematics (score: 375),
the 61st position on reading (score: 396), and the

Learning difficulties can hamper students
in reaching the maximum achievement. It is one

of the psychological disorders including hearing
loss, thinking, speaking, reading, writing, spelling,
or performing mathematical calculations (Cor-
tiella & Horowitz, 2014). In Indonesia, learning
difficulties allegedly become the main reason for
students’ low achievement. PISA 2012 measured
the understanding of 15-year-old students in the
field of mathematics, reading, and science, which

*Correspondence Address
E-mail: ika_mail87@ymail.com

64th position on science (score: 382).

NAEP (National Assessment of Educatio-
nal Progress) (2013) stated that on reading and
mathematics literacy in the United States, there
is 69% of the 4th grade students and 60% of the
8th grade students who have trouble on reading.
Learning difficulties of Mathematics on the 4th
grade students is 45% and 65% on the 8th grade
students. These data suggest that learning difficul-
ties on the 4th to 8th grade students show relati-
vely high numbers (Cortiella & Horowitz, 2014).
Students’ learning difficulties affect the learning
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process (Cavendish, 2013). Especially for elemen-
tary school students, learning success at this level
will be the determinant of a successful learning in
the next level (high school).

At the elementary school level, learning
difficulty problems often arise in both mathe-
matical and rote subjects. One of such subjects
is natural science, since it bears a characteristic
which is definitely scientific. Natural science is a
branch of knowledge that is originated from na-
tural phenomena. Natural Science is defined as
a collection of knowledge about the objects and
natural phenomena which are gained from scien-
tists” thought and investigation through experi-
ments using scientific methods.

Experiments have been conducted to
achieve the goals of science learning, including
the enrichment of students’ perception over the
concepts in science and its products; scientific-
practical competencies and problem solving
skills; scientific ‘habits of mind’; understanding
of how science and scientists work; awareness
and motivation (Duschl, 2008; Hofstein & Mam-
lok-Naaman, 2007). Teaching natural science
in elementary schools should use fun methods
and concrete media or media that are related to
the students’ daily life. Learning characteristic
of elementary school students is that they learn
through concrete things (Riggs & Enochs, 1990).
Children can already be given the basic sciences
such as reading, writing, and arithmetic. Elemen-
tary school children can also be given the basic
knowledge related to human life, animal, natural
environment, socio-cultural environment, and re-
ligion.

The characteristic of natural science lear-
ning in elementary school is emphasizing on the
process of finding out, on the initial knowledge
which later determines the knowledge construc-
tion that will be built. Therefore, teaching natu-
ral science to elementary school students needs
high tenacity and patience. Natural science is a
very important lesson for students (Chiappetta &
Koballa Jr, 2014). It is important because natural
science is necessary for everyday life. However,
students find difficulties in learning natural scien-
ce. Learning difficulties in studying natural scien-
ce in elementary school usually happen to the
students of upper-level grade, especially the 5th
grade students. Natural science lesson in the gra-
de 5 elementary school already needs high logic
of thinking since the material of it is difficult and
discussing on the real phenomena that students
cannot see and feel directly.

The difficulties in learning natural science
in the 5th grade students also happen in Muham-

madiyah Pakem Elementary School, Yogyakarta,
Indonesia. Those difficulties were indicated from
the results of teacher interviews conducted by
the researchers. The findings showed that the 5th
grade students got difficulties in understanding
the natural science subjects taught by teachers,
especially on the material of human and animal
organs. The results of learning natural science
material which is focused only on the subject
of human and animals’ organs in the 5th grade
students of Muhammadiyah Pakem elementary
school, Sleman, Yogyakarta regency were me-
asured by using several tests as the instrument.
The researchers also explain the factors that cau-
se learning difficulties in natural science learning.
In this research, we used purposive sampling
method involving 29 respondents of 5th grade
students of Muhammadiyah Pakem Elementary
School and a teacher. Data analysis techniques
used were descriptive statistics for quantitative
data and interactive models from Miles and Hu-
berman for qualitative data.

METHODS

This research used mix-method with em-
bedded konkruen strategy, which is strategy of
mixed method that apply one stage of collecting
quantitative and qualitative data at one time. Re-
searchers want to prove the difficulties of learning
natural science which is limited on the subject of
human and animals organs in 5th grade students
in Muhammadiyah Pakem elementary school
using test instrument. Researchers also studied
the factors causing difficulties in natural science
learning. In this research, the researchers emplo-
yed purposive sampling method with 30 respon-
dents of 5th grade students from Muhammadiy-
ah Pakem elementary school and 1 teacher. The
data analysis techniques applied were descriptive
statistics for quantitative data, and interactive
models from Miles and Huberman for qualitative
data.

RESULTS AND DISCUSSION

Identification of the students who have
difficulties in learning natural science

Based on the test results that have been fi-
nished by 29 respondents of 5th grade students of
Muhammadiyah Pakem Elementary School, the
results obtained can be seen in figure 1. The va-
lue is obtained by using the parameter of a scale
0-100 and the passing grade is 80 in accordance
with the minimum criteria of learning mastery in
the school.



98 I. Maryani, et al. / JPII 7 (1) (2018) 96-105

120

100

20

0
A C E G

——Score

Figure 1. Criteria for Student Achievement.

Figure 1 shows that 55.1% of 5th grade
students have learning difficulties for which it is
later categorized as an incomplete criteria of lear-
ning outcomes. The percentage of the students
who experience learning difficulties illustrates
that most of the students in the 5th grade have
difficulties in studying the subject of human and
animal organs.

The difficulties of learning can also be
seen from the analysis of the test results comp-
leted by students. The test questions used in the
experiment have been mapped through the indi-
cators, so it can be recognized which indicators

Table 1. Level Difficulties of Question

M O Q S

-\ \/\ﬂ“\[vvv
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Criteria

are perceived difficult by students and may cause
difficulties in learning natural science, especially
on the subject of human and animal organs.

The assessment results of the subject on human
and animal organs

Based on the assessment results that have
been completed by the 5th grade elementary stu-
dents of Muhammadiyah Pakem Elementary
School, with 29 students as the respondents, re-
searchers classify the question into low, modera-
te, and high level of difficulty. The results of the
assessment can be seen in table 1.

Quosion boremageol Fesenowenl ity Low
1 51.1% 48.9% Moderate
2 62.2% 37.8% Moderate
3 48.9% 51.1% Moderate
4 48.9% 51.1% Moderate
5 48.9% 51.1% Moderate
6 62.2% 37.8% Moderate
7 41.8% 58.2% Moderate
8 48.9% 51.1% Moderate
9 41.8% 58.2% Moderate
10 44.9% 55.1% Moderate
11 62.2% 37.8% Moderate
12 27.6% 72.4% High
13 41.8% 58.2% Moderate
14 34.7% 65.3% Moderate
15 37.8% 62.2% Moderate
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16 37.8%
17 41.8%
18 37.8%
19 24.5%
20 44.9%
21 34.7%
22 48.9%
23 58.2%
24 65.3%
25 41.8%

62.2% Moderate
58.2% Moderate
62.2% Moderate
75.5% High

55.1% Moderate
65.3% Moderate
51.1% Moderate
41.8% Moderate
34.7% Moderate
58.2% Moderate

From table 1, it can be seen that some
5th grade students of Muhammadiyah Pakem
Elementary School have difficulties on the cer-
tain basic competencies while studying natu-
ral science, especially on the subject of human
and animal organs. It can be seen from the per-
centage of the students’ failure in answering
the test questions that have been mapped ac-
cording to the basic competencies and learning
indicators. From the percentage of Table 1, it
can also be seen that students that have lear-
ning difficulties in the easy category were 0%,
in the moderate category were 92%, and in the
high category were 8%.

The Difficulties in Learning Natural Science

From the analysis of the students’ failure
in answering the test questions, it seems that most
students have learning difficulties on the certain
basic competencies.

a. The difficulties in learning basic competency
1.1: Identifying the function of the human respiratory
organs

The learning difficulties on the indica-
tor 1.1 include the number of the students’ fai-
lures in answering the questions related to the
mechanisms of the human respiratory system,
and the completeness of the human respirators
which are presented in table 2.

Table 2.The Learning Difficulties of Basic Competency 1.1

Question Item

Percentage of True  Percentage of False

answer answer

1. The branch of the throat is called.... 51.1% 48.9%
2. When we take a breath, air will enter through the 62.2% 37.8%
nose, then go to....
3. When the air exchanges in the respiratory process, 48.9% 51.1%
there occurs.... e
4. The inspiration for human respiration occurs be- 48.9% 51.1%
cause the diaphragm....
5. Completeness of the respiratory system in hu- 48.9% 51.1%
mans are....

Average 52% 48%




100

From table 2, it can be inferred that 48%
of 5th grade students have difficulty in studying
basic competency 1.1 for that requires them to
identify the respiratory organs in human body.
Based on the analysis of the question items,
students’ learning difficulties on the basic com-
petency 1.1 are caused by the following factors:
(1) The answer choices of the test had a good
deceiver power so that the students’ good com-
prehension towards the material was required
here; (2) The teacher needs to use media in ex-
plaining concepts to avoid multiple interpreta-
tions and misconceptions, so that the students
can truly comprehend the learning material rat-
her than simply memorize it; (3) The students’
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comprehension towards the abstract concept
was so low that it took teachers’ skill in using
appropriate media and methods based on the
characteristics of the learning material.

b. The difficulties in learning  basic
competency 1.2: Identifying the functions of the
respiratory organs

The assessment aspect of the learning
difficulties on “identifying the function of the
respiratory organs” is the students’ failure in
answering the questions related to the respira-
tory mechanism in animals and the functions
of animals respiratory organs is presented table
3.

Table 3. The Learning Difficulties of Basic Competency 1.2

Question Ttem Percentage of True Percentage of False
answer answer

6. The bird breathing apparatus at flight is 62.2% 37 8%
called...
7. Qas exchange on the respiration process of a 41.8% 5820
fish is located on...
8. On the fish respiration, water enters the mouth 48.9% 51.1%
when....
9. In the bird’s respiratory system, there are two
airsacs. When the bird breathes, the air will flow 41.8% 58.2%
through the....

Average 48.5% 51.5%

From table 3, it can be concluded that
51.5% of 5th grade students have difficulties
in studying basic competency 1.2 which requi-
res them to identify the function of respiratory
organs. Based on the item analysis, students’
learning difficulties on the basic competency 1.2
are caused by the following factors: (1) The stu-
dents’ comprehension over the function of the
respiratory organs was still low. This is due to
the lack of students’ participation in learning;
(2) The answer choices of test had a good decei-
ver power so that the students’ good comprehen-
sion towards the learning material was required;
(3) The teacher needs to use media in explaining
concepts to avoid multiple interpretations and
misconceptions so that students can truly com-
prehend the learning material rather than simply

memorize it; (4) The students’ comprehension
towards the abstract concept was so low that it
took teachers’ skill in using appropriate media
and methods based on the characteristics of the
learning material.

c. Difficulties in learning basic competencies
1.3: Identifying the function of human digestive
organs and the relation to food and health

The assessment aspect of learning diffi-
culties on “identifying the function of human
digestive organs” includes the students’ failure
in answering the questions related to human di-
gestive mechanisms, the functions of digestive
organs in the human body, the obstruction in
the digestive system, and the nutritional content
in food.
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Table 4. The Learning Difficulties of Basic Competency 1.3

. Percentage of True Percentage of False

Questlon Item answer answer
10. A deficiency of vitamin B6 can cause.... 44.9% 55.1%
11. Appendicitis is inflammation of the appen- 62.2% 37 8%
dix which is caused by.... 70 o7
12...The. sprouts of mung bean contain high nu- 27 6% 72.4%
trition if it is eaten by...
13. The combination of foods containing bal- 41,89 58.2%
anced nutrition consists of.... e e
14. Food from the stomach will be absorbed
and channeled to all parts of the body. The ab- 34.7% 65.3%
sorption of food is occured in...
Average 42.4% 57.6%

From table 4, it can be inferred that 57.6%
of 5th grade students have difficulties in studying
basic competency 1.3 which requires them to
identify the function of human digestive organs
and its relation to food and health. Based on the
item analysis, students’ learning difficulties on
basic competency 1.3 are caused by the following
factors: (1) The uninteresting method of the te-
acher in delivering the lesson materials, or the
lack of media usage which later led to the stu-
dents’ feeling of bore and unmotivated to learn
natural science; (2) The answer choices of the test
had a good deceiver power so that the students’
good comprehension towards the learning mate-
rial was required; (3) The inadequate comprehen-
sion of the previous material caused disruption

on the process of understanding the next mate-
rial; (4) The teacher needs to use media in explai-
ning concepts, especially an abstract concept. It
is necessary to avoid the multiple interpretations
and misconceptions, so that students can truly
comprehend the material rather than simply me-
morize it.

d. Difficulties in learning basic competency 1.4:
Identifying human blood circulatory organs

Assessment aspect of learning difficul-
ties on “identifying human blood circulatory
organs” is the students’ failure in answering the
questions related to the mechanisms of human
blood vessel system and the function of human
blood vessels.

Table 5. The Learning Difficulties of Basic Competency 1.4

Question Item

Percentage of
False answer

Percentage of
True answer

15. Blood vessels that stream the blood outside the heart

0, 0,

are called... 37.8% 62.2%
16. The b.lood vessels that stream the blood from the heart 37 8% 62.2%
to the entire body are called....

(] 41.8% 58.2%
17. When the heart part 1 and 2 are contracting, what hap-
pens is....
18. One function of capillary vessels is.... 37.8% 62.2%
19. The blood vessels that are in charge of carrying oxygen-
ated blood from the lungs to the left atrium of the heart is 24.5% 75.5%
called...

Average 35,4% 64,6%
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From table 5, it can be seen that 64.6%
of 5th grade students have difficulties in stu-
dying basic competency 1.4 which is related to
the identification of the human blood circulato-
ry organs. Based on the items analysis, students’
learning difficulties on basic competency 1.4 are
due to these following factors: (1) The answer
choices of the test had a good deceiver power so
that require the students’ good comprehension
over the learning material; (2) In delivering the
lesson material, the teacher needed to use media
so that the students would not get bored and got
their motivation back to learn natural science; (3)
Inadequate comprehension of the previous ma-
terial caused disruption on the process of under-
standing the next material; (4) The teacher needs
to use media or visual properties in explaining

concepts, especially an abstract concept. This is
necessary to avoid multiple interpretations and
misconceptions of the students, so that they can
truly comprehend the learning material; (5) The
students’ motivation was still low which then af-
fects the process of absorbing the learning mate-
rial.

e Difficulties in learning basic competency 1.5:
Identifying the disorders of human blood circulatory
organs

The assessment aspect of learning difficul-
ties on “identifying the disorders of human blood
circulatory organs” includes the students’ failure
in answering the diseases which are caused by ab-
normalities in the human circulatory system.

Table 6. The Learning Difficulties of Basic Competency 1.5

Question Item

Percentage of
True answer

Percentage of
False answer

20. The disease of the circulatory system that is associated

0, 0,

with blood pressure is... 44.9% 53.1%
21. The disease of the circulatory system that increases
the number of leukocytes cells uncontrollably then eating 34.7% 65.3%
erythrocyte cells and blood preservation is....
22. The bes‘F way to maintain the health of blood circula- 48.9% 51.1%
tion system is....
23. The fat that attaches to the walls of blood vessels can 58 29 41.8%
cause ...
24. The veins on Mr. Herlambang’s right calf are promi-
nent. It is very different from the left one. It is possible that 65.3% 34.7%
Mr. Herlambang may have....
25. Stroke can occur due to.... 41.8% 58.2%

Average 48.7% 51.3%

From table 6, it can be inferred that 51.3%
of the 5th grade students have difficulties in stu-
dying basic competency 1.5 which requires them
to identify the disorders of human blood circula-
tory organs. Based on the item analysis, the stu-
dents’ learning difficulties on basic competency
1.5 are caused by of these following factors: (1)
The answer choices of the test had a good de-
ceiver power so that the students’ good compre-
hension of the learning material was required
here; (2) The uninteresting method applied by the
teacher in delivering the lesson material, or the
lack of media usage in learning natural science
led to the students’ boredom which then affects
their motivation to learn natural science; (3) The
teacher needs to use media or visual properties

in explaining concepts, especially an abstract
concept. This is necessary to avoid multiple inter-
pretations and misconceptions of the students, so
that the students can truly comprehend the lear-
ning material.

Based on the research data, it is found that
55.1% of elementary school students of Mu-
hammadiyah Pakem have difficulties in studying
natural science on human and animal organs
subject. Learning difficulties is the difficulties ex-
perienced by students so that they cannot achieve
a certain level of learning qualifications (Hale, J.,
et al, 2010; McLeskey & Waldron., 2011; Caven-
dish, 2013). The results of the test analysis show
that the students have difficulties in solving the
problems of certain basic competencies. Moreo-
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ver, the level of learning difficulties experienced
by students in each basic competency is different
one and another.

The results obtained in this research are
later analyzed thoroughly and showing up that
the students have difficulty on the basic compe-
tencies; which are 48% in basic competency 1.1,
51.5% in basic competency 1.2, 57.6% in basic
competency 1.3, 64.6% in basic competency 1.4,
and 53.7% in basic competency 1.5.

The most significant difficulty experienced
by the students is in the basic competency 1.4
which requires them to identify the human blood
circulatory organs. It can be seen from the per-
centage of difficulty gained in this basic compe-
tency which reached the highest percentage. The
learning difficulties of the basic competency 1.4
lie on the lack of the students’ ability to compre-
hend the indicators in identifying the functions of
the human blood circulatory organs, explaining
the human blood circulatory process, analyzing
the works of human blood circulatory organs.

Learning difficulties experienced by stu-
dents can also be seen from the percentage level
of the students’ failure in answering the questi-
ons. The students’ errors in answering the questi-
ons can be interpreted that the deceiver power of
the answer choices is effective. Students can easi-
ly distracted by the answer choices if they do not
master the concepts of learning materials, especi-
ally the abstract concepts. The students were still
unable to distinguish between bronchus (throat
branch) and bronchioles (bronchus branch), thro-
at (digestion organ) and esophagus (respiratory
organ). The students assumed that those organs
are the same, but actually they have different fun-
ctions even though located in the same place.

Referring to some relevant studies con-
ducted by (Geary, 2013; Kaldenberg, et al, 2015;
Schoenfeld, 2016), the research results showed
that the students usually have learning difficul-
ties due to the lack of learning material concept
mastery. Learning material concept is the base or
foundation of science learned by students which
means, when students do not understand the con-
cept, there will be misconceptions that later im-
pact on learning difficulties experienced by stu-
dents (Cakir, 2008). Lack of the learning material
concept mastery can be caused by several factors.

Moreover, according to (Cooper, S. A. et
al., 2009) “Factors that can emerge learning dif-
ficulties can be classified into two groups namely
internal factors (physical, psychological, fatigue)
and external factors (family, school, commu-
nity)”. Having been revealed, there are several
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factors that cause students experience learning
difficulties in accordance with the results of inter-
views and documentation conducted on the stu-
dents and a teacher. The internal factors include
both the students’ low attention and low motiva-
tion to learn natural science. Meanwhile, the ex-
ternal factors are the teachers’ teaching methods,
parental attention, and mass media.

The students’ low comprehension in lear-
ning material concepts is caused by internal fac-
tors such as student’ lack of attention and bore-
dom which then lead to their low participation in
the lesson. Furthermore, they even prefer to chat
and play with their classmates during the learning
process. The students’ low motivation in the lear-
ning process can be indicated from the students’
inactiveness while studying natural science and
the students’ low spirit in learning natural scien-
ce. Those indicators are reflected on the students’
study time at home, especially on the natural
science subject which is still low.

The students’ low attention, low lear-
ning motivation and low comprehension of the
learning material concept which then emerge
misconceptions may occur due to the teacher’s
uninteresting methods of teaching. Based on the
interviews on the students and a teacher, teach-
ing method is one of the factors that lead to the
students’ difficulties in learning natural science.
The teacher’s teaching method used previously
was only lecturing without using media that can
support the explanation of the learning materials.
The teacher only used the textbook, yet the facili-
ties provided by the school are complete.

In teaching human and animals’ organs
materials, teachers cannot use only textbooks to
teach. It is because the students need to have a
visualization of the human body organs, human
blood circulatory system, human respiratory
system, and human digestive system which are
processing inside the human body, so that the
students cannot see the processes directly. The
characteristics of children at elementary school
level who are in the phase of concrete operation
think based on the concrete or real experience.
They are not able yet to think abstractly, such as
imagining how the process of blood circulation
occurs (Fedewa, et al., 2017).

If the teacher is already aware of the
students’ thinking development, he or she can
choose the appropriate teaching methods for the
students, so that the learning difficulties can be
minimized. The teacher can apply various lear-
ning methods in teaching if only he or she alrea-
dy masters the pedagogic and professional capa-
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bility. It will later trigger the development of the
students’ comprehension towards the learning
materials. The teacher must understand the basic
concepts of the learning material so that the mis-
takes in teaching the materials will be minimized
along with the learning difficulties exprerienced
by the students in comprehending the concepts.

The teacher’s performance, the experien-
ce of teaching pupils with special needs, the be-
havior of disable people, and the teachers’ role
which influence the creation of the rapports
between teacher and students in learning the
lessons was identified. The effects of teachers’
training and development for pupil’s success and
pupil self-perception have been identified as well
(Brady & Woolfson, 2008). In addition, students
become more interested in learning so that their
motivation will be getting higher (Maryani &
Martaningsih, 2015).

Parents of the students with special needs
have extra barriers to the parental attention than
parents of the common students. Their attention
is also a contributing factor in creating learning
difficulties experienced by some students (Fish-
man & Nickerson, 2015). It can be detected from
the interview results with some students whose
parents are entrepreneurs who usually work out
of the town. The students’ time to meet their pa-
rents is also very limited. Because their parents
are busy with their own work, their children’s
learning achievements are then relied on the
schools and tutoring institutions only.

Mass media and internet usage are also the
factors that cause learning difficulties experien-
ced by students (Chu, 2014; Takahashi & Tandoc,
2016). This can be indicated from the students’
activities. They prefer to play games, use mobile
phones, and watch television rather than doing
activities that support their learning process such
as having an additional course or studying toget-
her with friends. Based on the interview results
on the students, interaction with friends does not
belong to the factors that cause the difficulties in
learning natural science experienced by students.

CONCLUSION

The learning difficulties experienced by
the 5% grade students of the elementary school on
the human and animal organs subject are based
on the following basic competencies: 1.1 on iden-
tifying the functions of human respiratory organs
include the number of students’ failure in answe-
ring the questions related to the mechanisms of
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the human respiratory system, and the complete-
ness of the human respirator (48%), 1.2 on iden-
tifying the functions of the respiratory organs
(51.1%), 1.3 on identifying the functions of hu-
man digestive organs and their relation to food
and health (57.6%), 1.4 on identifying the human
blood circulatory organs (64.7%), and 1.5 on
identifying the disturbances in human circulatory
organs (53.7%).

The discussion results of qualitative data
indicated that the factors causing difficulties in
learning natural science experienced by the 5%
grade students of elementary school are the stu-
dents’ low attention to the natural science lesson,
the low motivation to learn natural science, the
teacher teaching methods, the parents’ attention,
and mass media.
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ABSTRACT

This research aims to identify the errors of students’ answers in solving the TIMSS cognitive domain of reason-
ing. This research was a qualitative descriptive research. A total 259 students from four secondary schools located
in rural and urban areas in Jember, East Java participated in a paper and pencil test. Error identification was ex-
amined by reducing the result of wrong students’ answer and grouping based on error type of general errors. The
results showed that the average percentage of total errors from the four schools were contradicting error of 7.3%,
disregarding evidence error of 5.2%, misreading error of 45.7%, and opinion-based judgment error of 40.9%. In
conclusion, there were four types of general errors made by students in answering TIMMS test item of reasoning
domain with misreading and disregarding evidence as the highest and lowest error, respectively.
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INTRODUCTION

The quality of education is often used as a
barometer of a country’s development. Students’
ability to solve math, science, reading and their
application in daily life is seen as a good quality
illustration of special education for students (Jo-
har, 2012). Indonesia had five times participated
in the Trends in International Mathematics and
Science Study (TIMSS), an achievement program
that measures students’ achievement levels in
both content and cognitive domains (Akilli, 2015;
Anggraini &Wasis, 2014).

Based on the results of TIMSS for last four
years, Indonesia lied in the rank of the top five
average from below (Akilli, 2015). In its partici-
pation, Indonesia only reached Low Internatio-

*Correspondence Address:
E-mail: erlia.fkip@unej.ac.id

nal Benchmark. The result of TIMSS 2011 in
the field of science showed that the high order
thinking skills of Indonesian students remain in
the low category which is under the international
average score. At these levels, Indonesian students
were generally judged only to be able to remem-
ber scientific facts, terms, laws and to use them in
drawing simple conclusions (Anggraini&Wasis,
2014). The average percentage of correct answer
of cognitive domains of Indonesian students was
low. The correct answers of knowing, applying
and reasoning domain of Indonesian students
were only 36%, 27%, and 20%, respectively (Ang-
graini& Wasis, 2014; Mullis et al., 2012).

Those result showsthat reasoning domain
was the lowest level for the Indonesian students.
It indicates that the capability for analyzing, synt-
hesizing, and generalizing data and concepts of
science into the new milieu in their daily life was
weak. Those results also denote that the errors
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made by students are terribly high. It might hap-
pen due to some conditions, first, teachers mostly
train students using C1 and C2 level of cognitive
domain (Marlina et al., 2017), and second, the
lack of ability of Indonesian students to think
critically (Busyairi & Sinaga, 2015). Critical thin-
king becomes a fundamental skill to overcome not
only any problems offered in the test of TIMSS
but also the problems in daily life (Gierl, 2007).
Students’ error is defined as an inappropriate res-
ponse in answering tasks (Markawi, 2015). De-
tailed error analysis is needed in order to identify
the student errors, possible causative factors and
provide the ways addressing the problem as well.
Through the error analysis, the weaknesses of
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students in solving the problems will be obtained
clearly. Errors made by students can be used as a
consideration to improve teaching and learning
activities. Furthermore, it can enhance students’
learning outcome

Analysis of students’ error is considered as
the main source to diagnose difficulties of lear-
ning and to access students’ reasoning (Batanero
et al., 1994; Lim, 2010; Brodie, 2014). Prevost
and Lemons (2011) found that the types of errors
made by students in the theoretical framework of
problem-solving for biological concepts are divi-
ded into two types namely general errors and spe-
cific errors (table 1) (Prevost & Lemonds, 2016).

Table 1. Students’ Errors of Solving Biology Problems

Problem Solving Errors

Description

Domain-general errors

Contradicting

Disregarding Evidence

Misreading

Opinion-Based Judgment

Stated two ideas that were in opposition to each
other

Did not use some or all of the data provided in the
problem

Read the question prompt or answer options incor-
rectly

Gave an opinion and did not use biology content
knowledge

Domain Specific errors

Making Incorrect Assumptions

Misunderstanding Content

Stated that the graph or other visual representation
provides no useful information

Showed incorrect understanding of content knowl-
edge.

This study aimed at identifying and clari-
fying Indonesian students’ errors when solving
reasoning tasks. Students having intuition while
experiencing or solving problems may support
science teachers to improve their achievement.

METHODS

The research was conducted in four secon-
dary schools located in a rural and urban area of
Jember, the Province of East Java. A total of 259
students from those schools participated in both
paper and pencil test. Questionnaire and inter-
view to the science teacher were also used to col-
lect data as the purpose was to provide additional
information for analyzing the students’ answer.
Tenth-reasoning science test items of TIMSS
were used as test questions. The objective questi-
ons of TIMSS were modified into essay questions

by adding the reason for each students’ answer.
After the test, the results of the sample were
examined to be compared with those Indonesian
students participated in the TIMSS surveys. For
this purpose, the percentages of correct answers
of Indonesian students participated in the TIMSS
2011 survey with those of students in this study
for tenth TIMSS tasks were compared. The tasks
that were difficult for Indonesian students in the
TIMSS 2011 survey were also difficult for the
students in this study. After all students’ answers
were collected, data reduction was determined
by examining the student’s work and selecting the
wrong answer and then grouping the errors based
on the general error domains, namely: (1) contra-
dicting; (2) disregarding evidence; (3) misreading;
and (4) opinion-based judgment (Prevost & Le-
mons, 2016). The analyzing and grouping errors’
answer used qualitative content analysis (Patton,
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1990) and matches the keywords of each general Note:

error domain and students’ answer. The percen- P : Percentage of each error
tage of each type of error can be determined by N : Number of errors for each error
using the following formula. N : Number of errors for all error

n The criteria of problem-solving ability
P =gx100% based on TIMSS cognitive domain used the cri-
teria as in table 2 (Arikunto, 2009).

Table 2. Percentage Criteria of Problem Solving Capability of Criteria Value

Value Criteria
0% <P <20% Very low
20% <P < 40% Low
40% <P < 60% Normal
60% <P < 80% High
80% <P < 100% Very high
RESULTS AND DISCUSSION

The results were qualitative data from students’ wrong answers which were analyzed and
interpreted according to the predetermined criteria.

Table 3. Percentage of Student Error in Answering TIMSS Reasoning Domains

Error
School / Class
Ct DE Mr OBJ
School 1
A 17.3% 5% 35.2% 42.5%
B 5.1% 1.3% 40.5% 53.1
Average 11.2% 3.1% 37.8% 47.8%
School 2
A 13.6% 13.6% 43.8% 29%
B 8.4% 9.9% 38.4% 43.3%
Average 11% 11.7% 39.6% 36.1%
School 3
A 1.2% 10.3% 49% 39.5%
B 1.4% 1.7% 35.2% 58.2%
Average 1.3% 6% 42.1% 48.8%
School 4
A 10.2% 0% 46.5% 43.3%
B 1% 0% 80.6% 18.4%
Average 5.6% 0% 63.5% 30.8%
Average total 7.3% 5.2% 45.7% 40.9%

*Ct=contradicting; DE=disregarding evidence; Mr=misreading. OBJ=opinion based judgement.
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Overall, the most common error was mis-
reading of 45.7%, followed by opinion based jud-
gment, while disregarding evidence was the leest
errors (table 2). The details of each error made by
students are explained below.

Misreading Error

The most frequent errors that the students
did were misreading (table 3). For instance, stu-
dents were asked to answer the following ques-
tion: “Two other species (species 3 and 4 species) live on the
Santa Maria Island, which also has a range of seed types.
Which of the following graphs shows a range of break depths
Jfor species 3 and species 4 that would best ensure the survival
of both species on the Santa Maria island?”

Explain why this range of the beak depths is best.”

Student’s answer was "’ A. because the abo-
ve chart shows the number of bird populations”.
The Answer is the correct choice but the reason
was false. The question requires the students to
compare which graph is better to survive, while
the students’ answers have no relation to the ques-
tion. It just repeated the information on the prob-
lem. It was possible because the students read in
a hurry so they did not completely understand the
main key to the question. This error belongs to
misreading that was caused by quick answering
the question while reading it. Students tended to
be less thorough in reading resulting in choosing
the wrong answers. In addition, students tended
to ignore the problem and may choose not to
answer it. The errors that were often done by the
students in solving the problem are translation er-
rors, i.e. errors in changing information. Students
are having difficulty in digesting or understanding
the language, and interpreting words or symbols
(Arslan et al., 2012).

Many students ignored some questions so
that some questions were left without answers.
According to the results of the interviews with
teachers, students’ motivation was low and stu-
dents tended to get bored with memorizing ma-
terials. Moreover, students did not pay attention
to questions and they answered many questions
without reading and understanding the materials
first. Students tend to be less prepared and cheat
on daily tests.

Opinion-based Judgment Error

Opinion-based judgment errors are errors
that express opinions without applying biological
knowledge content. Students have an opinion in
answering questions based on their feelings that
the answers seem to be true. This relates to the
limitations of factual knowledge with marked
misconceptions errors. A misconception is a part
of the wrong concept framework but it is consi-
dered as correct by the students so that there are
consistent and repeated errors (Natalia&Subanji,
2016). It is needed to understand the basic con-
cepts that will facilitate subsequent concepts. A
low understanding of a concept makes students
make their own sense of the concept (Suparno,
1998). Misconceptions have been recognized as
the main factor affecting students’ understanding
of science in secondary level school (Coll & Tre-
agust, 2003), even teachers have certain miscon-
ceptions as well (Burgoon et al., 2011).

The opinion-based judgment error in this
study could be found on this question: “Explain
why your heart beats faster when you exercise.”

Students’ answer was “If we do many mo-
vements, then our heart will rate faster caused by
active organs”. The answer shows that the opini-
on or the corresponding answer seemed to be true
without linking to the known biological concepts
about how much oxygen required when exerci-
sing, resulting in faster heart pump to meet the
needs of oxygen in the body.

Contradiction Error

The mistake of contradiction relates to
the error by stating two different ideas that con-
flicting to each other. Some students make choi-
ces and reasons for their answers in accordance
with what is ordered on the question but ultima-
tely the reasoning is contrary to the choices given
in the answer. This can happen because of mis-
conceptions experienced by students. A miscon-
ception is an inaccurate notion of the concept,
the classification of false examples, the confusi-
on of different concepts and the hierarchical re-
lationships of concepts that are not correct[16].
Thus, misconceptions lead students developed
erroneously and different from scientifically ac-
cepted concept (Kose, 2008; Yasri, 2014).

In this study, contradiction error could be
found in this question: “The picture shows how a stu-
dent set up some apparatus in a laboratory for an investiga-
tion. The inverted test tube was completely filled with water
at the beginning of the investigation as shown in Figure 1.
After several hours, the water level of the test tube had gone as
shown in Figure 2.”
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What is the content of the top part of the test tube labeled X
in Figure. 27

. air
. oxigen
. carbon dioxide
. vacuum
Explain your answer.”

Students’ answer was “Oxygen, because
the water is made for photosynthesis, and becau-
se there is a light”, which is correct. Plants pro-
duce oxygen at the time of photosynthesis, but in
the next statement "yes because the water is made
for photosynthesis and because there is a light”
this reason is not related to the first statement gi-
ven by students about photosynthesis.

Disregarding Evidence Error

The rare error made was disregarding
evidence. It occurs when the students fail to de-
monstrate the use of evidence in some of the
problems including the data in question or in
visual representation. Whereas this data can be
used later to help the students choose the best
option but many students do not give an indica-
tion that they are considering the data (Suparno,
1998). “Two other species (species 3 and 4 species) live on
the Santa Maria island. which also has a range of seed types.
Which of the following graphs shows a range of break depths
for species 3 and species 4 that would best ensure the survival
of both species on the Santa Maria island?”

Explain why this range of the beak depths is best.”

Student’s answer was “B. because the size
of the beak is equal to the population”. It seems
that students ignored the other graphs and con-
sidered only one graph so they chose the wrong
one. However, by choosing the wrong graphs,

students were able to find out new information
about finch birds’ ability to survive considering
the number of different foods and the size of
beaks.

This error occurs when students do not use
some or all available data. For example, by using
only one diagram given to the problem as a com-
parison. The students tended to ignore some of
the data and only focused on the data he or she
saw, resulting in the wrong answer. Drawn from
the teachers’ interview, problems or quetions
using comparison chart or diagram were rare.

Overall, the result showed that misrea-
ding error was the highest. This result is in ac-
cordance with Djarod et al., (2015) and Rahmat
(2017). Their research of students’ error in ans-
wering Physic questions indicated that the mis-
reading was the usual error. Students are under
stress when they are reading exam questions due
to time monitoring and answer managing. Thus,
they are more easily distracted by irrelevant ideas
and less capacity available to focus on the task.
This condition will lead to misreading and misin-
terpretations more likely (Kiwan et al., 2000).

CONCLUSION

In sum, the most common error made by
students was misreading errors due to careless-
ness in reading, which affected the students in se-
lecting the wrong answer. While the rarest error
type performed by students was disregarding evi-
dence error; it was because students did not use
some or all of the data available in the problem.
This study also revealed that identifying students’
error is crucial as the initial step to overcome stu-
dents’ difficulties and to improve teaching and
learning in science.
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ABSTRACT

This study examined the effect of integrating SQ4R reading technique with graphic post organizers on the stu-
dents’ Earth and Space Science learning achievement and development of metacognitive knowledge. The pretest-
posttest non-equivalent control group design was employed in this quasi-experimental method. The sample which
consists of 103 seventh grade of secondary school students of SMPN 1 Pontianak was drawn by using intact
group random sampling technique. An achievement test and a questionnaire of Reading-Self Awareness were
administered. The findings assert that there are significant difference of students’ achievement (F=5.594, p «
0.05) and development of metacognitive knowledge (F= 13.906, p < 0.05) among groups after having received the
three distinctive treatments. Integrating SQ4R reading technique with graphic post organizers reveals an effective
impact on the academic achievement (ES= 0.69) and the metacognitive knowledge in reading text (ES = 0.48). It
confirms that a science teacher has to execute and model metacognitive strategies intentionally.
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Keywords: reading in science, achievement, metacognition

INTRODUCTION ve skills. The task of educators is to acknowledge,
cultivate, exploit, and enhance the metacognitive
capabilities of all learners. Ellis and Bond (2014)
noted that although a large body of literature

exists on metacognition, however, there are few

In this twenty-first century, the world is
changing rapidly. It is unrealistic to prepare a li-
terate science-information-technology people in

the future if based only on facts and concepts of
the content areas that students acquired during
school years. A new situation and problem they
faced in their daily lives required appropriate and
satisfactory solutions. Fogarty (1994) confirmed
that metacognitive skills are needed when habitu-
al responses are not successful. The hub of school
is an ideal place to develop students’ metacogniti-

*Correspondence Address:
E-mail: tomo.djudin @yahoo.com

studies that summarize specific instructional
practices for improving students’ metacognitive
thinking.

Metacognition is the central aims of cur-
rent research (Zohar & Barzilai, 2013; Jiang &
Grabe, 2017) and the core objectives of science
teaching and learning (Coll, et al., 2005; Mitchell,
2015). The call for developing metacognitive skills
in the school disciplines is also stated explicitly in
the Curriculum 2013 presently implemented in
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Indonesia. Fadel, et.al. (2016) argued that me-
tacognition plays a central role in learning and
achievement. Metacognitive strategies are power-
ful tools for any discipline, inter-discipline or for
learning in general. Teachers in classrooms may
model and teach as well as teach and encourage
metacognitive activity including reading a text
and writing notes (Carin & Sund, 1989; Spiegel
& Barufaldi, 1994; Glynn & Muth, 1994).

Spiegel & Barufaldi (1994) reported that
training students on metacognitive strategies in
reading and making self-notes of graphic post
organizers during secondary school physics class
could enhance recalls and retentions and stu-
dents’ achievement as well. Koch (2001) con-
cluded that the experimental group using the
Koch—Eckstein technique with the metacogniti-
ve tasks attained significantly higher score on a
test of reading-comprehension physycs text than
those of the control group after the experimental
manipulation. Based on this result, she strongly
recommended that the metacognitive technique
be developed and applied in teaching reading
comprehension of physics texts as an effective
self-monitoring device.

Although textbooks are major sources of
learning, many students in schools had difficul-
ty to gain a deep understanding of the text they
read. The difficulty in understanding textbook
was due to a lack of knowledge about techniques
of reading and making good notes (Laidlaw, et
al., 1993; Spiegel & Barufaldi, 1994). When furt-
her explored, the lack of training and guidance
provided by teachers at school can be suspected
as one of the “roots” of the cause. Tobias (1990)
in Halloun (1996) reported that many students
in school even in college forgot quickly and did
not get much information from the text they read.
Students who are not skilled at reading textbooks,
according to Holliday et al.(1994), will only spend
a lot of time unproductively. In fact, they also can
not solve the problems related to the text reading.

Earth and Space is a topic in Seconda-
ry School Physics Curricula. Subject matters
of this topic are mainly declarative knowledge.
The use of symbols, formulas, equations, diag-
rams, etc during lesson period are few. Kuhn and
Dean (2004) characterize declarative knowledge
broadly as epistemological understanding, or the
student’s understanding of thinking and knowing
in general. Understanding of subject matters in-
volves the ability to read the text meaningfully.

In the context of this study, students’ nega-
tive symptoms of seventh grade of public secon-
dary school SMPN 1 Pontianak occurred while
learning Earth and Space. They lacked indepen-

dence and confidence about the subject matters
they learned, got bored when reading textbooks,
and quickly forgot the essential information they
have read or learned. The success of rate in aca-
demic achievement of this topic does not reach
the minimum standard of passing rate i.e 75 %
per class. The percentage of classes with passing
rate less than 75 % is still quite low. This issue
becomes a focus to the teacher.

One of reading techniques which can be
used to enhance students’ academic achievement
in any subject matter (discipline) and to develop
metacognitive knowledge in reading text is SQ4R
(Survey, Question, Read, Reflect, Recite, Review)
developed by E.L. Thomas & H.A Robinson in
1972 (Glynn & Muth, 1994). This SQ4R rea-
ding technique will be more effective if it is in-
tegrated with graphic post organizers made after
any reading activity. Spiegel & Barufaldi (1994)
explained that any form of two-dimensional
graphics, figures, or diagrams, etc. constructed
by students after reading texts was called graphic
post organizers. Based on the meta-analysis of 23
experimental studies, Moore & Readance (1984)
in Spiegel & Barufaldi (1994) reported that ma-
king notes in any form of graphic organizers in-
creased students’ recall, retention, and concept
comprehending or information in texts they read.

The main purpose of this study was to
examine the extent of effectiveness of integrating
SQ4R reading technique with graphic postorga-
nizers on the students’ achievement in learning
Earth and Space and development of metacogni-
tive knowledge in reading text.

METHODS

The pretest-posttest, non-equivalent
control group design was used in this quasi-ex-
perimental method (Creswell, 2008). The target
population of this research was the seventh gra-
de (11 until 14 years old) of secondary school
students of public junior high school SMPN 1
Pontianak, West Kalimantan, Indonesia (N=
267) enrolled in the academic year 2013/2014
first semester. The intact group random samp-
ling technique was applied to determine groups
of sample volunteered students (35 students of
class I-H as experimental group 1, 33 students
of class I-D as experimental group 2, and 35 stu-
dents of class I-A as the control group). Data for
experimental and control groups were pooled in
the same semester. The students who were absent
during training or data collection were excluded
from data analysis.
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The independent variable was treatments
which applied to the three groups. The treatments
reflected the research questions were as follows :
(1) Treatment 1. Reading Earth and Space texts by
using SQ4R technique and integrating with acti-
ve construction of graphic postorganizers of the
text and/or of mnemonics. This treatment was
applied to experimental group 1; (2) Treatment 2:
Reading Earth and Space texts by using SQ4R
technique without training of constructing of
graphic postorganizers of the text. This treatment
was applied to experimental group 2; (3) Treat-
ment 3. Teaching-learning process of Earth and
Space text by using lecturing (conventional) met-
hod. No training of SQ4R reading technique was
employed. This treatment was applied to control
group.

To execute operationally the SQ4R rea-
ding technique in teaching-learning process of
entire materials of Earth and Space in the clas-
sroom, the procedures are as follows: (1) Sur-
veying, checking title, heading, subheading in
textbook they read as guidance; (2) Questioning,
making or asking her/himself some (written)
questions related to contents or material con-
tained in reading text; (3) Reading, reading for
understanding (that can be assisted or monitored
by the questions student made) by signing, under-
lining, bolding, highlighting, etc on the essential
information while reading text; (4) Reflecting, con-
sidering the information have read for answering
questions and relating the information to his/her
own prior knowledge; (5) Reciting, answering the
questions; (6) Reviewing, organizing the informa-
tion of reading text into graphic post organizers
and/or mnemonics (e.g: acronym, peg-type, and
loci-type).

The first dependent variable was the ove-
rall score on pre-and posttest of students’ achie-
vement in learning Earth and Space collected by
administering 10 items of completion (recall) test,
13 items of four options multiple-choice (compre-
hending) test and 5 items of essay (application)
test. The reliability coefficient of point-biserial
correlation for Earth and Space Science learning
achievement test was 0.62.

The second dependent variable was the
score on pre-and posttest of students’ develop-
ment of metacognitive knowledge in reading text.
Costa (1985) argued that metacognitive instructi-
on would include learning how to learn; how to
study for a test; how to use strategies of asking
before, during, and after reading. It might include
how to learn best—visually and diagrammatical-
ly. Metacognitive knowledge in reading the text
was assessed by using 22 items of Questionnaire
of Index of Reading-Self Awareness with four
alternative responses (always, often, sometimes,
and never) concerning what students do before,
during, and after reading (in Appendix 1). This
questionnaire was developed by adopting Index
of Reading Awareness (McLain, et al., 1991) and
Metacognitive Self-Assesment (Gaskin, et al.,
1994). The items distinction power were entirely
significant ( 2.402 <t < 7.538). The qualitative ex-
pert judgments to seek content validity was admi-
nistered as well.

Comparisons (t-test and F-test, < 0.05)
made among the three groups showed a signifi-
cant difference in the scores of students’ Earth
and Space Science learning achievement and of
metacognitive knowledge in reading the text. The
extent of effectiveness of integrating SQ4R rea-
ding technique was assessed by using the Effect
Size (Cohen, 1988),namely ES = difference bet-
ween the means, M, — M,, divided by standard
deviation of either group.

RESULTS AND DISCUSSION

Pretest

Interval data (scores) gathered from the
three groups were analyzed by using F-test (One-
Way ANOVA). Pretesting concluded that there
were no significant difference scores of academic
achievement of Earth and Space topic between
experimental groups (group 1 and 2) and control
group (F = 0.074, sig = 0.929, p > 0.05) as shown
in table 1. The same results, there was no signifi-
cant difference scores of metacognitive knowled-
ge in reading the text (F = 0.039, sig=0.962, p >
0.05) as shown in table 2.

Table 1. Pretest Mean of the Students’ Academic Achievement in Learning Earth and Space

Group N Mean SD df F value Sig
Experimental 1 35 32.84 7.86
Experimental 2 33 32.49 9.05 2 0.074 0.929
Control 35 32.16 8.58
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Table 2. Pretest Mean of Metacognitive Knowledge
Group N Mean SD df F value Sig
Experimental 1 35 26.29 5.92
Experimental 2 33 26.37 5.79 2 0.039 0.962
Control 35 26.64 7.18

The result shows that there were no sig-
nificant differences between students’ academic
achievement of Earth and Space topic and me-
tacognition knowledge of the students in reading
text before making the manipulation of the treat-
ments in this study. Therefore, post hoc Scheffe-
test was not necessary to be carried out by the
researcher.

Posttest Means of Students’ Achievement on
Earth and Space Topic

Comparisons of means in posttest between
the experimental groups (group 1 and 2) and
control group showed significant differences of
students’ academic achievement on Earth and
Space (F = 5.594, sig = 0.005, p < 0.05) as shown
in table 3.

Table 3. Posttest Means of the Students’ Academic Achievement in Learning Earth and Space

Group N Mean SD df F value Sig
Experimental 1 35 66.27 14.66
Experimental 2 33 63.07 15.32 2 5.594* 0.005
Control 35 56.67 13.60

* Significant at the 0.05 level

The result showed that integrating SQ4R
reading technique with graphic post organizers
brought the about significant difference in aca-
demic achievement in learning Earth and Space

between those three distinctive treatments. Due
to the significant difference between the three
groups were found, post hoc test by using Schef-
fe-test should be used and shown in table 4.

Table 4. Post Hoc Scheffe-test of Posttest Means of Dependent Variable 1

Dependent Group Group Mean difference si
Variable 1 ) @ (1) &
. Experimental 2 3.20 0.588
Experimental 1
Control 9.60* 0.006
Achievement score ) Experimental 1 -3.20 0.588
of Earth and Space Experimental 2
Science Control 6.40 0.092
Experimental 1 -9.60* 0.006
Control ]
Experimental 2 -6.40 0.006

*The mean difference is significant at the 0.05 level

From tabel 4, the research findings were
as follows: (1) There was no significant differ-
ence of increasing students’ academic achieve-
ment in learning Earth and Space topic between
experimental group 1 and experimental group
2 (> 0.05); (2) There was significant difference
of increasing students’ academic achievement in
learning Earth and Space topic between experi-
mental group 1 and control group ( < 0.05); (3)

There was no significant difference of increas-
ing students’ academic achievement in learning
Earth and Space topic between experimental
group 2 and control group ( > 0.05)

The result shows that the effectivity of in-
tegrating SQ4R reading technique with graphic
post organizers on increasing students’ academic
achievement in learning Earth and Space topic
was higher than that of SQ4R reading technique
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and lecturing (conventional) method. The extent
of effectiveness was shown by mean effect size =
0.69 (in effective category).

Spark Student Paper and Academic Rese-
arch Kit (2014) confirmed that SQ4R is an effecti-
ve strategy to help all students get the information
that they need from textbooks. It works for avera-
ge, learning disabled, and gifted students whether
they are in elementary school or college. There
are variations to this strategy, including SQ3R,
SRR, and PQ4R, that involve more or fewer steps.
This method can be used for reading any type of
material at any stage of the research assignment.
However, when the text does not appear to be or-
ganized according to one of the patterns or text
structures, students must create a visual they can
use to take notes while or after reading to explo-
re the relationships among the ideas in the text.
Using graphic organizers also helps students to
see connections as they construct their understan-
ding of science concepts. Using SQ4R methods
in language domains was effective to increase
students’ comprehension of the generic struc-
ture of the text and the meaning of words (Ya-
kupoglu, 2012; Raharjo, et al., 2013; Hananiel,
et al., 2015). For example, Raharjo et al.(2013)
concluded that SQ4R strategy is an appropriate
strategy to increase students’ achievement in rea-
ding comprehension of recount text. The use of
semantic and schema mapping was recommen-
ded to increase the SQ4R effectivity.

Reading comprehension of texts is a neg-
lected area in physics curricula. Rote learning is
the only one learning strategy commonly emp-
loyed by many teachers. I found that just a few
science teachers trained their students explicitly
the reading strategy and making graphic post or-
ganizers to gain deep understanding and retenti-
on. In addition, they did not intentionally mo-
del the learning strategy for developing students’
metacognition in their classroom. Many science
teachers assume that how to read textbooks mea-
ningfully for gaining comprehension and increa-
sing students’ academic achievement should be
trained by language teachers. Many are unaware
of the importance of metacognitive knowledge
development in the teaching-learning as well.
Painscar et al. (1996) stated that for students to
gain understanding, teachers need to use a variety
of reading strategies, including those that involve
manipulative, interactive, and physical materials,
to address science content in depth and avoid fo-
cusing on isolated or disconnected facts” (p.123).

Rasinki and Padak (2004) confirmed that most
students arrive at the science teacher’s classroom
knowing how to read, but few understand how to
use reading for learning science content.

Barton & Jordan (2001) confirmed that
reading is not only a crucial way for students to
learn science content, it is also an important part
of what professional scientists actually do. One
study found that scientists and engineers spend
over half of their working time reading, interpre-
ting, and producing text. Without research, there
is no science; but without communication, rese-
arch would grind to a halt. Literacy enables vital
inputs and outputs for research: read; research;
write; repeat. Armbruster et al. (1989) supported
this notion. He said that many educators contend
that when students do science, they are more en-
gaged in learning than when they read science
text. In fact, reading science text and textbooks
requires the same critical thinking, analysis, and
active engagement as performing hands-on scien-
ce activities. Science and reading have many
process skills in common. The same skills that
make good scientists also make good readers:
engaging prior knowledge, forming hypotheses,
establishing plans, evaluating understanding, de-
termining the relative importance of information,
describing patterns, comparing and contrasting,
making inferences, drawing conclusions, genera-
lizing, evaluating sources, and so on.

Students in science classrooms are given
numerous opportunities to read the text in a varie-
ty of formats and for a variety of purposes. They
read to solve a problem, understand the steps
in an experiment, gain basic knowledge about a
concept, answer their own questions, compare
their inquiry results with what others have found,
expand their basic understanding of a concept,
and for enjoyment. The reading tasks going on in
science classrooms today are quite extensive and
do complement efforts being made in schools to
improve reading achievement. However, science
teachers need to support struggling readers with
strategies that will enhance their comprehension
of science reading materials.

Posttest Means of Metacognitive Knowledge

Comparisons of means in posttest between
the experimental groups (group 1 and 2) and
control group showed significant differences of
students’ metacognitive knowledge in reading the
text ( F'=13.906, sig = 0.000, p < 0.05 ) as shown
in table 5.
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Table 5. Posttest Means of Metacognitive Knowledge

Group N Mean SD df F value Sig
Experimental 1 35 34.18 7.21
Experimental 2 33 33.07 6.65 2 13.906* 0.000
Control 35 30.12 6.82

* Significant at the 0.05 level

The results show that integrating SQ4R
reading technique with graphic post organizers
brought a significant difference in the develop-
ment of metacognitive knowledge between those

three distinctive treatments. Due to the significant
difference between the three groups were found,
post hoc test by using Scheffe-test should be used
and shown in table 6.

Table 6. Post Hoc Test of Posttest Means of Dependent Variable 2

Dependent Group Group Mea:ngiffer- Si

Variable 2 @ ) @1 &

) Experimental 2 1.11 0.734
Experimental 1

Control 4.06* 0.045
i -1.11 734

Sc.o.re of Metacog- Experimental 2 Experimental 1 0.73
nitive Knowledge Control 2.95 0.045
Experimental 1 -4.06* 0.045

Control

Experimental 2 1.11 0.734

*The mean difference is significant at the 0.05 level

From table 6, the research findings were as
follows: (1) There was no significant difference
of development of metacognitive knowledge in
reading text between experimental group 1 and
experimental group 2 ( > 0.05); (2) There was
significant difference of development of meta-
cognitive knowledge in reading text between ex-
perimental group 1 and control group ( < 0.05);
(3) There was no significant difference of devel-
opment of metacognitive knowledge in reading
text between experimental group 2 and control
group ( > 0.05).

The results show that the effectivity of in-
tegrating SQ4R reading technique with graphic
postorganizers on development of metacognitive
knowledge in reading text was higher than that
of lecturing (conventional) method. The extent
of effectiveness was shown by mean effect size =
0.48 (in effective category).

Glynn & Muth (1994) argued that SQ4R
reading techniques will be more effective if it is
integrated with graphic postorganizers made after
any reading activity. Reading and writing involve
thinking process (Tierney, et al., 1980; Ridley, et
al., 1992). Bond et al. (1995) confirmed that lear-

ning to read and reading to learn should develop
together throughout the school years. Many re-
searchers demonstrated that writing provided a
vehicle for teachers to follow students’ changes
in thinking as they moved from topic to topic
and expressed their understanding of concepts.
Students’ written ideas provided a window into
their thinking processes. Flavell (1987), a pioneer
in the field of metacognition, mentioned a num-
ber of experiences or activities that might assist
metacognitive development. Teachers in schools
may sometimes model, teach and encourage me-
tacognitive activity including reading and writing
any text.

The result showed that integrating SQ4R
reading technique with graphic post organizers
brought a significant difference in the develop-
ment of metacognitive knowledge between those
three distinctive treatments. Due to the significant
difference between the three groups were found,
post hoc test by using Scheffe-test should be used
and shown in table 6.

Thinking process involves cognition and
metacognition (Costa, 1985; Livington, 1997).
Nelson (1999) stated that cognitive strategies are
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different from metacognitive strategies. It is often
difficult to distinguish metacognitive and cogniti-
ve. There is also much debate over what metacog-
nition is. These terms are sometimes confusing.
According to Weinert and Kluwe (1987), cogni-
tive and metacognitive strategies may overlap in
that the same strategy could be regarded as either
cognitive or metacognitive depending on what
the purpose of using that strategy. Maybe some-
times one reads things slowly simply to learn the
contents (cognitive strategy); other times one rea-
ds through things quickly to get an idea of how
difficult or easy it is going to learn the content
(metacognitive strategy).

Metacognition is thinking about your thin-
king as you are thinking to improve your thinking
(Glynn & Muth, 1994). According to Flavell
(1979) in Mahdavi (2014), metacognitive know-
ledge refers to one’s knowledge or beliefs about a
person, task, and strategy variables. Metacogni-
tive knowledge can be added, deleted, or revised
through metacognitive experiences. Ertmer and
Newby (1996) described that the novice learners
don’t stop to evaluate their comprehension of the
material. They generally don’t examine the qua-
lity of their work or don’t stop to make revisions
as they go along, and are satisfied with just scrat-
ching the surface as well. They also don’t attempt
to examine a problem in depth. Novice learners
don’t make connections or see the relevance of
the material in their lives. On the contrary, expert
learners are more aware than novices of when
they need to check for errors, why they fail to
comprehend, and how they need to redirect their
efforts. Taking reading for example. We have all
experienced the phenomenon of reading a page
or a whole of the chapter in the textbook and
then realizing we haven’t comprehended a single
thing. A novice learner would go on to the next
page, thinking that merely reading the words on a
page is enough. An expert learner would re-read
the page until the main concept is understood,
or flag a difficult passage to ask for clarification
from teacher or peers later.

Several researchers offer evidence that
metacognition is teachable (Flavell, 1987; Winn
& Snyder, 1996; Kramarski & Mevarech, 2003;
Schraw, et al., 2006). For example, Schraw, et.
al. (2006) described an intervention targeted at
improving the metacognitive skills and reading
comprehension of 171 students in third and fifth
grades. Simpson & Nist (2000) emphasized that
instructors need to provide explicit instruction on
the use of study strategies. In the course of lear-
ning to read, the child gets practice in scrutinizing
messages in isolation from context, and in evalua-

ting the possible intended meanings and implica-
tions. Mitchell (2015) recommended some strate-
gies to improve students’ metacognitive skills in
the classroom. One of them is that teacher should
be a “wrapper” to increase students’ monitoring
skills. A “wrapper” is a short intervention (give a
few tips) that surrounds an existing activity and
integrates a metacognitive practice. When used
often, this activity not only increases learning but
also improves metacognitive monitoring skills.

As students become more skilled at using
metacognitive strategies, they gain confidence
and become more strategic, more independent
as learners. Independence leads to ownership as
students realize they pursue their own intellec-
tual needs and discover a world of information
at their fingertips (Abromitis, 2009). Because
learning how to learn, developing a repertoire
of thinking processes to solve a problem, is a
major goal of education, the metacognitive stra-
tegies will be a critical ingredient to successful
learning. In addition, by using metacognitive
strategies, students can truly learn. Teachers
who use metacognitive strategies can positively
impact students who have learning disabilities
by helping them to develop an appropriate plan
for learning information, which can be memori-
zed and eventually routine. As students become
aware of how they learn, they will use these pro-
cesses to efficiently acquire new information,
and consequently, become more of an indepen-
dent thinker.

CONCLUSION

It is concluded that integrating SQ4R rea-
ding technique with graphic post organizers has
an effective impact on the students’ academic
achievement of Earth and Space topic and the
development of metacognition knowledge in rea-
ding the text (mean effect size respectively 0.69
and 0.48). Reading activities of SQ4R such as
constructing graphic post organizers e.g. concept
maps, mnemonics, and any two-dimensional dia-
grams and the replete examples of their applica-
tion in the Earth and Space learning bear consi-
deration for promoting students’ metacognitive
knowledge. One of the important ideas this study
showed was that writing or constructing notes of
graphic organizers was a window for students’
knowledge changes. The integrating of two lear-
ning activities may be as a mechanism for stimu-
lating the reflection and feedback that facilitates
the increase of academic achievement and deve-
lopment of metacognitive knowledge.
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ABSTRACT

This study sought to check and evaluate whether or not thought experiments presented in the Indonesian phys-
ics textbooks can be used as tools to transfer scientific knowledge. This was a descriptive study using Indonesian
physics textbooks as the primary sources of data. In this study, we analyzed thirty (30) physics textbooks from
Grades 10 to 12 which are widely used both by teachers and students. The results showed that majority of physics
textbooks did not mention about thought experiments. Only 6 physics textbooks presented thought experiments
at a satisfactory level. The number of physics textbooks that described thought experiments in fair and poor levels
are 9 and 5 respectively. The study concludes that Indonesian physics textbooks published from 2009 to 2017
generally lack thought experiments. Many authors of these Indonesian physics textbooks ignored or inadequately
present thought experiments. Moreover, 70% of thought experiments mentioned in the physics textbooks were in
the fair and poor levels. So, in general, thought experiments presented in the Indonesian physics textbooks cannot

be used as an introduction in transferring scientific knowledge to science students.

© 2018 Science Education Study Program FMIPA UNNES Semarang

Keywords: Indonesia, physics textbook, thought experiments

INTRODUCTION

Thought Experiment (TE) in the field of
physics plays important roles in constructing
scientific theories. Many famous scientists used
TEs either to represent their views in formulating
a new theory or to show the weakness of an exis-
ting theory as well as to destroy a common the-
ory (Brown, 1986; Duhem, 1990; Reiner, 1998;
Cooper, 2005). Without TEs, the theory of rela-
tivity would not have been possible as Einstein
and Infeld (1938) argued that the ideal experi-
ments created by thought greatly helped them
in formulating the theory of relativity which is

*Correspondence Address:
E-mail: hartono.b.b@unismuh.ac.id

possible by simple methods. Due to its essential
role, some researchers have been paying attenti-
on to the TEs in the area of science education,
especially physics. There are several studies that
have explored the role of TEs in the teaching and
learning physics. For example, the study of Latte-
ry (2001) indicated that the use of TEs creates a
fruitful discussion and even helps students gene-
rate well-rationalized hypothesis for their experi-
ments. Other studies showed that TEs could imp-
rove active engagement and may help students to
mentally construct (Lattery, 2001; Klassen, 2006;
Velentzas & Halkia, 2013). Furthermore, TEs can
help the students recognize the scientific thinking
and understand physics concepts better (Gilber
& Reiner, 2000; Reiner & Gilber, 2004; Velent-
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zas et al., 2007; Ince et al., 2016). TEs can also
expose students’ hidden reasoning and improve
students’ inquiry skills through thinking proces-
ses (Clement, 2009; Kosem & Ozdemir, 2014).
Some researchers also suggest that physics teach-
ers and even in-service physics teachers familiari-
ze their students with TEs when teaching physics
at school (Reiner & Burko, 2003; Galili, 2009;
Asikainen & Hirvonen, 2014). Thus, TEs seem to
be very important especially in the teaching and
learning of physics.

Trying to understand how TEs are pre-
sented in the general physics textbooks, Gilbert
& Reiner (2000) studied and focused on three po-
pular physics textbooks. One of them, the Under-
standing Physics for Advanced Level written by Breit-
haupt was intended for 16-18 year-olds in high
schools in England and Wales. The other two,
Physics (2nd edition) written by Ohanion and Con-
ceptual Physics (7th edition) written by Hewitt are
widely used in first-year university courses in the
USA and elsewhere. The results show that the po-
pular physics textbooks often miss the opportuni-
ty to introduce TEs even though there are various
reasonable opportunities to do so. Moreover, TEs
in those textbooks often transform into thought
simulations. Gilbert & Reiner (2000) argued that
the writers of these popular physics textbooks
may not understand the actual potential of using
TEs. In fact, TEs can be a fruitful approach to
enhance students’ cognitive engagement in the
learning process.

On the other hand, Velentzas et al. (2007)
specifically investigated the presence of TEs on
the theory of relativity and quantum mechanics
in both physics textbooks and popular science
books. There were ten textbooks and fifteen po-
pular science books in their study. The physics
textbooks that they analyzed were mostly from
university books and only one Greek textbook
from high school. The popular science books
were addressed to the general public. The results
showed that the authors of both physics textbooks
and popular science books considered TEs as an
essential tool in the presentation of the theory of
relativity and quantum mechanics (Velentzas et
al., 2007).

Although there have been studies that
specifically examined TEs in physics textbooks,
most of the textbooks were for university level.
Analysis of school textbooks in relation to TEs
has not been extensively conducted by the edu-
cation community, whereas students need to be
introduced to TEs early in the school. In this
way, physics textbooks play a major role becau-

se physics teachers today still often teach physics
based on the textbook (Levitt, 2002). The school
textbooks are not only easily accessible but can
also support each student’s learning style (Ogan-
Bekiroglu, 2007). Teachers should consider that
students have their own learning style (Watson &
Thomson, 2001; Denig, 2004) as well as thinking
style (Watson & Thomson, 2001; Pintrich, 2002;
Bancong & Subaer, 2013, 2015) in order teach
physics.

Analysis of the content related to TEs in
physics textbooks would provide a good indica-
tion showing how much of TEs are taught in the
schools. In this study, we explored TEs present in
the Indonesian physics textbooks and evaluated
whether they are necessary or not to serve as a
tool to transfer scientific knowledge to students.
So, the research questions in our study were: (1)
How frequent and what kind of TEs are present
in Indonesian physics textbooks? (2) How did
the authors present TEs in Indonesian physics
textbook? (3) Can the TEs present in Indonesian
physics textbooks be used as an introduction in
transferring scientific knowledge?

METHODS

This research used the descriptive method
to describe the real situation of TEs presented in
Indonesian physics textbooks. In this study, 30
physics textbooks published and used from gra-
de 10 to 12 in Indonesia were analyzed. Physics
textbooks published by the Ministry of Educati-
on were the main focus (BSE physics textbooks).
However, the analysis also was carried out on se-
veral physics textbooks which became available
through government approval (Non-BSE physics
textbooks). According to Mukaromah & Supar-
woto (2016), there is no difference between the
contents BSE and Non-BSE physics textbooks.
The guidelines for selecting physics textbooks
were: (1) written based on 2006 Curriculum or
2013 Curriculum; (2) widely used by teachers and
students; and (3) published by well-known book
publishers.

There were eight TEs evaluated in this stu-
dy. These eight TEs were based on the content
of standards of competencies from the Indonesi-
an National Curriculum. The evaluation of TEs
was done for both 2006, and 2013 curricula since
some schools in Indonesia still use the old 2006
curriculum. The contents of TEs related to the
standard competencies from Indonesian Natio-
nal Curriculum are shown in table 1.
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Table 1. The content of TEs related to standard of competencies from Indonesian

Standard of Competencies

No Grade TEs
2006 Curriculum 2013 Curriculum
1 10 Analyzing the physical Analyzing the physical Galileo’s free fall
quantities of rectilinear quantities of rectilinear
motion with constant ve- motion with constant
locity and acceleration  velocity and rectilinear
motion with constant ac-
celeration.
2 11 Analyzing the regularity Analyzing the regularity Newton’s canon
of planetary motion in of planetary and satel-
the solar system accord- lites motion in the so-
ing to Newton’s laws. lar system according to
Newton’s laws.
Analyzing the changes in Analyzing the changes in Maxwell’s demon
the ideal gas state by ap- the ideal gas state by ap-
plying the laws of ther- plying the laws of ther-
modynamics modynamics
3 12 Formulating the special Explaining the phenom- Galileo’s relativity, Ein-

theory of relativity for
time, length, and mass,
as well as equality of
mass and energy that can
be applied in technology

enon of changes in the
length, time, and mass
associated with reference
frame, equality of mass
and energy in the special
theory of relativity

stein’s chasing a light
beam, Einstein’'s mag-
net and conductor, Ein-
stein’s train, Einstein’s
twin paradox

In order to analyze the textbooks, Niaz et
al. (2013) used three classifications: satisfactory,
mention, and no mention. If the textbook provi-
des information in detail, it becomes “satisfacto-
ry” classification, while if the textbook provides
information in semi-detail, then it is “mention”
classification. In our views, the classification of
mention is too general and widespread. Therefo-
re, we divided the classification of mention into
two sub-categories: fair and poor. So, there are
four classifications used in this study: satisfactory,
fair, poor, and no mention.

The three criteria we used to classify TEs
in physics textbooks were: (1) background; (2)
performance; and (3) results. These criteria are
related to each other in conducting TEs. In our
opinion, the existence of performance and results
without a background would cause students not

know the history of TEs. Similarly, the existence
of background and results without performance
will cause the students do not recognize what
TEs are. So, the following classifications used to
analyze TEs in the Indonesian physics textbooks
were: satisfactory — if TEs in physics textbooks
meet all the criteria; fair — if TEs just meet two
criteria; poor — if only one of the criteria is provi-
ded in the physics textbooks; and no mention — if
the physics textbooks did not mention TEs at all.

RESULTS AND DISCUSSION

The analysis on TEs presented in the In-
donesian physics textbooks resulted in three
groups based on the grade. Table 2 shows the
results of TEs for Grade 10.

Table 2. The Results of TEs in the Indonesian Physics Textbooks for Grade 10

Indonesian Physics Textbooks

No. TEs

Al A2 A3

A4 A5 A6 A7 A8 A9 A10

1 Galileo’s free fall F S F

P N N N P N S

S: Satisfactory; F: Fair; P: Poor; N: No Mention
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Galileo’s free fall

It is clear that only two of ten physics tex-
tbooks present the ideas of Galileo’s free fall at
the satisfactory level as shown in Table 2. In tex-
tbook A2, the author presented the background
and performance of Galileo’s free fall about the
feather, and the paper dropped in a vacuum tube.
The author presented the TE by assuming these
objects will reach the bottom of the vacuum tube
at the same time. The following is an example of
TE of Galileo’s free fall at the satisfactory level as
shown in textbook A2.

Before Galileo’s time, the most of the people believed in Aris-
totle’s ideas that heavier objects would fall faster than lighter
objects. In other words, the speed of falling an object is pro-
portional to its weight. Galileo then opposed that idea and
declared that all objects would fall with the same acceleration
in the absence of air or other obstacles....... To strengthen his
argument, he gave an ingenious experiment. Imagine in the
space where air has been sucked, light objects such as feathers
or a piece of paper held horizontally will fall with the same
acceleration as other heavy objects. As we know that demon-
strations in a vacuum like this did not exist in Galileo’s time.
Nevertheless, Galileo believed that air acts as an obstacle to
very light objects that have a large surface...... The results of
this experiment show that all objects will fall with the same
constant acceleration. For an object that falls from the rest, the
distance traveled will be proportional to the square of time, h
= ¥ (Sumarsono, 2009: 45-46)

Table 2 also shows two physics textbooks
at the fair level. The authors presented Galileo’s
free fall in two ways. First, the authors explained
the background and results of Galileo’s free fall
but did not provide the performance of that TE.
Second, the authors explained the performance
and result of Galileo’s free fall but did not provi-
de its background. Therefore, they cannot be used
as an introduction in transferring scientific kno-
wledge to students with the loss of one of three
satisfactory criteria of TEs. The following is an
example of TE of Galileo’s free fall at the fair le-
vel as shown in textbook Al.

In Aristotle’s day, people believed that falling objects would
take time depending on the mass of the object. Aristotle ar-

gued that objects with a larger mass would reach the ground
more quickly. This view is still widely considered true by to-
day’s society who do not understand it. Yet this view of Ar-
istotle has been opposed by Galileo (1564-1642). He was a
scientist who opened a new view of the importance of experi-
menting..... Galileo has conducted experiments on an object
in the free fall. The results show that the time needed by falling
objects does not depend on its mass but depends on the height.
Is Galileo’s view correct? The truth can be proven by your
own experiment or mathematically.

1
h ='|ru.t+Egt'

2
h=0+37gt7

(Handayani & Damari, 2009: 65)

Furthermore, two physics textbooks were
describing Galileo’s free fall at the poor level. In
this level, the authors just described the result of
Galileo’s free fall without background and perfor-
mance. Clearly, they cannot be used as an intro-
duction to transport scientific knowledge due to
the lack of the background and performance.
Sadly, 40% of physics textbooks failed to present
TE of Galileo in describing the theory of free fall.
These physics textbooks provide free-fall equa-
tions with a few explanations.

Newton’s Canon and Maxwell’s Demon

Table 3 shows the result of TEs analysis
in physics textbooks for Grade 11. It is clear that
the physics textbooks did not mention Newton’s
canon and Maxwell’s demon. In fact, there could
have some opportunities to introduce them. For
example, TE of Maxwell’s demon can be intro-
duced to support the molecule-kinetic theory
and the second law of thermodynamics. This
Maxwell’s demon produced several conclusions
that support the gas kinetic theory, and the se-
cond law of thermodynamics thus making these
theories becomes more logical.

Table 3. The Results of TEs in the Indonesian Physics Textbooks for Grade 11

Indonesian Physics Textbooks

No. TEs
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10
1 Newton’s canon N N N N N N N N N N
2 Maxwell’s demon N N N N N N N N N N

S: Satisfactory; F: Fair; P: Poor; N: No Mention
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Galileo’s Relativity

There are two physics textbooks that desc-
ribe the Galileo’s relativity at the satisfactory level
as shown in Table 4. In textbook C9, for example,
the authors gave a brief background of Galileo’s
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relativity then presented it in the form of a child
riding a cart of constant speed, and throwing the
ball vertically up. The authors illustrated the tra-
jectory of the ball based on two observers in diffe-
rent reference frames as shown in figure 1.

s
v /’ Ny
iy
A r‘ V‘ \\
ZEFey =
)

@

Figure 1. The difference of trajectory of two observers in different reference frames, (a) a reference
frame with constant velocity (b) a silent reference frame (Sunardi et al., 2016)

Finally, the authors described the results
of Galileo’s relativity in the form of mathema-
tical equations with some explanations. This is
an example of TEs at the satisfactory level where
there are the background, performance, and re-

sults of TEs. However, there are still three TEs
presented at the fair level and half of the physics
textbooks analyzed did not mention the idea of
Galileo’s relativity when explaining the theory of
relative speed.

Table 4. The results of TEs in the Indonesian physics textbooks for Grade 12

Indonesian Physics Textbooks

No TEs
Cl C2 C3 C4 C5 C6 C7 C8 (C9 cC10
1 Galileo’s relativity F N S F N F N N S N
2 Einstein’s chasing a light beam N N N N N N P N N N
3 Einstein’s magnetandconductor N N N N N N N N N N
4 Einstein’s train N N P N P P N N N S
5 Einstein’s twin paradox S N P N N N P N P N

S: Satisfactory; F: Fair; P: Poor; N: No Mention

Einstein’s Chasing a Light Beam

Einstein’s chasing a light beam was the
first TEs by Einstein in constructing the theory of
relativity. This TE aims to test Maxwell’s theory
indicating a light wave in a vacuum that always
propagates at the same speed with respect to the
ether. Einstein then gives his TE as follows.

“If I pursue a beam of light with the velocity ¢ (velocity of
light in a vacuum), I should observe such a beam of light as
an electromagnetic field at rest though spatially oscillating.
There seems to be no such thing, however, neither on the basis
of experience nor according to Maxwell’s equations” (Ein-
stein, 1949:53)

In this TE, Einstein assumed that the speed
of light would be 0 when the observer is able to
catch the light. Similarly, a water skier will see a

stationary wave of water when he is able to move
with the water. The results of this TE emphasize
that light propagates in a vacuum without a me-
dium like a bullet fired from a rifle. Therefore, the
speed of light is not always constant but depends
on the reference frame of the observer.

However, none of the physics textbooks
above described TE of Einstein’s chasing a light
beam at the satisfactory level. Unfortunately, this
TE is very potential to be explained at the be-
ginning of the relativity theory showing that the
speed of an object is not absolute but depends
on the observer’ reference frame. If an observer
and an object like light move together in the same
speed and direction, the speed of light according
to the observer is 0. However, if the observer is at
rest, then the speed of light is C. This is contrary
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to Maxwell’s theory of electrodynamics stating
that the speed of light is always equal to C in all
reference frames.

Einstein’s Magnet and Conductor

None of the physics textbooks mentioned
TE of Einstein’s magnet and conductor as shown
in Table 4. Although most physics textbooks
described two postulates of Einstein, there was
no detailed explanation of how these postulates
were obtained. Worse yet, there were physics
textbooks that stated both Einstein’s postulate
based on the experiment of Michelson-Morley
and had misrepresented Einstein’s history of
constructing the theory of relativity. In fact, both
Einstein’s postulates (the relativity postulate and
the velocity postulate) were obtained through TE
of Einstein’s magnet and conductor as Einstein
pointed out.

“... We will raise this conjecture (the purport of which will
hereafter be called the “Principle of Relativity”) to the status
of a postulate, and also introduce another postulate, which is
only apparently irreconcilable with the former, namely, that
light is always propagated in empty space with a definite ve-
locity ¢ which is independent of the state of motion of the
emitting body. These two postulates suffice for the attainment
of a simple and consistent theory of the electrodynamics of
moving bodies based on Maxwell’s theory for stationary bod-
ies” (Einstein, 1920)

Einstein’s Train

Only one of the physics textbooks presents
TE of Einstein’s train at the satisfactory level. In
textbook C10, the authors showed the contradic-
tion of Einstein’s postulate then gave TE to sup-
port that contradictory. Here is an excerpt from
TE’ performance in physics textbook C10.

What if a train is moving with a speed of 0.6¢ and emitting
a beam of light with a speed of ¢? According to the observer
at rest in the station, the speed of light is 1,6¢c. This result is
contrary to Einstein’s light postulate that stated the speed of
light remains c for all observers, does not depend on the state
of motion of the observer or the source (Subagya, 2017)

Table 4 also shows 30% of physics tex-
tbooks present the idea of Einstein’s train at the
poorlevel. In this level, two physics textbooks only
presented the result of Einstein’s train without
any background and performance. There was
also a physics textbook that described the perfor-
mance of Einstein’s train by changing the content
of TE, such as a train converted to an airplane.

Einstein’s Twin Paradox

Only one of the physics textbooks presents
TE of Einstein’s twin paradox at the satisfactory
level. In textbook C1, the authors described the
background of Einstein’s twin paradox as a result
of time dilation, followed by the performance of
twins, one wanders into space, and another settles
on the earth. Over the years, they meet again but
with different ages. The authors then described
how to calculate their ages as the results of that
TE. So, TE of Einstein’s twin paradox becomes
satisfactory because there were background, per-
formance, and results.

In addition, there were two ways how the
authors presented the Einstein’s twin paradox.
First, the authors presented it in the form of
problem-solving. Obviously, there was no backg-
round and experimental result. So, TE becomes
poor level. Second, Einstein’s twin paradox was
presented in the form of project assignment.
Here, students reviewed some literature related
to Einstein’s twin paradox and presented it in
the classroom. The following is an example of
Einstein’s twin paradox in the problem-solving
form as shown in the textbook C7.

There are two twin babies, A and B. Baby
A remains to be rest on the earth and baby B is
taken away to the spacecraft at velocity 0.95 c.
(a) If B is 20 years of old, how much old does A
have? (b) If A is 20 years of old, how much old
does B have? (Purwanto, 2009)

Based on the analysis of eight TEs in phy-
sics textbooks published and used in the Indone-
sian high schools today, it is clear that only a few
physics textbooks introduced the idea of TEs as
shown in Table 5. Only 20% of physics textbooks
present Galileo’s free fall and Galileo’s relativity
at the satisfactory level, and half of them did not
mention Galileo’s TEs.

For TE of Einstein’s chasing a light beam,
90% physics textbooks did not mention it. Yet as
it was mentioned earlier, this is the first TE by
Einstein and became part of the special theory
of relativity. TE of Einstein’s train and Einstein’s
twin paradox are described only by one physics
textbook at the satisfactory level. Similarly to
Einstein’s train, 60% physics textbooks did not
mention Einstein’s twin paradox. Sadly, three
TEs (i.e., Newton’s canon, Maxwell’s demon,
Einstein’s magnet and conductor) were not men-
tioned in the Indonesian physics textbooks despi-
te many opportunities to introduce them.
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Table 5. The classification of TEs in the Indonesian physics textbooks

- - Classification
No Mention Poor Fair Satisfactory
1  Galileo’s free fall 4 2 2 2
2 Newton’s canon 10 0 0 0
3  Maxwell’s demon 10 0 0 0
4  Galileo’s relativity 0 3 2
5 Einstein’s chasing a light beam 9 1 0 0
6  Einstein’s magnet and conductor 10 0 0 0
7  Einstein’s train 3 0 1
8 Einstein’s twin paradox 3 0 1

Table 5 also shows that there are nine TEs
presented at the poor level and five at the fair le-
vel. In other words, 70% of TEs mentioned in
Indonesian physics textbooks are at the fair and
poor levels. In these levels, TEs cannot be used as
tools to teach science knowledge due to lacking
of background, performance, or results. These
three elements are interrelated to each other in
presenting the ideas of TEs. The presence of per-
formance and results without a background will
cause students not understand the history of TEs.
Similarly, the presence of background and re-
sult without performance will cause students not
know what TEs are. So, in general, TEs presented
in the Indonesian physics textbooks cannot be
used as an introduction in transferring scientific
knowledge to science students.

Although several studies emphasized the
importance of TEs in teaching and learning of
physics (Lattery, 2001; Klassen, 2006; Velentzas
& Halkia, 2013; Kosem & Ozdemir, 2013; Ince
et al., 2016) most physics textbooks published
and used in Indonesia did not present the ideas
of TEs. Moreover, some physics textbooks are
wrong in presenting the history of physics. For
example, Einstein proposed his two postulates
based on the results of the Michelson-Morley’s
experiment. This is not true because the two
postulates of Einstein were based on the TE of
Einstein’s magnet and conductor. This is similar
to study of Franklin (2016) that checked the his-
torical accuracy of three experiments in physics
(i.e., Robert Millikan’s experiment, Michelson-
Morley’s experiment, and Ellis-Wooster’s expe-
riment). He found that many physics textbooks
present an inaccurate history. Therefore a good
teacher should be critical of what textbooks offer
regarding learning and teaching of physics. Phy-
sics teachers are the decision-makers in choosing
excellent textbooks for themselves as well as for
their students. Teachers must have the ability in

conducting learning evaluation (Yusrizal et al.,
2017) and textbooks evaluation. For that rea-
son, physics teachers must be really selective in
choosing the textbooks as a guide in teaching the
scientific knowledge to their students.

The absence of TEs in physics textbooks
limits both teachers and students’ to understand
how scientific knowledge is built, developed, and
maintained by scientists. Recently, Myhrehagen
& Bungum (2016) reported the results from the
project ReleQuant on how Norwegian physics
students in upper secondary schools interpret the
TEs. They argued that the lack of knowledge of
TEs’ history limited students’ understanding of
the physics concepts associated with it. Valentzas
et al. (2007) also argued that students seemed to
enjoy the story when learning the theory of re-
lativity and quantum mechanics. The history of
TEs presented attractively can spark students’ in-
terest in learning the concepts and principles of
physics. Thus, it is necessary to teach TEs in his-
torical perspective where there is a background,
performance, and result of TEs.

TEs presented in historical perspective can
be one of the most accurate tools in transferring
scientific knowledge to students in the schools. It
may help explain the physics concept more clear-
ly and in detail. Further study is needed to design
learning material that can accurately present TEs
in physics. Collaboration between physics edu-
cators, historians, and philosophers of physics
would be very useful both for making historical
and epistemological roots of teaching TEs accu-
rately and interestingly.

CONCLUSION

This study shows that physics textbooks
published from 2009 to 2017 in Indonesia general-
ly lack TEs. None of the physics textbooks men-
tions TEs of Newton’s canon, Maxwell’s demon,
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and Einstein’s magnet and conductor despite the
fact many opportunities could have introduced
them. Only one physics textbook mentions TE of
Einstein’s chasing a light beam. Similar to TE of
Einstein’s train, Einstein’s twin paradox was desc-
ribed by just one physics textbook at a satisfactory
level. TE of Galileo’s free fall and Galileo’s re-
lativity are described satisfactorily only by two
physics textbooks.

The dissatisfaction of TEs in physics tex-
tbooks may be due to the fact that the authors
have not realized the importance of TEs in the te-
aching and learning of physics. Many authors of
the Indonesian physics textbooks ignored or ina-
dequately presented TEs. Moreover, some of TEs
were introduced in the form of problem-solving,
essays, and even project assignments resulting in
the loss of background and experimental results.

Finally, 70% of TEs mentioned in physics
textbooks in Indonesia are at the fair and poor le-
vels. So, in general, TEs presented in the Indo-
nesian physics textbooks cannot be used as an
introduction in transferring scientific knowledge
to science students.
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ABSTRACT

This study aimed to determine the impact of the integration of engineering design process (asking, imagining,
planning, creating and improving) in an electrical & magnetism module to improve problem-solving skills in
physics among secondary school students in Aceh, Indonesia. The quasi-experimental study was carried out with
82 form three (age 15 years old) students of a secondary school in Aceh Besar, Indonesia. The first author had
randomly chosen two classes as the experimental group and two other classes as the control group. Independ-
ent samples t-test analysis was conducted to determine the difference between the physics teaching and learning
module which integrated the five steps of engineering design process and the existing commonly used science
“Pudak” teaching and learning module. The results of the independent samples t-test analysis showed that the
use of the physics teaching and learning module which integrated the five steps of engineering design process was
more effective compared to the use of the existing “Pudak” module in increasing the students’ skills in solving
physics problems. The findings of the study suggest that the science learning approach is appropriate to be ap-
plied in the teaching and learning of science to enhance science problem-solving skills among secondary school
students. In addition, it can be used as a guide for teachers on how to implement the integration of the five steps
of engineering design process in science teaching and learning practices.
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INTRODUCTION

Science is an organized knowledge that is
verifiable based on observations and experiments.
It involves analyzing a phenomenon systemati-
cally and objectively for creating new knowledge
that can be trusted (Johari et al., 2007; Maloney
et al., 2001; Nikkhah, 2011). Science can also be
interpreted as a way of thinking in solving a prob-
lem (Zurida et al., 2006). It involves the observa-
tion of an occurred phenomenon, predicting in a
controlled manner what might happen, trying to
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construct meaning from observation, and sharing
knowledge with others. Problem-solving skills in
science teaching and learning is an objective of
science learning that is expected to be acquired
by students so that they can apply scientific kno-
wledge to the real world meaningfully (Kirkley,
2003; Lim, 2000).

In the Indonesian curriculum, science edu-
cation is used as a comprehensive effort to uplift
the lives of the people by improving their quality
of life to create a society that has knowledge and
problem-solving skills so that they can develop
themselves as useful citizens (Evi, 2010; Wido-
wati et al., 2017). Similarly, in various studies on
scientific creativity, problem-solving skills were
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also used as an aspect of scientific creativity of
students in science teaching and learning (Hu &
Adey, 2002). Scientific creativity in teaching and
learning of science is a skill to understand scien-
ce concepts and to use them to solve problems in
creative ways (Hu & Adey, 2002; Laius & Ran-
nikmae, 2011).

Students are generally aware that scien-
ce is a difficult subject when they are asked to
solve problems. Although many students say
that they understand the science concepts, they
face difficulties when asked to solve problems in
science (Lim, 2000). Problem-solving involves
various metacognitive strategies to enable stu-
dents to understand how they think and explore
the various methods to solve problems in science
(Halim et al., 2016; Lee 2007; Seth et al., 2007).
For students to solve various problems in science
effectively, appropriate teaching approaches are
needed. Teachers should not only implement te-
aching that is limited to remembering formulas
and skills to carry out mathematical operations.
The teachers should teach the science concepts
by emphasising the right steps and familiarising
the students by checking their work and under-
standing of the concept through a constructivist
and contextual approach to enable students to
learn and solve science problems (Heson, 2004;
Seth et al., 2007).

In the implementation of science teach-
ing and learning, teachers still emphasise memo-
risation of facts rather than focusing on scientific
methods or scientific inquiry (Sopiah et al. 2009).
Teachers need to use teaching methods which
are aided by media and laboratory activities (Hu-
sin et al., 2015; Sulistyanto & Rusilawati, 2009).
Some teachers were found to perform practical
work when teaching science; however, it is not
based on a constructivist and contextual approa-
ch in which the emphasis is to improve students’
metacognition to facilitate their skills in problem-
solving which may not be well developed yet
(Seth et al., 2007).

Contextual and constructivist teaching
such as practical work and hands-on activities
can enhance students’ problem-solving skills.
Accordingly, this can be implemented through
the application of engineering design process
in science teaching and learning (Cantrell et al.
2006; Henson, 2004; Schnittka, 2009). Teaching
and learning of science based on engineering de-
sign process is an approach that can better train
the process of thinking. By following learning ac-
tivities based on engineering design, students will
learn how to analyse the situation and gather the
relevant information, define the problems, evalu-

ate and generate ideas creatively, develop ideas to
solve problems effectively, as well as assess and
make improvements to the solution. This is in
line with the function and purpose of learning
science itself, which is to develop scientific at-
titude through practical and scientific activities
among students (Istikomah et al., 2016; Widowa-
tietal., 2017).

Engineering design process has been re-
ported by many studies to increase achievements
in science teaching and learning, such as mastery
of science concepts (Apedoe et al., 2008; Meha-
lik et al., 2008; Riskowski et al., 2009; Schnitt-
ka, 2009), interest and attitude towards science
(Apedoe et al., 2008; Mehalik et al., 2008; Ro-
gers & Portsmore, 2004), and to improve techni-
cal skills among students (Schnittka, 2009; Syu-
kri et al., 2017). However, the skills of scientific
problem-solving have not yet been reported in
many studies. Thus, to demonstrate empirical-
ly how engineering design process can improve
science problem-solving skills compared to exis-
ting teaching approaches, the researchers have
integrated the steps of engineering design process
into a science teaching and learning module. The
impact of integrating the engineering design pro-
cess in the module on students’ science problem-
solving skills was then compared to the existing
“Pudak” science teaching and learning module.

Engineering design process as an approach
to science teaching and learning in this study is a
part of problem-based learning (Schnittka, 2009).
Problem-based learning is an active learning
strategy that is based on the theory of construc-
tivism (Piaget, 1957; Vygotsky, 1978). The theo-
ry of constructivism and the engineering design
process have the same goal, namely encouraging
students to think and generate ideas or create in-
novative products based on existing knowledge
and reasoning about everyday problems (Cun-
ningham, 2007; Schittka, 2009). In this study, the
theory of constructivism was used as the basis of
integration of the five-steps engineering design
process in the teaching and learning process in
the classroom.

Problem-based learning and engineering
design-based learning both begin with a science
problem (Fortus et al., 2005; Schittka, 2009). The
engineering design process approach is a prob-
lem-solving activity through the development of
an idea or product that requires creative thinking
in a systematic way, and assessment with the ob-
jective of arriving at the product itself (Eide et
al., 2012; Haik, 2003; Hyman, 1998). Based on
ABET (Accreditation Board for Engineering
and Technology), engineering design processes
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activities can be divided into nine activities, na-
mely: (1) recognising the need; (2) defining the
problem; (3) planning the project; (4) gathering
information; (5) conceptualising alternative ap-
proaches; (6) evaluating the alternatives; (7) selec-
ting the best alternatives; (8) communicating the
design; and (9) implementing the preferred ap-
proach (Hyman, 1998). However, these nine ac-
tivities in the ABET model can change according
to the purpose and context to be studied. Usually,
the researchers will focus on some activities only
in line with the goals and objectives of the study
(Haik, 2003; Hyman, 1998). Various studies in-
volving integration of engineering design process
in teaching and learning activities have taken the
nine steps of activities in the ABET model and
modified it to become a five-step learning activity,
involving asking, imagining, planning, creating,
and improving (Cunningham, 2007; Mehalik et
al., 2008; MoS, 2012; Schittka, 2009; Wendell,
2011).

In line with the theoretical basis of this
study, Becker and Park (2011) through a meta-
analysis study involving various engineering de-
sign process studies conducted in teaching and
learning found that generally, the integration
leads to the implementation of teaching and lear-
ning characterised by constructivism. To imple-
ment the learning in each step of the engineering
design process, students would still need guidance
from the teacher on how they can carry out each
step of the engineering design process effectively.
Following the philosophy that learning is an acti-
ve process, students construct their own meaning
from the experience provided by the teacher. To
ensure that students can build their own under-
standing through the five steps of engineering
design process, teachers were asked to carry out
the teaching process in phases according to the
theory of constructivism by Needham, namely:
orientation phase, phase of inducing ideas, phase
of restructuring ideas, phase of ideas usage, and
reflection phase (Needham, 1987).

Needham (1987) describes that in
constructivist learning, teachers have different
objectives that are to be achieved for each phase.
The orientation phase aims to stimulate interest
and provide a meaningful context for learning.
The inducing idea phase is aimed at enlightening
students about their initial ideas on the studied
phenomenon. The phase of restructuring ideas
aims to make students aware of the views of the
phenomenon that they are studying, and students
can extend, modify or replace their initial views.
The phase of idea usage aims to use new situa-
tions to reinforce the ideas that students have

built. The phase of reflection aims to make stu-
dents aware of changes in their initial ideas. The
fifth phase is subsequently used as a guideline or
approach in assisting teaching and ensuring that
students apply each step of the learning activities
according to the five-step engineering design pro-
cess (ask, imagine, plan, create, & improve).
Teachers play different roles throughout
the five phases of Needham’s constructivism,
and teachers need to provide help to ensure that
students would be able to carry out the five steps
of the engineering design process. In the asking
step, teachers conduct the orientation phase, in-
ducing the idea, and restructuring the idea. Te-
achers show students an everyday science pheno-
menon and direct them to make a connection
with the science concepts that are being studied.
The connection between new problems with stu-
dents’ existing knowledge will improve students’
ability to synthesise the problem (Mehalik et al.
2008). In the imaging step, teachers go through
the phase of restructuring the idea and provide
active learning activities such as hands-on acti-
vities. Through existing and new knowledge of
science concepts, students are directed to carry
out some hands-on activities related to the pre-
vious asking step of the scientific phenomenon
problem-solving. In order to solve the problem,
students would certainly need skills based on kno-
wledge and understanding of science concepts. In
the planning step, teachers go through the phase
of idea usage and direct students to the idea of
designing a solution in the form of a graph that
students imagined in the previous activity. In or-
der to plan a solution according to the scientific
concept, the student’s knowledge and understan-
ding of the science concept and problem must be
strong. The plan produced in this activity can be
applied in the form of a real science technical pro-
duct design in the next creating step activity. In
designing the product in the creating step, teach-
ers also implement the idea usage phase which
directs students to apply the science technical
product design to the exact form of the plan they
have designed. If the planned step was previously
made only in the form of a graph or a diagram,
then in the designing step activities, students run
the application in the form of technical products
to solve problems in science which are based on
the science concept. In the improving step, teach-
ers implement the reflection phase which directs
students to assess the strengths and the weaknes-
ses of the science technical products that have
been produced. Although the evaluation is based
on the various aspects of the activities such as
form, function, and use, the main focus is on the



M. Syukri, et al. / JPII 7 (1) (2018) 66-75 69

assessment of the product’s technical aspect and
compliance with the scientific concept of the stu-
dy. After the technical products’ weaknesses have
all been identified, students are required to make
improvements to the weaknesses. Every student
activity in each step of the engineering design
process is expected to result in problem-solving
skills among students (Cantrell et al., 2006; Haik,
2003).

The order of the steps in the application
of the five steps approach of engineering design
process is not rigid. The processes of the enginee-
ring design activities are cyclical; it can begin at
any step and move forward or backward. Howe-
ver, to enable students to apply the five steps, such
activities are carried out in sequence starting from
the asking step; this is so that However, to enable
students to apply the five steps, such activities are
carried out in sequence starting from the ask step.
This would enable the students to easily under-
stand the steps and follow the steps according to
the engineering design process model (Cunning-
ham, 2007; MoS, 2012). From the descriptions of
each step of the above activities and the findings
of various studies, the integrated engineering de-
sign approach could be implemented in the teach-
ing and learning of science. It can be concluded
that the selection of engineering design process as
an approach to the science teaching and learning
module is appropriate.

In line with the purpose of the study,
students are expected to acquire the science skills
after they have implemented the five steps of the
engineering design process. The science problem
skills in this study are the dependent variable used
to determine the impact of the science teaching
and learning module that was built based on the
five steps of engineering design process and was
taught using Needham'’s five phases of construc-
tivism. Science problem-solving skills refer to
the ability of students to solve problems based
on science concepts that are learned. In general,
problem-solving is a thinking skill that combines
critical and creative thinking skills to get the in-
formation and ideas to solve science problems
using a creative and scientific method Therefore,
this study, through a quasi-experimental method,
was aimed at determining whether there are any
significant differences in students’ science prob-
lem-solving skills among students who used the
treatment module and those who used the exis-
ting “Pudak” module.

METHODS

The effectiveness of the teaching and lear-
ning module of this study in relation to the exis-
ting teaching and learning module on students’
science problem-solving skills was compared
through a quasi-experimental design. The study
was carried out in one junior high school in Aceh
Besar. The school was selected from 47 schools
which conduct science activities through purposi-
ve sampling method. In this selected school, two
classes were randomly selected (simple random
sampling) as the experimental group and two ot-
her classes as the control group. The experimen-
tal group practiced the electric & magnet module
which was on electricity and magnetism, while
the control group used the existing science teach-
ing and learning module that are commonly uti-
lised in Aceh on the same two topics.

The science teaching and learning mo-
dule used in this study integrated the five steps of
engineering design process. The five steps of en-
gineering design process are the modified version
of the nine steps of engineering design activities
(Hyman 1998) that have been adopted in various
studies in science education (Cunningham, 2007,
Mehalik et al., 2008; MoS, 2012; Schittka, 2009;
Wendell, 2011). The five steps of the engineering
design activities are asking, imagining, planning,
creating, and improving.

Before the students embarked on the first
step which is asking, they were given a scenario
about a student who wanted to make a science
technical product that could generate electricity
from a fan. In the process of designing the pro-
duct, the student in the scenario needed help to
make the science technical product that could
produce electrical energy based on the concepts
of electricity and magnetism. Briefly, in each step
of the engineering design, the students in the ex-
perimental group had to carry out the learning
activities as follows: (1) in the ask step, the stu-
dents explored the problem and figured out how
to create a product that does not use electricity or
"free electricity energy” based on the knowled-
ge of science concepts they had learned; (2) in
the imagining step, the students had to think and
imagine the science technical product to solve
the science problem of "free electricity energy”.
Three hands-on activities on the science concepts
were prepared for the students to assist them in
thinking and imagining the possible solutions
in creating the science technical product; (3) in
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the planning step, the students designed possible
solutions in the form of diagrammatic solutions
which they had imagined in the previous activity;
(4) in the creating step, the students developed
the science technical products to the exact form
of the plan which they had created for solving
the science problem of ”free electrical energy”;
and (5) in the improving step, the students made
improvements to the science technical products
which they had developed based on the weak-
nesses and shortcomings that were identified by
the teachers and students in the other groups. Fi-
nally, after going through the steps, the students
would be able to produce a science technical pro-
duct that could change the rotation of the fan into
electrical energy based on the scientific concepts
of electrical & magnetic fields. Each step in the
engineering design process which was integra-
ted with the electric and magnetism module was
validated by three experts; an expert in physics
concepts, an expert in teaching and learning mo-
dule development, and an expert in engineering
design process. Changes were made accordingly
based on the recommendations made by the ex-
perts.

The existing science teaching and learning
module that is commonly used in Aceh is "Pu-
dak”. This module is a module of science teach-
ing and learning that combines the information
in the science textbooks with laboratory activi-
ties. The "Pudak” module is used in the process
of teaching and learning either simultaneously or
after students have been taught the theories and
concepts from the science textbooks. The “Pu-
dak” module derived its name from the name of
the publisher or company that published the lab
activity module. Generally, the "Pudak” module
begins with the teaching of the science concept
from the science textbook. After that, the students
are directed to carry out the laboratory activities
by following the steps provided in the module.
Generally, the activities in the module are divided
into three activities, namely, the explanation of
the purpose and objectives, description of equip-
ment/ materials, instruction on the steps of de-
signing, and conclusions about the observations
of the results.

The procedure of this quasi-experimental
study i.e. to compare the teaching and learning
of the science module was divided into four pha-
ses, namely: Phase 1: making a preliminary stu-
dy and making plans for the construction of the
module and the instrument; Phase 2: building
the research module and instruments; Phase 3:
determining the validity of the research modu-

le, conducting the pilot study, and improving the
module and the instrument; Phase 4: conducting
information dissemination and training sessions
for the teachers to implement the module and
carry out the actual study; Phase 5: carrying out
the evaluation of the effectiveness of the modu-
le used by the quasi-experimental group and the
control group.

To determine the effectiveness of both
module in improving problem-solving skills in
science, the first author used ten science problems
in the form of objective questions related to the
topic of electricity and magnetism. Each questi-
on tested the students’ understanding and skills
about the concepts of electricity and magnetism
and application of these concepts to solve scien-
ce problems in students’ everyday lives. The ten
science questions were formulated by adapting
the problems of electrical & magnetic fields from
various science textbooks into science problems
in the students’ everyday lives. One of the given
science problems is as follows:

“During physics learning in school, Fatin and
Fatan had been taught about the concept of electromag-
netic induction. The teacher taught that the changes of
magnetic force lines will be able to produce electric cur-
rent. To prove the concept, Fatin and Fatan connected
two magnets, electrical wires and a galvanometer, as
shown in Figure 17,

Figure 1. Connection of Two Magnets, Electrical
Wires and a Galvanometer

However, Fatin and Fatan were still wor-
ried that their hand movements would induce an
emf (electric current). According to your know-
ledge, the direction of the right hand to produce
induction (electric current) is...”

To determine the validity and reliability
of the instrument, the first author gave the instru-
ment to two experts and also carried out a pilot
study with 38 students. The results of the pilot
study analysis by using the Kuder-Richardson 20
(K-R 20) formula showed that the reliability (r)
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was 0.73. The value of r showed that the science
questions were acceptable and reliable (Ridwan,
2010).

The inferential statistical analysis of inde-
pendent samples t-test was conducted before and
after treatment to determine the effectiveness of
the teaching and learning module on the science
problem skills of the students in the experimen-
tal group and the control group. An independent
samples t-test before treatment was conducted to
determine whether the level of skills among the
students in the quasi-experimental group and the
control group were equivalent. An independent
samples t-test was conducted after the treatment
to determine the level of science problem-solving
skills between the groups of students using the
study’s teaching and learning module and stu-
dents who used the existing module. The before

Table 1. Student Profiles Based on Groups

and after treatment independent samples t-test
was also used to test the two null hypotheses (HO)
in this study: H 1: There are no significant diffe-
rences in science problem skill level between the
quasi-experimental group and the control group
in the pre-test; and H 2: There are no significant
differences in science problem-solving skills level
between the quasi-experimental group and the
control group in the post-test.

RESULTS AND DISCUSSION

A total of 82 students were involved in
this study, of which 40 were in the experimental
group and the other 42 in the control group. The
profiles of students involved in the quasi-experi-
mental group and the control group are shown in
table 1.

Background

Experimental group

Control group

40 students
Class IXB : 22
Class IXD: 18

No. of students

Gender 24 males
Class IXB : 12
Class IXD : 12
16 females
Class IXB : 10
ClassIXD : 6
Form Three

Teaching and learning

42 students
Class IXA : 20
Class IXC : 22

22 males
Class IXA : 10
Class IXC: 12
20 females
Class IXA : 10
Class IXC : 10

Three

Using science teaching and learning Using the commonly used “Pudak”

module based on engineering design. module.

To identify the level of science problem
solving skills in both groups of students and also
to meet the assumption that students of both
groups were equivalent, all students were asked
to solve ten multiple-choice context-based science

questions. The results of the descriptive analysis
of the mean score, the students’ responses, and
the level of science problem solving skills of both
groups are shown in table 2.

Table 2. Mean Score, Standard Deviation, and the Level of Science Problem Solving Skills for both

Groups before the Treatment

Experimental group N = 40

Control group N =42

Variable
M S.D Level M S.D level
Science problem 3.00 1.41 26(62%) 3.02 1.55 27(64%) Low
solving skills Low
15(35.7%)Me-
14(35%)Me- dium

dium




72 M. Syukri, et al. / JPII 7 (1) (2018) 66-75

Analysis of the independent samples t-test
to identify the differences in the mean score of
students’ answers and level of science problem

solving skills before the treatment for both groups
are shown in table 3.

Table 3. Results of the Independent Samples T-test Analysis of Students’ Science Problem Solving
Skills’ Pre-test Score for the Experimental Group and the Control Group

Variable Group No. Mean S.D t-value df Sig.
Experimental 40 300 141 -0.072 80 0.942
Science problem solving skills
Control 42 3.02 1.55

* Significance level p = 0.05

Based on table 3, the results of the inde-
pendent samples t-test analysis showed that there
was no significant difference in the mean score
of science problem solving skills before the tre-
atment was conducted among the students in the
experimental group (mean = 3.00) and the stu-
dents in the control group (mean = 3.02) with t
(80) =-0072, p = 0.942 (p > 0.05). These findings
demonstrate that before the treatment was con-

ducted, both groups of students had equivalent
level of scientific problem solving skills.

After both groups were taught using the
two module for twelve weeks, they were asked
to answer the same problem solving questions
again. The mean score of students’ responses
and level of science problem solving skills for the
experimental group and the control group after
treatment are shown in table 4.

Table 4. The Mean Scores, Standard Deviations, and Level of Science Problem Solving Skills for both

Groups after Treatment

Experimental group N = 40

Control group N = 42

Variable
M S.D Level M S.D level
Science problem  5.53 1.81  5(12.5%) 4.23 1.80 18 (42.9%)
solving skills Low Low
32(80%) 23 (54.8%)
Medium Medium
3(7.3%) 1(2.4%)
Excellent Excellent

Analysis of the independent samples t-
test to identify differences in the mean score of
students’ answers and level of science problem

solving skills after treatment in both groups are
shown in table 5.

Table 5. Results of the Independent Samples T-test Analysis of Students’ Science Problem Solving
Skills' Post-test Score for the Experimental Group and the Control Group

Variable Group No. M S.D  t-value df Sig.
Science problem solving skills Experiment 40 5.35 1.81 2.777 80  *0.007
Control 42 423 1.80

* Significance level p = 0.05

The results of the independent samples t-
test analysis after treatment (Table 5) showed that
there was a significant difference in the mean sco-
re of science problem solving skills between the
students in the experimental group (mean = 5.35)

and the students in the control group (mean =
4.23) with t (80) = 2,777, p = 0.007 (p< 0.05). The
mean score of students in the experimental group
was higher compared to the students in the cont-
rol group. This shows that the science problem
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solving skills of the students in the experimen-
tal group which used the teaching and learning
module that integrated the five steps of enginee-
ring design during science instruction was higher
compared to that of the control group which used
the “Pudak” module. In other words, it can be
concluded that the integration of the five steps of
engineering design process in the teaching and
learning of science has managed to improve the
science problem solving skills of the students.

Integrating the five steps of engineering
design process (asking, imagining, planning, cre-
ating, and improving) in the science teaching and
learning module on the topic of electrical & mag-
netic fields appears to have increased the students’
proficiency in science problem solving skills. The
positive increase in the students’ problem solving
skills is the result/outcome of the integration of
the five steps of engineering design process, na-
mely asking, imagining, planning, creating, and
improving which were prepared systematically in
this electrical & magnetic module.

The asking step that presents the con-
textual narrative or story of problems in science,
in this case "free electricity”, gives an overview
of the educational activities to the students in
terms of the goals and objectives of the learning
itself (Hyman, 1998; Rockland et al., 2010). The
science problem on “free electricity” was given to
the students in the form of a science story desc-
ribing the happenings of students’ real life eve-
ryday experiences to enable them to understand
the scientific issues well and deeply. Through
good understanding of the problems, students
will understand the science concepts more easily
such that they will be able to explain and resolve
the problems (Apedoe et al., 2008; Fortus et al.,
2005; Syukri et al., 2012). Thus, it is not surpri-
sing if the "free electricity” science problem and
the concept of electrical & magnetic fields which
was developed in the asking step of the activity
managed to improve the students’ skills and kno-
wledge of science

Next, the imagining step in this science
teaching and learning module also contributed
to students’ problem solving skills in science. In
this step, the students were given instructions by
the teachers to implement the application of con-
cepts of electricity and magnetism through three
hands-on activities. According to Rockland et al.
(2010), the use of practical approaches such as the
application of science concepts through hands-on
activities in the engineering design process will
help students to find relationships between con-
cepts they learn with technology and problems
in their daily lives. The ability of students to find

relationships between scientific concepts and real
life will allow them to apply science concepts to
solve problems in their everyday lives (Apedoe et
al., 2008; Syukri et al., 2012).

After carrying out the three hands-on ac-
tivities in the imagining step, the students were
then asked in the planning and creating steps to
apply the concepts of electricity and magnetism
to come up with a science technical product to
solve the problem of "free electricity energy” as
described in the asking step. Through understan-
ding of the concept of electrical & magnetic fields
that they have learned, students in these two steps
are required to solve the problem of science “free
electricity” in the form of a science technical pro-
duct. The ability to apply the understanding of
science concepts in everyday life such as planning
and designing a science technical product to solve
a problem may help improve the students’ skills
in understanding and solving science problems
(Apedoe et al., 2008; Fortus et al., 2005).

The effectiveness of the five steps of en-
gineering design process in the science teaching
and learning module on students’ skills develop-
ment in solving science problems depended on
the sequence of steps of learning planned by the
first author. It began with a context-based scien-
ce problem and ended with the technical product
to solve the problem, and these steps encouraged
the students to show their ability to solve prob-
lems. This finding is consistent with the views of
the science teachers who implemented the scien-
ce teaching and learning by using the scientific
creativity module developed for this study, as
exemplified by the statement made by one of the
teachers: “Even before I actually performed an active
learning activity involving engineering design, I did not
manage the learning flow step by step like in this mo-
dule. I rarely did the ask step, but this is important to
stimulate students to think on how to solve the given
problem so that they can create a product to solve the
problem”.

The asking and designing steps are two
activities which provided more stimuli to stu-
dents’ problem solving skills. In the asking step,
the students learned about the science concept
and connected it to the "free electricity energy”
context-based science problem. Through the
three hands-on activities in the imagining step
the students attempted to think of how the imple-
mentation of the application of the science con-
cepts can be used in a science technical product
to solve the problem of "free electricity”. This
finding corresponds with one of the statements
made by a student: “The ask step in this module was
good because we were given a good scientific problem in
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a real-life situation so it made it easy for us to imagine.
In addition, the concepts of electricity and magnetism
that taught us to solve problems in science through such
concepts. The imagining step in this module included
hands-on activities that are helpful in imagining about
what we should do to solve the science problem of *“free
electricity energy”.

The honest and positive views of the te-
achers and students on the five steps engineering
design process also reinforced the effectiveness of
engineering design process in teaching science.
The numerous positive effects of the integration
of the engineering design process in the teaching
and learning of science can lead to better and in-
creased science problem solving skills among stu-
dents. Thus, it should be integrated in the science
curriculum to improve students’ achievements
and skills, especially in science problem solving
skills.

CONCLUSION

The well-planned and systematic develop-
ment of the module which was based on an ap-
propriate teaching model gave very positive im-
pact on various achievements and skills among
the students. This study integrated the five steps
of engineering design process as an approach in
students’ learning of science to improve students’
science problem solving skills. Using indepen-
dent samples t-test analysis, the results showed
that there were significant differences between
the science problem solving skills of the students
in the experimental group compared to those in
the control group. It was found that the mean
scores of science problem solving skills in the
experimental group that used the science teach-
ing and learning module based on the five steps
of engineering design process were higher than
the mean score of the control group that used the
existing ”"Pudak” module. The findings of this
study led to the conclusion that the five steps of
engineering design process implemented in the
science teaching and learning module which in-
cluded the steps of asking, imagining, planning,
creating, and improving could improve students’
science problem solving skills as reported by va-
rious previous studies.
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ABSTRACT

The increasing of pesticide use is in line with the increasing number of pest populations. However, the use of
pesticides causes various negative impacts on the environment (soil, water, and air) such as pesticide-resistant
pests, perishing of useful insects which are non-target pesticides, and the use of pesticide which can even lead to
poisoning and death in humans. One of the environmentally-safe techniques to control pests is chemical, by the
use soursop leaf extract. This study aims to determine the most effective concentration of soursop leaf extract
(Annona muricata) in controlling leaf caterpillar (Plutella xylostella) in delima rose apples. The research was carried
out in the plantation area of rose apples in tempuran village, Demak. The research method employed experi-
mental research. The study was conducted using Completely Randomized Design. The data were obtained using
probit analysis of LC,. The most effective concentration of soursop extract (Annona muricata) on leaf caterpillars’
mortality was 75 ppm. Soursop leaf extract (Annona muricata) has been proven to influence rose apples leaf cater-
pillars’ mortality index. The LC, value of soursop leaf extract was 75,16 mg/L. The result showed that soursop
leaf extract (Annona muricata) is effective as a biopesticide material to control leaf caterpillar pest for delima rose
apples.

© 2018 Science Education Study Program FMIPA UNNES Semarang

Keywords: soursoap leaf extract, leaf caterpillar, delima apple rose

INTRODUCTION

The cultivation of rose apple plants was
commonly developed by the people of Demak.
Rose apple is one of the potential local fruit com-
modities. Rose apples that grow in Southeast
Asia comes from the Java island and is known as
‘Javanese Apple’ (Morton, 1987, Zen-hong, et al.
2007) which is quite special because it has a big
fruit shape and sweet taste (Morton, 1987; Ha-
riyanto, 1991). The varieties of rose apple grown

*Correspondence Address
E-mail: andinvita@mail.unnes.ac.id

in Demak are delima and citra. Those varieties
have been recognized nationally as the special
and superior rose apples from Demak regency. Its
attractive pink color, which indicates sweetness,
as well as its own delicious aroma with a gentle
tenderness of delima rose apples that always ma-
kes people addicted to eating it continuously. De-
lima rose apples are not as big as citra rose apples,
but delima rose apple is more delicate, has a more
distinctive aroma, and always causes a soft sensa-
tion when biting

However, due to the lack of serious han-
dling from local government and fruit farmers,
the products of delima rose apples experience a
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decreasing trend from year to year. The decline in
the production of delima rose apples is likely due
to the size of land, the amount of fertilizer, pests
and working days. One of the most common cau-
ses of crop failure is pest attack. The main pests
in the cultivation of rose apple plants are leaf rol-
ler (Apoderus sp.), leaf borer (Acrocercopseugeniel-
la), white lice (Pseudococcuscitrilus Cox) and fruit
fly (Bractoceraalbistrigata). Leaf caterpillar attacks
the rose apple plants and it often decreases crop
productivity. One of the preventions of pests is
by using chemicals or synthetic pesticides. Pest
control currently used by farmers still prioritizes
chemical control with synthetic chemical pesti-
cides both in dry and paddy fields periodically
between 7 to 15 days depending on the conditi-
on of the attack. Initially, synthesis pesticides are
considered to have several advantages. The use of
synthetic pesticides has a negative impact on the
environment even for its own users. Excessive use
of chemical pesticides has a negative impact on
the environment and people (Salaki et al., 2012;
Li & Zhihui, 2008; Mamun & Ahmed, 2013).

Some of the negative impacts of pesticide
use include pesticide-resistant pests, higher main-
tenance costs due to high prices of pesticides and
excessive use which results in toxic to the envi-
ronment, humans, and livestock (Khairil, 2017,
Zarin et al, 2009; Bardin et al, 2008; Araar et al.,
2009). One alternative in the prevention of pests
that is safe for the environment and human can be
done with biological control technique called bio-
pesticide. The biopesticide is an integrated com-
ponent of pest and disease control. In Indonesia,
biopesticides are still less popular, the knowledge
of biopesticides is equated with organic farming,
whereas technology is widely available (Sumarti-
ni, 2017). Biopesticide by using soursop leaf ex-
tract (Annona muricata) is expected to eradicate
pests in a safe and environmentally friendly way
(Prado et al, 2014; Ribeiro et al, 2014). The con-
tent of plant compounds can show various kinds
of biological activity in insects such as inhibiti-
on/rejection of food, spanking rejection activity,
growth and development inhibitory activity, and
death effect. Therefore, these biopesticides can
be used to control plant pest organism (Hasnah,
2009).

The application of extracts to inhibit the
growth of pests has also been done in previous
research such as garlic plant extracts to cope with
snail pests (Rusdy, 2010); papaya leaf extract to

inhibit plant pests (Setyawati & Julaily., 2013),
inhibit larvae of Plutella xylostella (Siahaya &
Rumthe, 2014; Yuliani & Kuswanti, 2013); et-
hanol extract of melinjo leaves (Moniharapon
& Moniharapon, 2014); dan jengkol rind extract
(Ambarningrum et al., 2011).

The toxic properties of plant compounds
on insects may be in the form of antifeedants,
repellent, cause death, inhibit spawning, interfe-
re with development and reproduction (Princess,
2014). Active chemical compounds in the form
of acetogenin contained in the leaves and seeds
of soursop can be used to control the trips attack,
suppress the intensity of the attack of green la-
dybugs and reduce the population. Acetogenin
is also insecticidal (anti-insect-worm) and anti-
feeding or lowering appetite (Maryani, 1995).
Therefore, it is necessary to investigate the effec-
tiveness of bioactive compounds from soursop
leaf extract whether or not it is able to inhibit the
development of caterpillar leaves on delima rose
apples.

METHODS

This research was conducted in the biology
laboratory of FMIPA UNNES and the plantati-
on area of delima rose apple plants in Demak.
The selected approach to achieve the research ob-
jectives was through experimental studies. This
experimental study used an independent variab-
le of dead leaf caterpillar (Apoderus sp.), and a
dependent variable of soursop leaf extract with
various concentrations. The data were obtained
by determining the value of LC, through Probit
analysis technique to know if there is a mortality
difference of each treatment and find out low, ef-
ficient and environmentally friendly soursop leaf
concentration.

RESULTS AND DISCUSSION

Mortality is a major change observed in
the toxicity test. Animal mortality data were re-
quired to determine the LD, value. Observation
on leaf caterpillar mortality was done in 24 hours
with an interval of 8 hours. Test of leaf caterpillar
mortality was performed on 5 treatment groups
with 5 replications. Each treatment was given 100
leaf caterpillars. The dead leaf caterpillars were
calculated to find out the average of leaf caterpil-
lar mortality index (table 1).
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Table 1. Average of Leaf Caterpillar Mortality Index

Result of

Concentra-  Repeti- Total of . Average of Caterpillar
Treatment tion Log tion Caterpillar Caterp 11.1ar Mortality Index
Mortality

1 20 4
2 20 1

PO 0 3 20 3 2,6
4 20 3
5 20 2
1 20 10
2 20 13

P1 1,40 3 20 15 13,2
4 20 15
5 20 13
1 20 16
2 20 17

P2 1,70 3 20 16 16,4
4 20 17
5 20 16
1 20 17
2 20 19

P3 1,88 3 20 19 18,6
4 20 20
5 20 18
1 20 20
2 20 20

P4 2,00 3 20 19 19,4
4 20 20
5 20 18

Information:

PO = Negative Control (without treatament)

P1 = Soursop Leaf Extract of 25 ppm Concentration
P2 = Soursop Leaf Extract of 50 ppm Concentration
P3 = Soursop Leaf Extract of 75 ppm Concentration
P4 = Soursop Leaf Extract of 100 ppm Concentration

Based on table 1, it can be seen that cater-
pillar mortality is increasing as the concentration
increases. The highest mortality at P4 treatment
was followed by P3, P2, P1 and PO treatment.
At P1 treatment (soursop leaf extract of 25 ppm
concentration), the average leaf caterpillar mor-
tality index reached 13.2. At P2 treatment (sour-
sop leaf extract of 50 ppm concentration), the
average of caterpillar mortality index was 16.4.
At P3 treatment (soursop leaf extract of 75 ppm
concentration), the average of caterpillar morta-
lity index was 18.6. While at P4 treatment (sour-
sop leaf extract of 100 ppm concentration), the
average of caterpillar mortality index was 19.4.
This means that the higher concentration of

soursop leaf extract, the higher the rate of pest’s
death. This is due to the fact that soursop leaf ex-
tract contains annonaceous acetogenin compounds
that could cause various effects on the growth
and development of insects, among others: (1)
inhibiting the development of egg, larva or pupa;
(2) blocking the skin-changing process during the
larval stage; (3) disrupting to the mating process;
(4) eating rejection in larvae and adults; (5) pre-
venting laying eggs; (6) making barren insects; (7)
poisoning larvae and mature insects. The utili-
zation of soursop is effective, seen from the fact
that the higher the dose of soursop leaf extract
is used, the higher the rate of caterpillars’ death.
According to the average of leaf caterpillar mor-
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tality index presented above, then the probit ana- result of soursop leaf extract on leaf caterpillar
lysis could be done as a follow-up. Probit analysis can be seen in table 2.

Table 2. Probit Analysis Result

% Corrected Average of Corrected

Treatment % Mortality Mortality Mortality Probit Value

20 0
5 0

PO 15 0 0 0
15 0
10 0
50 31,25
65 60,61

P1 75 61,86 6,25 4,36
75 61,86
65 56,12
80 33,33
85 22,99

P2 80 5,88 6,67 5,41
85 11,76
80 17,24
85 5,95
95 12,05

P3 95 17,86 1,19 3,77
100 18,07
90 11,90
100 18,07
100 6,17

P4 95 0,00 3,61 5,33
100 0,00
90 0,00

The above table shows that the higher the ship between the caterpillar probit mortality and
concentration given to the leaf caterpillar, the concentration log of soursop leaf extract as seen
higher the probit value. The probit value of each in figure 1.
treatment can be used to determine the relation-

Relationship hetween soursop leaf extract
concentration and leaf caterpillar mortality

v=2544x+ 0,2867_#
R® = 0866
.’.

2 / i Se rie 51
1 / Linear [Series1)

Q T T T T 1
0 0,5 1 1,5 2 25

probit of mortality
P

logl0 soursop leaf extract concentration

Figure 1. Relationship between Caterpillars’ Probit Mortality and Concentration Log of Soursop
Leaf Extract
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The linear regression equation of Y =
2.544 X + 0.226 from figure 1 was employed to
find the value of LC, . The value of Y shows the
probit value of death (mortality) of the caterpillar
and X is the concentration log of soursop leaf ex-
tract. The results of the research obtained in table
2 then were tested statistically by ANOVA (Ana-

lysis of Variance) test which then continued with
further Duncan test. The ANOVA test was used
to find out the mean difference between two va-
riation sources, namely the treatment group and
the leaf caterpillar mortality group. The results of
ANOVA test are as follows:

Table 3. Summary of ANOVA Result on Leaf Caterpillar Mortality

Variation source Sum of Squares df Mean Square F Sig.
Between Groups 933.360 4 233.340 147.684 .000
Within Groups 31.600 20 1.580
Total 964.960 24
Information:

F Count <F 5% = Not significantly different (TN)
F 5% <F Count <F 1% = Real Different (*)
F Count> F 1% = Very Real Different (**)

The value of F Count was 147,684, bigger
than F of 5% (2,87). Thus, it can be conclu-
ded that there was a very real difference between
the treatments. After the ANOVA test was done,
further Duncan test was carried out to compare
the treatments. Since the dose groups had signi-

ficant differences, these groups were tested using
Duncan test. In addition, Duncan test aimed to
know difference test of each treatment. To find
out the treatments having the same effect, please
see table 4 below.

Table 4. Leaf Caterpillar Mortality Result from Duncan test

Subset for alpha = 0.05

Concentration N
1 2 3 4
0 5 2.6000
25 5 13.2000
50 5 16.4000
75 5 18.6000
100 5 19.4000
Sig. 1.000 1.000 1.000 .326

Means for groups in homogeneous subsets are displayed.

According to table 4, it can be seen that PO,
P1, P2, P3, and P4 treatment have significant dif-
ferences among the treatment groups. This shows
that there was an influence of soursop leaf ex-
tract (Annona muricata) to leaf caterpillar mortali-
ty index of delima rose apples.

The application of agricultural systems by
combining the technology of biopesticide and
biological fertilizers has the prospect of increa-
sing land supporting capacity, optimizing the use
of fertilizers and suppressing soil infectious dise-
ases (Prabowo, 2008). The effect of soursop leaf

extract has also been tested to overcome Spodop-
teralitura pests with low concentration (8%). The
effectiveness test of soursop leaf extract (4dnnona
muricata) on the mortality of leaf caterpillars in
rose apples plants studied in this study was an
initial effort to obtain environmentally friend-
ly biopesticide to manage pathogenic disease in
the field. Soursop leaf extract (Annona muricata)
is known to have anti-insect properties and have
toxicity. An examination of soursop leaf extract
as biopesticide to mortality of peach leaf lice in
chili plants has also been studied (Dwi, 2016);
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caterpillars and grasshoppers in long bean plants
(Khairil, 2017); the pest of the pearls in the rice
plant (San, 2016); and the pest of soybean pow-
der (Harinta et al., 2016).

Soursop leaf extract (Annona muricata) sho-
wed high activity effect of mortality. The value
obtained was high enough for inhibiting mor-
tality on leaf caterpillar pests, because soursop
leaves have the toxic compounds. The bioactive
compounds found in soursop are annonaceous
acetogenin. These compounds are found in seeds,
bark, fruit and soursop leaves. In soursop leaf,
there have been found 18 types of acetogenin and
they have been proven in vitro as cytotoxic. Bio-
pesticide compounds are expected to have high
activity against certain target organisms, in other
words, they have a narrow spectrum. Oppositely,
the natural predators are hopefully less affected.
These compounds are toxic to pest organisms
but they do not have any adverse environmen-
tal effects and are harmless to humans. Aceto-
genin compounds have the peculiarity of being
contactual poison against pest organisms. Toxic
compounds could kill pests quickly (Koleva et al,
2013; do Prado et al., 2014; Riberio et al, 2014;
Souza et al., 2017). The chemical compounds
in soursop leaves which have contractual poison
properties are expected to prevent/control pest
of leaf caterpillars in rose apple plants instead
of using chemical compounds. The use of water
as a solvent for extracting soursop leaves is very
appropriate because water is easy to obtain and
safe to use.

In the treatment of P1 (soursop leaf ex-
tract of 25 ppm concentration), the average of
corrected mortality was 6.25. In P2 treatment
(soursop leaf extract of 50 ppm concentration),
the average of corrected mortality was 6.67. In
P3 treatment (soursop leaf extract of 75 ppm
concentration), the average of corrected mortali-
ty was 1.19. In P4 treatment (soursop leaf extract
of 100 ppm concentration), the average of cor-
rected mortality was 3.61. In PO treatment (nega-
tive control), the average of corrected mortality
was 0. It can determine the probit value of each
treatment. Probit value was used to determine the
value of LC,. The calculation results obtained
the LC, value of 75.16 mg/L (75.16 ppm). The
correlation between log concentration of soursop
leaf extract and caterpillar mortality was shown
at R? value of 0.866. The value of R?shows that
the effect of soursop leaf extract was very signi-
ficant to eradicate leaf caterpillars (pests) of deli-
ma rose apples. This is in line with the Meyer et
al. (1982) who reported that an extract showed

toxic activity if it could cause 50% of animals’
mortality at a concentration of less than 1000
ppm. Based on the statement, the soursop leaf
extract is declared toxic.

The results of the analysis of variance sho-
wed that among the treatment groups, the results
appeared to be very various in terms of the mor-
tality of the caterpillar. Therefore, it is necessary
to conduct further Duncan test to know the diffe-
rence between each treatment group. Given the
soursop leaves extract of 75 ppm and 100 ppm
concentration showed no significant difference,
and given the soursop leaf extract of 25 ppm
concentration was significantly different with
the extract of 50 ppm concentration. Moreover,
the soursop leaf extract at 50 ppm concentrati-
on was significantly different at 75 ppm and 100
ppm concentration. This evidence showed that
the giving of soursop leaf extract of 75 ppm con-
centration is effective, efficient and cheap to era-
dicate caterpillars. Treatment of 0 ppm (without
treatment) showed the lowest mortality index of
caterpillar among all treatments. This indicated
that without the addition of soursop leaf extract,
leaf caterpillar of delima rose apples could not be
eradicated.

CONCLUSION

Based on the research result of the effecti-
veness of soursop leaf extract (Annona muricata)
on leaf caterpillar mortality index, it is concluded
that:

1. The most effective concentration of soursop
leaf extract (Annona muricata) in killing leaf
caterpillar in delima rose apples is the extract
of 100% concentration.

2. Soursop leaf extract (Annona muricata) has
the effect on mortality index of leaf caterpil-
lars in delima rose apples. The LC, value of
soursop leaf extract was 75,16mg / L.
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ABSTRACT

This study aims to produce digital-based storytelling teaching materials of natural science that can facilitate the
students to be able to explore the object of science learning deeply and to improve their metacognitive ability.
This research is development research. The samples used are four teachers and 40 junior high school students.
The technique of gathering data employed a testing method, documentation study, and questionnaire. Validation
is done to determine the feasibility of teaching materials. The research result of the improvement of students’
metacognitive ability is measured by using the testing method in the form of pretest and posttest. Pretest and
posttest data were analyzed by N-gain and t-test of significance. The result of the research shows that the average
percentage of validation result of media expert and material expert is 97,70% and 95,16%. According to experts,
all developed products are very feasible to use. The results of metacognitive enhancement (N-gain) for levels 1 to 5
respectively were 0.36; 0.56; 0.49; 0.45 and 0.39. The results of significance test showed that the t-count 7.65 and
t-table of 2.03 which that the mean improvement of the metacognitive ability of students is significant. Based on
the results of this study, it can be concluded that the teaching materials based on digital storytelling are feasible to
be used to improve students’ metacognitive ability.

© 2018 Science Education Study Program FMIPA UNNES Semarang

Keywords: teaching materials of natural science, metacognitive, digital storytelling

INTRODUCTION that the deliveries of material concepts from va-

rious disciplines are presented in an integrated

Curriculum 2013 requires the integration
of one field of science with other fields of scien-
ce. This integration should also be presented in
the subject of natural science. Based on the 2013
curriculum, natural science subject at the junior
level should be developed as integrative science
subjects, not as disciplinary education. It means

*Correspondence Address:
E-mail: noviratnadewi@mail.unnes.ac.id

way and not in the separated way (Sholihat,
2015). The use of varied media is needed in the
science lesson. This is because the varied learning
media can develop students’ motivation in lear-
ning (Ali, 2009).

Metacognitive competence is ability or
mental activity in cognitive structure done by
an individual to set up, control, and check his
thinking process (Haryani, 2012). Metacognitive
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competence needs to be developed and improved
towards students’ to improve their high-level skill
which will lead to increase education quality (Su-
mampouw, 2011). The five aspects in metacogni-
tive competence which need to be cultivated to
students are: awareness of thinking process and
ability to develop it, developing the introduction
of thinking strategies, evaluative procedural ref-
lection, transferring knowledge and procedural
experiences to other contexts, linking conceptual
understanding with procedural experience (Mc-
Gragor, 2007; Anderson, 2001).

Flavell states that students’ (even people
in general) metacognition demands to be develo-
ped for the following reasons: (1) students should
have a tendency to think a lot, in other words, the
more metacognition, the more cognition is nee-
ded; (2) students’ thought tend to be wrong, thus,
good monitoring and arrangement are essential;
(3) students should be willing to communicate,
explain, and give clear reasons for their thoughts
to others and themselves, this activity surely re-
quires cognition; (4) in order to survive and be
successful, students have to plan their future and
critically evaluate other probable plans; (5) if
students are in need of making tough decision,
metacognitive skills are demanded; (6) students
should have a necessity to infer and tell their
psychological event to themselves and others.
This tendency to engage in metacognitive activity
indicates social cognition (Haryanti, 2012).

The development of the educational world
leads teachers to improve their professional skill
(Dewi, 2012). Dewi et al. (2017) have researched
metacognitive competence and science materials
in SMP. It turns out that teachers have not yet
had proper knowledge about metacognitive com-
petence, resulting in students’ low metacognitive
competence. The general type of science learning
materials found are in the form of printed, visual,
and multimedia, but there is no such as audio-
visual like film. In fact, the film is included as
learning materials.

Media could be one of the solutions to
overcome time and cost inefficiency in science
learning. Educators need media to communica-
te designed information during learning process
so that it will be more realistic and fun, as what
Skouge found in his research about the utilizing
of digital storytelling in the learning process. Ac-
cording to Maddin (2011), digital storytelling is
the art of storytelling by combining various di-
gital multimedia, such as text, images, narrative
recordings, audio, video, and music, resulting in
an interesting short film to present information
on a particular topic. The information or stories

presented can be historical events, personal lives,
or other stories in a short duration of time. What
it means for digital storytelling here is learning
media in the form of an educational film that de-
picts the daily life of learners, containing several
topics on a material. Akhlis & Dewi (2014) has
developed website-based science learning media.
However, videos on the website are just downlo-
aded from other sources, instead of designed vi-
deos for science learning. Therefore, separate stu-
dent worksheets are required to make the videos
relevant to the topic. The upcoming idea after the
research ends is, why don’t we create customized
videos tailored to the science learning which are
also aided by question guidance focusing on the
learned materials?

Researchers that refer to the development
of ICT-based and conventional-based science
learning media have been done before. Wulanda-
ri et al. (2013) have developed a natural science
learning video. Pramana, W. D. & Dewi, N. R.
(2014) developed an E-Book of Integrated Natu-
ral Science. Maharani & Dewi (2015) also have
developed a website learning media, and Syahro-
ni et al. (2016) have developed an online digital
module (DIGIMON). Moreover, ICT-based de-
velopment of teaching materials using traditional
games has also been developed by Dewi & Akhlis
(2016). Also, developed teaching media are not
intended for students’ metacognitive develop-
ment. These studies still focus on learning out-
comes only. In its development, researchers adopt
the importance of students’ awareness in learning
that can be seen through their metacognitive abili-
ties. The research which concerns with metacog-
nitive ability has been done by some researchers
like Christop, (2006) who examines the rules
of metacognitive in learning to solve problems.
Veenman et al. (2006) studied metacognitive con-
cepts and methodologies in learning. Shannon
(2008) used metacognitive strategies and learning
styles to establish self-reliance in learning. Saras-
wati et al. (2011) used metacognitive strategies
to improve students’ higher-order thinking skills.
Additionally, by referring to the results of rese-
arch by Skouge et al. (2009) investigating the role
of digital storytelling to students so that students
appreciate cultural diversity through reflection
of experiences presented in comic/storybook,
the development of this research also utilizes
IT-based digital storytelling as instructional ma-
terials designed specifically to improve students’
metacognitive ability. Metacognitive ability is
a capability or mental activity in the cognitive
structure that a person consciously takes to regu-
late, control, and examine his thinking process
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(Haryani, 2012). Metacognitive abilities need to
be developed and improved in students to impro-
ve the high-level skills of students that will lead to
increase the quality of education (Sumampouw,
2011).

The development of the educational world
leads a teacher to improve the ability or profes-
sional teacher (Dewi, 2012). Dewi et al. (2017)
have researched about metacognitive ability and
teaching materials of science in SMP. Teachers
do not yet know metacognitive ability so that the
metacognitive ability of students is still relative-
ly low. The types of science teaching materials,
in general, are in the form of printed materials,
visual and multimedia, but there are no science
teaching materials such as the visual type of film.
The film is included in the learning media. Media
can be one solution to overcome the inefficien-
cy of time and cost in science learning. Media is
needed to inform messages that have been desig-
ned by educators so that learning is more realistic
and fun, as Skouge’s research on the use of digi-
tal storytelling in learning. Maddin (2011) stated
that digital storytelling is the art of storytelling
by combining various digital multimedia, such as
text, images, narrative recordings, audio, video,
and music, resulting in an interesting short film
to present information on a particular topic. The
information or stories presented can be historical
events, personal lives, or other stories in short du-
ration of time. The digital storytelling here means
a learning media in the form of educational films
that depict the daily life of learners in which there
are several topics on a material. Akhlis & Dewi
(2014) have developed Web-based IPA learning
media, but the videos used are downloaded vi-
deos that are not specifically designed for science
learning. Therefore, separate student work sheet
to make the video can be utilized in learning.
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The idea that comes after the end of the study
is making a special video to support the science
material with the questions guide focused on the
material to be learned.

Based on the description, the researchers
formulate several problems, among others: (1)
how is the feasibility of learning materials based
on science digital storytelling ?; and (2) is the use
of digital storytelling-based learning materials in
science teaching effective in improving students’
metacognitive abilities?

METHODS

The development and research model used
is a modification of Sugiyono’s development step
(2015). The data taken are the feasibility and ef-
fectiveness of digital storytelling-based science
materials. Data collection method used was ques-
tionnaires and tests. The subjects of this study are
the seventh-grade students of SMP as many as 40
children. The questionnaire method is intended
to determine the feasibility of the developed te-
aching materials. The questionnaire instruments
used are a validation questionnaire for media
experts and material experts used in the design
validation stage. Before being used to retrieve the
data, the questionnaire instrument was first vali-
dated by an expert and has been declared valid.
The validation questionnaires of digital story-
telling-based science materials by media experts
include four aspects; software engineering, au-
dio communication, visual communication, etc.
Whereas the validation questionnaires material
experts consist of 6 aspects; material scope, ac-
curacy, recency and contextuality, presentation,
supportive presentation, and learning presentati-
on.

Paotential and - Data collection - Process of creating Validation of
problem leaming media ﬂ learning media

Large-scale 1# Revision of - Small-scale trial run Revision of the
trial run - the product - desian

2™ Revision - Final Product

of the product

Figure 1. Research Design Development (Sugiyono, 2009 Modified Version)
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Tests were assigned to measure students’
metacognitive improvement. As Haryani (2012)
states that metacognitive competence could be
measured by the test as a metacognitive indicator
of conceptual mastery. There are five metacog-
nitive indicator levels employed to arrange the
test questions, among them are: (1) awareness
of thinking process and ability to describe it; (2)
developing the introduction of thinking strate-
gies; (3) systematically procedural reflection; (4)
transferring knowledge and procedural experien-
ces to other contexts, and (5) linking conceptual
understanding with procedural experience. The
test method used pre-test and post-test in the form
of multiple choice with reasons. The test instru-
ments used are valid and reliable. Before being
used in pre-test and post-test, the first problem is
tested on students who have received the materi-
als of the classification theme to obtain validity,
and reliability of the question. The improvement
of students’ metacognitive abilities was calcula-
ted using N-gain (Hake, 1999) and t-test of sig-
nificance.

RESULTS AND DISCUSSION

The development of contextual-based di-
gital storytelling media must be validated or as-
sessed by experts by predetermined aspect and
criteria. Assessment of media development that
has been done is through one stage or two sta-
ges according to the assessment of the experts to
the media till the media are proved to be feasible.
Media is said to be suitable to be applied in lear-
ning if the obtained score is > 62.50% (Arikun-
to, 2012) and there is no revision. Questionnaire
validation of digital storytelling-based science
learning materials by media experts consists of 4
aspects of namely software engineering, aspects
of audio communication, visual communicati-
on aspects, and other aspects. Questionnaire of
material validation consists of 6 aspects: material
coverage, material accuracy, up-to-date and con-
textual, presentation aspect, supporting the ma-
terial presentation, and presentation of learning.
The results of the assessment of media experts
and material experts on developed materials are
presented in figure 2.

100
95
20
85 1 T T T -
Expert 1 Expert 2 Expert 3 Expert 4
O Media 98,87 97,16 96,88 97,92
m Material 97,22 96,53 90,63 96,25

Figure 2. Results of Expert Validation

Figure 2 shows that the expert validation
results for digital storytelling-based science mate-
rials get the excellent score. The average percen-
tage of media expert judgments provides 97.70%
with very reasonable criteria. The materials ex-
perts also provide a very feasible assessment with
an average percentage of 95.16%. The validation
of these teaching materials produces teaching ma-
terials with very reasonable criteria, but the three
experts stated that learning materials need to be
improved. Things to improve include: (1) additi-
on of movie title; (2) addition of movie charac-
ters; (3) type and color of text made cheerful; (4)

extended text duration; (5) text color and backg-
round contrast; (6) the writing of the narrative is
tidied; (7) the selection of back sound is adjusted;
(8) some hardened character sounds; (9) fixes ty-
ping errors. The suggestions are used as guidan-
ce in the improvement of teaching materials to
produce appropriate teaching materials. The title
of a digital storytelling movie needs to be added
with the aim that students know the outline of
the material to be submitted in every movie. In
addition, the existence of the title is one of the
components that must exist in the media digital
storytelling is good, namely point of view (Robin,
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2008). Therefore, each film on science-based di-
gital storytelling materials has been added to the
title, so students gain an initial knowledge of the
story content of the teaching materials.

Based on the results obtained by the stu-
dents on the test before and after the implemen-
tation of learning using digital storytelling-based
science materials on the theme of classification,
then the researcher performed calculations and
comparisons to determine whether or not the-
re is an increase in the metacognitive ability of
students before and after learning using science-

based digital storytelling materials. The increased
metacognitive ability of students was analyzed by
using N-gain and significance test. Based on the
N-gain calculation, students’ metacognitive abili-
ties have improved. There are three categories of
increase in N-gain, i.e., low, medium, and high.
The increased metacognitive ability of students
can also be viewed from each level. There are five
levels of metacognitive ability. Figure 3 shows the
ability improvement of students’ metacognitive
ability on each level
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Figure 3 The Improvement of Students’ Overall Metacognitive Ability for Each Level.

Note:

1. Realizing the thinking process and being able to develop it.

2. Developing the introduction of thinking strategy

3. Reflecting the procedure in an evaluative way

4. Transferring the knowledge experience and procedures of other contexts
5. Relating the conceptual understanding of procedural experience

To know the significant improvement
of students’ metacognitive ability, the rese-
archers carried out significance test with the

t-test at @« = 5%. Data and calculation of the
students’ metacognitive ability improvement
can be seen in table 1.

Table 1. Significance Test of the Increase of Students’ Metacognitive Ability

Data Average Md Sx2d T, o toke Category
Pre-test 44,07

2368333 6369,73 7,65 2,03 Significant
Post-test 67,75

Based on table 1. After calculation through
t-test, the overall metacognitive ability of stu-
dents has significant improvement, because t_
is bigger than t_, .

Measurement of students’ metacognitive
improvement is done by giving test questions.
Haryani (2012), stated that metacognitive ability

nt

could be measured by using tests as mastery of
concepts with metacognitive indicators. The test
problems given are 30 questions in the form of
multiple choices with reasons. There are five le-
vels of metacognitive indicators used to make test
questions.
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Each level of metacognitive ability is cal-
culated by the increase (N-gain) through the pre-
test and post-test scores obtained by each student.
Based on the results shown in Figure 2. it can be
seen that overall level 1 of metacognitive ability
got the value of 0.36 with the low category, le-
vel 2 got the value of 0.56, level 3 and 4 got the
value of 0.49 and 0, 45, while level 5 got a va-
lue of 0.39. Level 2, 3, 4, and five were included
in the medium category. This indicates that the
learning successfully improves students’ meta-
cognitive abilities on the theme of classification.
The metacognitive ability level that experienced
the highest increase was the second level. The
result is achieved by students’ discussion activi-
ty to solve the problem during the learning pro-
cess. As Nugroho et al. (2013) said that students
are greatly motivated when they involve directly
in the learning process which utilizes media and
discussion method. There is a component called
dramatic questions on digital storytelling materials.
Dramatic questions consist of provoking questions
for students to lead and curiously find out infor-
mation to solve problems (Engle, 2014).

The first level of metacognitive ability is
to be aware of the process of thinking and being
able to describe it. The indicator used for the first
level is knowing what and how and identifying
information. The indicator of the first level of
metacognitive ability has the intention that the
student can identify information from the case
presented and to know what the information is
and how the case in the information. There is a
point of view component on digital storytelling vi-
deo. It contains preliminary information of the
story, showing the information that students
will get from the digital storytelling video (Engle,
2014). The first level of metacognitive ability in
this study experienced the lowest increase. This
can be caused by several things, such as within
the post-test when the students are less focused in
understanding the problem so that the informati-
on contained in the problem cannot be digested
well by the students. In addition, the first level in
this metacognitive ability is the most basic level.
The students frequently do the problem, so that
during the learning, there is only a little explana-
tion on how to identify information so that the
results obtained by students are not maximal.

The second level of metacognitive ability is
developing an introduction to thinking strategies.
Indicators taken at the second level are deciding
the most appropriate operation and describing
the specific operation sequence. This second level
leads the students to take the appropriate steps
or ways for each problem. In addition, based on

the indicators at level 2, the students are meant
to be able to choose and determine action. The
increase in N-gain at level 2 shows the highest in-
crease. The highest increase obtained at this level
can occur because, during the learning process,
the student is assigned to discuss in solving the
problem. Hughes (2014) stated that critical-thin-
king students have alternative thinking and a ra-
tional mindset by always finding and explaining
a solution to the problem. According to Nugroho
et al. (2013), students are greatly motivated when
they involve directly in the learning process which
utilizes media and discussion method. There is a
component called dramatic questions on digital sto-
rytelling materials. The dramatic questions consist
of provoking questions for students to lead and
curiously find out information to solve problems
(Engle, 2014)

Reflecting evaluatively the procedures is
the third level in metacognitive ability. One indi-
cator used at this level is to compile and interpret
the data. Pictures and animations of the digital
storytelling video can help students in comprehen-
ding the materials. The problems given to deter-
mine the effectiveness of science learning tools
developed in improving the metacognitive ability
of students are in the form of data. Problems in
the form of data to make students more accurate
in solving problems faced. According to the ob-
servations made, when students are working on
questions in the form of data, it takes a relatively
longer time than the usual problems. Difficulty in
reading the data on the given problem makes the
students find difficulty in working on the problem
so that the increase of metacognitive ability at le-
vel 3 is classified in the medium category.

Level 4 of metacognitive ability in this stu-
dy is transferring knowledge and procedural expe-
rience in other contexts. Just like level 3 that takes
an indicator, level 4 also takes one indicator that
is developing a procedure for the same problem.
Success at level 4 is demonstrated in the students’
ability to answer questions and gives the right
reasons for the questions made with indicators
at level 4. The work of the problem must be by
observing the digital video storytelling. Students
should be able to connect what they see with the
problem they face. The questions present data
in the form of the chart where students must be
able to complete the chart before the students can
answer the intended problem. Level 4 belongs to
the moderate category. Students are said to have
reached this level because after learning using Di-
gital Storytelling-based science materials, there is
increased activity in asking and answering ques-
tions.
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Digital storytelling video contains materi-
als which could assist students in answering ques-
tions on Independent Worksheets (IW). Hence,
students should carefully watch the digital story-
telling video before working on the IW. It is ex-
pected that students be able to relate what they
have seen to the questions they find on the IW.
Digital storytelling video is a contextual learning
medium which can drive students in indepen-
dently seeking information. Charts are provided
on IW. Therefore, students need to complete it
before answering the questions.

One component of Digital Storytelling
media is a dramatic question where in the media,
there are several questions. These questions pro-
voke students to ask questions and answer questi-
ons, resulting in discussion in learning. Students
are more motivated in learning when involved
directly in the learning process that utilizes the
media with the help of discussion methods (Nug-
roho et al., 2013). Digital storytelling can also in-
crease students’ learning motivation (Yang, 2012)

The last level of improvement in meta-
cognitive ability is level 5 (linking conceptual
understanding with procedural experience). The
indicator used is linking observation data by dis-
cussing and selecting important information used
in solving the problem. The success of level 5 is
shown on the accuracy of students in answering
the questions and reasons that students give to the
test questions. Digital storytelling videos contain
materials that help students in completing prac-
tice questions and test questions appropriately.
Digital video storytelling on every lesson can
improve students’ metacognitive ability because
by observing the digital video storytelling video,
the students can find the important information
they need.

Suwardy et al. (2013) stated that Science
Digital Storytelling can improve students’ ability
in relating the theories studied in the cases expe-
rienced. The statement is in line with Botturi et
al. (2014) and Niemi et al. (2014) who explained
that the use of Science Digital Storytelling media
in learning could improve the quality of students
and grow the skills of 21st-century students. The
category of metacognitive enhancement of stu-
dents at this level belongs to the medium catego-
ry. The learning process through observing the di-
gital video storytelling when the students should
watch, observe and understand the material in the
video should be able to assist students in solving
the given problem. Students will be more creative
in solving a problem when students are directly

involved in everyday life (Sambada, 2012).
Metacognitive capabilities that have been
calculated through N-gain have increased. The
increase is then analyzed again using t-test. The
t-test is a test of significance to determine whet-
her the improvement of students’ metacognitive
ability through digital-based science storytelling
materials on a classification theme is significantly
developed or not. Additionally, this research also
found how big the value of significance is if it is
proven that the metacognitive ability increased.
Based on the calculation in Table 1, it can be seen
that the improvement of students’ metacogniti-
ve competence through a guided inquiry-based
science learning device with digital storytelling
aid on thematic classification. The results are ob-
tained through a series of research process deve-
lopment of teaching materials based on science
digital storytelling on the theme of classificati-
on that has been done to give a good influence
on students’ metacognitive ability. Rahmawati
(2015), stated that learning using digital media
storytelling can also improve students’ achieve-
ment. Iskandar (2016), stated that the relation-
ship between the belief in students with the in-
telligence, awareness, and knowledge of the level
of tasks that he did and how to overcome them
can be regarded as metacognitive ability. Flavell
suggests that even students’ metacognition ge-
nerally needs to be developed for the following
reasons: (1) students should have a tendency to
think a lot, in the sense that more metacognition
requires more cognition; (2) students’ thinking
can be erroneous and tends to be wrong, and in
these circumstances require good monitoring and
arrangement; (3) the student must be willing to
communicate, explain, and give clear reasons for
his or her thoughts to other students as well as to
himself, this activity, of course, requires metacog-
nition; (4) to survive and be successful, students
need to plan for the future and critically evaluate
other plans; (5) if the student has to make a tough
decision, it will require metacognitive skills; and
(6) the student must have the need to infer and ex-
plain psychological events on himself and others.
The tendency to engage in such metacognitive ac-
tions indicates social cognition (Haryani, 2012).

CONCLUSION

Based on the results of research, it can
be concluded that the Digital Storytelling-based
science teaching materials that have been develo-
ped is declared as appropriate for teaching mate-



N. R. Dewi, et al. / JPII 7 (1) (2018) 16-24 23

rials of SMP class VII with the average percenta-
ge score of 97,70% at media aspect and 95,16% at
material aspects. Digital Storytelling-based scien-
ce teaching materials on classification themes
have been developed effectively to significantly
increase metacognitive abilities.

REFERENCES

Akhlis, 1., & Dewi, N. R. (2014). Pengembangan Per-
angkat Pembelajaran Science Berorientasi Cul-
tural Deviance Solution Berbasis Inkuiri Meng-
gunakan ICT untuk Mengembangkan Karakter
Peserta Didik. Jurnal Pendidikan IPA Indonesia,
3(1), 86-94.

Ali, M. (2009). Pengembangan media pembelajaran
interaktif mata kuliah medan elektromagnetik.
Jurnal Edukasi Elektro, 5(1), 11-18.

Arikunto, S. (2012). Dasar-Dasar Evaluasi Pendidikan.
Jakarta: Bumi Aksara.

Botturi, L., Bramani, C., & Corbino, S. (2014). Digital
storytelling for social and international devel-
opment: from special education to vulnerable
children. International Journal of Arts and Tech-
nology, 7(1), 92-111.

Christoph, L. H. (2006). The role of metacognitive skills in
learning to solve problems. SIKS.

Dewi, N. R. (2012). Kompetensi Mahasiswa IPA
Dalam Merencanakan Penelitian Ilmiah Bi-
dang Sains. Jurnal Pendidikan IPA Indonesia,
1(1), 71-74.

Dewi, N. R., & Akhlis, I. (2016). Pengembangan Per-
angkat Pembelajaran IPA Berbasis Pendidikan
Multikultural Menggunakan Permainan untuk
Mengembangkan Karakter siswa. Unnes Science
Education Journal, 5(1), 1098-1101.

Dewi, N. R., Wibowo, S. W. A., & Savitri, E. N. (2017).
The Analysis of Science Learning Sources Re-
viewed from the Meta-Cognitive Ability of The
VII Grade the Students of SMP Negeri 2 Boja.
Unnes Science Education Journal. 6(2), 1625-
1632.

Hake, R. R. (1999). Analyzing change/gain scores.
Unpublished. [online] URL: http://www. physics.
indiana. edu/~ sdi/AnalyzingChange-Gain. pdf.
Acessed on August, 12, 2017.

Haryani, S. (2012). Membangun Metakognisi dan
Karakter Calon Guru Melalui Pembelajaran
Praktikum Kimia Analitik Berbasis Masalah.
Skripsi. Semarang: FMIPA Universitas Negeri
Semarang.

Hughes, C. (2014). Theory of Knowledge aims, objec-
tives and assessment criteria: An analysis of
critical thinking descriptors. Journal of Research
in International Education, 13(1), 30-45.

Iskandar, S. M. (2016). Pendekatan keterampilan
metakognitif dalam pembelajaran sains di ke-
las. ERUDIO (Journal of Educational Innovation),
2(2), 13-20.

Kemendikbud. (2013). Kurikulum 2013 Kompetensi
Dasar Sekolah Menengah Pertama (SMP)/ Ma-
drasah Tsanawiyah (MTs). Jakarta: Kementerian
Pendidikan dan Kebudayaan.

Maddin, E. (2011). Using TPCK with Digital Story
Telling to Investigate Contemporary Issues in
Educational Technology. Journal of Instructional
Pedagogies, 2-6.

Maharani, D. W., & Dewi, N. R. (2015).The Imple-
mentation of Science Inquiry-Based Website
Oriented by Cultural Deviance Solution to
Instill Students’ Character and Independence.
Jurnal Pendidikan IPA Indonesia. 4(1), 25-30.

Niemi, H., Harju, V., Vivitsou, M., Viitanen, K., Multi-
silta, J., & Kuokkanen, A. (2014). Digital story-
telling for 21st-century skills in virtual learning
environments. Creative Education, 5(9), 657-671.

Nugroho, A. P, Raharjo, T., & Wahyuningsih, D.
(2013). Pengembangan Media Pembelajaran
Fisika Menggunakan Permainan Ular Tangga
Ditinjau dari Motivasi Belajar Siswa Kelas VIII
Materi Gaya. Jurnal Pendidikan Fisika, 1(1), 11-
18.

Pramana, W. D., & Dewi, N. R. (2014). Pengemban-
gan E-Book IPA Terpadu Tema Suhu dan Pen-
gukuran untuk Menumbuhkan Kemandirian
Belajar Siswa. Unnes Science Education Journal,
3(3), 602-608.

Rahmawati, R. N. (2015). Penggunaan CD Interaktif
dan Digital Storytelling Berbasis Kontekstual
sebagai Media Pembelajaran Matematika.
Seminar Nasional Matematika dan Pendidikan
Matematika. Yogyakarta: Universitas Negeri
Yogyakarta.

Robin, B. R. (2008). Digital storytelling: A powerful
technology tool for the 21st century classroom.
Theory into practice, 47(3), 220-228.

Sambada, D. (2012). Peranan Kreativitas Siswa Ter-
hadap Kemampuan Memecahkan Masalah
Fisika dalam Pembelajaran Kontekstual. Jurnal
Penelitian Fisika dan Aplikasinya (JPFA), 2(2), 37-
47.

Sastrawati, E., & Rusdi, M. Syamsurizal.(2011). Prob-
lem-Based Learning, Strategi Metakognisi, dan Ket-
erampilan Berpikir Tingkat Tinggi Siswa. Tekno-
Pedagogi, ISSN, 1-14.

Shannon, S. V. (2008). Using metacognitive strategies
and learning styles to create self-directed learn-
ers. Institute for Learning Styles Journal, 1(1), 14-
28.

Sholihat, N. (2015). Pengaruh Pembelajaran Ipa Terpadu
Tipe Integrated Terhadap Penguasaan Konsep Dan
Berpikir Kritis Siswa Smp Pada Topik Tekanan
(Doctoral dissertation, Universitas Pendidikan
Indonesia).

Skouge, J. R., & Rao, K. (2009). Digital Storytelling in
Teacher Education: Creating Transformations
through Narrative. Educational Perspectives, 42(1-
2), 54-60.



24 N. R. Dewi, et al. / JPII 7 (1) (2018) 16-24

Sugiyono. (2015). Metode Penelitian Pendidikan: Pendeka-
tan Kuantitatif, Kualitatif, dan R & D. Bandung :
Alfabeta.

Sumampouw, H. M. (2011). Keterampilan Metakogni-
tif dan Berpikir Tingkat Tinggi dalam Pembe-
lajaran Genetika (Artikulasi Konsep dan Veri-
fikasi Empiris). Bioedukasi: Jurnal Pendidikan
Biologi, 42), 23-39.

Suwardy, T., Pan, G., & Seow, P. S. (2013). Using digi-
tal storytelling to engage student learning. Ac-
counting Education, 22(2), 109-124.

Syahroni, M. W., N. R. Dewi & Kasmui. 2016. The
Effect of Using Digimon (Science Digital Mod-
ule) with Scientific Approach to The Visualiza-
tion of Students’ Independence and Learning
Results. Jurnal Pendidikan IPA Indonesia. 5(1),
116-122.

Veenman, M. V. J. dkk. (2006). Metacognition and
Learning: Conceptual and Methodological
Considerations. Springer. 1(1): 3-14.

Waulandari, F. R. A., Dewi, N. R., & Akhlis, I. (2013).
Pengembangan CD Interaktif Pembelajaran
IPA Terpadu Tema Energi dalam Kehidupan
untuk Siswa SMP. Unnes Science Education Jour-
nal, 2(2), 262-268.

Yang, Y. T. C., & Wu, W. C. I. (2012). Digital story-
telling for enhancing student academic achieve-
ment, critical thinking, and learning motiva-
tion: A year-long experimental study. Computers
& education, 59(2), 339-352.



JPII 7 (1) (2018) 9-15

Jurnal Pendidikan IPA Indonesia

http://journal.unnes.ac.id/index.php/jpii

TEACHERS’ PERFORMANCE IN SCIENCE LEARNING MANAGEMENT
INTEGRATED WITH CHARACTER EDUCATION

B. Isdaryanti*', M. Rachman?, Y.L. Sukestiyarno?®, T. S. Florentinus*, Widodo’

1234Post Graduate School, State University of Semarang
2Sultan Agung Islamic University

DOI: 10.15294/jpii.v7i1.12887

Accepted: December 23, 2017. Approved: February 15, 2018. Published: March 19, 2018

ABSTRACT

The research aims at revealing the performance of teachers in science learning management integrated with
character education. This study employed qualitative research method. Based on the result of the t-test of the
correlation coefficient, this study obtained t value 4,210 with significance 0,001. The significance value 0,001
< 0,05 showed that there is influence from teachers’ performance in arranging learning media integrated with
character education to the teachers’ performance in science learning. The conclusion of research stated that the
performance of science teachers in junior high schools in Semarang City in integrating character education is
categorized into a very good category with average score 85,05.
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INTRODUCTION

The word “teacher” in Javanese cultural
terms has a philosophy of “digugu” and “ditiru”
(imitated). The term “digugu” implies that a te-
acher must possess sufficient competencies, while
the term “ditiru” (imitated) implies that teachers’
personality should have good character (Zulfikar,
2009; Saddhono & Rohmadi, 2014). The good
competence and character of teachers can result
in better performance in the quality of learning.
In fact, qualified teachers will affect on improving
the test scores of learners, providing an emotio-
nally supportive environment that contributes to
the social and emotional development of lear-
ners, managing classroom behavior, delivering
accurate content, and supporting critical thinking

*Correspondence Address
E-mail: barokahis@yahoo.co.id

(Blazar, 2017; Cohen, 2011; Pianta & Hamre,
2009). The higher the competence and character
of the teacher, the more qualified achievement
of the teachers’ performance. The high teachers’
performance and achievement will determine the
civilization character of a nation in the future
(Hajar, 2017).

The performance of science teachers in In-
donesia is inseparable from existing regulations.
In line with the Act No. 20 of 2003 on National
Education System in Article 3 which reads “Na-
tional education has a function to develop the
ability and instill the character and civilization of
dignified nation in order to educate the nation.
Moreover, it aims to develop the potential of lear-
ners in order to become a human being who be-
lieves and cautious to God Almighty, has a noble
character, healthy, knowledgeable, capable, crea-
tive, independent, and become a democratic and
responsible citizen. “ The article shows that the
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performance of teachers in carrying out the task
of learning is not only to transfer knowledge (cog-
nitive), but also instill the character education to
learners. However, realizing the goal of national
education apparently faces many problems. For
example, the case of bullying in school.

The problem of the learners’ character
becomes an important part that must be strengt-
hened through science learning. This is supported
by the research results by Sardjijoa & Hapzi
(2017) who integrated the characters in learning
Science through the process skills activities that
can strengthen scientific attitudes. In the field of
learning in Indonesia, originally character educa-
tion is charged to two subjects, namely religion
and civics. However, in reality, the instilling pro-
cess and character formation of learners are not
sufficiently integrated through a particular les-
son but need to be integrated into all the lessons
(Judiani, 2010; Ahmadi et al., 2017). There are
several things that make character education do
not optimal if it is only integrated through two
lessons, namely: (1) the two subjects tend to only
provide knowledge about the values through the
subject matter/substance; (2) learning activities
in both subjects are generally not sufficient, en-
couraging the internalization of values to each
learner so that they behave formidably; and (3)
the two subjects are not sufficiently sustained in
the instilling process of the the learners’ character
because the instilling process of character requi-
res a habituation that will become a culture and
morals for learners (Khusniati, 2012; Akhwan,
2014; Julaiha, 2014).

The disadvantages of character education
can at least be parsed by involving more subjects,
even all subjects. This refers to Koesoema (2012)
which suggests that there are four ways in under-
standing character education, namely: (1) charac-
ter education as a special subject; (2) character
education as a grouping of subject; (3) character
education as a requirement of the state; (4) cha-
racter education as the process of education it-
self. Instilling good characters to the learners is
not new. The study of various weaknesses and
advantages of each model of character educati-
on has been obtained to the present selection of
education which is done through the integration
of various subjects. One of them is the integrati-
on of character education carried out in science
learning.

The selection of science lessons integra-
ted with character is in line with the challenges
of the 21 century with its rapid development
of technology applied in various areas of life in
society. Therefore, it is necessary to find a way

of learning that can prepare learners who have
literacy on science and technology and who are
able to think comprehensively in solving real-li-
fe problems. Therefore, learners are required to
master science in an integrated manner (Koballa
& Chiapetta 2010; Parmin et al., 2015).

Such an IPA learning substance provides
an opportunity for character education to provi-
de guidance on problem-solving in real life. That
is, solving the problems generated through lear-
ning science is not necessarily rigid and can be
harmful to socio-cultural conditions. Only with
character education, various issues in the com-
munity can be resolved peacefully by referring to
the principles of science. These two relationships
should be applied in science learning in schools.
Thus, the implementation of science learning in-
tegrated with character education can be carried
out by the teachers.

Referring to the background of this study,
the problem in this study is; How is the perfor-
mance of teachers in the science learning ma-
nagement integrated with character education?
The data of the teachers’ performance analyzed
in this research is science teachers at junior high
school in Semarang City. Teacher performance
aspects analyzed in this research include; the abi-
lity of teachers in preparing lesson plans, imple-
menting learning, and assessment of learning.
The objective of this research is to see teachers’
performance in science learning integrated with
character education. The success and the various
weaknesses of the policy of applying character
education to various subjects can at least be un-
derstood. Therefore, the teacher’s performance in
the science learning management integrated with
character education has an urgency in determi-
ning the implementation of character education
policy which up to now is still being questioned
by various parties.

METHODS

This research employed qualitative re-
search. The data are teachers’ performance in
science learning management integrated with
character education that includes planning,
implementation, and assessment phase. Therefo-
re, the sources of data in this study are 52 science
teachers from 26 schools in Semarang City. The
school categories in this study are heterogeneo-
us from those located in downtown and suburbs.
Semarang city is chosen as the research site be-
cause it is the capital of Central Java Province.
Semarang city can be used as a barometer of
character education quality with geographic ty-
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pology and varied school quality. To complete the
performance data of junior high school teachers
in science learning management integrated with
character education, documentation studies on
learning tools in a class were developed to meet
the availability of valid and reliable data.

Data were obtained by using question-
naire instruments, interviews, guidelines and
documentation studies. Data analysis is done
by following the logic of qualitative approach.
The correlation coefficient t test is done in this
research to determine whether or not there is an
influence of teachers’ performance in arranging
integrated learning tool with character education
in science learning. The performance of Science
Teachers in Semarang City in integrating charac-

11

ter education is categorized into four groups: ex-
cellent, good, sufficient, and lacking. Data analy-
sis employed a qualitative approach which refers
to Sugiyono (2012).

RESULTS AND DISCUSSION

The national commitment to the need
for character education is part of the mandate
of the national act that should be implemented.
Khusniati (2012) states that the way of integra-
ting character education in the learning process
is carried out from the planning, implementation,
to the evaluation of learning. The performance
for aspects of learning planning of the 52 science
teachers in this study is presented in figure 1.

50 {7
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Figure 1. ScienceTeachers’ Performance in Semarang City in Planning Science Learning Integrated

with Character Education

In preparing a learning plan that integra-
tes the character which is done by 52 junior high
school teachers in Semarang City, 18 teachers
perform very well, 26 teachers perform well, and
8 teachers perform moderately. None of them
performed inadequately. Teachers’ performance
in learning management integrated with charac-
ter education can be seen from the analysis stage
of basic competence, syllabus development, pre-
paration of learning, implementation plan, and
preparation of teaching materials. This stage is
the most crucial stage in science learning mana-
gement integrated with character education. The
success and failure of integrated science learning
is highly dependent on the planning (Krajcik, et
al., 2008 & 2014). This role of teachers in plan-
ning should be based on the goals integrated with
character education.

Starting from the Basic Competence Ana-
lysis, this activity is done to select the character
values that match the basic competence which is
going to be used. The development of syllabus
is done by revising the syllabus provided by the
government by giving insertion of character va-
lues on the formulation of objectives, indicators,
learning steps, and assessment. Furthermore, the
preparation of teaching materials is done by se-
lecting teaching materials that contain character
education if the resource is available. However,
if the sources are not yet available, teachers could
develop their own teaching materials to be integ-
rated with character education. The following
table presents the planning stage of teachers’ per-
formance in science learning management integ-
rated with character education.
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Table 1. Teacher Performance in Planning Stage of Science Learning Integrated with Character Edu-

cation
Teacher Performance Good (%) Very Good (%)

Analysis of basic competence of learning science integrated 9 3
with character education
Development of science learning syllabus integrated with char- 9 3
acter education.
Preparation of the implementation plan of learning science 9 3
integrated with character education.
The development of science teaching materials integrated with 68 32
character education
Preparation of assessment of science learning outcomes inte- 82 18

grated with character education

At the planning stage, teachers’ performan-
ce in science learning integrated with character
education is more directed to the fulfillment of
documents for administration completion. At
this level, the performance of teachers is said to
be very good in meeting the standards of plan-
ning on learning management. Kartowagira
(2011) states that preparation of administrative
documents at this stage of planning is a part of

competence that is always honed and developed
from undergraduate, professional education, and
other types of training/workshop. Thus, the per-
formance at this stage of planning is assured to
have met the established standards.

In terms of the aspects of learning imple-
mentation, the performance of the 52 science te-
achers in this study is presented in figure 2.
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Figure 2. Performance of Science Teachers in Semarang City in Implementing Science Learning In-

tegrated with Character Education

The research subjects were 52 teachers of
junior high school, 15 people performed very
well, 25 performed well, and 12 performed mo-
derately, while underperformers were not found
in the results of this study. This stage is the imple-
mentation stage of the planning stage. This stage
consists of preliminary activities, core activities,
and closing activities. From preliminary activities
to closing activities, the conducted learning acti-
vities were already interesting and well-presented.

However, there are some gaps that teachers forget
about when teaching. Instructions for performan-
ce are minimally delivered and the assessed at-
titudes are not explained first. Teachers seem to
entrust their assessment to students. Supposedly,
teachers have separate judgments when the lear-
ners are following the lesson. This deficiency is
due to the fact that there are still teachers who do
not yet have a good understanding of the science
learning management integrated with good cha-
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racter values. Therefore, the performance of te-
achers in the implementation of science learning
integrated with character education is still less
relevant to the planning stage.
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In the aspects of learning assessment, the
performance of the 52 science teachers in this stu-
dy is presented in figure 3.
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Figure 3. Performance of Science Teachers in Semarang City in Planning Science Learning Integrated

with Character Education

The performance of 52 junior high school
teachers in Semarang City, in terms of the as-
sessment of learning that integrates the character
education, 16 people performed very well, 26 per-
formed well, and 10 people performed moderate-
ly, while underperformers were not found from
the results of this study. Teachers’ performance
at the assessment stage is done in the form of as-
signment to evaluate and give reinforcement to
the studied materials and also give emphasis on
character education that must be instilled in the
students. This assessment is also used by teachers
to facilitate learners to learn more about mate-
rials’ substance and the application of materials
used to address real-life issues that exist around
(Holmgvist, 2011). From here, the instilling pro-
cess of character education can be really seen by
the teacher. Thus, contextual learning assessment
can assist in the application of integrated charac-
ter education in learning.

Science learning management integrated
with character education is not an easy matter
due to the fact that many students find difficulties
in learning science (Hewitt et al., 2007; Marope,
2015). Therefore, the performance of science te-
achers is increasingly hard to make the difficult
ones become easy to understand. On the one
hand, integration in science learning becomes
an additional task that needs to be paid attenti-
on to science teachers in performing ideal teacher

performance. To that end, teachers’ performance
in science learning management integrated with
character education can be improved by guiding
the planning process, execution, and assessment.
A guiding model that suits the teachers’ duties
and functions are to use a lesson study model. In
this case, teachers’ performance can be assisted
by other teachers who join the Teachers Training
Center at school, city and provincial levels.
Although there is a teacher training system
like MGMP, the system has not been fully utili-
zed for various reasons. Thus, the main problem
is how to optimize and empower teachers who
are members of the teacher forum in the most
realistic ways. Prodjosusanto et al. state that there
are four principals in reforming MGMP, namely:
(1) the development of professionalism should be
the point of attention, (2) the frequency of acti-
vities should be increased (every two weeks); (3)
the type of activity should be more practical and
thought- challenging; (4) the system used must be
changed from a centralized system into a clump
system or region. Furthermore, it provides an al-
ternative solution by using a lesson study frame-
work as an instrument of enabling group work
in the MGMP, especially the MGMP schools
(Hendayana et al., 2007). Lesson study activities
can be used as a model for the development of
the educator profession through collaborative
and sustainable learning based on the principles
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of collectivity and mutual learning to build the
learning community (In’am, 2009; Kabassi et al.,
2016).In this study, science learning plan integra-
ted with character education is further analyzed
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to understand whether or not it influences the
science teachers’ performance in science learning
because the problems, like the learning tools, have
not been optimally applied in classroom learning.

Table 2. Influence of Science Teacher Ability in Developing Learning Tool Integrated with Character
Education to the Performance of Learning Implementation

Unstandardized Standardized
Science Learning integrated with Coefficients Coefficients
Character
B Std. Error Beta T Sig.
(Constant) 19,32 3,1292 4,458 0,001
Effectiveness of Science Learning 4 0,067 0,530 4,210 0,001

integrated with Character 0,350

The result of t test of correlation coefficient
showed the t value 4,210 with significance 0,001.
Because the significance value is 0,001 <0,05, it
can be concluded that there is an influence of
teachers’ performance in creating learning tool
integrated with character education to its perfor-
mance in science learning.

CONCLUSION

Teachers’ performance in science learning
management integrated with character educa-
tion in the aspetc of developing learning plans,
aspects of learning, and aspect of assessment are
categorized into the good category. Learning plan
integrated with character education has not been
fully implemented, meaning that science teachers
need to be more consistent between planning and
execution. During the research, the study found
that target research teachers have been able to in-
clude characters in the form of questions used to
determine the success of cognitive aspects.
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